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To 

Sir, 

BHAK.RA & BEAS DESIGNS ORGANIZATION, KAK.A NAGAR, NEW DELHI-11 

No. 1044-47/CDE 

December 28, 1965. 

The Secretary to the Govt. of India, 

Ministry of Irrigation & Power, 

New Delhi-1. 

SUBJECT :-Final Report of the Committef- on Instrumentation of Dams & Structures. 

Pursuant to Resolution No. 20(31)/63-Policy, dated October 31, 1964, of the Government of India in the 
Ministry of Irrigation & Power, a Committee was constituted for the stuoy of instrumentation of dams and 
structures in its various aspects. l have the pleasure to submit herewith the final report of this Committee. 

The Report is in two parts. Part I is a general report dealing with the specific terms of reference embodied 
in the Government Resolution. Part II is a detailed statement of the necessity for instrumentation of important 
structures, the objectives to be sought, the nature of measurements to be made and a description of the various 
instruments generally adopted for such measurements. 'The Committee has felt it desirable to add Part ll of the 
Report so as to provide 'the background in the context of which Part l of the Report has been written. 

It is hoped that this Report will not only serve its direct purpose, i.e. to examirie instrumentation in all its 
aspects including a review of the instrumentation already done in the country and to recommend the best ways 
and means for the effective implementation of measurement programmes in our hydraulic structures but will also 
be a useful teohnical reference for those who might plan similar programmes in the future. 

Encl: Report In two parts. , 

Copy with enclosures to : 

Yours faithfully, 

(P. S, BHATNAGAR) 
Chairman, 

Committee on Instrumentation of Dams & Structures. 

(i) Chairman, Centra~ Water &Power Commission, New Delhi. 

(ii) Member (Design & Research), Central Water & Power Commission. 

(iii) General Manager, Beas Project, Talwara. 

(iv) General Manager, Bhakra Dam, Nanga!. 

(v) All Members of the Committee. 



INTRODUCTION 

1. A Committee was. constituted by the Government 
of India in the Ministcy of Irrigation and Power by 
Resolution No. 20(31)/63-Policy, dated 31st October, 
1964 (Appendix 0.01) for a study of instrumentation 
in various dams and hydraulic structures after visits to 
dams where necessary. The Resolution laid down the 
following· terms of reference :-

(i) To make a: general review of the instrumen
tation done so far in various dams in the 
country including general examination of 
data and results obtained therefrom and their 
interpretation as indicative of structural 
action; 

(ii) To assess future requiren1enfs of instruments 
upto the end of Fourth Plan, with particular 
reference to the requests of the projects now 
under construction ; 

(iii) To examine different types (such as Carlson 
elastic wire type, vibrating wire type etc.) of 
instruments and recommend the best suited 
for our projects ; 

(iv) To recommend the best arrangement for 
recording, storage, analysis and interpretation 
of field readings. from instruments ; 

(v) To recommend the most suitable method 
of procurement of instruments for various 
State projects in the absence of indigenous 
products; 

(vi) To examine the need for maintainini a stock 
of such instruments in the country, so that 
the requirements of projects can be properly 
met and instrumentation receives due imple
mentation without any setback to the con
struction programme ; andi 

(vii) To formulate a programme for the progressive 
manufacture of these instruments indigenously. 

2. The Committee comprised the following mem
bera:-

(i) Shri P. S. Bhatnagar, 
Chief Design Engineer, 
Bhakra & Beas Designs 
Kaka Nagar, New Delhi. 

(ii) Shri K. R. Datye, 
Superintending Engineer, 
Deccan Irrigation Circle III, 
Nasik. 

(iif) Shri B. Pant, 
Chief Research Officer, 

Organization, 
Chairman. 

Member 

Central Water & Power Research Station, 
Poona. Member 

(iv) Shri I. P. Kapila, 
Director Designs, 
Bhakra & Beas Designs OrganiZ!ltton, 
Kaka Nagar, New Delhi. Member 

(v) Shri V. K. Sondhi. 
Deputy Director. 
Central Water & Power. Commission. 

Member-Secretary. 

3. The Committee held the following meetings :-

Date of 
meeti.ag 

Dec. 15, 1964 

Place of meetina 

Instrumentation Labo· 
ratozy, C.W.&P.R.S., 
Poona. 

Ju. 28, 196S Gandhi Sagar Dam, 
Circuit House. 

. March2,1965 KoynaDam,RestHouse, 
Koyna. 

April 27, 1965 Bhakra & Beas Designs 
Organisation, N. Delhi. 

July 16 &_ Instrumentation Lab. 
17, 1965 C.W.& P.R.S., Poona. 

August 6 & Bhakra & Beas Designs 
7, 1965. Organization, N. Delhi. 

August 24 & Office of S.E., Deccan, 
25, 1965. Irrigation Circle III, 

Nasik. 

Oct. 20 & Bhakra & Beas Designs 
21, 1965. Organization, N. Delhi. 

Nov. 9 & Inspection House, Maha· 
10, !965. rashtra Govt., Poona. 

Members attendina 

Shri P. S. Bhatnagar 
Shri K. R. Datye 
ShriB. Pant 
Shri V. K. Sondhi. 

Shrii. P. Kapila 
Shri K. R. Datye 
Shri B. Pant 
Shri V. K. Sondhi. 

Shri P. S. Bhatnagar 
Shri I. P. Kapila 
Shri K. R. Datye 
ShriB. Pant 
Shri V. K. Sondhl. 

Shri I. P. Kapila 
Shri K. R. Datye 
Shri B. Pant 
Shri V. K. Sondhi. 

Shn I. P. Kapila · 
Shri K. R. Datye 
ShriB. Pant 
Shri V. K. Sondhi. 

Shri P. S. Bhatnagar 
Shri I. P. Kapila 
Shri K. R. Datye 
ShriB. Pant 
Shri V. K. Sondhi,, 

Shrii. P, Kapila 
Shri K. R. Datye 
Shri B. Pant 
Shri V. K. Sondhi. 

Shri P. S. Bhatnagar 
Shrii. P. Kapila 
Shri K. R. Datye 
ShriB. Pant 
Shri V. K. Sondhi 

Shri P. S. Bhatnagar 
Shri K. R, Datye 
Shri B. Pant 
Shri V. K. Sondhl. 

(xi) 



RBPORT OF THB COMMITrBB ON INSTRUMENTATION FOR DAMS AND HYDRAULIC STRUCTURES 

4. Thf'l Members of the Committee visited .the follow
ing projects :-

(a) Gandhi Sagar (visited by I. P. Kapila, K. R. 
Datye, B. Pant & V. K. Sondhi on 28th/29th 
Jan. 1965). 

· (b) Ranapartap Sagar Dam under construction 
(visited by I. P. Kapila, K. R. Datye, B. Pant 
& V. K. Sondhi on 2?th/29th Jan. 1965). 

(c) Kotah Barrage (visited by I. P. Kapila, K. R. 
Datye, B. Pant & V. K. Sondhi on 28th/29th 
Jan. 1965). 

(d) Kunnu Syphon Aqueduct (visited by_ K. R. 
Datye and B. Pant on 30th January, 1965). 

(e) Koyna Dam & Power Plant (visited by all 
members on March 2, 1965). . 

(f) Sharavathy Project (visited by P. S. Bhatna
gar, I. P. Kapila, and V. K. Sondhi on 5th 
March 1965, and K. R. Datye on 31-10-1965 
to 2-11-1965). 

(i) Bhakra Dam (visited by K. R. Datye, B. Pant 
and V. K. Sondhi on 29th/30th April, 1965). 

(h) Hirakud Dam (visited by K. R. Datye on 24th/ 
25th May, 1965). 

(i) Rihand Dam (visited ·by V. K. Sondhi on 29th 
to 31st July, 1965). 

G) Tungabhadra Dam (visited by V. K. Sondhi 
on 10th/11th August, 1965). 

In addition, the Committee had the advantage of 
first hand information with Shri K. R. Datye regarding . 
Gangapur, Bor and Girna Dams in Maharashtra where 
instrumentation has been carried out. 

5. Authorities concerned with the River Valley Pro
jects in the Centre and various States were requested 
to supply particulars of instrumentation affected at pro
jects under their control. This information was sought 
in two proforma statements (Appendix 0.02). Replies 
from 46 authorities were received, out of which 27 in
dicated that either no structure was under their charge 
or no instrumentation was provided, and 19 (covering 
30 structures) supplied some information. The infor
mation as supplied or as collected1 is in respect of the 
following structures :-

(a) Concrete Dams 
Bhakra Dam 
Koyna Dam 
Rihand Dam 

(b) Masonry Dams 
Gandhi Sagar Dam 
Hirakud Dam 
Linganamakki Dam 

MaJampuza Dam 
Mani Muthar Dam 
Nagarjunasagar Dam 
Parambikulam Aliyar Project 
Tungabhadra Dam 
Walayar Dam 

(c) Earth Dams 
Bor Dam 
Buggavagu Dam 
Dantiwada Dam 
Datla Tank 
Gangapur Dam 
Ghod Dam 
Gima Dam 
Hathmati Dam 
Hirakud Dam 
Jirgo Dam 
Kotah Barrage 
Linganamakki Dam 
Meshwa Dam 
Nalganga Dam 
Nanak Sagar Dam 
Sampana Dam 
Ukai Dam 

(d) Other Structures 
Bhira Tunnel 
Koyna Head Race Tunnel 
Koyna Power House Foundation 
Koyna Pressure Shaft 
Kunnu Syphon Aqueduct 
Nagarjunasagar Right Canal TunneL 
Sharavathy Water Conductor System! 
Vir Dam. 

The information is consolidated at Appendix 0.03. 

6. As a result of detailed study of the information 
per~ining ~o instrumentation at various projects, dis
cussions wtth project engineers, information obtained 
~rom _persons o~tsid~ India who are actively enga~:ed 
m this work, diSCussion with representatives of manu
factur~rs of !nstruments, and of the published literature 
on this subject, the Report of the Committee is sub
~itted herewith. This report is in two parts. Part I 
IS the general report dealing with the specific terms of 
reference embodied in the Resolution of the Govern
ment o~ Indi~. rart II is_ the detailed report which 
deals wtth ObJectives ?f Instrumentation, nature of 
mea&urements and thetr purpose and description of 
the various instrum~ts . generally adopted for such 
~easurements .. Detailed mformation pertaining to prin
ciples ?f working and construction, considerations 
govemmg location and layout, method of installation 
obser.vation and analysis of observed data has eithe; 

(xii) 



IN'I'RODUC1'10N 

been included or reference has been made to relevant 
technical publications. The Committee has felt it 

. desirable to add Part II of the Report so as to provide 
the background in the context of which Part I of the 
Report has been written. 

The Committee has not examined any measurements 
relating to stl\.bility of slopes within the reservoir area 
which affect the safety and utility of a structure, as 
this was outside the scope of the terms of reference. 
Measurements relating to meteorological data, and 
·~eillilic characteristics of dams and structures have like
wise not been examined as being outside the scope of 
the terms of reference of the Committee, except for 1 he 

brief mention wherever considered necessary in this 
report . 

7. The work of tho Committee was seriously handi
capped by the fact that the Chairman was hospitalised 
for a period of four months from April to the end 
of July 1965. On this account the period for the sub
mission of the Committee Report was first extended 
up to the end of September 1965 and subsequently up 
to· the end of Dec. 1965 by Government of India, 
Ministry of Irrigation & Power Resolution No. 20(31)/ 
63-Policy, dated 6th July, 1965 (Appendix 0.04) and 
Resolution No. 20(31), dated 29th September, 1965 
(Appendix 0.05) respectively. 

- ACKNOWLEDGEMENTS 
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Bhakra. & Beas Designs Organization, New Delhi. 
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PART I 

G.ENERAL REPORT 



1.0 TERM OF REFERENCE-1 

"To make a general review of the instrumen
tation done so far in various dams in the country 
including. general examination of data. and results 
obtained therefrom and their interpretation as 
inrlicative of 10tructural action." 

For the purpose of the general review required by 
this term of reference, the Committee considered 1t 
appropriate to cover the instrumentation provided at I 
the following projects : 

(a) Concrete Dams 

Bhakra Dam 
Koyna Dam 
Riband Dam 

lb) Masonry l)ams 
Gandhi Sagar Uam 
Hirakud Dam 
Linganamakki Dam 
Nagarjunasagar Dam 
Tungab.hadra Dam 
Mani Muthar Dam: 

(c) Earth Dams 

'Bor Dam 
Gangapur Dam 
Girna Dam 
Hirakud Dam 
Jirgo Daru 
Kotah Barrage 
Nanak Sagar Dam 

(d) Other Structures 

Koyna Powerhouse Generator Floor 
Koyna Pressure Shaft 
Kunnu Syphon Aqueduct 
Nagarjunasagar Right Canal Tunnel 

1.1. GENERAL REVIEW 

In o~der to carry out a general review of the instru
mentation ~one so far in various dams in the country, 
the c;;omiUittee has sought answers to the following 
quest1ona :-

(a) Has instrumentation been included at all im
portant structures in the country'! 

(b) Whe.re instrumentation has been provided, 
has 1t been properly conceived both in respect 

• 
2(a)-3 C.W. & I'.C.f66 

of the measurements to be taken and in- respect 
of the means for such measurements'? 

(c) Have instruments been properly installed to 
ensure a reason~ble period for which data 
would be available'! · · 

(d) Has a proper record been maintained of 
measurement data and has the data been ade. 
quately and effectively processed and inter- ' 
preted? · -

(e) Has the measurement data· provided use~ul 
information for assessing structural action? 

1.1.1. A tabulation of all the information supplied 
by respective projects is at Appendix 0.03. This covers 
type of measurements, the instruments used, and status 
of observations and processing of data. The tabulation 
is presented separately for different types of dams, and 
includes a separate statement in respect of other rela
tive structures. There are some notable dams and 
structures which do not appear in these tabulation and 
the Committee -understands from the response to the 
proforma questionnaire ·that no instrumentation -was 
done at these projects. As construction at such pro
jects was undertaken within the last 15 years or so, 
at a time when the importance of instrumentation and 
post-construction assessment of structural action had 
been generally recognised, the omission of this facility 
in the planning stage or thereafter is i~<!icative of a 
general lack of appreciation of the need for such 
measures being incorporated at appropri,ate . time. 
Dams, wherever they are constructed, constitute the 
key element in any river development programme, and 
it should be obligatory on the part of the agency res
ponsible that it has means available for making the 
best possible appraisal of the magnitude of the forces 
developed and the manner in which the structure is 
respond~ng by providing for at least essential measure
ments. 

1.1.2. Regarding those projects where instruments 
have be<:n .provided, arrangements for measurement of 
deflection, joint ope~ing, stress, strain, temperature. 
pore pressure and uplift have been made, but all these 
~re n?t available at .each project. None of the pro
Jects mcluded geodetic measurements of displacement 
in the original plans, which is unfortunate as this re
p~sents a valuable aid for obtaining information 
regarding the integ~·ated behav~our of the dam, abut
~ents, an~ fou~da.tJOn. A .review of the instrumenta- · 
lion prov1~ed mdiCates that whereas generally it is 
adequate, m many cases· better and more useful 

3 



REPORT OF TllB COMMll'Tl!B ON INSTRUMSNTATION FOR DAMS AND HYDRAULIC STRUCTURES 

information could have been obtained with greater inoperative or unreliable. Post-installation precautions 
attention at the planning stage. For example :- if not properly observed can also be responsible for 

(a) by providing targets and bench marks and instru- unreliable readings. These include proper care of-
. · cables at the gallery faces. At som~ projects, cable 

ment stations at s~table locations at the dam s1te pnor leads were not terminated at boards and were hanging 
to commencement of dam construction, measurements 
of overall displacement of dam and foundation by from the gallery face.- Proper contacts with measuring 

d ti. th ds uld b t ted ·th th mme test set in such cases is not ensured and moisture has geo e c me o co e s ar Wl e co nce· 
ment of dam construction, enablin~ assessment of in• - easy access to the cable, rendering readings being ques-

beh · f th tionable. At one project, care· had not been taken to 
tegrated av10ur 0 e-- structure ; maintain a record of the indentifying particulars, on 

(b) by installing reverse (inverted) plumb lines at account of which. calibration data of the concerned • 
appropriate locations, displacement of reference points ins~ruments_ was not known. 
in plumb line observations resulting from foundation 
deformations could be measured enabling determina- Information pertaining to the number of operative 
tion of overall dam deflections from plumb line ob.serva- and inoperative instruments of the various types 
tions, and more realistic comparison of the actual and embedded in the projects included in this report is 
theoretically determined deflection values: shown in the Tabulati~n (Appendix 0.03) para 1.1.1. 

(c) by providing metal tags, bearing the instrument 
name and number near the cable lead terminations Even though instruments may be operative, reliability 
of respective instruments before comm_encement of of the reading~ recorded on these may be affected on 
their embedment, identification of these cable termina- account of impaired grounding resistance, penetration 
tions could be established for. correct correlation of . of moisture into the cable leads, poor maintenance of 
calibration and observed data with respective meters ; test set and instrument terminal contacts on the ter-

(d) by ·determining the creep characteristiCs of .the minal panels, instability of the standard testing lea1i 
concrete of respective dams, in advance of the start used for instrument terminals and test set connection 
of the instrument installation, stress evaluations from etc. 
observed strainmeter data could become available 
soon after observations, enabling assessment of struc
tural behaviour of the dam and foundation, as 
construction progressed ; ' 

(e) by providing· a transverse foundation gallery in 
the respective dam blocks selected for uplift pressure 
measurements vertical uplift pipes could have been 
provided for regular and continuouS uplift pressure 
observations, as reaming or , redrilling through these 
pipes could be undertaken when necessary to ensure 
their proper functioning ; 

(f) by providing porous tube piezometers in sufficient 
numbers the shape of the phreatic line would have been 
more definitely ascertained ; 

I . 

(g) by providing stand-pipes in sufficient numbers on 
the upstream and downstream of grout curtain and by 
taking !Standpipes to a depth sufficient to penetrate the 
pervious strata more definite indication of the curtain 
performance could have been obtained ; 

(h) by collecting consolidation data on the soils in 
the vicinity of cross-arm installation comparison could 
have been made of the observed and computed settle
ment; 

(i) by adequately training concerned personnel in · 
the procedures for testing calibration, installation and 
observation of instruments and analysis of observed 
data sufficiently in advance of the commencement of 
instrument embedment, larger volume of reliable data 
could become available and more realistic assessment 
of structural performance expedited. 

1.1.3. An appraisal of the installation procedures is 
possible only from the number of instruments reported 

4 

1.1.4. Generally, not much effort is evident for sys· 
tematic record, processing and interpretation of data. 
As such, project authorities are, in all probability, 
not fully apprised of the behaviour of their structures. 
The Committee has observed that this situation arises 
out of the fact that personnel are )lot earmarked for 
this work specifically, that there is generally no con
tinuity of personnel connect_ed with the earlier stages 
of this work, and that there is no sufficient liaison with 
the available design and research personnel. It is 
necessary to emphasize that the primary utility of 
measurements is to the project itself for an assessment 
of the safety of the structure. The academic questions 
which may arise for a better understanding of struc
tural phenomena for design of future projects, though 
an important aspect, must take a second place. Every 
effort should, therefore, be directed at each project to 
properly proc~ss data and arrive at logical and reason
able interpretations of results obtained (Refer , letter 
d~ted Feb. 23, 1965 from Prof. J. M. Raphael, Appen
diX I-1.01). 

1.2. GENERAL EXAMINATION OF DATA 
RESULTS AND INTERPRETATION 

A. Concrete Dams 

L Displacements 

(a) Plumb Lines.-Piumb lines have been installed 
at all the concrete dams under review. At Bhakra, 
there are 3 plumb lines, one in the maximum spillway 
cantilever, and one each in the abutment cantilevers 
on either side of the spillway. 
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Plumb wells for installation of these plumb lines are 
vertical formed (unlined) openings. Interconnection of 
the plumb well in one of the abutment blocks developed 
with the adjacent transverse contraction joint through 
a crack resulting in leakage into the well and con
sequent disturbance to the plumb line during observa· 
tion. This situation suggests the necessity of steel 
lining the plumb line wells. 

At Koyna Dam there are 2 plumb lines located in 
maximum spillway cantilever and in the abutment can
tilever on right side of spillway. 

At Riband Dam there is only one plumb line, in
stalled in one of the power intake blocks. 

Deflection measurements of the plumb lines at Bhakra 
normal and parallel to the axis have been taken by a 
micrometer slide and microscope at a sufficient number 
of points along the lines. The data is b~ing processed 
regularly, and is presented in the following form:-

(i) Deflections of vertical cantilevers (See Fig. I -1.01) 
(ii) Variation of deflection with time (See Fig. 

I-1.02) 
(iii) Variation of deflection with reservoir level (See 

Fig. 1-1.03). . 

However, the deflections obtained are not absolute 
values as initial measurements before imposition of 
water load were not taken. Furthermore, the measure
ments do not account for the movement of the founda
tion which serves as the reference point. Recent deve
lopments in plumb line observations elsewhere now 
i?clude the installati_on of a reverse (inverted) plumb 
line whereby the displacement of the foundation is 
observed with respect to a point at great depth which 
can be assumed to be fixed for all practical purposes 
(See Part II, Chapter 3). The two deficiencies are 
common to all the three dams under review although 
the latter point, being a recent development 'could not 
have been foreseen at the planning stage. Neverthe
less, some measures of relative displacement bdween 
the low a~d full reservoir levels is possible with the 
means !lvaila~Je, and a comparison with theoretical 
values IS possible to some extent. At Bhakra Dam 
th~ results show. that actual deflections normal to th~ 
axts for reservOir level about 40 feet lower than full 
level (EL 168~) are somewhat less than the calculated 
values (See Ftg. 1-1.04). , . 

At ~oyna ~am, measurements of the dam displace
ments m two ~hrections, are made by means of Huggen
burger Coordtmeter. · 

1 
For r~asons descri~ed above relevant to Bhakra Dam 

p u~b lme observ_ations. measurements at Koyna Dam 
p;ovtde only relative deflection. Observations revealed 

. h_tgh o~der~ of deflect!on, indicating that reservoir fluctua
tto~s avv only mmor effect ~>n the total deflection. 
whtleh temper~ture change exercises substantial influence 
on t e magmtudc of deflections. 
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Study of plumb line deflections observations indicate 
that for dams of moderate height. and small fluctua
tion of reservoir level, factors other than hydrostatic 
load, determine the deflections to a marked degree. 

At Riband Dam. only one measurement point near 
the bottom end of the line is available, and measure
ments of deflection normal and parallel to the axis are 
taken by the Huggenburger Kaleidoscope. Deflections 
of the point of suspension only are available, and an 
assessment of the deflected cantilever shape is not 
possible. Measurements at the other points on this line 
were not possible as galleries at intermediate levels 
were not provided. The data has been processed. A 
deflector has been rigidly fixed t() the plumb line about 
2 feet above the plumb bob to prevent water leakage 
in the plumb line well from dripping into the dashpot, 
and a cover with a hole of 1 !- inch diameter through 
which the line passes has been fixed above the dashpot 
itself. It is possible that the actual movement of a 
plumb line may be affected on account of these two 
factors. The maximum deflection reported to the Com
mittee during a site visit is about 1 inch. However, 
a comparison with computed values was not available. 

(b) Geodetic Observations.-No. geodetic observa
*tions were originally included in the instrumentation 
plans of all the three dams under review. This is an 
important measurement for absolute movements of the 
dam, abutments and foundations when related to fixed 
distant point: Efforts to establish reliable means for 
obsel!'~ng changes in _displacement under varying load 
conditions are now m hand at Bhakra arid Koyna 
Dams. These include triangulation surveys of targets 
fixed on the face of the dam and on the abutments, 
traverse survey of marker points at the crest of the dam; 
and level survey of 'bench marks fixed inside galleries 
of the dam and power. plant and on abutments upstream 
and downstream of the dam. 

(c) Joint Meters.-Joint meters have been provided 
at Bhakra and Riband Dams. At Bhakra these were 
installed primarily in connection with the coolin~ of 
concrete and contraction joint grouting. They were 
located at various elevations in three blocks, maximum 
spillway block, and one abutment block on each side 
of the spillway. Jointmeters were also located in the 
upstream heel clay-stone strut. 

Data from jointmeters at Bhakra has been processed 
~o. the ext~nt necess~ry to ~nable concrete cooling and 
JOint groutmg operatiOns bemg undertaken. No indica
tions of structural behaviour from this data has been 
~ou~ht except that _Bhakra upstream strut jointmeters 
mdtcated valley adJustments under increasing load 
although these interpretations were not conclusive' 
Data at Rihand has· not been processed. ' 

(d) Fptfndatjon Deformqtion Measurint? Devices.
pte or:tgmal 1_nstrumentation plans for all three pro
Jects dtd not mclude any means for observing settl 
ment of the dam foundation. Efforts are now ~ 

~ 
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made for installing one such device at Bhak.ra (See Part 
II. Chapter 3). 

(e) Tilt Measurement Devices.-No means were pro~ 
vided in the original scheme at any of the three dams 
for· measuring tilt This measurement actually supple
ments information from plumb lines, and geodetic sur
veys so far as gravity dams are concerned. At Bhakra 
Dam a tilt meter was recently placed in one of the 
galleries to observe vertical tilt. The data obtained 
is being processed but int~retation from a single 
measurement point may not be conclusive. 

2. Stresses 

Stressmeters of Carlson type have been installed at 
all the three dams under review. At Bhak.ra these 
have been provided at the base of the maximwn spill
way block. At Koyna they are located near the base 
of the maximum spillway cantilever. At Rihand these 
have been placed at the base of the power intake 
block. 

At both Bhak.ra and Rihand, cable leads from stress
met~::rs are properly terminated at terminal boxes at 
gallery faces and generally dry conditions prevail. At 
Koyna Dam the cable leads have also been properly. 
. terminated at the terminal boxes. - · 

Data has been collected at all three dams but it' 
has been processed at Bhakra and Koyna pams so far. 

The validity of this data and the results obtained 
is subject to satisfactory behaviour of the instruments 
an~ the accuracy of test set for taking readings. For 
the former, the grounding resistance ,of the meters 
requires to be checked periodically. This has not been 
done as a matter of normal observational routine at 
any of the three projects. Regarding the latter, calibra
tion of the test set from time to time is desirable. This 
has been done for the Bhakra test sets, the calibration 
being checked at the National Physical Laboratory. At 
Koyna checking of test set calibration has not been don~ 
so far. The Riband test set is checked in the 
project workshop, but calibration as such has pro
bably not been done. However, some doubts arose 
with regard to the reliability of the test set during the 
site visit, indicating the necessity for periodic check 
and calibration of this facility. . 

Where strainmeters have also been provided con
tiguous to stressmeters, a check on the results is possi
ble. However, this check has not yet been exercised 
at any of the three projects. The results of stressmeters 
at Bhakra have shown stresses within permissible limits. 
However, the interpretation of structural action from 
these results is as yet inconclusive. 

3. Strains i 

Strainmeters of Carlson type have been installed at 
all the three dams under review. At Bhakra these are 
provided at three .elevations in the maximum spiiJway 

block and at two elevations each of an abutment block 
on either side of the spillway. At Koyna these are 
provided mainly at the 'base of the maximum spillway 
cantilever. At Riband strainmeters are located at the 
base of the power intake blopks, and at the ba~-- of 
a spillway block. · , \ 

Whereas data has been collected at all projects, pro
cessing has not been started except at Bhak.ra, where 
final results are not yet available. The Committee 
understands that at Bhak.ra the data had been proces
sed after including effects of autogenous ~owth in con
crete, which was determined from the "no-stress" strain
meters. However, a review indicated that revised 
growth strain is of a lesser magnitude than .assessed 
earlier and it could be omitted from stress computation. 
The revised processing is now in hand. 

A pre-requisite for processing strainmeter data is 
the assessment of creep, growth, and thermal properties 
of concrete, as also the Poisson's ratio. These pro
perties except creep have yet to be established at 
Koyna Dam and at Riband Dam all the properties other 
than Poisson's ratio require to be assessed. 

The validity of data collected is subject to the com
ment relating to stress measurements. In addition, 
there is the additional factor that unless initial readings 
of strainmeters are taken immediately after installation, 
in the data obtained subsequently the effect of concrete 
creep cannot be accounted for. 

4. Pore Pressures 
No pore pressure measurements have been included 

in any of the three projects under review. The Com
mittee considers it desirable to· include this measure
ment at selective locations for a better appraisal of 
seepage phenomena through concrete but does not feel 
it to be obligatory at all projects. 

5. Temperature 
Carlson type thermometers have been embedded at 

all the three dams under review, and are located at 
various points to provide information regarding the 
temperature distribution within the body of dam at 
the upstream and downstream faces. Whereas, data 
has been processed at all the three projects, isotherms 
have yet to be drawn except for Koyna Dam, and 
temperature effects on structural behaviour have yet 
to be established. 

6. Uplift Pressure 
Uplift pressure pipes have been installed at all the 

three proj~ts under review. At Bhakra Dam pipes 
have. been mstalled at eight transverse sections, with 
50 pipes in all, out of which 33 are vertical and the 
re!Daining are led t<? the concerned observation gallery 
V.:Ith ben.ds ~nd honzontal lengths. Each pipe is pro
v_xded With . mdependent means for pressure observa
tion. Re_admgs are taken regularly at fortnightly inter
vals by a fixed pressure gauge. Pipes in which water 
level is below the gallery floor are observed by means 
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of a sounder. At Koyna Dam, observations tip for that water in the pip; is below the .sall:ery fto~ level, 
measurement of uplift have been installe~ f.o_r three and no means are possible for observmg 1t. If p1pe_s ~re 
monoliths. By May 19~5. a fe~ of the tips m each chocked, their restoration is not possible by r~ling 
monoliths have become moperatlve apparently dU;e t? of holes on account of the bends and honzontal 

· · · · d ful md1 'l.engths. Consequently unden the circum~tances ~e 
clogging. Still the remammg tips provi e use - data obtained is not likely to be representative of uplift 
cation of the uplift pheno?lena. The procedur~ for 
observation is generally satisfactory. Valves are kept conditions. 
closed and sufficient time is allowed: to elapse ~~r 
fixing pressure gauges to allow read_mgs_ to s~abilise, 
before recording observ~tions. Cloggmg IS V:erified by 
opening the valves and m cases where there IS no o~t
llow, the pipe is taken as close~. As most ?f t~e uplift 
measuring pipes follow an alignment w~ch ~volves 
bends. it is not possible to clean the uplift plpes_ by 
reaming and reboring. In the absenCe. of o~rvations 
of the equalisation time soon after JnstallatiOn and 
subsequently at regular i..'ltervals, it is not possible to 
ascertain whether or not there is any . tendency for 
clogging. 

At Riband Dam pipes have been installed at one 
transverse section, and all except one have bends and 
horizontal lengths befor~ they are exposed: at the longi
tudinal foundation gallery. All the 8 pipes are con
nected to a common header to which a pressure gauge 
ia attached. Pressure in any particular pipe is observed 
by closing the stop cock control between the pipe and 
the header on each of the other seven pipes and after 
allowing the pressure to build up over a period of 30 
days. Thu9 observations at each pipe are taken after 
an interval of about 8 months. 

Data dbtained at Bhakra Dam has been processed 
regularly, and is plotted on transverse sec;tions of the 
dam to show both water level (or equivalent water level 
for pipes under pressure) and the percent of net head 
prevailing (See Fig. I-1.05). Time plots for individual 
pipes are also maintained (See Fig. 1-1.06). Results are 
interpreted in the context of the known geological 
features and remedial means are taken wherever possi
ble to relieve any tendencies for high uplift. Generally, 
the uplift is much lower than the value assumed in 
design. Holes in the foundation through the pipes are 
redrilloo and deepened as a regular maintenance feature 
to ensure that pipes are functioning properly and 
depicting uplift conditions faithfully. 

At the Koyna Dam, observations have been made 
continuously every fortnight since December 1962, in 
all uplift observation pipes. Data has been processed 
regularly, time plots are maintained for individual 
pipes and the observations plotted on the cross sections 
to compare the observed uplift with the design assump
tions. Pipes which are dry, are not considered while 
interpreting the results. As the pipes involve bends, it 
has not been possible to rebore holes which have 
become clogged. 

Data on uplift obtained at Riband Dam since 1958 
has sht~wn zero pressure. According to the procedure 
adopted for the measurement this probably indicates 

7. Seepage Measurement 

Seepage of water from foundation drainage holeta 
and formed drains in the dam is measured at all· the 
!three projects under review. At Bhakra Dam tlle 
primary drainage curtain is located in tlfe Main Foun
dation Gallery, which is extended into the abutment 
drainage tunnels. A second drainage curtain is located 
further downstream in the Supplementary Foundation 
Gallery, which also extends into drainage tunnels into 
the abutments. Drainage holes have also been pro
vided in transverse galleries extending under the spill
way apron. Both abutments are drained including 
holes along the toe of the dam. Formed drains in the 
dam intercept seepage from the upstream face along 
the entire length of the dam. 

, At the Koyna Dam, seepage from different portions 
of the drainage system is measured but it has not been 
possible to measure the total seepage as curing water 
and leakages from construction water supply lines get 
mixed up with the seepage ftow. Because of the stage 
construction, it was perhaps difficult to prevent ex
traneous water getting mixed with the seepage ftow. 
All the same it would have ·been helpful to verify the 
total of the seepage measured at the various points 
with the collected seepage measured at the entry into 
the sump. 

At Rihand Dam, drainage holes are located in the 
longitudinal foundation gallery and formed holes are 
provided in the dam. 

The total seepage at Bhakra Dam fluctuates with 
the reservoir level (See Fig. I-1.07). The maximum 
seepage observed so far is 140 gpm. However, a signi
ficant proportion of this is from an abutment drainage 
tunnel in the left abutment which has been assessed 
by the project authorities as being correlated to ground 
water rather than the reservoir. The Committee under
stands that the project authorities are nevertheless exa
mining this phenomenon further to establish the source 
of the seepage and would take corrective measures as 
indicated. In the mean time, additional drainage of 
the left abutment from downstream holes has been pro
vided. 

At the Koyna dam, continuous weekly review is 
made of observed uplift pressure versus design assump
tio~s. It is found that the uplift is well below the 
design values. The record, however, indicates that 
the gro1;1ting by its.elf was not sufficient to bring down 
the uplift and dramage appears to be relatively more 
effective. 

7 
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At Riband Dam, measurements have indicated only 
nominal seepage from foundation drainage holes. 
However, about 350 gpm are assessed to be seeping 
through formed drains in the power intake blocks which 
calls for careful examination and correction. 

The total seepage is not excessive for the contribu
ting area and foundation rock at Bhakra Dam. · A. close 
watch on the fluctuations and the implementation of 
corrective measures where indicated are required to 
be continued especially in the first few years of reser
voir filling. 

8. Recommenkations 

· From the general examination of data, results and 
interpretation of instrumentation for concrete dams, the 
Committee recommends as follows ~- · 

(a) The Committee recommends that as a general 
rule means should be provided for observing bel;aviour 
of all concrete dams. At these completed projects 
where this has not been done, efforts should now be 
made to do so to the extent possible under the prevail
ing circumstances. 

(b) The ~ommittee considers it necessary that a dis
tinction be made between those m,pasurements that are 
related to an assessment' of safety, ·and others which 
are warranted only by the magnitude and importance 
of a structure, or .by other special conditions, and also 
where the agency responsible considers that informa
tion obtained would provide a better understanding of 
1tructural phenom~na for application to future designs. 

(c) The Committee recommends the following 
measurements which should 'be obligatory for·an con
crete dams: 

8 

(i) Displacement which includes: those deter
mined by suspended plumb lines ; those deter
mined by geodetic measurement where war
ranted by , the importance of a structure; 
those determined by embedded resistance; 
jointmeters at contraction joints where grout
ing is required to be <Jone; those determined 
by embedded resistance jointmeters or by 
other surface measuring devices for ob~erving 
relative displacement of monoliths, particular
ly where appreciable foundation :novements 
are anticipated, in such cases foundation de
formation and tilt measurements will also be 
obligatory. 

(ii) Temperature of the interior of a dam as deter
mined by resistance thermometers, 

(iii) Uplift pressure at the base of the dam at a 
sufficient number of transverse sections as 
.determined by uplift wessure pipes, with 
means provided for reaming and deepening 
holes into the foundation. . 

(iv) Seepage into the dam and appearing down
stream therefrom. 

(d) The Committee recommends the following 
measurements as, not being obligatory for all concrete 
dams, being undertaken only where warranted by the 
special circumstances of a project :-

(i) Rock and foundation defonnation, 
Tilt 

(ii) Stress 
(iiif Strain 
(iv) Pore pressure (as distinct from uplift pres

sure) 
(v) Dynamic characteristics for structures located 

in seismic areas. 

The Committee considers that these measurements 
would be beneficial for high dams, for structures of 
unusual design, for structures where unusual or doubt
ful foundation conditions exist, for the verification of. 
design criteria, and for effecting improvement in future 
designs. The Committee considers that where such 
measurements are undertaken, a well planned and con-

. tinuous effort must be maintained at all stages for 
obtaining useful data pertaining to the objectives 
sought. 

B. Masonry Dams 
-

1. Displacements 

(a) Plumb Line.-Out of the five darns selected for 
review, installation of p,lllln'Q line is included only 
in Gandhisagar and Linganamakki Dams. In the for
mer, installation .of the full assembly was in hand when 
seen during a site visit, and at the latter, installation 
had not yet been taken up. No data is available so 
far. 

(b) Geodetic Observations.-Original instrumenta
tion plans for all the projects under review did not in· 
elude any geodetic measurements. . 

(c) Joiltt Meters.-Joint meters have been. provided 
at Linganamakki Dam, Gandhisagar Dam, Nagarjuna
sagar Dam and Tungabhadra Dam out of the five 
dams under review. At Linganamakki Dam these have 
been provided across a transverse contraction joint in 
the non-overflow section, near the base of the dam. 
At Gandhisagar Dam they have been provided near 
the base at mid-height and near the top of the two 
transverse· contraction joints in spillway section and 
one in power intake blocks. 

In Nagarjunasagar Dam they are installed in the 
spillway block and one each of abutment blocks on 
either side of spillway. At Tungabhadra Dam these 
have been installed in a spillway block and in one 
non-overflow block. Jointmeters were installed to pro
vide information on joint movement. 

Lead terminations are in similar unsatisfactory con
dition a.s described under para B. 2 on page 9. 
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Data have been _collected at all the a~oye dams 
except at Tungabhadra Dam where all the JOrntmeters 
have become inoperative. Data have not been pro
cessed except in the case of Nagarjunasagar Dam. 

(d) Foundation Dl[/ormation Measuring Devi~es.
Original instrumentation for ~11 the five da~s did not 
include any means for observrng settle~ent of the dam 
foundation. 

(e) TiU Measurement Devices.-No vrovision for 
installation of tilt measurement devices at any of the 
five dams under review was made in the original plans 
of instrumentation. This measurement actually suppl~
ments the information from plumb lines and geodetic 
surveys so far as gravity dams are concerned. 

2. Stresses 

Carlson type stressmeters have been embedde~ in 
Gandhisagar Dam, Linganamakki Dam and NagarJuna
sagar Dam·. At Gandhisagar. Dam t~ese have been 
provided near the base of maximu.m spillway block. 

At Nagarjunasagar' Dam these have been placed at 
the base of the maximum spillway block and an abut
ment block in non-overflow section. 

At all the above three dams leads are not terminated 
at terminal boxes, and are hanging freely from gallery 
faces. At Linganamakki the leads have been 
frequently under water. .._ Dry conditions at termina
tions of leads could not be ensured at aD.¥ of the above 
three dams. 

Data has been collected at all the three dams, but 
it has not been processed for the reasons that either 
instrument particulars regarding calibration were not 
identified as in the case of Gandhisagar Dam, or the 
cable terminals were not properly terminated. as in 
the case of all the three dams. 

In the case of Linganamakki Dam, further observa
tions have been suspended on account of the frequently 
submerged conditions of the lead terminals. 

Comments regarding the conditions and maintenance 
of the test sets and measurement of grounding resis
tance made under para 1.2A.2 are pertinent. 

The limitations mentioned in para B.3 regarding 
properties of masonry are also relevant. 

No useful information can thus 'be obtainro from 
the data observed at all the three dams on account 
of the conditions mentioned above. 

3. Strains 

Strainmeters of Carlson type have been placed in 
Gandh'lsagar Dam, Hirakud Dam, Nagarjunasagar 
Dam, tmd Tungabhadra Dam, out of the five dams 
under review. 

At Gandhisagar Dam, they have been embed?ed at 
the base of maximum spillway section. At Hrrakp.d 
Daq1 they are embedded near the base of the two spill
way blocks. 

At Nagarjunasagar they have been placed at base of 
maximum spillway block and at the b~se of an al;mt
ment block, on either side of the spillway port1on. 
At · Tunga'b\hadra, strainmeters have been embedded 
near the ba~ of the maximum section abutment block. 

Lead terminations are in similar unsatisfactory con
- dition as mentioned under para B.2. 

Whereas data has been observed at all the above 
dams (being observed twice daily at Tungabhadra 
Dam) proceSlling has not been started at any of these 
dams on account of the fact that (i) calibration data 
cannot be related to the various meters for want of 
identification, (ii) information on elastic and non-elas
tic properties of masonry are not available, (iii) in_itial 
readings not available, (iv) lack of personnel tramed 
in processing of the observed data. 

Besides these factors, the Committee considers that 
strainmeter observations in masonry dams are subject 
to the following basic limitations :-

(a) Heterogeneity resulting from the size of 
' rubble; 

(b) Uncertainty introduced by embedding the 
strainmeter in a small concrete block within 
the masoncy mass the two materials having 
widely different elastic and non-elastic pro
perties;-

(c) Insufficient information regarding elastic, plas
tic and creep characteristics of masoncy. 

' ' 
(Refer to Carlson's letter dated March 10, 1965 

Appendix 1-1.02). 

There is also lack of knowledge regardmg slrrinkage 
growth and thermal properties of masonry. Strain
meter observations on masonry dams, therefore, may 
not be useful, until above limitations are overcome by 
further research. 

4. Pore Pressures 

Carlson type pore pressure cells have been embedded 
at Gandhisagar Dam and Nagarjunasagar Dam. At 
Gandhisagar Dam they have been installed at mid
height in two spillway blocks. At Nagarjunasagar • 
Dam these have •been embedded near the base and 
mid-height in maximum spillway block. Lead termi
nations are in unsatisfactory conditions as stated under 
para B.2. Data has been observed at the above two 
dams but processing has not yet been done. Con
clusions regarding the usefulness of these cells cannot, 
therefore, be drawn at this stage. 
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5. Temperature 

Carlson type thermometers have been embedded at 
all the five dams under review, and are located at 
various points to provide information regarding the 
development and distribution of temperature within 
the body of the dam, at the upstream and downstream 
faces. At Tungabhadra Dam all thermometers have 
become inoperative and no data is available. 

Data has been observed at remaining four dams 
under review. · However, isotherms have yet to be 
drawn and temperature effects on structural behaviour 
have yet to be established. 

6. U pli[t Pressure 

, Of the five dams under review, uplift pressure pipes 
have been provided at Gandhisagar Dam and Hirakud 
Dam. Pipes have been provided in the spillway block 
and one power intake block. As ·there is no transverse 
gallecy in each of the above two blocks, all uplift 
pipes are led to the observation gallecy by bends and 
horizontal extension lengths. The pipes are capped 
and have not been provided with individual stop cocks 
and pressure gauges for record of uplift. 

Monthly observations are made by connecting the 
pressure gauges directly to the individual pipes when 
the pipes start flowing. This method of measurement 
impairs the accuracy and reliability of uplift pressure 
measurement and realistic picture of uplift is not 
obtaiJ!ed. Uplift pressures observed so far, have been 
below the designed criterion values. As all the pipes 
have bends, redrilling of the uplift holes cannot be done 
even when required for ensuring normal functioning 
of the pipes. Nor can sounding be taken in case of 
uplift level below bends of the pipes. 

7. Seepage Me(J$urement~ 

No measurement of seepage have been inade avail
able at any of the five dams under review : 

8. Recommendations 

From the general examination of data, results and 
interpretation of instrumentation for masonry dams, 
the Committee recommends as under :-

(a) Sub-paras (a) and (b) of para 1.2-A.8 are 
applicable in toto. 

(b) Sub-paras (c) of para ·1.2-A.8 is applicable with 
the following exceptions ~ 

(i) Under 'Displacement', exclude 'those deter
mined by embedded resistance jointmeters at 
contraction joints where grouting is required 
to be done', since grouting of contraction 
joints in masoncy dam is not required. 

(c) Sub-para (d) of para 1.2-A.8. specifying non
obligatocy measurements, is applicable except 
that: 
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direct measurement of stress is not recommended 
for reasons explained under para 1.2-B.3 and 
para 3.2.2. 

c. Eartb Dams 
1. Displcu;ement _ 

(a) Surface Markers.-This review is limited to 
observations on Hirakud Dam, Kotah Barrage and. 
Gangapur Dam. 

(i) At the Hirakud Dam, the surface markers were 
installed only on the parapet wall. No markers were 
provided on the berms on the downstream slope al· 
though planned (see Spec. & Schedule for Hirakud 
Dam). 

(ii) At the Kotah Barrage and Gangapur Dam, sur· 
face markers on downstream slope were not planned. 
Settlement of parapet has been observed. 

On Indian earth dams installation of surface markers 
has generally been found to be impracticable. This 
is because the dams are often built witli truncated 
sections so that the section is widened as the embank· 
ment is raised.' The upstream :filling often follows 
soon after construction and in the interval between 
construction of upstream slope and filling of the 
reservoir placement of rip-rap is generally in progress. 
Consequently measurement of surface displacement 
during construction is generally impracticable. 

Measurements of vertical settlements and horizontal 
movements parallel and perpendicular to axis constitute 
valuable data and the absence of such measurement 
is a serious drawback of the system of measurement 
used for the dams reviewed. In the absence of such 
observations no comments can be made regarding the 
tendency or otherwise for the slopes to bulge and the 
magnitude of longitudinal strains caused by settle· 
ment. 

The measurement of settlements have generally been 
done by levelling to benchmarks on the abutments or 
on walls resting on rock. Although this introduces an 
element' of error because of the regional settlements 
caused by reservoir load, interpretation of the behaviour 
of earth dams is not generally vitiated. The relative 
movements between embankment and the rocky sub
strata of low compressibility and relative movement 
between walls of spillway structures and embankment 
are generally sufficient for appraisal of the performance 
of earth dams. The surveying methods adopted for 
measurement of settlements and the dams reviewed 
are, therefore, considered adequate. 

(b) Internal Vertlcal Displacement (Cross Arms).
Cross arm data for Hirakud Dam, Kotah Barrage and 
Gangapur Dam was reviewed. The review of d!!ta 
from Jirgo, Nanaksagar and Danta Dam is based on 
the report published at the Eighth ICOLD (fnterna
tional Congress on Large Dams) 1964, by Gupta & 
Sharma. 
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At Hirakud Dam a total of three cross arms were 
installed at two cross· sections [(one at RD 9500(.E) 
and two at RD 7250 (C&D)]. Two of these are still ope
rative viz. D&F. Observations have been made weekly 
since installation (i.e. 1951 to 1956, construction period 
and thereafter). Cross-arm E in the deepest part of 
the dam provided valuable indications of the per
formance of the dam. The observations indicated 
significant consolidation of certain soft zones in the 
embankment during construction and thus served to 
resolve the uncertainty regarding the strength of such 
zones. 

The foundation settlement at Ch. 9500 was 1.7% 
( 1.66 ft.) of the embankment height in a period of 8 
years. Of this only 0.8o/o (0.73 ft) occurred during the 
construction period of 2! years and the balance 0.9o/o. 
occurred after construction in St years. The settle
ment of the embankment proper at this section (Ch. 
9500) was 3.2o/o in 8 years of which post construction 
settlement was 2.4 o/o in 5 years. At cross arms C & D 
where the fo.undation is incompressible for all practical 
purposes, the total settlements are 6.4o/o (11.3/178.2) 
and 5.9o/o (10.0/169.7) respectively. Out of this the 
post construction settlements are 1.6 o/o and 1.4 o/o res
pectively for a period of 5 years. The post-construc
tion settlement is somewhat higher than the range of 
values experienced for USBR dams. For 11 dams 
investigated by Gould (Tech. Memo 648) the post~con
struction settlement is less than 0.2 o/o for 3 years and 
is equal to 0.4o/o for 14 years (data only for denser 
broadly graded soils). In the absence of consolidation 
test data on embankment soils as placed nothing can 
be said about the relative magnitude of actual and 
anticipated settlement. The cross arm data, however, 
indicates that the post-construction settlements are 
well within the range of magnitudes for which the 
necessary freeboard can be conveniently maintained 
during maintenance. 

Cross arm data have also indicated that the settle
ment is generally greater on the upstream side. Settle
ment during the filling of the reservoir is greater than 
the same in any other equal period. · 

At the Kotah Barrage two cross arms were installed 
at cross sections 410 ft. from the retaining wall, junc
tion of the spillway and earth dam. The total settle
ment in the construction period of April to June 59 
is 1.5% of the height (1.6 to 1.7). The post-construc-
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tion settlement is reported to be of the order of 
2o/o. 

At the Gangapur Dam, 3)cro'ss arms installations 
~ere made. Observations were made during construc
tion 1950 to 1955 and they had to be discontinued as 
the. torpedo get stuck up in one of the cross arms. 
TI11s a J>pears to be due to lateral displacements in the 
earth mass. 

The procedure and equipment (i.e. torpedo) adopted 
for observations at Hirakud Dam has been found to 
be generally satisfactory. The eq~pment . on all the 
projects is according to USBR design and IS found to 
be convenient for field installation. 

2. Measurements of Vertical Strains 

(a) No attempt has been made at any of tl1e three 
dams viz. Gangapur, Hirakud, Kotah Barrage to process 
the cross arm data to compute vertical strain and to 
stady the compressibility of the fill material. Absence 
of consolidation test data on embankment soils pre
cluded comparison of abserved and anticipated com
pre~sion. The system of soil classification adopted at 
Hirakud, Gangapur and Kotah Barrage makes it diffi
cult to assess the degree of plasticity of the fines. The 
original data (especially the index properties) will have 
to be scrutinised afresh to reclassify the soils by the 
unified classification system. (The unified system was 
not a widely accepted standard practice when these 
dams were built.) In the absence of such classification 
it. may be difficult to collect representative samples for 
consolidation tests and analysis even if fresh drilling or 
sampling is undertaken as a research programme. 

At the Nanaksagar Dam (U.P.) laboratory compres
sion data (from one dimensional consolidation test) 
was used to compute the relation between % compres
sion versus pore pressure. This relation wa~ cnmpared 
with the observed relation between compression as 
measured on the cross arm installation and observed 
pore pressures (from piezometric data). This is a 
solitary instance among all the installations reviewed 
where comparison of pore pressure and cross arm data 
has been made to check their consistency. It would 
have been helpful to compare the laboratory test curves 
for effective vertical stress versus o/o compression (from 
the oedometer) and similar curves of observed com
pression versus computed vertical effective stress 
based on assumed vertical total stress distribution in 
the earth mass and observed pore pressure. Limited 
data reviewed by Gupta and Sharma indicates that 
observed· pore pressures are JellS than those computed 
by Hilf's method apparently due to dissipation of pore 
pressure during construction. H allowance is made for 
dissipation of pressure of 1/7. the observed pore pres
sure would agree closely with pore pressures computed 
by Bishop's modification of Hilf's methods. 

(b) Horizontal Strain (Internal Displacements).
(Horizontal cross arm or slope indicators): No provi
sions were made in any of the dams reviewed to 
measure the internal horizontal strain or displacement. 
It has been indirectly concluded from the verticality of 
cross arms at Hirakud that the horizontal displace
ment is insignificant after lapse of several years and 
in spite of considerable vertical settlement having taken 
place. The obstructions to the movement of the tor
pedo in Gangapur cross arms, on the other hand seems 
to !>uggest appreciable horizontal displacement.' 

1l 
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3. Pore Pressure M;easurements 

Measurements of pore pressures have been carried 
~ut e.ither by simple stand pipe or by twin tube hydrau
hc p1ezqmeters. Porous tube (casagrande) type piezo
meters have not yet been used on any dams. Electri
Cl!:l piezometers have also not been used. Vibrating 
wue pore pressure cells have been procured for Ukai 
Dam ·but they have not yet been installed. 

(a) Stand Pipes.-These have been used for aJ~prai
sal of the performance of the grouted curtain in the 
pervious alluvium at Kotah Barrage and Girna Dam, 
Some stand pipes are also installed at Hirakud for 
verification of the phreatic line· but very few obser-
vations have been carried out on these so far. · 

Recently stand pipes were installed at Gangapur 
Dam for observation of the phreatic line. The observa-· 
tions are not yet availablt;. 

Nine stand pipes were installed at the Kotah Barrage 
at 3 cross-sections, having one piezometer on the up
stream and two on the downstream of axis of dam at 
each cross-section. The observations of water level 
in the stand pipe indicated a drop across the curtain 
of about 90% of the total head on first filling of the 
reservoir. Subsequent observations are being made on 
all the stand pipes. Unfortunately, the lag time or 
equalisation time of the stand pipes is not checked as 
a normal procedure. Hence, it has not been possible 
to ascertain when the stand pipes got silted up. Obser
vations made in · 1964 monsoon indic!!te abnormally 
long lag times. From the installation data it appears 
that the depth of penetration of tlie stand pipe into 
the highly pervious bouldery substrata is insufficient. 
The above limitations of the observations and the 
installation made it difficult to draw definite conclu
sions regarding the long term performance of the grout 
curtain. At the Gima Dam thirty stand pipes are 
installed in five cross sections at the rate of six in each 
cross section. Because a minimum of two stand pipes 
are installed on the upstream and ·four on the down
stream of the curtain, definite indications of the pres
sure drop through the curtain and the head lost in 
upstream blanket are available. Observations are made 
every fortnight and lag times are checked before every 
observation. Stand pipes showing abnormal lag time 
are flushed by air and water jetting or replaced by 
new pipes when flushing is not possible. Observations 
provided useful data for appraisal of. curtain perform
ance during and after grouting. The drop across the 
curtain ranges from 85-90% of the head between 
the ground water levels at the downstream toe of dam 
and the pore pressure elevation upstream of the cur
t'lin (i.e. of the net head across the curtain after deduc
ting the head lost in the silt ·blanket which is 10-15% 
of the total head). · 

Experience of stand pipe installations indicates that 
they are useful for measurement of the pressures in 
pervious ~aturated soils. However, proper planning of 
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the installation and adequate depth of penetration into 
the pervious substratum is essential to ensure reliable 
indication of the performance of seepage control 
measures. In the ab~ence of initial measurement of 
lag time and frequent check in the lag time, the obser
vations are likely to be erroneous. Large diameter 
stand pipes are especially vulnerable to sedimentation 
of silt in the large water column. 

(b) Hydra!<lic Piezometers.-At Hirakud and Gan
gapur dams USBR twin-tube hydraulic piezometers 
y;ere installed. At Hirakud the tubing and gauges were 
!mJ?Orted and the tips and fittings were fabricated 
md1genously. At Gangapur only the tubing was re
ported to be imported. When these installations were 
made (1950-55) the high air entry value ceramics were 
not developed for use as porous stones. This has 
given rise to errors and difficulties in measurement 
v:here the pore water pressure is negative either at the 
up or the gauge anywhere within the tubing. In such 
cases, the water column cannot be held as for example 
in tips downstream of the cutoff below the &auge well 
level. 

At Hirakud Dam the tubes were not filled with water 
at the time of installation and difficulties have been 
reported during subsequent draining and flushing. Even 
a.t 120 ft. h~ad air could not be entirely removed from 
tip at elevatiOns above the terminal well. The reading 
of some of the tips on the fringe of the phreatic line 
are found to be erratic (some are abnormally high) 
whereas a ,nu~ber of ~ips at le~els con~iderably below 
the phreatic hne contrnue to give consistent readings. 
For example, at RD 7200 in the deep channel portion 
pressure observation~ on tip numbers 6, 15, 16, 7, 17, 
18. 25, 26 are consiStent within themselves and indi
c~t.e a ~!ldu~l development of a steady seepage con
dit.JOn which. IS not ~uch influenced by upstream reser
vmr ftuctuat10n. This seems to be reasonable in view 
of ~he upstrc;am position of the cutoff trench and the 
~rama~e re~1ef afforded by the pervious sandy soils . 
In_ the old nver channel. Tip No. 32 which is on the 
~nnge .of the p~reatic line seems to indicate high values 
mcons1stent With. the gen~ral pattern of the seepage 
phenomenon. P1ezometenc observations have been 
v:erified by a few stand pipes and the general indica
tiOns. !ire ~hat the phreatic line under full reservoir 
con.dihons I~ ":'ell below !he. seepage line assumed for 
~es1~n. This IS a very Sigmficant observation regard
mg ~e performance of the dams as the semipervious 
zone. m th<: dam has almost the same permeability as 
the Impervious zone. This observation demonstrates 
the efficacy of th~ down~tream base filter and rock toe. 
J?u~ to th~ errati.c readmgs obtained in the hydraulic 
~IeZ<_>met~rs. espe~1ally those on the fringe of the phrea
tic hne, .It IS des1ra~l«? to supplement the piezometeric 
?bserva~IOns by additional stand pipes or porous tube 
ms~allat10ns. ~e po~ous. tube piezometer by virtue 
of 1ts lower lag time will g1ve more reliable indications 
where the pore pressures are liable to fluctuate. 
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No data were collected regarding c()l)struction po_re 
pressures at the Hirakud as the gauges were not avail
able. Due to the small range of reservo~ flu?tuation 
(30 ft. in a height of 150 feet) erratic re~diJ?gs m so!lle 
of the upstream tips, and lack of defimte mfor!Dahon 
regarding the seepage pattern und~r. full reservOir con
ditions, definite indications regardmg draw-down. pore 
pressures are not available. The pore pressures m the 
upstream semi-pervious zone are fo.und to rise with ~a 
reservoir but with some lag and It eventually attams 
the full reservoir pressure. The drop of pore pressu~e 
in the upstream semi-pervious zone for falli!!g reservOir 
is much slower than the rise. · 

To ensure reliability of observations frequent _and 
1 

systematic checking of the perform~nce. of the !D~ters 
is essential. Although 80% of the tips m the Hirakud 
Dam can be considered to be function_ing (subject to 
the errors in the air entry value porous stone) the pro
cedure adopted by the Hirakud Research Station, for 
checking the. tips could be further improved on the 
lines suggested in Part II. 

Gangapur Dam.-Hydraulic piezometers were in
stalled during construction on three cross sections. The 
installation was planned to represent the deepest sec
tion, the zone of highly plastic clay foundation and the 
sections where the downstream inclined filter is not 
provided. The observations were carried out by the 
project staff from 1954 to 1962 and this work was 
taken over by the Maharashtra Engineering Research 
Institute in 1962. 

A number of tips in the vicinity of the sloping filter 
and on the downstream have been giving erratic read
ings. Some of the readings are high especially in tips 
below the elevation of the gauge well. In this dam 
(as in Hirakud Dam also) the difficulties in getting con
sistent readings seem to be associated with negative 
pressures at the tips or anywhere in the measuring 
system, i.e. tube and gauges. High air entry ceramics 
may help to obviate this difficulty and facilitate filling 
of the system with water during installations. Definite 
indications regarding the phreatic line cannot therefore 
be obtained from the Gangapur data unless additional 
stand pipe or porous tube piezometers are installed. If 
the erratic readings in the vicinity of the filter and in 
the downstream are ignored, pore pressures in the 
hearting seem to agree with a flow net converging to the 
sloping filter. Gangapur piezometers can yield valu
able data regarding draw-down pore pressures as the 
range of draw-down is about 50% of the height. These 
observations will be of great value especially because 
of t~e. pres~nc~ of soils of low permeability and high 
plasticity soils m the embankment and foundations. It 
is understood that such a study is planned by the 
Maharashtra Engineering Research Institute, in 
1965-66 after thorough checking of th~ piezometers. 

. Out of the 80 tips installed only 29 tips can be con
sidered to be indicatin~ normal behaviour (incl\lding 
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tips subject to the errors due to air entry in the sys
tem) 46 tips are leaking and 15 are clogged. However, 
as the installation was well planned a!).~ large nu~ber 
of tips were provided useful data can still .be ob!~med 
from a'bout 20 tips regarding the draw-down conditiOns. 
If the piezometeric installation is. su_Ppl~mented by 
fresh stand pipes and porous tube~, m~Icatlons regard
ing the flow net and the phreatic lme can also be 
obtained.· 

' At the Nanaksagar Dam (U.P.), tw_enty. five piezome
ters were installed on one cross section m 1962. ~e 
tips have provided good indication of the constructiOn 
pore pressures which are reported t<? be below _th.e 
values computed by Hilfs method* usmg c~mpre~lbi
lity data obtained from laboratory one-dimensional 
consolidation test. Fairly good agreement has been 
reported between the observed values and po~e pr~
ilures computed by Bishop'~ s~ep _method** takmg diS
sipation factor as 1/7. DissipatiOn of pore .Pr7ssure 
during shut down appears to be small. Thts IS the 
only case where serious effort is in evidence to collect 
the necessary consolidation data and compare the 
measured values with anticipated values of pore pres
sure. The observed pore pressures in feet of water. 
are 1.1 H and 0.25 H respectively in the hearting and 
casing materials where H=height of overburden in 
feet. 

Polyethylene tubing was used at Nanaksagar. This 
11eems to have functioned satisfactorily apparently 
because of the special care adopted in protecting the 
tubing during installation. USBR type tips with plastic 
body and alundum stone of low air entry value were 
used. The observations in the hearing zone are con
sidered to be reasonable and reliable due to high degree 
of saturation. The observations in the sandy casing 
involves an element of error due to presence of air 
which cannot be as<;ertained. 

4. Earth Pressure Cells 

No instruments have been installed so far on any 
of the dams for measurement of total stresses in the 
earth mass. Indirect evidence of the. vertical stress~s 
can however, be obtained from strams measured m 
vertical cross arms provided that it is assured that 
there is no lateral yield. Unfortunately no measure
ments of horizontal strain are available to definitely 
establish the state of earth pressure e.g. at rest (no 
lateral yield) or action (no limit on lateral strain). 

* Hilf J. W. Estimating Construction Pore Pressures in Rolled 
Earth Dams: Int. Coitf. SMFE, 1948, Rotterdam, Vol. 3 
p. 234-240. 

u Bishop A. W. Some factors controlling the pore pressures 
set up during construction of earth dams: 4th Int. Conf. 
SM&fE, 1957, London Vol. II p. 294-300• 
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5. Recommendations 

(a) Obligatory Measurements.-It is considered that 
the following measurements are obligatory for all earth 
dams over 50 feet high except where project authorities 
relax the provisions depending on size and importance 
of the dam: 

(i) Internal vertical settlement and strain during 
and after construction. 

(ii) Surface settlement and horizontal displace
ment after construction. Wherever possible 
these observations may be done during con
struction also. · 

(iii) Stand-pipes and porous tubes piezometers foq 
appraisal of seepage control measure both in 
the body of th~ dam as well as through the 
foundations. These must be combined with 
the measurement of seepage. 

(iv) Hydraulic piezometers in regions liable to 
development of high positive pore pressures 
during construction and in the upstream casing 
and semi-pervious zones of dams with large 
range of draw-down. 

The abov~ instrumentation is considered necessary 
as a measure of safety as apart from observations made 
for advancement of knowledge regarding strength and 
stability• of earth masses as well as .the seepage pheno
mena through .embankments and their foundations. 

Settlement: External & Internal.-Settlement data 
during construction is essential as it provides indica
tions of the rate of consolidation and any tendency for 
cracking or differential settlement. As surface settle
ment observations have generally been found to be im
practicable during construction, cross-arms are the only 
:means available for observation of settlement during 
construction and filling of the reservoir. 

When adequate date for identification of soils and 
. representative consolidations tests results are available, 
vertical compressive strains computed from cross-arm 
observations permit checking of the pore pressures by 
comparison of the field compression characteristics 
(effective stress upstream straiJl) with the laboratory 
consolidation test results (e-p curves). Cross arms 
observation also provides an overall appraisal of the 
quality of earth work as abnormally slow settlement or 
excessive settlement indicates wet placement or low 
density respectively. 

Post construction observation of horizontal surface 
movement is essential to ascertain whether there is any 
tendency for the embankment to bulge. Potential ten
dency for cracking transverse to axis can also be verifi
ed by observation of longitudinal surface strain. 

Horizontal cross arm installations are necessary when 
appreciable horizontal movements are anticipated due 
to plasticity of· the foundations and eml;Jankment sojls. 
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' 
Wherever )he stresses in the earth mass are to be 

investigated, installation of vertical as well as horizontal 
cross arm is essential. Measurement of horizontal 
strains is also essential in the vicinity of retaining walls 
to investigate the state of stress (actual or at rest). 

Pore Pressure Measurements.-Stand-pipes and 
porous tubes can be installed at any stage. As the 
procedure for checking of stand-pipes and porous tubes 
is relatively simple, they should form an integral part 
of the system of observations of seepage phenomena. 

Tubing for Piezometers.-For observation of draw
down and construction pore pressure hydraulic twin 
tube piezometers are essential as no other instrument 
is capable of providing the necessary data with equal 
reliability. At the present stage tubing of proved qua
lity is not available indigenously. While some of the 
draw-backs of the indigenous material (PVC) have 
been overcome by careful installation (avoiding small 
radium bends) in some of the recent dams (e.g. Bor), 
the length of experience on this type of tubing is not 
adequate to confirm its satisfactory performance beyond 
5 years. It is likely that PVC tubing may perform 
better .in India as compared to cooler climate abroad. 
Until tubing of proved quali~y (PVNC) or nylon poly
thene is manufactured locally, available material (PVC) 
may have to be us~ which may deteriorate in 5-10 
years. In a majority of earth dams this may serve the 
purpose as the pore pressure observations after initial 
period of 5-10 years may be required only regarding 
the downstream foundations seepage phenomena in the 
foundation or the embankment (i.e. the phreatic line). 
Porous tubes installed after construction may serve the 
purpose in such cases. 

Porous Stones.-The necessity of high air entry value 
ceramics may also. be obviated by use of porous tube 
piezometers in the zones of negative pore pressure in 
the embankment and downstream foundations. Cera
mic stones of high air entry value manufactured locally 
have also not been tested sufficiently. When such 
stones are used there is risk of some of the stones 
being impervious. Careful and thorough testing is, 
therefore, essential if indigenously manufactured cera
D_lic stones are to be used. In zones of high construc
tion pore pressure, porous stones of low air entry 
value may be used as satisfactory performance of early 
USBR piezometers (with carborandum porous stone) 
has confirmed their utility in zones of high positive 
pressure. Wherever piezometers of low air entry value 
are used, it is essential to verify the reliability of pore 
P.ressure observations by comparing the field compres
ston curves (computed total pressure minus observed 
pore pressure versus arm strain) with the laboratory 
compression curves (e-p) corrected for graval contents. 

In important. dams where long term satisfactory per
formance of ptezometers (in the upstream portion of 
the ~mbankment) is obligatory •. tubing or only proved 
qualtty should be used alongw1th ceramtc of high air 
entry value. 

' 
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(b) Special Measurements.-The following additional (b) Reinforced concrete and prestressed concrete 
instrumentation would be necessary in earth dams structures. 
according to the special conditions obtaining at parti- The first category includes tunnels for various purposes 
cular sites:- such as pressure ·tunnels, access tunnels. diversion 

(a) Measurements of horizontal strain would be tunnels, dam foundations and cavities in rock for 
necessary where significant movement is underground powerhouses and surge shafts. The 
expected due to plastic nature of the soil in second category includes aqueducts and bridges, power
the embankment or foundation. Measure- house structure, openings such as shafts sluiceways and 
ment of horizontal strain should also be neces- galleries in dams, conduits, spillway piers, towers and 
sary where progressive failure is apprehended other framed structures. Each of these structures al
due to significant difference in the stress-strain though small in comparison with dam, constitute a_ 
characteristics of soils in different zones or large part of the total cost of the project. 
different parts of the foundations. 

(b) When the design assumptions are tentative due 
to complexity of the phenomena, installation 
of inclinometers (slope indicators) would be 
desirable to· ascertain presence or otherwise 

The techniques used and the nature of measure
ments is widely different in this group and choice of 
measurements depends on the variety of factors enu
merated in Part ll. 

of tendency for dangerous internal horizontal 1. Displacements 
movement. Similar installation would 
obviously be essential in test embankment as · (a) Mechanical Methods.-Measurements of dis
inclinometer (slope indicator) can clearly indi- ·placements of this group of structures has been made 
cate the location of the slip surface. in almost all cases by dial gauges. In the case of 

generator floor of Koyna Power House, deflection 
(c) When problems of long term stability are in- measurement of the slab with and without the shaft load 

volved, an element of uncertainty always re- on the temporary support are proposed by means of 
mains in the estimation of shear strength. sensitive dial gauges. In the case of Koyna Pressure 
All available means of detecting movements Shaft deflections are not measured directly but may be 
such as inclinometer (slope indicator) horizon- computed from strains in the lining. Quite elaborate 
tal cross arm and surface markers must be deflection measurements however have been made for 
used. Continuous review of the observation the Kunnu Syphon aqueduct. Eight dial gauges were 
is also essential to reveal departure, if any, used for measuring deflection of the pipes at three 
from the anticipated behaviour so that correc- locations, expansion of the span, settlement at bearings 
tive measures can be taken in good time and the change in horizontal diameter of the pipes. It 
before dangerous conditions develop. was found that the instantaneous deflections agreed 

(d) Inc~o~et~r installation can provide very use- quite well with the calculations. The centre of span 
ful mdtcatwn of tendency for separation deflected by 0.125 inch when the pipe was full compared 
between core and the abutment. Hence it with 0.1 inch predicted by the model. The pipe on 
would ·be obligatory for : ground settled by 0.15 inch at full load and iacreased 

(i) abutments with steep and irregular profile·, in diameter by 0.18 inch as compared to the calculated 
value of 0.175 inch to 0.18 inch respectively. The tests 

(ii) high dams with narrow cores. also indicated that the neoprene bear.i.ngs cAfered com
plete freedom of the horizontal movement of the pipe. 

As il;lstruments for measuring total earth pressure In the Nagarjunasagar Right Canal Tunnel, deflection 
have still not b~en. proved. regarding their reliability. measurements have not been made as such, although 
very ~reat care m mstallat10n, observation and inter- the data would have been very useful. 
pretatlon of results of such instruments is necessary 
O?servati.ons of total earth pressure by means of elec~ 
tncal resistance stress meters or vibrating wire stress
meters must, therefore, be considered as part of 
research programme. 

D. Other Structures 

. Ap~rt from dams of various types, river valley pro
Jects n~volve several other structures for which instru
m~nt~tiOn ~ay be required for safety and future econo
mies m. design. These may be classified into two broad 
categones: 

(a) Tunnels and rock structures ; 

(b) Optical Methods.-Optical methods have not 
been used in any of the structures mentioned except for 
the Kunnu Syphon aqueduct. Precise levelling was 
carried out from two fixed levelling instruments and 
the deflections were measured at eleven points over the 
pipe. These have indicated deflections of large magni
tude. 

(c) Angular Changes.-Angular changes have been 
measured in the Kunnu Syphon aqueduct at the collars 
by precision (1/10,000) levelling instrument which was 
permanently installed on. the top of the collar. The 
te~tt results showed that With 4ft. of water in the pipe 
the slope chan&ed 4 X 10-'. 

lS 
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In none of the other structures the angular changes 
1Vere measured. 

2. Stresses 

Direct measurement of stresses has not'·been attempt
ed in any of these structures. In the case of Koyna 
Power House machine floor direct measurement by 
means of Carlson type of stressrneters would be 
expected to give valuable data .but difficulty of procure
ment of the equipment has come in the way of such 
installations. 

3. Strains 

The greatest attention in all these structures has 
- · been paid to the measurement of strains. The stresses 

are computed from strain after taking into account the 
elastic property of the materials. The strains have 
been measured mainly by the mechanical and electri
cal type of gauges. 

(a) Mechanical Measurement of Strain.-Mechani
cal strain gauge has been used only at Nagarjunasagar 
Right Canal Tunnel. The instrumentation in this tun
nel has been planned to determine the rock pressures 
transferred to the steel supports. Studs were fixed on 
the supports ·at various places and the changes in 
strain with time were measured. In these tests, it was 
reported that the increase in load on the suppqrts, 
after the time. the tests were commenced, was neglegible. 
However, in tests of this type more extensive data 
should be available before definite conclusions could 
be drawn. 

(b) Electrical Measurement of Strain.-Jn all these 
four- structures electrical measurement of strain has 
been or is to be carried out. 

For the installation of electrical resistance gauges 
(Concrete gauges) at the generator floor of the Koyna 
Power House, extensive model tests have. been carried 
out to locate the best position and alignment of the 
gauges which are to be embedded in the concrete. The 
tests are to be conducted both under static and dynamic 
loads with a · view to . determine the validity of the 
various assumptions in design analysis for this com
plex structure and the natural frequency of the 
structure. 

In the instrumentation of the Koyna Pressure Shaft 
extensive use has been made of the unbonded type of 
electrical resistance gauges. These gauges are put at 
severa~ locations in the concrete lining and also to 
the steel lining by attaching the ends to welded fixtures. 
Observations have been taken during the filling and 
emptying of the pressure penstocks. 

The results are of considerable importance. The 
sharing of the load between the steel liner and the con
crete has been estimated . ·.as 20 : 80. The original 
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design assumption was 50:50. From the strain data 
while unfilling, the buckling pressures on the lining 
has been estimated as 20% of the head. The rate 
of dissipation of this pressure has also been determined. 
These observations in the Koyna pressure tunnels may 
prove of great utility Ln improving future designs 10f 
linings. 

In the case of Kunnu Syphon aqueduct bonded wire 
electrical strain gauges were used. Strains were 
measured at eleven locations by means of paper bonded 
gauges. Recording and measurements were conducted 
by means of ten-way static recorder and four channel 
dynamic strain recorder. Due to the incompleteness of 
te{llperature compensation, uncertainty about creep and 
shrinkage, uncertainty · in binding, the quantitative 
interpretation of strain data has not been possible. 
However, certain qualitative interpolation regarding 
the start of cracking has been made. 

In Nag~rjunasagar Tunnel attempts had been made 
to measure the strains by means of electrical bonded 
wire strain gauges but these were later discarded in 
favour of mechanical gauges. 

4. Dynamic Measurements 

Dynamic measurements in structures other than darns 
involve the measurement of dynamic strains on the 
structure as well as the measurement of natural fre
quencies. Comparatively little work has been done in 
this field. One of interesting studies in this connection 
was the measurement of dynamic strain at the roof 
of Bhira old tunnel when blasting was going on at. 
the adjacent new tunnel. The strain measurement 
indicated the order of the charges to be used in 
blasting. Similar work has been done in recent years 
in Hirabhasgar and other projects. 

5. Temperatur;e 

Temperature measurements in these structures have 
not generally been conducted. However, ·strainmeter 
installed in Koyna pressure tunnels give the tempera-
ture as }Yell. ' 

Measurement of ambient temperature, surface tern
perature and the interior temperature may be quite 
important, for structures like intake towers exposed 
partly to hot sun and partly submerged in water. 
Thermal stresses may be very high under such condi
tion. No systematic measurements seem to have been 
made so far. 

6. Visual• Observations 

Visual observations of cracks if any and their deve
lopment with time has been done in most structures 
but systematic records have to be kept. 
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7. Recommendations 

After reviewing the instrumentation in structures 
other than dams, involved in river valley projects in 
the country, and comparing the work in this field 
conducted in other countries, the Committee makes the 
following recommendations : 

1. Although instrumentation for concrete and 
rock structures need not be obligatory, more 
extensive instrumentation in selected struc
tures will pay great dividends. The instrumen
tation in Koyna pressure penstocks have 
already indicated how less conservative 
assumption could be used in the future 
designs, thus effecting considerable savings in 
material and cost. 

2. For this type of structures no standard instru
ments. or measurement procedures need be 
prescnbed. Instrumentation"for each case has 
to be tailor-made. Deflections could be 
m~asured by optical, mechanical or electrical 
gauges. Strains and stresses could be 
measured by mechanical or electrical method. 
Fo~ long term studies unbonded electrical 
reststancl? gauges and vibrating wire gauges 
prove smtable but for short term observations 
bonded SR-4 type gauges could 'be extensively 
Uied. . Measurement of accelerations, natural 

frequencies of the structure and dynamic dis
placement and strains are also of value in im
proving future designs. 

3. Association of the structural designs and 
research workers in the initial stages of 
planning the instrumentation is absolutely 
necessary. The objectives of the instrumen· 
tation programme must be clearly formulated 
in relation to the existing methods of analysis 
and design. The various parameters including 
the loads and properties of materials must be 
visualized and instrumentation designed acco
rdingly. . : 

4. Prior to the installation of instruments in 
these structures, analytical and model studies 
should be carried out. Model studies are 
particularly valuable for indicating the 
order of magnitudes of the quantities to be 
measured and the optimum locations of the 
instruments. For example model studies of 
Kunnu Syphon aqueduct and of Koyna Power 
House Structure have proved of great assis
tance in planning the installation and in inter
preting the results. 

5. Wherever major structures are being demolish
ed, instrumentation in the structure to deter
mine the behaviour of the structure up to 
failure is desirable. ' 
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2.0. TERM OF REFERENCE-II 

"To a1!5ess future requirements of instruments 
upto the end of the Fourth Plan with particular 
reference to the requests of the projects now under 
construction." 

The total assessment of the requirements has been_ 
worked out for the projects spilling over from the 
Third Plan -period on the basis of - available data. 
Sufficient data, however, is not available fcir the new 
projects to 'be taken up during the Fourth Plan period. 
An ad hoc provision has, therefore, been made for the 
projects as well as for research and training programme 
requirements. Requirements of instruments for spe
cial measurements in structures other than damS\ and 
laboratoryl research are not estimated. The number 
of such instruments will be small. 

In keeping with the recommendations fQr t~e term 
of reference (i), the assessment of future requirements 
is based on the following obligatory measurements :-

-(a) Concrete and Masonry Dams 
' (i) Deflection 

(ii) Joint Opening; 
(iii) Uplift Pressure 
(iv) Temperature 

(b) Earth Dams 
(i) Surface displacements and settlement 

(ii) Vertical internal movements, including foun-
- dation settlement -

(iii) Pore Pressures 

For a few projects, as detailed in Appendix 1-2.01, 
the following additional measurements have also been 
provided for :-

(a) Concrete Dams 
(i) Stress 

(ii) Strain 

(b) Masonry Dams 

(i) Strain 

(c) Earth Dams 

(i) Internal horizontal movement and strains 

(d) Other Structures 
(i) Deflection 

(ii) Stress 
(iii) Strain 
(iv) Temperature 
(v) Contact earth pressure 
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The following is the abstract of the total require
ments tabulated at Appendix 1-2.01 :-

(A) Concrete and Mason;y Dams 

(i) Wilde T3 Theodolite. 
Wilde N3 Level 

(ii) Deflection Measuring Equipment 
(a) Plumb Lines . 
(b) Micrometer Slide '\_ 

Microscope J 
(iii) Jointmeters 

(iv) Stressmeters 

(v) Strainmeters 

(vi) Pore Pressure Cells 

:(vii) Bourdon Pressure Gauges. 

(viii) Resistance Thermometers • 

(ix) Instrument Reading Sets 

(B) Earth Dams 

(i) Surface settlement points_ 

(ii) Cross arms 
fa) Vertical 
(b) Horizontal 

(iii) (a) Inclinometer installation 
(b) Slope indicator probe 

(iv) Base plates 
(v) Piezometers 

Foundation type 
Embankment type 
Porous tube • 

(vi) Earth pressure cells 
(a) Contact pressure cells 
(b) Total pressure cells 

(C) Other Structures 

(i) Deflection measuring equipment 
Theodolite & Wilde T3 -. 
Wilde N3 level 
Dial gauges 
InvarTape 
SettlemeQt gauges 
Inclinometers 

(ii) Stressmeters 

(iii) Strainmeters 
SR-4 gauge 
Carlson strainmeters 
Vibrating wire strainmeters 
Huggenburger strain gauges 

(iv) Resistance thermometers 

(v) Test sets . 

·-

I ' 

1S 
15 

70 
35 

800 
4S 

1200 
40 

1000 
1000 

35 

1830 

3500 
125 

40 
710· 

'750 

2,000 
3,800 

670 

30 
30 

10 
10 

soo 
12 
25 
8 

20 

50,000 
2S 
2S 
IS 

100 

8 
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3.0. TERM OF REFERENCE-m 

"To examine different types (such as Carlson 
elastic wire, vibrating typ~ etc.) of instruments 
and recommend the best suited for our projects." 

The term of reference is related to-

{a) conclusions drawn from the preceding gene· 
ral review and examination of data, and 

(b) the suggestions of the Committee with regard 
to progressive manufacture of these instru
ments indigenously [term of reference (vii)l. 

The question regarding' types of instruments best 
suited for our projects has, therefore, been considered 
in the light of measurements recommended as being 
obligatory for all dams or optional under special cir
cumstances. For measurements which are obligatory. 
the number of instruments in each category would be 
much greater than for the optional installations. As 
such, their availability within the country now or in 
the future would be of greater significance than for the 
relatively smaller quantity of those instruments war
ranted only under special circumstances. 

A description of instruments generally used for 
various measurements of structural action is given in 
Chapter 3 of Part II of this report. This forms the 
basis for the following discussion and recommendations. 

3.1. INSTRUMENTS FOR _MEASUREMENT OF 
DISPLACEMENT 

3.1.1. Concrete and Masonry Dams 

3.1.1.1 For Geodetic Observations 

Geodetic observations of displacement have been 
recommended as being obligatory for all concrete and 
masonry dams. Such observations are required to be 
made with respect to a ·distant point of reference, 
reasonably unaffected by the dam and· reservoir loads. 
A high degree of accuracy is called for, particularly 
as the displacements would be of a small order. The 
instruments recommended for this purpose are the 
equivalent of the Wilde T-3 Theodolite and Wilde N-3 
Levels, with- the matched accessories supplied by the 
manufacturers. Specifications for the Wilde instru
ments are at Appendix I-3.01 and 1-3.02 respectively. 

3.1.1.2 For Plumb Line Observations 

Observations of Plumb Lines (including the reverse 
plumb line) can be made by either-

{a) Micrometer slide and Microscope as used at 
.Bhakra Dam · 

(b) Huggenburger Coordimeter as used at Koyna 
Dam 

(c) Huggenburger Kleidoscope as used at Rihand. 

All three instruments can be expected to yield' 
reliable observations. For our projects the Com
mittee recommends the Micrometer slide and Micro
scope which is the simpler and more rugged of the 
three, and for which there are better prospects of indi
genous manufacture with least imported components. 
Specifications for the Micrometer slide and Microscope 
obtained for Bhakra Dam are given at Appendix 
1-3.03. . 

3.1.1.3 For Joint Movement Observation 

(a) Surface Gauges.-Where surface measurements of 
joint movements at accessible locations are required, 
mechanical gauges ,of the Whittemore-Huggenburger 
type are considered by the Committee to be reliable, 
and suitable for our requirements. The specifications 
for this gauge obtained for Koyna Dam are given at 
Appendix 1-3.04. 

~b) Embedded Gauges.-Observation of joint move
ment by means of embedded gauges can be made by 
either the Carlson elastic wire jointmeters or the 
vibrating wire types of instruments. The Committee 
is of the opinion that both these types of instruments 
for observations of joint movements are comparable in 
respect of operating and sensitivity characteristics and 
can be expected to yield equally reliable results. · In 
respect of progressive manufacture of the instruments 
and test sets within the country and dependence on 
imported components, there would not be any signifi
cant advantage of one type over the other. 

Jointmeter installations in India have so far been 
confined to the Carlson elastic wire type of instruments 
by virtue of which a certain degree of familiarity has 
developed. in respect of installation procedures, obser
vations and processing of data as also in respect of 
the test sets used. Considering the existing conditions 
in the country in matters relating to instrumentation, 
the committee recommends that the continued use of 
the Carlson elastic wire type of jointmeters would be 
desirable, subject to limitations of moisture conditions 
mentioned in para 3.3.1. Specifications for the Carlson 
elastic wire type jointmeter are given at Appendix 
1-3.05. 

3.1.1.4 For Observation of Foundation Deformations 

For this purpose long gauge instruments called 
foundation deformeter are required. For these instru
ment basic measuring element is a joint meter or 
strainmeter depending upon the range and sensitivity 
requirements. 
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Jointmeters or strainmeters are also used for observa
tions of foundation deformation. As such the recom
mendation of the Committee regarding type of instru
ment best suited for our projects is the same as that 
given in para 3.1.1.3 for jointmeters and in para 3.3.1. 
for strainmeters. 

1 3.1.1.5 For Observation of Tilt 

. Where observation of tilt is warranted by the special 
circumstances of a project. such as for arch dams, or 
on account of foundation conditions, tiltmeters or 
clinometers may be used. For measurement of tilt at 
the surface or in shafts and galleries, optical instru
ments would be appropriate. For measurement of tilt 
at interior points of the dam, electrical instruments of 
the vibrating wire type are suitable. Sample specifica
tions of these instruments are given at Appendix I-3.06 
and I-3.07. For higher sensitivity. seismic type of 
.tiltmeters are to be preferred. Specifications of the 
seismic tiltmeter installed in Bhakra Dam are given 
at Appendix I-3.08. 

3.1.2. Earth Dams 

3.1.2.1 For Geodetic Observations 

In view of larger displacements in earth dams, nor
mally used surveying instruments should prove satis
factory for geodetic observations. However, for 
important structures and where the bed rock is 
deformable, greater ' precision in observations is 
required for which the instruments listed in- para 
3.1.1.1 would be necessary. 

3.1.2.2-For Internal Vertical Movement Observations 

For internal vertical movement, the conventional 
cross-arm of USBR design fabricated indigenously, has 
generally proved practicable and satisfactory. For 
specifications Designation E-29 of USBR Earth Manual 
(1963) may be referred. While the Committee recom
mends this type of installation, it would be desirable 
to develop for indigenous manufacture the more recent 
designs such as the induction or electromagnetic probe 
for ease of installation and observation in view of the 
difficulties experienced in operating torpedos at some 
installations. 

3.1.2.3 For Internal Horizontal Movement Observa
tions 

Internal horizontal movement in embankment and 
foundations may be observed either by the USBR type 
of horizontal cross-arm or by· inclinometers, or by the 
"Floating Concrete Rings" (Swedish Well). The hori
zontal cross-arm being basically of the same construc
tion as the vertical cross-arm, should not present any 
difficulties either in indigenous manufacture or installa
tion and the Committee recommends its adoption. For 
specifications of horizontal cross-arms, Designation E-30 
of USBR Earth Manual (1963) may be r~;ferr~Xt. · 

'}/) 

The "Floating Concrete Rings" do not involve any 
special equipment. This installation can be located 
only downstream of the impervious core for observini 
horizontal movement of the embankment. For details 
reference mav be made to page 399 of "Earth and 
Earth-Rock Dams" by Sharard. 

The inclinometer installation consists of embedded 
extruded aluminium piping, a probe and measuring 
set. · The piping can be manufactured indigenously but 
the latter have to be imported for the present. This 
installation is recommended where critical locations of 
significant relative movement need to· be identified. 
such as steep and irregular abutment contacts and weak 
zones in the foundation. Specifications for Wilson Slope 
Indicator are given at ~ppendix J-3.09. 

3.1.3. Other Structures 

3.1.3.1 Optical Measurements 

The most convenient instrument for measurements 
of displacement in structures other than dams for river 
valley projects are optical levels, theodolites or cathe
tometers. The choice depends on the respective magni
tudes of deflection and the distance of the observation 
target to the point of observation. In case of bridges 
and aqueducts taking · the above factors into account 
the Committee recommends the use of instruments 
similar to Wilde T-2 or T-3· theodolite. 

3.1.3.2 Mechanical Measurements 

The most widely used instruments for mechanical 
, measurements of displacement in other structures are-

(a) Invar tape or rods 
(b) Dial gauges 
(c) Microkaters 
(d) Whittemore--Huggenburger strain gauges 
(e) Liquid level indicators · 
(f) Clinometers and precison levels. 

For the measurements of the changes in diameter 
of tunnels due to rock movements, the Committee re
commends the use of invar tape or rods with dial 
gauges, These have been successfully used in the rock 
stability studies at Niagara Tunnels. Dial gauges of 
various types and sensitivities ranging from .001" to 
.0001" are available and are most commonly used 
means of displacement measurements in other struc
tures. Typical specifications for a dial gauge are given 
in Appendix I-3.10. While the dial gauges of the gear 
type are quite satisfactory in the medium sensitivity 
range (.001"), those of greater sensitivity tend to show 
erratic behaviour in higher sensitivity range under field 
conditions. The Committee recommends the use of 
Johnson Microkater type instruments for higher sensiti
vities. Typical specifications for Microkater .type gauges 
are given in Appendix I-3.11. The Committee recom
mends the v.se of Wbittemore Hu~enburger type of 
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strain gauge for measurement of vertical and ho~on
tal displacements across joi~ts i~ aqueducts, bndges, 
spillway piers etc. For specificatiOns of such a gauge 
refer to Appendix I-3.04. Where settle!llent of st.ruc
tures or footing of the order of a fractiOn of an mch 
are involved, the Committee recommends the use of 
liquid level indicators. Angular changes should be 
measured by means of special levels or clinome~ers. 
Special instruments will often have to be locally devised 
to suit a particular problem. For mell:surement ?f 
foundation disturbances caused by groutmg Ontano 
Hydroelectric Power Commission has deviS'ed a special 
tiltmeter using two highly sensitive levels. 

3.1.3.3 Electrical Measuremeius 
For measurements of displacement at points which 

are inaccessible or are subject to hazards, the Com
mittee recommends the use of electrical instruments 
where observations can be taken at a.distance. In most 
of these instruments a ·bonded wire strain gauge is 
used as a transducer. Displacement pick-ups are 
available with the major strain gauge equipment 
suppliers. For short term test the Committee recom
mends that these gauges be locally constructed from 
SR-4 Straingauge elements. 

3.1.3.4 Dynamic Measurements 
In structures subject to impact or oscillatory loads, 

dynamic displacements should be measured by induc
tion piezoelectric or other types of equipment. The 
most common type used at present is electromagnetic 
displacement pick-ups and these have proved satisfac
tory. 

3.2. INSTRUMENTS FOR MEASUREMENT OF 
STRESS 

3.2.1. For Concrete Dams 
As the basic measuring element in instruments for 

direct measurement of stress is the same as in a strain
meter the recommendations of Committee are those 
given in· para 3.3.1. Specifications for Carlson elastic 
wire type stressmeter are given in Appendix I-3.12 and 
those for vibrating wire type meter are &iv~n in 
Appendix I-3.13. 

3.2.2. Masonry Dams 
At. the present s~age of development, precise means 

for directly measunng stress in masonry dams are not 
available. The Committee does not recommend use of 
any of th.e kno':Vl! . types of stressmeters in masonry 
da!Jls. until possibility of direct stress measurement is 
established by a special research programme. 

3.2.3. Eartla Dams 
Measurements '!f total earth pressures by instru

ments embedded m earth mass is considered only as 
a part of r~search programme. Hence no general 
recommendatiOn can be made at the present stage of 
develop~nent. 

~-3 C.W. & P.C./66 

3.2.4. Other Structure~~ 

·For the reason stated in para 3.2.1 above, the re
commendations of the Committee for direct measure
ment of stress with Carlson elastic wire a:1d vibrating 
wire type of gauges are the same as given in paras 
3.3.1 and 3.3.4. Direct measurement of surface stresses 
can be made by a modification of the bonded resistance 
wire gauge known as the "Dydic Wir~ ·aa~ge". Speci~
cations for this type of gauge are given m AppendiX 
1-3.14. 

3.3. INSTRUMENTS FOR MEASUREMENT OF 
STRAIN 

3.3.1. Concrete Dams 
Measurement of strain in the interior of concrete 

dams can be done by the Carlson elastic wire type or 
the vibrating wire type Qf instruments. As far as the 
embedded instruments are concerned, both types are 
comparable in ruggedness of construction, sensitivity, 
and long-term reliability. The following tabulation* 
lists some of the points for comparison of these two 
types of meters. 

Item 

Meter 
leads. 

Electri
cal 
shorts 
to 
ground. 

Elastic wire meter 

Four conductor rubber
covered cable; relatively 
easy to embed; lead 
lengths limited to about 
250 feet. 

High resistance to ground 
must be maintained to 
obtain accurate readings. 

Test Simple electrical circuit; 
set. rugged components, 

suited for field environ
mental conditions; can 
be repaired in field ; 
easy to operate. 

Meter Data obtained directly by 
tempera- test set. 
ture. 

Vibrating wire meter 

Two conductor copper 
shielded cable; rather 
difficult to embed 
because of lack of 
flexibility; lead lengths 
limited to about 1 mile. 

Accuracy of reading does 
not depend on main
taining high resistance 
!~ground. 

Electronic circuit; com
ponents affected by 
temperature, changes 
and shock; difficult 
to repair or adjust in 
field; moderately diffi
cult to operate. 

Data obtained directly 
by test set for short 
leads; vibrating wire 

. thermometers required 
for long leads. 

After careful examination, the Committee recom- 1 
mends that Carlson elastic wire type is to be preferred 
when sufficient precautions can be ensured against in
gress of moisture into the cable. Although in the above 
tabl~ a limit of about 250 feet for the 'lead length is 
indicated longer leads up to 500 feet have been adopted 
at some installations without seriously impairing the 
accuracy of the measurement. At installations involv-

•Extracted from 'European Practice in Design and Construc
tion of Concrete Dams' Vol. 3, by Copen Rouse and Wallace, 
U.s. B. R. March 1963. 
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ing longer leads and when there is a risk of moisture 
finding access to the cables, the vibrating wire type is 
more suited. Specifications for Carlson elastic wire 
strainmeters are given in Appendix !~.15 and tor the 
Maihak Vibrating Wire type in Appendix 1-3.16. 

3.3.2. MB80fll'y Damll 

In Masonry dams, at the present stage, measuremeJ!t 
with standard gauges (10-20 ems) strain-meters of 
either type may not yield any significant results~ Spe
cially fabricated long gauge strainmeters which may 
use a strainmeter or a jointmeter as the measuring unit, 
depending on the range of movement expected, can 
however, oe used for establishing whether any useful 
purpose would be served by such measurements. This 
is on account of the uncertainties mentioned in para 
3.2.2. The choice of the measuring unit is to be guided 
by the recommendatio-n in para 3.3.1.-

3.3.3: Earth Dams 

Vertical and horizontal cross-arm measurements can 
also be used for estimation of strain in embankments 
and foundations. 

3.3.4 .. Othel' Structures 

Fpr surface strains in other structures the Committee 
recommends the use of SR-4 type bonded wire gauges, 
including concrete gauges. For easily accessible sur
faces the mechanical Whittemore-Huggenburger exten- . 
someter would prove most convenient. 

For internal strains the Carlson type resistance wire 
gauges-are recommended where [he leads are small and 
the vibrating wire gauges where leads are long as in 

' tunnels. Specifications for SR-4 gauges are given in 
Appendix 1-3.17. For concrete gauges specifications 
arc given in Appendix 1-3.18. . 

3.4. INS1RUMBNTS FOR MEASUREMENT OF 
PORE PRESSURES IN THE INTERIOR AND 
UPLIFT PRESSURES AT FOUNDATION LEVEL 

3.4.1. Concrete and Masonry Dams 

The behaviour of pore pressures cells in concrete and 
masonnr dams at installations has not yet been proved 
to be suffiCiently reliable, and some doubt has arisen 
regarding their utility. Therefore, at this stage, where
ever pore pressure cells have already been installed, a 
check on the results inay be obtained by other means. 
Until such verification is available, use of pore pres
sure cells should be restricted. 

For measurement of uplift pressure at the base of 
dam. uplift pipes should be provided at suitable loca
tions. These should be vertical pipes terminating into 
a transverse gallery to facilitate maintaining these pipes 
in prop:r functionin~ con\iition b)' reamin~ ancj 

redrilliog when warranted. :Bourdon type gauge& should 
be permanently mounted on individual pipes terminat
ing in the gallery. 

3.4.2. Earth DaDUII 

The Committee recommends the twin-tube hydraulic 
piezometer for normal measurement of pore pressure 
in earth dams and foundations, the high air entry value 
stone being necessary. However, it admits of being re
placed by porous tube or stand-pipe installations in the 
downstream- portion of the structure. Specifications for 
hydraulic piezometer are given in Appendix I-3.19. An 
important consideration is the quality of tubing used. 
The PVC tubing available indigenously has not yet 
been proved for long term use. Either import of the 
PVNC tubing or of PVNC compound is indicated until 
an equivalenUndigenous substitute is found for ensur
ing that pore pressure measurements are not rendered 
doubtful on this account. Generally gauges supplied 
indigenously have not proved satisfactory, and pore 
pressure measurements are dependent on import of 
Bourdon type gauges for use as master gauges. Other 
accessories for the hydraulic piezometer can be manu
factured in the cowntry and further development in this 
is called for. · 

3.5. INS1RUMENTS FOR MEASUREMENT OF 
TEMPERATURE 

3.5.1. Concrete and Masonry Dams 

Out of various types of instruments available for 
measurement of temperature, the Committe~ recom
mends the Carlson resistance thermometers as being 
suitable for our projects. Specifications for the resis
tance thermometer are given in Appendix 1-3.20. 

3.5.2. Other Structures 

In addition to the resistance wire type, measurement 
of temperature ·for structures other than dams can also 
be done by thermocouples which may be more suitable 
in certain cases on account .of the space required for 
insertion in a structure. Specifications for thermo
couples are given in Appendix 1-3.21. 

3.6. INS1RUMENTS FOR MEASUREMENT OF 
APPLIED LOADS 

Measurement· of dynamic load resulting from ~aves, 
earthquake and wind are excluded from ,this report. 
Only other load which requires speci_al instrumentation 
is the earth load. 

Earth pressures have not been measured so fa~ in 
fndia in any of the dams. Hence no recommendatiOns 
can be made regarding suitability of instruments for 
measurement of earth pressures on the basis of Indian 
experience. Instruments for this purpose should meet 
the basic requirement of coverin~ as lar~e area ;~s 
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possible and recording the earth pressure with the 
minimum of movement which would be of the order 
of l/2000th of the diameter of the measuring cell (for 
details see part IT). 

The measuring element in earth pressure cells con
sists of a strainmcter of the vibrating wire type or 
the unbonded elastic wire (Carlson) type. Hence recom
mendations of para 3.3.1 regarding choice of measuring 

··instruments would apply to earth pressura cells also. 
It is generally difficult to restrict the length of leads 

and hence vibrating wire instruments are better suited 
for measurement of earth-pressures. 

Techniques for measurement of rock loads in under
ground structures are ~till in the process of development 
and Indian experience of such measurement is meagre. 
Hence it would be premature to make any specific 

· recommendations in this respect. 

Th~ Committee would, therefore, stress the necessity 
for special efforts to develop required instrumentation 
for this purpose. 
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4.0. TERM OF REFERENCE-IV 

(viii) interpretation of results ; and . _ ''To recommend the best arrangement for 
recording, storage, analysis and interpretation of 
field readings from instruments".- · -----:_____ (ix) compilation of peri_pdic_ structural 

----reports.-.,___ ____ · 
behaviour 

Having seen, at first hand, the arrangements at 
various projects in the country for recording, storage, 
analysis ·and interpretation of field readings from instru
ments, the Committee is led to the conclusion that a 
certain minimum degree of standardization must be 
ensured for this important and vital aspect of work. 
Wherever arrangements have been found wanting, the 
situation has arisen out of the fact that either personnel 
have not been set apart for this assignment or facilities 
have not been provided for their acquiring familiaricy 
with and experience in structural . behaviour observa
tions and techniques. An active and concerted effort 
is called for on the part of the State Governments and 
project authorities if anY worthwhile results are to be 
achieved. 

The recently organized Instrumentation Cell in the 
Central Water & Power Commission, has contributed 
to some extent in bringing to the notice of various 
concerned agencies the value and importance of this 
work, besides rendering technical advice on the subject 
wherever requested by various project authorities. It 
is necessary to substantially augment this cell to enable 
effective coordination, collection and interpretation of 
vital information pertaining to the large number of 
projects completed or in hand. 

The Cemmittee has considered this matter and dis
cussed it with concerned personnel in several States. 
As a result, the Committee recommends as follows :-

(a) That each State Government constitute an ade
quately staffed organization to perform the following 
functions :- · 

' (i) planning of the scheme for measurement of 
structural aBjon on all projects where such 
measuremenv• .1\re warranted; 

(ii) preparation of specifications of instruments 
and equipment to be procured ; 

(iii) preparation of detailed instructions for the 
installation of instruments and equ_ipment and 
observations ; 

(iv) testing and checking of instruments procured ; 

(v) supervising the installation of instruments ; 

(vi) 

(vii) 
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ensuring that initial readings are properly 
observed, and that necessary arrangements for 
subsequent continuous observations are made~ 

processing of data obtained ; 

-·---------
(b) That the organization for structural beh~lour

studies constituted in each State should preferably be 
part of the Design Organization and maintain close 
liaison with research and quality control activities. 

(c) That personnel for the organization to be &et 
up in each State be adequately trained to perform the 
functions required. For this purpose, regular training 
and refresher courses should be organized. The Direc
tor, Central Water & Power Research Station, Poona 
has offered necessary facilities in this respect. These 
courses for officers of the rank. of Assistant Engineer 
should include lectures, demonstrations, and practical 
work by personnel with requisite knowledge and ex
perience drawn from various projects. Such courses 
should be held twice a year for a period of 6 weeks 
each for 15 officers at a time and should include instruc
tions in installation of instruments, observation pro
cedures, post-installation checking, and processing of 
observed data. The non-recurring cost for these 
courses is expected to be about Rs. 50,000 and the 
annual recurring cost, including the whole-time staff 
required is likely to be Rs. 30,000. 

(d) That the State organization should supply to the 
-Central Water and Power Commission for information 
and record, the scheme for measurement of structural 
action for each project, the specifications of instruments 
and equipment to be procured, the detailed installation 
instructions drawn up, and the periodic interpretation 
of results as embodied in the structural behaviour re
ports. This would provide the means for ensuring uni
formity of practice in the country. 

(e) That the Instrumentation Cell of the Central 
Water and Power Commission be strengthened to ren
der it effective in :-

(i) providing such information and assistance as 
may be required by State and other Design 
Organizations, 

(ii) formulation of the programme for progressive 
manufacture of instruments within the country, 

(iii) formulation training programmes for concern
ed personnel from each State, 

(iv) maintaining liaismrwith developments and 
activities outside India, 
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(v) drawing up standardization specifications for 
instruments and equipment, 

(vi) acting as a clearing house for foreign exchange 
applications in respect of instruments of all 
projects, 

(vii) reviewing proposals formulated by State 
Organization, the specifications drawn up, the 
installation procedures proposed, and 

(viii) reviewing the interpretation from results 
obtained. 

This Instrumentation Cell should work in consulta
tion with th~ Designs Directorate of the Central Water 
and Power Commission, and also with an advisory 
panel of engineers actively engaged in problems relating 
to the measurement and assessment of structural 
action. 
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"To recommend tile riiost suitable method of 
procurement of instruments for various State Pro" 
jects in the absence of indigenous products". 

B~fore making any recommendation it would be 
desirable to outline the present procedure for procure
ment of imported instruments. 

be met from the "free" resources of the country e-Xcept 
(or the loan-tied projects where ¢e position is some
what easic:r. 

The Committee is of the opinion that instrumenta
tion of dams and other structures for structural behavi
our studies is of sufficient importance so as to warrant 
pre-allocation of funds in foreign exchange, for. tha -

Present Procedure importation of essential _instruments- fot ·ac ~east the 
. . . recomlfl~nded-- obligatoi:y measurements. 

The project authorities send their apphcat10ns, on.--- ---
the prescribed forms, to the J>lant & Machinery Direc- The procedure involved in obtaining the non-avail
torate of _the Central Water and Power Commission, ability certificate (from indigenous ~ources) from the 

· -stating niainly; (i) :Qescription of the instruments requir- office of Technical Develppment Wing is another diffi
ed, (ii) their cost and source of procurement, and (iii) culty in early processing of foreign exchange applica
the essentiality of the import. The Plant & Machinery tions. At present, this certificate is required to be 
Directorate simultaneously takes the following action:- obtained in the case of each application for the import 

of instruments. As it has been brought out under 
(a) asks the Dams Directorate (Instrumentation term (vii), the Committee do not anticipate indigenous 

Cell) to look into the essentiality of the import, manufacture of a number of instruments for reasons 
and explained therein. It is therefore desirable that the 

(b) applies to the Director-General, Technical 'non-availability' certificates may be issued in respect of 
Development for a 'non-availability certificate' a particular instrument for a specific period. This will 
from an indigenous angle. obviate the n~essity of clearing each application 

The Central Water & Power Commission applies to 
the Union Ministry of Irrigation & Power for the release 
of foreign exchange in consultation with the Ministry _ 
of Finance and conveys the sanction to the Chief Con
troller of Imports, who, in tum, issues a license directly 
to the project autho(ities. · 

On completion of the above formalities, the project 
authority procures the required instruments either 
directly from abroad or through the manufacturer's 
agents in India. 

In the case of procurement from the United Kingdom 
or the United States of America, the import license 
is jssued by the Chief Controller of Imports to the 
India Supply Missions acredited to those countries. 
The supplies are to be procured through the~e agencies. 

It is reported that generally lt to 2 years lapse from 
the date of the application to the time of actual pro
curement. 

Discussion of the Present ['rocedure 

The problem of procurement of ins.tr.uments from 
abroad has been discussed with the concerned officials 
of the Central Water and Power Commission and of 
the Technical Development Wing of the Ministry of 
Industries and Supplies. It appears to the Committee 
that the basic problem to procurement from abroad 
is the absence of specific allocation of funds in foreign 
exchange for the purpose. All requirements of foreign 
exchange for the importation of instruments have to 
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individually for the import of that instrument through 
the Technical Development Wing/ Having obtained 
this general clearance in respect of a particular instru
ment, the Central Water and Power Commission will 
be able to clear all applications for that instrument 

. during the validity of the certificate. 

At present the Plant and Machinery Directorate of 
the Central Water & Power Commission scrutinizes 
the applications for the sanction of foreign exchange. 
In most cases the Plant and Machinery Directorate 
forwards the applications to the Instrumentation Cell· 
of the Commission for the review of the Essentiality 
Certificate given by the applicant. In the event a 
clarification is sought from the applicant by the Instru
mentation Cel( the reference is again routed through 
the Plant & Machinery Directorate. This causes un
necessary delay. 

It has been reported to the Committee that, in most 
cases, the essentiality of the import is not fully ex
plained by the applicants and is rarely supported by 
the Instrumentation drawings pertaining to the project. 
This necessitates considerable unnecessary correspon
dence between the applicant and the authority scrutiniz
ing the application. 

Recommendations 
In the light o'f the above discussion, the Committee 

recommends as follows :-
(i) Assessment of foreign excliange required for 

instruments shoutd be made for all the projects 
for the plan period. 
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(ii) This assessment should be consolidated in the 
Central Water & Power Commission, Instru
mentation Cell on the basis of data and t:~~ti
mates furnished by the project authorities. 

(iii) 

(iv) 

The review of the Technical Development 
Wing regarding non-availability of instru
ments from indigenous sources may be 
obtained in respect of the consolidat~d require
ments prior to applying for pre-allocation. of 
foreign exchange to the Ministry of Irrigation 
and Power and Ministry of Finance. 

Pre-allocation of foreign exchange for the 
Plan period for the consolidated require
ments should be sought from the Ministry of 
Finance. Whereas the requirements of instru
ments for obligatory measurements can be 
assessed with a fair degree of•certainty, tht: 
assessment of special instruments may need 
substantial modifications at the time of detailed 
designs. This would call for some flexibility 
in allocation in respect of special instruments 

although the overall estimate may not b~ 
materially affected. 

(v) Non-availability certificate be obtained from 
Technical Development Wing for each type 
of instrument included in the consolidated list 
and not for each application. Technical -
Development Wing may give this certificat: 
for the maximum period possible. Proposals 
for obtaining such certificates will be initiated 
by Central Water and Power Commis~ion, 
Instrumentation Cell. 

(vi) Individual application for import licence be 
submitted by Project authorities to the Cen
tral Water and Power Commission complete 
in all respects and supported by necessary 
drawings pertaining to the structure, one addi
tional copy being furnished to the Instrumen
tation Cell of the Central Water and Power 
Commission to expedite th.e acceptance of 
essentiality certificate furnished by the appli
cant, and certification of non-availability from 
indigenous sources based on information at 
(v) above. 
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"To examine the need for maintaining a stock 
of such instruments in the country, so that the 
requirements of projects can be properly met and 
instrumentation received due implementation with" 
out any setback to the construction programme." 

The Committee considers that requirements can be 
best met by advanced planning and procurement of 
nec~ssary instruments for projects rather than by main
taining a central stock. The question of meeting these 
requirements in time so that instrumentation pro
grammes are implemented without any set back to 
construction schedules has been dealt with under 
term of reference (v). The Committee, therefore, do 
not favour the setting up of a central store of instru
ments. Other reasons which have weighed with the 
Committee in this decision are :- -

(a) a centralised procurement will inevitably bring 

in certain inflexi"bility in the matter of the 
choice of the instruments, 

(b) will inhibit the growth of "measurement con
scio.usness" on the part of State project 
engmeers, and 

(c) the overhead charges of running a central 
store are likely to be high. These will have 
~o be eventually passed on to the State pro
Jects. 

~ven though a centralized agency for procurement 
of mstruments has not found favour- with the Com
mittee, it is considered necessary that small stock of 
instruments may be kept in the Central Water & Power 
Research Statio;'l for use in the State projects for special 
purposes covenng unforeseen and research require
ments, This stock could be augmented by surpluses 
from projects. 
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"To formulate a progra~me for the pro~res
sive manufacture of these mstruments mdigen
ously." 

The qu-estion regarding indigenous manufact~re 9f 
instruments has therefore been considered keepmg m 
view:-

(a) Committee's r~commenda~io!ls . made under 
term (i) regardmg the d1stmctlon between 
obligatory measurements and special measure
ments. 

(b) Assessment of future requirements of instru
ments up to the end of Fourth Plan, made, 
under term (ii). 

(c) Committee's recommendations made under 
term (iii) regarding the types• of instruments 
best suited for use in our projects. 

The availability of instruments necessary for obliga
tory measurements is of greater significance than for 
the relatively smaller quantity required for special 
measurements. 

Start has already been made for indigenous manu
facture in respect of some of the instruments for 
measurements on earth dams and other structures, such 
as piezometric tips, cross-arms for horizontal and ver
tical displacement including torpedoes, PVC tubing, 
valves and fittings, SR-4 gauges, dial gauges, bourdon 
gauges and resistance thermometers, 3-Conductor 
cables, terminal boards and contacts etc. The Com
mittee however feels that stricter quality control is 
necessary which calls for detailed specifications and 
facilities for testing and calibration. It is strongly 
recommended that the latter facilities are provided at 
a few selected Research Laboratories in the country. 
Some of such tests are : , 

' 
Pressure gauges calibration, air entry and 

permeability of Ceramic stone pressure testing of 
valves and fittings, calibration of straingauges etc. 

Though there has been lately considerable emphasis 
on self-sufficiency in the country, the indigenous manu
facture of measuring instruments has its limitations 
in. this respect. TJle P.rimary factors. which has weighed 
WJth: th:e Committee 1n recommendmg any instrument 
for md1genous manufacture are dependibility of the 
instruments and the volume of future demands. There 
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are other important factors -as well, such as the avail
ability of the specialised skill, the worth ?f t~e parts 
required to be imported, existence of an albed !ndustry, 
etc. Considering all these factors , the Committee h~s 
categorised the recom!llende~ instrume!lts. on the ba~1s 
given against each, w1th a v•ew to ass1gmng due pno
rity in each case :-

Category I (High priority) in which (i) demand is 
sizable, (ii) used in other allied fields, (iii) mvol':es 
extension of an existing skill, and (iv) may not reqmre 
imported parts, or the imported components are small 
in value. 

Instruments in this category are : Micrometer slide 
and microscope for deflection measuring equipment; 
Carlson test set; Vibrating wire test set; PVNC tubing; 
SR-4 gauges; Dial gauges; Bourdon gauges; extruded 
aluminium tubing for inclinometers. 

Category II (Middle priority) in which (i) by im
porting special material of small worth, an allied 
industry may be able to manufacture the instrument : 
(ii) demand is not as high as under Category I, (iii) 
the required skill is not existing at all at present. 

Instruments in this category are: Carlson strainmeter: 
Carlson jointmeter. 

Category Ill (Low priority) in which (i) demand is 
very small (ii) use is specialised (iii) basic cost of the 
instrument is that of the imported components, and 
(iv) highly specialized skill is necessary. 

Instruments in this category are : Carlson stress
meter; Carlson pore pressure. cell; total earth pressure 
cell; contact earth pressure cells; Wilson inclinometers 
measuring set; Huggenberger strain gauge; Invar tape 
and rod; Wild T3 theodolite; Wild N3 Level 

In order to encourage the manufacturers of quality 
instruments in the country, preference should be giveh 
while making purchases, to manufacturers of proven 
perfqrmance. The usual requirement of accepting the 
offer of the lowest bidder cannot be strictly adhered 
to. 

The Committee recommends that reputable manu
facturers in India should be permitted to import sam
ple instruments liberally from manufacturers abroad 
for the purpose of !lftectin$ iml'rovements in their orQ• 
ducts, ' 
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Ai>i>Bi-IDIX~O.Ol 
cro be Published in the Gazette of India, Part I, Section i) 

No. 20(31)/63-Policy 

Government of India 

Ministry of Irrigation & Power 

New Delhi the 31st Oct., 1964 

RESOLUTION 

Various instruments are embedded in, or installed on the surface of dams for measuring the structural action 
in dams foundations,· retaining walls, etc. Different aspects of such instrumentation deserve car~ful.study, with 
a view to ensuring continuous scientific and up-to-date methods ~or measurement of stru~tural ~chon tn dams ~nd 
other hydraulic struc•ures. The Government of India have decided to set up a Commtttee, with the followmg 
composition, for carrying out the study in detail after visits to the dams, where necessary : 

1. Shti P. S. Bhatna&ar, 
Chief Deaign Engineer, 
Bhakra & Beas Designs Orgn., Kakailagar, New Delhi. 

2. Shti K. R. Datye, 
Director, 
Maharashtra Engineering Research Institute, Naslk. 

3. Shri B. Pant, 
Chief Research Officer, 
Central Water & Power Reaearch Station, Poona. 

4. Shri I. P. Kaplla, 
Director Designs, 
Bhakra & Beas Designs Organizations, Kakanaaar, New Delhi. 

s. Shri V. K. Sondhi, 
Deputy Director, 
Central Water & Power Commiasion. 

2. Tho terms of reference of tho Committee will be as follows 1 

Chairman 

Memb11r 

Memb11r 

Member 

(i) To make a general review of the instrumentation done so far in various dams in the country including general examination 
of data and results obtained therefrom, and their interpretation as indicative of structural action; 

(ii) To assess future requirements of instruments upto the end of Fourth Plan, with particular reference to the request& of 
the projects now under construction; - · 

(ill) To examine different types (such as Carlson elastic wire type, vibrating wire type etc.) of instruments and recommend 
the best suited for our projects; 

(iv) To recommend the best arrangements for recordin& storage, analysis and interpretation of field readings from instruments; 

(v) To recommend the most suitable method of procurement of instruments for various State projects in the absence of 
indigenous products; 

(vi) 

(Tii) 

To examine the need for maintaining a stock of such instruments in the country, so that the requirements of projects 
can be properly met and instrumentation received due implementation without any setback to the construction 
programme; and . 

To formulate a programme for the progreasive manufacture of these instrument& indigenously. 

3. The Committee will submit its report by tho end of Juno 1965. 

Sd. M. K\, RIDW At, 
31o-10-64 

lolnt Secretcsr1 to the GoYI. oflnd14. 
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ORDER 
Ordered that a copy of the R~solution be communicated to the Departments of all State Governments 

dealing with River Valley Projects and to the persons concerned. 

To 

Ord,ered also that the Resolution be published in the Gazette of India for general information. 

The Manager, 

Government of India Press, 

Faridabad. 

Copy forwarded for information to 

Sd. M. K. KIDW AI, 

Joint Secretary to the Govt. of India. 

(i) The Secretary to the Department of all State Governments dealing with River VaHey Projects. 

(ii) The Central Water & Power Commi>sion (10 spare copies).· 

(iii) All Project Sections in the Ministry. 

Sd. B. C. GANGOPADH¥AY, 

Deputy Secretary to thi Govt. of India. 
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COMMITTEE ON INSTRUMENTATION OF DAMS AND OTHER STRUCTURES 

PART 'A' 

Name of project 
and its location 

1. Name of Project. 

Type of struc
ture with brief 

description 

.. 
PART 'B' 

Type of in
struments ins
talled, their 
number and 

location 

2. ·Note on geology of site enclosing detailed layout drawings. 

3. Cost and source of procurement of instruments. 

4. Instrumentation drawings pertaining to the structure : 

(i) Total period for which observation records are available. 

(ii) Frequency of observations. 

5. Present condition of instruments (operative or inoperative). 

6. Analysis and interpretation done, if any. 

7, l}ri~f flOte on instruments used, 

Year of 
installa

tion 



APPENDIX 0. 03 
---------'--' __ C_O_N_C_R_E_T_E_D_A_M_S ___ -,-------,------~ 

1 
KOYNA 

1 
JtiJ-!AND 

DAM & PROJECT 
BHAKRA 

Bhnkrn Nanga! Project, 
Punjab 

Koyna HYdro-electric Rihand pam 
Project, Maharashtra p1oject,U.P. 

1--------- ---------·------- --------1-----------------
DAM HEIGHT (Ft.) 740 338 304 

:--------------------------------------------I--------~I-----------

LENGTH (Ft.) 1700 2650 306S 

--· --l--------------1---------------l-----------~-l---------------
Theodolite Stations No. 

I--------------I---------------1-----------I-----------I--·--------
No. 47 

I--------~-----1---·-------·I---------II--·--------
D/~ Face of Darn Year of InStallation 1964 

1-------------1----------+-------·1---------
Period of Observation 

!-----1- ----- --------1-----------1------------1---
No. 28 

Abutments 
--------------1-------~----·1----------1---

Year of Installation 1964 
---~~~~~~-~~-~--1------------1-----------1---Sighting Period of Observation 

Points 1------·1-----·-------------- -------·-----·--+-------1---------
(Targets) No. 1 s 

-------------------------1------------1---
Top of Dam Year of Installation 1964 

-------------------------1-----------1--------
Period of Observation 

I--------I-----------------I----~=------1------------I-------------
No. 23 

Galleries 

Checking Points 

Alignment (Collimation) 

1--~--77~~---1----~~----1----------j-----------
Year of Installation 1963 

I--~~~~--~---1-------------I----------------------
Period of Observation 

No. 10 

Year of Instaiiation 1964 

Period of Observation 

No. 

Year of Installation 

Period of Observation 

I No. 52 

I 
Inside Dam Year of Instaiiation 

Bench Galleries 
Marks Period of Observation 

1963 

(Level- 11--------l--------:-:~-----1-----------l------------jl-------l 
ling I No. 48 . 

Points) -- -:-:·---:--::---::--.----1------,-----l-------'l--------l 
Abutments Year of Installation 1964 

Period of Observati_o_n~-l-----------ll---------l-7t ________ l 

No. 5 2 

Regular Year of Installation 1961-62 1960-61 1958 

Period of Observation Since July 1961 
--1-----------1---------1---------1 

No. - • ---1--. 

Reverse Year of Installation 
Period of Observatio--n---l-----------·1---------~---.,-------1 

No. 80 (4/76)b. 44 

Internal Year of Installation 1956--63 1958--60 

Period of Observation 0 

No. 
-·1---------~-1---------1----------1 

Surface 
--~--1--------------1----------1-----------

Year of Installation 
l-----~---------1------------l-----------l--~------l 

Period of Observation 

No. 

Foundation Deformeter Year of Installation 
I-----------1-----------I------------I------------

Period of Observation 

~Cl 
~zlll 
<l:;!u 
~~>-------------l---------l---------l-------1------l 
-~Ill ~- • 
~U-l A • 1----------l------------l----------+--------·-
-;:;: Settlement Measuring Year of Installation 
A Device -----1-------- ----1---------1--------1 

Period of Observation 

No. 

Clinometer 
---------- ----1------------1--------1--------1 

Year of Installation z 
9 m Period of Observation 
~ ~1------------ -------~----

--------------1---------1--------·1-------

r- No,_ 
0~ --------~-------l--------------l------------1------------
~ Inclinometer Year of Installation 

Period of Observation 
------------------------ -------------1---~~~--1---~--1 

24(6/18)t. 17 (3/14)A 10 ' 
-------------- ----------·- 1---~:-:-:~-1-----,--:---1 

Year of Installation 1956-57 196(}..61 1958 

------ No. 

Carlson 
-------------- ------- ----1----------·1--------

Period of Observation 0 r--~ .. 0 
~-------1------------

No. I 
--------------------~---~------_,_-l--------------·l-------------1 

Year of Installat_ion Vibrating Wire 

------1-----------·-- -------------------

Carlson 

Vibrating Wire 

No. 418(14/404)b. 
1-------·--·-------- ------

Year of Installation 1956-61 
~------·----1------

Period of Observation 0 

38 (3/35)b. 

1960-61 

95 

1958 

CJ 

No. 
------~------------~1--------1------1 

Year of Installation 

-------------------------------·--r--·--·1--------1-------
No. 

"' U :j Year of Installation 
~Ill cc·----:----1---------- -1---------~-----1---~--~~-----1 

carlson 
-----------l---·-------------1----------l---------l 

<·o - -P~ri~;f-Observation ---- ' ·~ _ 
!;; Ill-~----------·- -------------l-----------l·-------=--1----------
~~ ' No. -
A~ V'b f w· I---Y-ea_r_o_f Inst-alla-t-,·on ___ ---------------I--------I----------

-~ 

ii;~ 1 ra tng 110 

... 

Carlson 

----------~-------------1----------l--------1 
Period of Observation 

No. 178 (5/173)b. ----,------ -----
Year of Installation 1957-62 

Period of ObServatiou 0 

53 (2/Sl)b. 

1960-61 

77 

1958-60 

1------------1---------- ------~-----1----------1------1 
No. 

Thermocouple Year of Installation 

Period of Observation 
-----------1----------1--------- 1-------1-~--

No. 

Thermistor 
1---------·--------------1--------·1------1 

Year of Installation 

Period of Observation 

No. 

Vibrating Wire Year of Installation 

Period of Observation 

No. 

Uplift Pressul'e_Pipes ·1-___::Y_:_ca:::r:_o:_f _:_In::_s_ta:::l::_la:_ti:_o:::n_--Ji----l-95:._6--60~---l----l-960-6_-::I-:---~----19:5:8:---J 
Since Sept. 1959 Cl L.....l Period of Observation 

1---------·1---- -------- -I------------f--------I---------1 
No. 

Vibratil'lg Wire Year of Installation 

Period of Observation 
---~---1-------------~---------------I-------------·I---------·-r----------l 

No. 2 1 

DYNAMIC 
CHARAC
TERISTICS 

Seismographs Year of Installation / 1964 I 
Period of Observati-on·--_l_f----0-------}!--------:,----------1 

• Installation or 1 No. reverse plumb line and 1 No. settlement measuring device awaiting procurement of special drilling equipment. 
0 ObServed since embedment to date and continuing except August 1959 to Feb. 1960 when instruments located at Jcwer ele\·a1icns 

could not be obServed due to hoist chamber mishap. 
C Since embedment to date. 

A Inoperative.'operative. 
1-3 c. W. & P. C-/66 
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APPENDIX 0. 03-Contd. 
STONE MASONRY DAMS 

------------------------------------·---

DAM & PROJECT 

370 16~ DAM H!iiGHT (Ft.) 214 200 199 I 
t------·-,-----------------------l-----1------~---l~----1-----1-------l·-----r------

l LENGTH (Ft.) 1685 3768 5740 4780 5712 

. -~-·~h~odloli::::ll===-~o. -----1-------1-----·l-----1-----ll-----l·--- ... - ------"+---
1 No. l-----1------1--------1------1---·---l------1·-----l-----

D/s Face 
of Dam 

Year of ins lallation 
----------------l---1----1---·1----1----1----l---

Period of Observation 
;!)< .,. N 
~& ---~~~0=·--·----1--·----1------1-----1·----1------1----1-----r-----l 
.. ., Abutm:nts Year of Installation 
.s~ .t:e_ Period of Observation 

,
~11-----1----~-~~--~---~----~-1----1----I--1--

No. 
1------~----~~-------1---"-----1------1----·1------I·---~1-----I-------

Top of Dam Year of Installation 

j3 Period of Observation 

~ !-" No. 
~ l------------l------·1------·1-----1·----1-----1----1----~----
::;: Galleries Year of Installation , ~ 

~ -I---------·I--Pe_no_·_d_o_r_o_bse~rv_a_t~~·-n_1 ________ 
1 
_______ 

1 
______ 

1 
_______ 4 _______ 

1 
______ ~---~------

CI No. 
~ C hecking Points I-Y--ea_r_o_r_I_n-st_a_ll-at_io_n ___ I:-----I------I-----1------I------·I----I-----I-·---

Period of Observation I-----I----I----·1-----I----+---+----J
J-t-----~----~~-r----J.-----~---J-----f-----~--------------

Alignment Year of In,tallation ' 

f 

1--------N-~o·--~I----_, _____ ~----1-------I----I----I--------
Collimation) l~--:-:-~:_:_:__l----1------1-------i-----I------J--·---·I-·-·-- -

Period of Observation --r · No. 

.l'.!,i lndde Dam Year of Installation 

1-----1·---1-

. 

:.;e Galleries -·--:---c------l-----1------1-------1----1----l'--'•'----l---·--~-
::;: Pariod of Ob•ervation 

~i 
1-------1~ 

&!~ Abutmonts 

No. 
-~~~-:-:~~Y~ea=r=o=f~-~In=s=ta~~~~=t~~=n==~-~~~77-~---~--~----~-~---~----.~----~-1~----~~-----,~~~~-"'-~~~ 

-~-+----·J-----~---+~--~-----1-----1·-----

i I Regular 

Reverse 

Period of Observation 
. No. -----j-----~1 -J-----2--~---1--II------~-------J-------I-------

-=--·~~-~:~--i-----l----~l------l-----4------l-----l----------
Year of Il)stallation 1964 
~~-~:--~-J----J-----1--~-~----1-----I-----~--------

Period of Observation 
----J·----·I-----1----1------I-----I-----1·-------1---

No. 
---::-·---:-:-~--::-:---J----1-----1-----1-----1-----1---I-----

vear ot Installation 
I--::-~---:-::-:----.--I-----J.-----I-----1----1------1----1------

Period of Observation 
!-·-j--T,-------~------~------J~~~~~------I-------1·------1------1--------1-----1-

No. 40(12/28)6 4 14(1fi3)A 6(6/0)6 

0.: ,;Internal Ye1r o~ Installation 1950-51 
IS 

1957-59 1962 1961-64 1 
-----1------1------~-

Ill Period of Observation 
::;; , __ ._____ ---l-----l-------l------1------l-----,--l------l---------
!-< I No. ' 

0~ . ----------------J------I--------1-------·1------1·-------~------I:-------1-----
! SurfaCe Year of Installation 

~ I -=~-~~~~----~·---J-------I'-------I--------1-------1-------I-------1-------1----1 Period of Observation 
~ 

1 

---;-----~-----l------·1------r-----l-----~-----·-----

zo~ , _________ N_o_. ____ I----J------I--------J--------1-------I------I-----·- ------
~ 'Doformoter Year of Installation 

~~ 1 (Joint Moter) _,.,_ ;:;; ..., I Period of Ohservation ~ -
0.: ~ ..J---1------1-------1-----1---5-
~ I ~ ::;; ~ 
'8~"' j Sot.tlemont Year of Installation ~--- 8-

; 
z 

M<ja1sUring Device -:::---:---::-:-:-:---·~---j-----1------l------l ...,'"' -~-
Period of Observation 

I 
'C1inomoter 

No. Z Z 
------------------I------1--------1----Q--1------+------1------1-Q-
--Y_e~~!:_I_n_;t_a~~io-n ______________ 1 _____ 1 ___ g -~-

Period of Obiervation "" 

~ ~nclinometer Year of In:~;alion I --- ~ -1 . P.riod':fob;.~.;-r----·-_-~----+---+----1-----l·----1----1---

---o~: ---1-
---1-------~--------1-------1---~--

: · No. flOl7f13)6 ' to 14(8/6)6 4(0/4)6 
1:1 : ~ Carlson -Y-ea-r--;,[I.;;.natio--,;--1-t-957~- ------l-t-9-62--64--l-----l-----l---~-9-64--l------~ 

~ I ! -p:;ri,d';f-Obser~tion I Since 1960 Since 1964 

~ ~~-~-------====No~---~-----1----11----1---lli===~:~=--=--=--1:=---=-----=----=:_-= 
1;; Vibrating Wiro Yoar of hsta1lation . 1 

! 
Perio:l of Observation ! 

1 1-------1-~---1------r-----
\. 1 No. 1 [ 10fi0A 55(! /28)6: 28(6/22)6 14 

z \' ~ -~ , C.rlson _ Ye>r_?!:_~•t.allati~ j'_--_~-9·5-:-7----59-_·_l---~-_9_5_ 4-.. -ii;I·--~~~~~~~~~~~~~~~-~~~~~~~-:~~~~~~~~~~~~1~9-5_0-~-5--J-'1~ __ _ 

< ~ -+--=----=-=-"-- _'::~~~:_o_:~~~~_l_-___ -_-_ ---·+1 :..-_· ._ ·--c..::.-:-:--:.._i'· ---'-'----'--.:.-'I"' .. '---'---IS_i_n_ce_l_9_59_1 _____ 1_s_in_ce_l9_s_6_J----1--

~ I' :( · I No. I i · 

"' ~ vib•ating Wirel_---:Y~ea---:-r·---:o __ r_I:-'::'1-:-a_u" __ t_io_-;;-_~-~--~·===:~~-===:~=======::=======:::=======::=======~:========::========11---~--
~-----------r- -~riod ~f-O~~------'I----1-----1-----1-----I----+----1-----
~ O· . No. _2_0(~4-11_6J __ 6 __ 

1 
______ ~------I------~-l-O:..~-IB_)_a~-------4 ______ 1 __ _ 

~ 8~ . C1rlso1 Year 0° Install•tion I 1957-59 
~ ~~ --~-------1------1------1-----
~ I;;{..) Porbd o• Ob;:rvation I · Since 1960 
... 0"1 ------------------------------1·----1------1--~-1-------1----!--

~~ I No. 
~ :11~; Vibrating Wire -y;;;;;.--;,:-~;;;ii;i;;;-------·-·---l-----l-----l-----l·----1----1~ 

... . -P.riod'~~o;;;;;,.t~;;- -------,:l-----1-----·1-----·1-·- -·-·-1·----1-----1-·----

-----------------------------:------1·----:--1- - ---1-----1-:------1-----+--
. No. 73(4/69)6179(36/43)6 8 ~3(16/47)6 10(0/10)6 19(19/0)6 

. Carlson Ye>r o~ hst>lbtion_ -I 1957-59 1954 j 1962-64. 1958-64 1964 1950-51 ----

Poriod of Obmvation l j 0 ! jstnce 1959 Since 1964 

<>: . --~ ~--~11--!1--!--,~'-i-11--,=---
~ Thorntocouple _ Ye>r_?.::_~ua~----~==~~----/ 
~ -.,------:-Period ~:_~~rvati~-:--j~-ll----!·----~ j 

.:ll .Thormistor :=v.;;~Cr;;;t.1hti.;=~\== _____ _!!----l----~-----l-----+---+---
""-- · -, Poriod of Obs.rv&tion 1 

' No. l--
--·---1----~----~--~ 

Vibrating Wire ~r I"tall.tion \ ___ _;J-----1-----J----~-----1------I----
Period of Observatian 

.--;--·~-------~----- ' 
20(0/20)6! No. 

, DYNAMIC 
CHARA
CEIUS· 
TICS 

Uplift 
Pressure Pip:s 

i 
' i 

Vibrating Wire 

Seismographs 
: 

Year of ln~tallation 1957-59 

Period of Observation 

No. 
l~--~~---l-----~-~-1----~-----~----l----1-----l------l 

Year of Installation 

Period of Observation 

Year of Installation 
, _____ N_o·---~----'~;--1--l---r---l---1---1--l 

\

--:--:--:--::--:---_;_--l----l:-----1-----1---- --~1-----1-----11----1 
Period of Observation j j 

1 
I ________ ___;________ ---'----·---"---'---'---~-_____:_-

Notes : ::::smce embedment to date. 
~Inoperative/operative. 
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36(c) 

EARTH DAMS 

GANGAPUR 

'\ I I I 
KOTAH I MESHWA DAM NALGANGA I 

' i \ BoR D.W BUGGAVAGU . p,u<fiWADA DATLA DAM DAM GHOD DAM GIRNA DAM HATHMATIDAM HtRAKUoDAM Jn~ooDAM BARRAGE LtNGANAMAKKl Meshwa DAM NANAK SAGARISAMPNA DAM UKAI DAM 

DAM AND PROJECT I Bor River DAM Nagarjuna) panllwada Dalla Tank Gangapur Dam Ghod Project, Girna Project, Hathmati Hirakud Dam Jirgo Dam\ Chambal Sharavathi Reservoir Nalganga Nanak Sagar SampnaDam Ukai Dam 
Project, Sagar ~eservo~r ProJeCt., M .. P .. Project, Maharashtra Maharashtra Reservoir Project, Project, Project, Project, MYsore ProjeCt, River Project, Dam Project, Project, M.P. Project, 

Maharashtra Project, A.P. ProJect, GUJarat Maharashtra Projeet,Gujarat Orissa U.P. Rajasthan Gujarat Maharashtra U.P. Gujarat 

12{) 87•.5 94 172 195 90 

\ 

120 I 76 228 
DAM HEIGHT (Ft.) 119 100 I 123 98 54 

-~ 

I I 8~80 3882 Right 1340 ' 12300 8738 1760 7000 Right 2160 8200 

§ 
13217·5 

LENGTH (Ft.) 3800 
11643 Left I 5000 Left 

------------ .. 
Theodolite Stations No. 

~ 

No. 
-- - ----

.!! Sighting Points Year of Installation 
;; (Targets) -----------
'0 Period of Observation 0 

' u .. -" No. -
I 

Bench Marks Year of Installation 
------

Period of Observation 

I 
Vertical No. I 19 (0/19)A 7 3 I 6 (IJS)A I 2 3 I I 1 

by 
- Year",;fln;t;llation 1965 196Q-62 1960-64 1960 1954 1963 I952-56 19S9 1959 1962-65 1964 1963 1960 Internal Cross Arms 

"" Devices I 

I z Period of ObserVation SinCe installed 1 Since installed I954-S9 Sinee 1964 SinCe 1952 SinCe Apr. 1962 
aJ 
2 - I 

I 
aJ 

No. 

j Wilson Slope Y car of Installation 
Indicator -.... Period of Observation "' E No. 

- Vibrating Wire Year of Installation _., Tiltmeter 
~6 Period of Observation 
"8 l.ss No. 
Oc:>o I I ;J:l.l<l 

Electromagnetic Year of Installation ~ 
Probe -- z Period of Observation 

~ 
. 

No. 

I 
u 

Plumb Line Well Year of Installation 
;:J 
0:: 
E-

Period of Observation "' z I --- 8 I No. 
--------

e Carlson Year of Installation 0:: I " -- aJ 

"' ~= ~ 
"' Period of Observation z ~ .... ~ - --;:l 

I 
--

Iii -= 
No. . 

1;; ·--- ------
11.1 Vibrating Wire Ye>r of Installation 

I 

- - ----
I Period of Observation --- -

No. 

\ 

18 9 ---- -
Stand Pipe Year of Installation 1952-56 1960 . 

Period of Observation Sinee 1953 . . 
No. 35 29 (0/29)A 66 9I (65/26)A IS (7/S)A 116 (IOJI06)A 9 30 in 3 layers 25 7 22 : 

Ill 
HYdraulic Tip ·-· . 

0:: Piezometer Year of Installation 1965 1962 1960-65 1960 I 1954 1958 1963 1952-56 1963 1962 1960 1962 1963·64 

~ j ---------
[il e Period of Observation I SinCe 1954 Apr. 60-0ct.64 SinCe 1964 Sinee 1956 SinCe 1963 Sinee Scpt.62 SinCe 1962 ----------------
0:: s No . 

~~ 
.... ~ ---·-1 aJ .... Carlson Year of Installation . 
0:: 
0 ... ---------

I 
.... -~ Perio~ of Observation 

I ------j No. I 1- I I 11.1 ---------1 
V.Wire I 

I 
I Year of Installation 1 I I 

I Period ~f Obser~~ion ! I I I I I I 
NOTB :-6. lnopcrahve;opernhvc. 



APPENDIX 0.03-Conc/d. 
OTHER STRUCTURES 

TUNNELS & ROCK STRUCTURES 

36(d) 

CONCRETE & PRESTRESSED CONCRETE STRUCTURES 

PROJECT K0 Yna Hydro- Koyna 1-lYdcl Nagarjunasagar Chambal I Koyna Project 1 Vir Dam Shaavathi V. P. 
electric Project Projt:ct . Project i Project ~Power House Spillway Pitr 1 W o.h r Con:,luctor 

- --- ---\H_TU_e_•_ndn-~-~~--I-(-P-rc--s-su_r_c_S_h_a_ft-s)-1-(R-t._B_"_"_k_C_a __ "•_h_I--(K_A_"q_"~_._~-~--~-~_-,o_n _____ F_o_" __ "_d_a-ti-on_) ___ i~. -------~-- ~=:ct~: --
LENGTH (Fl.) 12040 2Q66 10894 

- ~--- ---~-------~--- ---------- ----------l-----l------l-------1------1------l------l------

DIAMETER (Ft.) 21 10&8'=6' 36';---6' Wide 

--------------------------------1--------l----------1---------l---------4--------l---------l---------l 

LINING THICKNESS 20'-0' Height 

------------------------------------ ---
No. 

-----------~-l----------------1---------l---------l--------l---------l--------
l : Jnvar Tapo or Rods Year of Installation 
I I ~---------~------·· 

\ ~ ! ~~---===P=er=i=od==o=fN=00=~=se=r=va=t=io=n===~:-_-_,_-_-_-_--_-_-_~~~=~~:_-_-_ ----~~~---_-_-__ 1 __ 4 _____ ----~~=====~----_-_--~~~-===----_-_ ------l-----~~--~---_-_--1----_-_-_-_-_-_-_l 
I U Dial Gauge & I Year of Installation 1964-65 
\ ~ Mikrok.ttors 

1

------------1---------+-------l-------l-------l-------l---------l-------l 
.... Period of Observation 
::l ----------,-----------1--------------------------- -------1--------1------·-

~ ' I No. ;u~ 1 Whittemore Huggon· ___ Y_e_a_r_o_f_In-st_a_ll-at-io-n---L-_------- -------l--------1----·---ll-------l-------l------·---

bergct Gauge ~-----------1---------l-------l-------l-------l-------l----------- --------
~ 

1 
Period of Observation 

•--.--~~ ~~---'-----N-o.-

1
--·l-----1-----l------1---11------1------___ _ 

·~ 1----------l _______ l------l------1------ll-------l-----·---------
~ 1 Clinometers Year of Instal ation 

-" ; Period of Observation 

---~-~-i_: ____ ._----------:-----N-0-. ----~~--------=====:::==========:~=========~:~=========-=--11-~-----:__ ------------~~-------~-------------,----~--=--=---=------~--
-... Pn:cision Levels Year of Installation 

Period of Observation I I ·------1----------------l __ -------l----------1---------l----------l--------l---~----- --------

1 ] Theodolites & Precision Year of~::tallation I , 

1·-~ 11' Levels 1----------------1----------I---------I----------1--------I----------I---------I---------
Period of Observation 

~ 1---------~---i---~~~~~--L-------I---------I--------1--------1--------1--------I--------.. No. 
·~ I 
;:; Displacement Pick-Ups Year of Installation 
.!! l-~~-=--=--=-------1---------'--------l------+-------l-------ll------- --------1 
Ill Period of Observation 

-----------------~ ---------1-_:_ _____ ------1------I-------1-------I-----I--------
No. 

Whittemore Huggcnbcrgcr 
-------------L~-----1--------I--------I--------I--------I-----------------

Year of Installation 
--+------1--------l------l-------ll-----+--·-----l--------

Period of Observation 
~-----------------[--~~~~~--~--~-----i---------I---------I--------I----A-----1--------I--------

I----:---N-o. _____ L --6
---\--'-

4
-- --1------1--------~----1-------1---2---1 

Yearoflnstallation · 1961-62 1961-62 ~----I-------l-------l 
Period of Observation ~~ .!-< 

------~------;:-;:--=--==---11-=-::...=:.:.:.-=-1 =====-1'"'--'-----'-'-.=:;::._.c:.+---~--+~-~---- -------·---------1 
1------N_o_. _____ \ _________ 1---------------1-------- ----!;--- ---------------1 

Year of Installation z 
l--~p=-~~~~-l-~-----l---------l----------l--------l---~---1----------------

enod or Observation 1 

Vibr;.tting Wire 

No. 12 12 14 
I-~Y--~fln---ll-----l--------l--------l--------11----------l--------l-----------------

·ar o sta ation 1965 SR-4 Gauges 
Including Concrete Gauges 

Period of Observation 3 Months 

No. 
Dydic Gauae Year of Installation 

Period of ObServation 

No. 
Carlson Stress Meter Year of Installation 

Period of Observation 
--------~-------------1---------1------- -----------------1----------1--------------

No. 
Vibrating Wire 1--~--=----- --------------------------------1--------1----!-----

Year of Installation 
1---::--:------------··------------·------l--------l--------1-------- ----

Period of Observation 
------------------I-~~~~~---------1--------I--------I-------I--------I--------I-------

No. 

Mercury Thermometer 
I-~~~---------------I--------1--------I---------I--------I--------I--------

Year of Installation 

Period of ObServation 
----------------1--------l--------l-------l-------l---------

-----------------1---------------- -·- -- -----------1--------1----------,1--------1------ --------

[ Resistance Thermometer Year of::~tallation --~=-: ------~--~----·------I-------~~---_--_-----~~-~~-------=---~~-------
Period of Observation ----·-- -=--------'---------~l----------:1---

~------ -----~---------No. -- -----~---------- ! j ------- -·-

) Themtocouplcs ----\-'e_a_r_o_f_In_s_t-al-la-t-io_n ___ -~~- ----------------------)-------:------------ ------ ------. 

I I--P-er-io_d_o_f_O_b_s-er_v_a-tio_n ___ - ----, i I I --------
-g;-:----------------------N-0-.----- -------)''------~------,------~------~====~===== 
g]~ ----Y-ea_r_o_f_I_n_s-ta-1-la-t-io_n ___ l ___ ---- 1 I 1 i ! 

-1_5::J; l--p-.-r-io_d_o_f_O_b_se_r_v_a-ti_o_n--i~-~-----~~--------,-------,--------1 -------



APPENDIX 0•04 

(To be published.in the Gazette.of India, Part I) 

No. 20(31)/63-Policy 

Government of India 

Ministry of Irrigation & Power 

New Delhi the 6th July, 1965. 

RESOLUTION 

The period for the submission of the report by the Committee on Instrumentation or Dam set up under this 
Ministry Resolution No. 20(31)/63-Policy, dated the 31st October, -1964 is hereby extended· up to the end of 
September 1965. 

Sd. }(, G. R. IYER, 
Joint Secretary to the Government of India 

Copy ofletter No. 20(31)/63-Policy, dated the 6th July, 1965 from the Joint Secretary to the Government of 
India, Ministry of Irrigation & Power to the Secretary to Government of Punjab, Irrigation & Power . 
Departments, Chandigarh. 

ORDER 

Ordered that a copy of the Resolution be communicated to the Departments of all the Governments dealing 
with River VaHey Projects and to the persons concerned. 

Ordered also that the Resolution be published in Gazette oflndia for general information. 

9- 3 C. W. & P. C./66 
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APPENDIX 0·05 

(To be publi:thed in the Gazette of India, Par{ I, Section I) 

No, 20(31)/63-Policy 
Government of India 

Ministry of Irrigation & Power 
· · Dated 29th September, 1965. 

RESOLUTION 

The period for the submission of the report by the Committee on Instrumentation of Dams, set up under 
this MinistrY Re.solution No. 20(31)/63-Policy, d.ated the 31st October, 1964, is hereby extended upto the end oc 
December 1965. · 

ORDER 

Sd. K. G. R. IYER; 

Joint Secretar)l to the Government of India 

. Ordered· that\a copy of the Resolution be communicated to the . Departments of all · State Governments 
dealing with River Valley Projects and to the persons concerned. 

Ordere4 also that the Resolution be published in the Gazette of India for general information .• 
. . 

T~e Manager, 
Government of India Press, Faridabad. 

Copy forwarded for information to : 

Sd. K. G. R. IYER, 

Joint Secretary to the Government oflndia 

(i) Secretary to the Department dealing with River Valley Projects in all S1ate Governments. 

(ii) The C. W. & P. C., New Delhi (10 spare copies). 

(iii) All Project Sections in the Ministry. 

Sd. N. N. KRISHNAN, 

Under Secretary to the Government of India 



APPENDIX I-1.01 

Copy of letter from Prof. 1. M. Raphael, Chairman, 
Division of Structural Engineering and Structural 
Mechanics, Department of Civil Engineering, Univer
sity of California, Berkeley, Calif., dated February 23, 
1965 to Mr. V. K. Sondhi, Deputy Director, Central 
Water & Power Coinmission of Govt. of India, Bikaner 
Housf!, New Delhi, India. 

sentative on-.'the Internationai Commission on Large 
Dam Commtttee on Measurements. This should put 
your committee directly in contact with the thinking 
of other national committees on measurements with 
immense value to you. · ' 

. I commend you also on your choice of committee 
members .. As yqu know, I am very familiar with the 
ac.tivities o~ the majority of the members of your com
mittee, wh1ch I think you have organized very well. 

Thank you for sending me a copy of the Govt. of Wi~h regard to your specific question on the best type 
India's Resolution of October 31, 1964, concerning of mstruments for dams, I am of course more familiar 
instruments embedded in dams, with your letter of with Carlson elastic- wire instruments than with the 
12 February, 1~65. I think you are to be commended vibrating wire types. However, I have considered 
for organizing a national committee on measurements. that the shapes of the vibrating wire instruments are 
You will notice the word, "measurements", rather than sue~ as to constitute maximum disturbance . to the 
"instruments", because I believe. thl! emphasis should · reg1<?n of measur~ment . and hence may themselves 
not be on hardware but rather on results. To elabo- modify the very thmg whtch -is to be measured. I might · 
rate on ti)is statement, I have never felt pleased in also say that fo my best 'knowledge the vast majority 
making large installation of instruments in dams when of complete and successful analyses that have been 
subsequent results were not forthcoming. If your com- rep?rted have been instrumented with the elastic wire 
mittee can ~nfiuence the prosecution of the analyses of devices. I should think that results should speak for 
data from mstruments already embedded in dams to themselves. . · · 
the point where results of these studies are made avail
able to your. engineers, then it will have accomP.Iished 
a very desirable thing indeed. · 

Another consequence of your formation of this com
mittee is that you should endeavour to place . a repre-

{ am v<:ry happy to receive your letter and to know 
that you are still busy in this field and I hope that 
you will write again. 

With my best i>ersonal regards, 



.APPENDIX I-1.02 
~ 

Copy of l(!lter from Mr. Rny W. ' . ,_ ivil Engi
neer, 55 Monyland Avenue, Berkelej, ornia 94707 
dated 10-3-1965 to Shri V. K. Sondhi~ D uty Director, 
Central Water & Power Commission, 'Bikaner House, 
New Dellii, India. · 

Yotir letter telling of the formation of. a committee 
for the study of instrumentation of ,dams was very 
interesting. I note that the committee has some well 
qualified members and should accomplish much. 

difficulty arises largely from the fact that extraneous 
influences such as temperature change and chemical 
action. often obscure the SJD.aller effect~:~ of load. 

After reviewing some forty odd danis f9r safety, it 
has become evident that such reliance must be placed 
on precise surveys. 'Modem theodoliteS are so accurate 
that deflections of a dam and its abutments are 
measured with such accuracy as to give indication of 
any progressive changes which may ·be occurring. 
Targets on the dam and in the abutments will be the 
main instrumentation of some dams in Virginia. 

Regarding the ·instrumentation of masonry dams, What it comes down to is this; for dams where 
you have interpreted my views correctly; I do not · stresses are low, rely on survey points. Where stresses 
recommend the use of stressmeters for masonry; And are high, then Jlleasurements of strain and/or stress are 
I suggest strain meters, only· if they can be of long · useful. However, where stresses are low, some useful 
range so as to average. out discontinuities inherent in results can be expected from long range~ high-sensitivity 
a masonry structure. In fact, stresses and strains are strain meters or the equivalent. 
difficult to ip.terpret in any dam of low load str~ss, 

. and especially difficult in the case of masonry. Tbe With best regards. 

40 



APPENDIX I-2.01 

REQUIREMENT OF INSTRUMENTS FOR CONCRETE/MASONRY DAMS 
. UNDER FOURTH FIVE YEAR PLAN . 

SJ. 
No. 

Name of the dam 

2 

Vamsadhara A.P. 
2 Pochampad A.P. 
3 Mahi Stage-! (Weir) Gujarat 
4 Ukai Project, Gujarat 
5 Narmada (Broach) (Stage I), 

Gujarat. 
6 Mahi Stage-Il (Kadana), 

Gujarat. 
7 Lidder Irrigation Project, 

J.&K. 
8 Kallada, Kerala 
9 Tawa Project M.P. , 

10 Parambikulam Aliyar 
(a) Sholiar dam . · 
(b) Aliyar dam . 
(c) Trimurthi dam, 

Madras. 
11 Bhima Irrigation Project, 

Phagna Dam, Maha-
rashtra. 

12 Ghata Prabha Project, 
Mysore. 

13 Upper Krishna Stage-1, 
Mysore. 

14 Mala Prabha Project, Mysorc 
15 Harangi Project, Hudgur 

dam, Mysore. 
16 Chawani H.E. Scheme, J&K. 
17 Lower Jhelum H.E. Project, 

J.&K. 
18 Sabargiri H.E. Project, Kerala 

(a) Pamba dam . • 
(b) Kakki dam 

19 Idikki H.E. Project, Kerala • 
20 Kuttiyadi H.E. Project, Kerala 
21 Kotah Dam, Rajasthan 
22 Vaitarna H.E. Scheme, 

Maharashtra. 

ToTAL 

Plus 20% for new projects 
in 4th Plan plus 10% for 
research: TOTAL 30% 

Ht. of Stress Strainmeter. Resistance Pore 
the dam meter ,----:c''------. _thermometer · pres-
in feet for For For Joint- ,--~'--'------. sure 

Sur-· Embed- gauge 

3 

114 

125 
82 

215 
220 

251 

210 

216 
182 

319 
71 
74 

119 

186 

145.5 

145 
120 

165 
346 
550 

129.5 
95 

154 

con- con- masonry meter 
crete crete dam · • 
dam dam 
only 

4 

8 
25 

33 

10 

43 

45 

5 

102 
549 

651 

6 

90 

90 

90 

270 

921 

276 

1197 

1200 

7 

57 
57 

57 

75· 

57 

42 
42 

48 
28 

l11 

42 

616 

185 

801 

800 

face · ded 
thermo- thermo-

meter m'eter 

8 
9. 

11 
9 

18 
18 

22 

18 

18. 
18 

26 
13. 
13 

9 ' 

18 

13 

'13 
11 

9 
9 

13 
10 
42 
13 
9 

13 

375 

9 

20 
34 
34 

34 

47 

34 

20 
20 

28 
18 
76 

20 

385 

760 

228 

988 

1000 

10 

s 

15 

10 

30 

9 

39 

40 

Deflection 
measuring 
equipment Reading 

r---' set 
Plumb . Micro-

line meter 

11 

3 
3 
1 
3 
3 

3 

3 

3 
3 

3 
1 
1 

3 

2 

2 
1 

1 
1 

2 
1 
3 
2 
1 
2 

52 

lb 

68 

70 

slide & 
micro
scope 

12 

1 
1 
I 
1 
1 

1 

1 
1 
1 

1, 

1 
1 

1 
1 
1 

25 

8 

33 

35 

• 

13 

I. 
1 
I 
1 

1 

1 
1 

I 
1 
1 

1 

1 
1 

2 
1 

26 

8 

34 

35 
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lU!PORT OF THB COMMITTEE ON INSTRUMENl'ATION FOR DAMS AND HYDRAULIC StR.UCTUltBS 

APPE~DIX 1-2 · 01-Contd, 

REQUIREMENT OF THE INSTRUMENTS FOR VARIOUS EARTH DAMS 
·UNDER FOURTH FIVE YEAR PLAN . 

Piezometer Internal Movement Foundation Surface settle-
Height Length r-----_.A.- r----__.A... settlement ment (Em b.) 

Sl. Name' of the dam of Dam of Dam Twin tube hydraulic Vertical Hori- Slope (Base plates) 
No. cross zontal indica- - . -

Founda- Embank- Porou? arm cross tor 
tion . ment tube arm 
type type type 

'1 2 3 4 5 6 7 8 9 10 11 12 

Vamsadhara 60 5500 21 30 14 36 - 11 28 

2 Pochampad .. 4300 36 54 14 66 83 207 

3 Ukai Project 215 15060 78 210 20 138 30 5 26 65 

4 Kallada 40 760 21 30 5 36 .. 2 4 

5 Barna Project 120 1100 47 69 14 81 3 . 6 

6 Tawa Project .. 63 120 14 108 90 224 

7 Parambikulam Alyar : 
(i) Sholiar Dam . 94 36 54 14 . 66 At spacing of At spacing of 

(ii) Parambikulam 62 21 30 14 36 500 Ct. along 200 ft. along 
(iii) Tunka Dam • 66 21 30 14 36 .. length of dam. length of dam. 

(iv) Peru Varipallam 72 21 30 14 36 .Do. Do. 

(v) Tekhadi 86 36 54 14 66 .Do .. Do. 

(vi) Aliyar Dam . 142 57 84 14 96 .Do. .Do. 

(vii) Trimurthi Dam 70 21 30 14 36 .Do. .Do. 

8 Chittar Pattanamakal : 

(1) Chittar .Dam-I • 72 21 30 14 36 6 14 

(ii) Chittar .Dam-II· 82 3720 36 54 14 66 8 19 
./ 

9 ·Mula Dam 154 8750 57 84 20 96 15 5 18 44 

10 Bag Project 75 3750 36 54 14 66 9 22 

11 Itiadoh Project 98 1975 36 54 14 66 4 10 

12 Krishna Irrigation Pro-
ject .: 

• (i) .Dam at .Dhow 160 17850 57 84 15 96 16 39 

(ii) .Dam at Borkha its 10964 36 . 54 15 66 22 55 

(iii) Dam at Konhar ISS 6060 57 84 15 96 12 31 

13 Bhima, Irrigation Project, 137 7696 57 
WaniDam. 

84 15 96 !"' IS 38 

14 Jayakwadi Project, Stage· I 120 31680 36 54 20 66 72 162 

IS Bhadra Project • 3610 69 162 14 126 8 19 

16 Glu.tprabha Project 100 1140Q 36 54 IS 66 23 59 
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• 

2 

17 Upper Krishna (1) 

18 Kabbini Project • 

19 Salandi.Project 

20 Beas Unit II Pong Dam 

21 Ramganga Project : 

22 Kangsabati Project 

(i) Kangsabati Dam . 
(ii) Ku~ri Dam . 

23 Umiam Barapani Project 

Add 30% for projects not 
accounted for 

3 

170 

32284 

7752 

1000 

350 5750 

412 1950 

130 13200 
135 6420 

S2 416 

Say 

4 

APPENDiCES 

APPENDIX :F-2.01 

s 

57 

69 

63 

96 

96 

57 
57 

21 

6 

84 

162 

120 

324 

324 

84 
84 

30 

1529 2889 

459 867 

1988 3756 

2000 3800 

7 

20 

14 

14 

30 

30 

14 
14 

14 

8 

96 

126 

108 

168 

168 

96 
96 

36 

Sl4 2673 

154 802 

668 3475 

670 3500 

9 

20 

20 

60 

65 .. 

125 

125 

,. Additional 65 are proposed for dam where contact pressure cells are provided. 

10 

10 

10 

30, 

9 

39 

40 

11 

65 

16 

6 

12 

4 

27 
14 

2 

574 

172 

746 

750 

REQUIREMENT OF INSTRUMENT FOR •OTHER STRUCTURES' 
. UNDER FOURTH FIVE YEAR PLAN 

MEASUREMENT 

12 

162 

39 

14 

29 

. 10 

1406 

422 

1828 

1830 

Deflections Stress Strain meters Thermome-
Project c--~:----:-~~~"="'"-~-'"'meters ,.---~~~--__,........, ters Resis- Test 

Theo- Level Dial Invar Settle- Inclino- SR-4 Carl- Vibra- Huggen- tance & sets 

NORTHERN ZONE 

CENTRAL ZONE , 

SOUTHERN ZONE 

dolite N3 Gauge Tape ment meter son ting berger Thermo-
T3 gauge Wire couples 

Tunnels & Rock 
Struct. 

Concrete & Pre· 
stressed Cone. 
Struct. · 

Tunnels & Rock 
Struct. 

Concrete & Pre· 
stressed Cone. 
Struct. 

Tunnels & Rock 
Struct. 

Concrete & Pre
stressed Cone. 
Struct. 

TOTAL 

3 2 75 

2 ISO 

2 so 

2 75 

2 so 

1 ' 2 100 

10 10 500 

4 

10 

4 

7 

4 

8 

12 2S 

5000 10 10 2 

3 8 15000 3 40 

5000 7 7 2 

2 6 10000 3 30 

sooo 78 8 2 

3 6 10000 3 30 

8 20 50000 25 25 25' 100 

L 
] 

}. 
8 

NoTB : Th
1
e
11
estimate of the instruments Is based on the reco"mrnendatlon of the Committee that one or two typical structures 

w be selected in each zono for intensive study. 
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APPENDIX l-3.ol 

WILDE T-3 · 

PRECISION THEODOLITE FOR TRIANGULATION 

1. Shock resistance (shock absorbing capacity) 

2. Stability of adjustment 

3. Mechanical parts to have the same dilatation 
coefficient, instrument to be immune to either 
high or low temperatures. 

The glass circles are read in two diametrically oppo
site places, a feature which is indispensable in a trian
gulation theodolite. An optical micrometer of ex
tremely sturdy design gives directly the arithmatic 
mean of two diametrically opposite· circle readings. 
The same micrometer is used for both horizontal and 
verticle circle ; a lateral inventor knob permits to 
switch from the former to the latter. The microscope 
eyepiece. lies alongside the telescope eyepiece, which 
allow to change over quickly from sighting to reading. 

The purely dioptrical telescope has a free objective 
diameter of 60 mm (2.36 in.) and three interchangeable 
eyepieces for 24x, 30x, 40x · magnifying power. The 
diameter of the 40.x eyepiece exit pupil is still 15 mm 
(0.59 in.) wide, which fact and the antiglare treatment 
of the lenses produee extremely brilliant pictures, other
wise onlv to be obtained with mirror-type telescope!>. 
Compared to the latter, T-3 telescope has a better con-
stancy of the line of sight. · · 

The two circles are usually illuminated with . two 
double motion mirrors. However, the instrument can 
also be electrically illuminated. A socket has been 
provided in the instruments base while hidden. cables 
connect 'this socket with the two light .soul'ces. · When· 
introducing the lamps into the mirror sockets, the elec
tric contact is automatically established. It supplies to 
connect the plug with battery case to light both bulbs 
'fhich illuminate the circles and the telescope reticle. 

J'he Wilde T-3 theodolite is mainly used in triangula
tion. The vertical circle has, therefore, been numbered 
in such a manner as to permit to compute the angle 
o\ height B from the difference between the circle 
readings A1 and A 11 in both telescope positions 
(B=Ai -A11 ). Transformation and. computation of 
the mean value, indispensable otherwise, can thus be 
avoided. ' 

For astronomical determinations of time and latitude 
a prismatic astrolobe attachment may be placed over 
the telescope's objective mounting. 

44 

Technical Data 

1. Glass Circles ,• 

2. Horizontal Circle 
(i) Diameter 
(ii) Graduation interval 

3. Vertical Circle 

(i) Diameter . 
(ii) Graduation interval 

4. Optical Micrometer 

(i) Interval 

5. Telescope 

' (i) Length 
(ii) Free objective aperture 
(iii) Magnification • 
(iv) Shortest focusing distance 
(v) Field of view at 1000 ft. 

6. Plate Level 

(i) Sensitivity 

7. Vertical Circle Level 

(i) Sensitivity 
( ii) Setting accuracy 

Equipment 

.. 

· 360" N 400g 

5 ·9 in. 
4' or JOe 

3·7 in. 
8'·or zoe 

0·2' or Icc 

10·2 in. 
2·4in. 
24, 30 and 40x 
15-0ft. 
28ft. 

7'permm. 

. 12' per 2 nun. 

. ±O·z· 

1. Wilde T-3 precision theodolite . 360.- or 400 g 
wt. . 24·2lb (11·0 kg) 

2. Metal container with carrying strap· 8 · 3 lbs. (3 · 8 kg) 
3. Carrying frame_ • 4 ·0 lbs. (1·8 kg) 
4. Tripod 4a with fixed legs 1 S · 6 lbs. (7 ·1 k&) 

Optional Accessories 

1, Battery box. 
2. Eyepiece prisms . 

... 3. Sunglass for telescope eyepiece priam. 

4. Sunglass for telescope eyepiece. 
5. Roe Iofs of solar prism. 
6. Prismatic astrolobe. 
7. Polar attachment. 
8. Optical plumet. 
9. Pillar plate with centring pin. 

. 10. Ball type centring for deformation measurement with 
accessories. 



APPENDIX 1-3.02 

WILDE N3 PRECISION LEVEL 

This instrument is ideal for high precision levelling, 
measuring power dam deformations, or 'bridges, and 
to check on the installation of large machines. 

Telescope magnification is 42x. It can be focused 
down to a distance of 2m. The level sensitivity is 
6" (sex) per 2 mm. In order to ensure the greatest 
possible stability of adjustment, the telescope body 
and level carrier are cast in one piece. A circular level 
is used for the overall levelling of the instrument, and 
it is centered by means of the three footscrews. The 
setting_ knobs, etc. are arranged in such a manner 
as to be easy to see and convenient to operate. Focus
ing on the reticle is done by rotating the eyepiece, and 
the target is focused by rotating the knob on the tele· _ 
scope right hand side. The telescope, which is free 
to rotate about the vertical axis, is locked with the 
azimuth cla!Jlp after coarse aiming, and the fine adjust
ment screw then is operated for perfect alignment. The 
eyepiece, in which the split bubble image is observed 
is immediately next to the telescope. The level bubble 
is shown in two half pictures which are brought to 
sharp coincidence by means of the vertical fine adjust
ment screw. This makes for very high precision in 
!ighting. 

The precision levelling rod with graduations on 
Invar should be used when highly accurate measure
ments have to be taken. lnvar, as is well known has 
an extremely low expansion coefficient. A 3m long 
Invar tape is attached to the base of the wooden, box
shaped levelling rod and is maintained under fixed ten
sion by a helical spring which connects the tape to the 
other end. The tape carries two precision centimetre 
~ales which are shifted relative to each other, with 

10-3 C. W. & p, C./66 

the corresponding digits seen on the wooden frame. 
One set of numerals gives the effective height over the 
aiming point, while the other one is shifted relative 
to it by a full 3 metres. This arrangement makes for 
a double independent reading, thus for refinement in 
the measurements, while guarding against gross 
errors. 

The telescope reticle carries cross lines, the one hori· 
zontal arm of which consists of two hair lines which 
diverge slightly from the centre, so that they form 
a pointed wedge. The horizontal sighting falls between 
two centimetre divisions, and it is then optically shifted, 
until it coincides exactly with the nearest centime!re 
mark. This is where the wedge lines come in, since 
they are placed in the sharpest possible symmetry with 
respect to the centimetre graduation. This shifting of 
the line of sight is achieved by inclining an optical fiat 
mounted in front of the objective, by rotating the 
micrometer head. In a third eyepiece, located below 
the level eyepiece, it is then possible to read the centi
metre fractions on a brightly i1luminiated glass scale, 
down to 0.1 mm, with the possibility of makin& esti• 
mates to 0.02 mm. 

The precision of such readings and overall accuracy 
is dependent on the manner in which the level is set 
up, the observer's pointing, and the optical micrometer. 
For a well-trained observer, the instrument alone will 
readily give maximum errors of about 1/4 of a second. 
Practically, over 1 km in both directions, the error can 
be reduced to ±0.4 -rom in height. Two neighbouring 
points near the top of the power dam can be separated 
to ± 0.05 mm by a double levelling. 

4S 



APPENDIX 1-3.03 

SPECIFICATIONS· FOR MICROMETER SLIDE AND MICROSCOPE 

Micrometer Slide 

This should be such ·that it can slide over a micro· 
meter carriage (bracket) 13/18" wide on top, construct
ed in · such· a manner that it slides over the stainless 
steel carriage rod 0.997" ± 0.003" in diameter; and 
anchored by cone-point screws seating into the drilled 
recesses in the rod. Graduations of the lead screw 
kiJ.ob · shall provide for readings to the nearest half 
thousandth of an inch. The carriage shall have a total 
range of travel of two inches. 

Micrometer. slide in use at Bhakra is M-301A type 
manufactured by Gaertner Scientific Corporation, 
Dlinois, U.S.A. 

Microscope 

!vfic!oscope shal~ be 22 power. containing· fine crru 
haus m the eye .Piece and focuswg through It inche 
a.nd shall be of ~IZe S? t~at it can be mounted in posi 
t10n on the carnage ms1de the observation recess, th 
recess being 24-inches high having wall faces paralle 
and normal to the dam axis, 12 inches from the centr 
line of the plumb line well and the front face (fitte< 
with air-tight steel door) oriented to be at 45 degree 
to the wall faces, and at 10 inches from the centre lin' 
of the plumb line well. 

Microscope in use at Bhakra Dam is M-lOIA typ 
manufactured by Gaertner Scientific Corporation 
lllinois, U.S.A. 



.APPllNDIX 1-3.04 

TI'PlCAL SPECIFICATIONS FOR HUGGENBERGER WHITTEMORE GAGE 

Generol Description 
Extensometers should employ two or more dial indi

cators mounted in a frame which should be attached 
to the test piece. A second frame should similarly be 
mounted at a set gage length (usually 8") and their 
relative motion measured as the strain. The frames 
should be secured to the specimen by means of point
ed screws or "knife-edges" contacts. Reasonable accu· 
racy in measuring unit strains should be obtained by 
using 0.0001" indtpator, because of the relatively large 
gage length. 

Gauges mounted in this manner should not be used 
for measuring plastic strains bec;ause the rapid decrease 
in diameter, which accompanies, yielding of the speci
men, results in loosening of at least one' of the frames. 
This suggests the desirability of a spring force in 
mounting instruments for measurement of plastic defor· 
mation. 

The Whittemore Gage should be self contained instru
ment consisting essentially of two frame members (A) 
bound together by two elastic hinges, (B) for parallel 
frictionless motion. One 45° conical contact point (C) 
should be attached to each frame member. For strain 
measurements the contact points should be inserted into 
drilled holes defining a predetermined gage length. 
Motion between the two frame members, or strain, 
should be measured directly with a dial indicator. In 
another model the frames (A) should have been replac
ed by two co-axial tubes connected with a pair of 
elastic hinges, and, since ~ gage should be intended 
for repeated measurement at a series of stations rather 
than for fixed mounting at one station. Consideration 
should be given to controlling accidental longitudinal 
forces which might be applied by the operator. A 
handle serving doubly as a shield against temperature 
change and as an aid to uniform seating of the points 
should be attached to the gage by means of two elastic 
hinges. These hinges pre\'ent application of excessive 
longitudinal forces. A force of about 5 lbs should be 
recommended for properly seating the points in the 
drilled holes. The holes should be reamed slightly 
to an angle of 60°, providing a reasonably definite line 
of contact with the 45° gage points. 

Seating the gage is one of the chief sources of error. 
Other sources of error arise from the dial indicator, 
measurement of a chord rather than an arc length, 
and temperature changes. However, the effect of tem
perature changes should practically be eliminated by 
the use of an Invar tube for the inner tube of co-axial 
pair. The use of Invar necessitates a reference reading 
on a standard unstressed bar placed -in the immediate 
vicinity of each station with each measurement· on the 
station. Accuracies of 0.00002 unit strain should have 
been reported in field use of the 10 in. gage. 

MQIIujacturer's Nominal Specifications 

Gage length 

Sensitivity • 
Accuracy 
Range 
Size 
Weight 

2 in. 10 in. or to order (above 
2"length). 

s : 100,000. 
0·0002 in. (approx.) 
0·10 in. 
11 in. X 3t in. x 15 in. (Approx.) 
2lbs. (Approx.) 

--------.., 

--a 
~nr~ J1 

( c . 
THE WHITT£ M 'RE 

FULCRUM PLAT£ STRAIN GAUBf. 

47. 



APPENDIX 1-3.0S' 

CARLSON ELASTIC WIRE JOINTMETER 

The Carlson Elastic Wire Jointmeter JM-10 is the 
standard jointmeter havin~ a range of 0.20 inch used 
primarily for across a jomt where it is desired to 
measure the joint opening at some point remote from 
the surface. The meter has the same indicating system 
as the Carlson Elastic Wire Strainmeter (Appendix 
I-3.15) with special construction features added to give 
it longer range i.e. by using single loops of steel wires 
held in tension by small steel coil spring instead of 
terminating lite wires directly to the frames as in strain
Jpeter. 

One flange is replaced by a stud threaded to fix into 
the tapped end of a steel socket which is provided 
with each jointmeter for convenience in installation 
The central bellow portion of the jointmeter is covered 
wit.q cloth jacket to break bond with the concrete. 
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In addition to the rated elongation given beiow its 
construction has been detailed so that· the meter can 
withstand a shearing movement of as much as 0.10 inch 
without damage or loss of calibration. 

All jointmeters are supplied with 30 inches of 3-
conductor rubber covered cable size 16 type/SO. 

Dimensions and calibration data of JM-10 

Overall length without socket 10 in. 

Range, elongation, inches 0 • 20 

Range _contraction, inches 

Weight with socket, lbs. • 

Least reading, inches 

.. 
0·03 

2•8 

0•0005 



APPllNDIX t-3.06 
, SPECIFICATIONS FOR HUGGENBERGER TYPE OPTICAL CLINOMElBR 

The Huggenburger air bubble type clinometer essen
tially consists of a precision level which is a large radius 
vial containing sulphuric ether, and a rigid frame. 
The level mounted at mid span of the frame is pivoted 
at one end and fitted with a micrometer screw at the 
other. Measurements of the tilt are made ·by supporting 
each end of the frame on reference points attached to 
supports or bases embedded in the dam at desired 
location and in proper orientation and then centering 
the bubble by means of micrometer screw. 

The clinometer base for these clinometers is made 
up of three stainless sleel elements, one with a hole, 
another with slit and the third with a plane on which 
the clinometer supports re$t. These bases have the 
number of elements required to measure rotation in 
two orthogonal planes. The distance between supports 
is about 10 em. The sensitivity of the level is about 
2". 

Clinometers for different ranges of tilt are available. 



APllilNDiX i-3.07 
SPECIFICATIONS FOR MAIHAK VIBRATING WIRE TYPE CLINOMETER 

The measuring system comprises one receiver and 
any desired number of transmitters which are con
nected by cables to the · receiver. The clinometer 
(transmitter) is permanently fitted to tRe object whose 
change of inclination is to be determined. The cylindri
cal case of the transmitter houses a special pendulum 
surrounded by damping oil . with an extremely short 
pendulum length. A vibrating wire made of steel (the 
measuring wire) is stretched between the pendulum 
and the case. If the pendulum changes its position 
relative to the case, the mechanical tension and hence 
the natural frequency of the measuring wire is altered. 
An electromagnetic system picks up the mechanical 
vibrations of the wire converting them into electrical 
oscillations which are transmitted by . cable to the 
receiver, which also contains a steel wire-the standard 
wire-whose natural frequency is tuned to the fre• 
quency of the measuring wire of the respective trans
mitter by suitable means until the required coincidence 
of frequencies exists. · 

Special measuring cable type GG, 2 X 1.5 mm should 
be used for installation in concrete, water and soil. 
The transmitters indicate. the change of inclination in 
one measuring direction each. If the dtrection of 
inclination of the test object is not known or not con
stant, two transmitt~rs are installed with their measuring 
directions offset by 90 degrees. The arrangem~nt of 
the transmitters provides a direct measurement of the 
changes of inclination in the principal measuring direc
tions. 

so 

Two types of clinometers MDS. 81 (with ball pin) and 
MDS. 82 are used depending upon whether the clino
meter is to be mounted on the surface of the test object 
or to 'be embedded in concrete or fitted to buildings 
or construction parts exposed to hydraulic pressure res
pectively. 

Manufacturer's Specifications for MDS. 81 (surface 
type) and MDS. 82 (embedded type) are as under : 

MDS81 

Height, nun. 

Diameter, mm 

Type 

MDS 81 a, MDS 82 a 

MDS 81 b, MDS 82 b 

a 

280 

9S 

b 

2SO 

9S 

c 82a · b&c 

220 

9S 

210 180 

210 210 

Measuring sensitivity Measuring 
smallest reading Range 

When used When used 
with with 

Receiver Receiver 
MDS.3 MDS.4 

2. 0·3· 

0·7' 

±10' 

±20' 

MDS 81 c, MDS 82 c to• 1·4· ±10' 
Maximum measuring error of the · complete measuring 

aystem smaller than 1 % of the measuring range. 



APPENDIX 1-3.08 

THE MILNE-SHAW SEISMOGRAPH (Tiltmeter) 

(Make : Milne-Shaw Hilger & Watts Ltd., London). 

This is a new type of s~ismograph with high m~gni
fication and electromagnetic da~pmg. The magnifi~
tion is approximately forty· times grea~~r. than . e 
standard Milne, while in practice the sens•tiy•ty to tilt 
is from ten to twenty times· greater, accordmg to the 
pendulum period adopted. 

The general principle of the apparatus is to multiply 
the movements of a short damped boom by reflectmg 
a beam of light from a pivoted lens of half-metre focus 
(seen in Plate 3). 

The boom, about 19 inches long, carri~s a mass ?f 
1 lb., together with a damping vane, wh1ch moves m 
a strong magnetic field, and brings the boom to rest 
after each excursion. 

The outer end of the boom is coupled to and rotates 
the mirror, which is carried by a single ~ri4iu~I?- pivot 
in an agate cup, by this means 500 multiplications of 
the ground movement can be obtained. but in practi~e 
ISO to 250 multiplications are found to be more sui
table Two sets of coupling agate cups are provided, 
enabllng either of the above multiplications to be 
adopted, as found desirable. 

The mirror and coupling device are very light in 
weight; the friction from same has been found to be 
less than the air friction on the extension of the simple 
Milne boom. 

The boom is damped by an electrolytic copper vane, 
\ fixed to its centre, floating between the poles of four 

adjustable alnico steel magnets, whereby any degree of 
damping up to a periodicity may be imposed. 

The Milne-Shaw is not expensive to install, but its 
chief economy lies in its low consumption of paper. 
This has been rendered possible 'by an improved system 
of recording. The source of light (electricity, gas or 
oil) illuminates a vertical lens or slit and the image 
created is reflected and partially re-focused by the 
pivoted reflecting lens on to a second cylindrical lens' 
placed horizontally, whiclt completes the focusing of 
the light into a small intense point. This point falls 
with its centre upon a slit 0.003 inches wide; only the 
middle portion of the point is permitted to pass to the 
film, which is in immediate grazing contact with the 
slit. Perfect definition is produced in this way, with 
the result that waves of not more than two or three 
seconds period are shown quite distinctly on paper 
mGVin$ onl)' 8 mm per minq~. 

Special calibrating and adjusth~g device~ wer~ neces
sary with such high magnificatiOn. Th1s pomt has 
received special attention; tilt~ of 11100 of ~ second 
of arc can be applied and registered by the 1mage of 
a spider line on a distant calibratin& scale. All _such 
operations are performed, and the tilt and amplit~de 
scales read, at a distance from the column: the motlo!l 
being transmitted by a long flexible cable to the cah
brating screw, so that there are no movements ~f the 
observer to enter into the amplitude shown m the 
trace. By this means the value in. ampli~u~e for one 
second of arc tilt may be determmed w•thm 1 or 2 
per cent. 

The re-adjustment of the light spot occasionally 
necessitated by variation in the daily tilt of the ground 
is performed by turning a milled head located near 
the recording box. 

Artificial deflections of the boom for testing purposes 
are made by a solenoid near the boom, operated by 
an electric button at the recording bqx. 

The record is timed by an electro-mag'netic shutter 
encased within the lamp, which is to be connected in 
series with the observatory clock. No timing clock is 
included in the apparatus as supplied. 

The recording mechanism runs for 30 hours. 

The machine is not made twin-boom. Two separate 
units are used for recording the two components. These 
can be made right or left hand but are supplied right 
hand, unless otherwise ordered. 

The type of illumination is optional and may be 
P.ither, (1) a 4-volt electric lamp for which accumula
tors must be provided or a transformer with alternating 
current supply; (2) an incandescent bulb for ordinary 
lighting service (100-250 volts); (3) small incandescent 
gas mantle; (4) oil lamp. It is necessary to state 
which is required when ordering. 

The Milne-Shaw machine, on account of its small 
mass and the minimum of inertia in its moving parts, 
is most sensitive to sudden changes of movement, ena
'bling it to readily respond to the small waves of the 
P and S phases of a seismogram. 

The machine is particularly suited for measuring 
small changes of level. such as deflection due to tidal 
load, etc. In general practice the machine is used at 
a comparatively low sensitivity to tilt; but no difficulty 
is experienced in obtaining very long pendulum periods 
of {rom 60 to 90 seconds. when the sensitivity to tilt 

Sl 
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becomes very great ; when set up to 90 seconds period 
with a multiplication of 250, 1 mm deflection in the 
trace is produced by so small a tilt as 1 inch in appro
ximately 8,000 miles, or .004 seconds o( arc = 1 mm -
amplitude. 

Data 

Length 

Width • 

Height • 

Length of boom 

Boom point to mass 

Weight of mass 

Distance between feet 

Size of drum 
Size of paper • 

Speed of paper (per minute) 

Duration of run 

Damping 

Dampins ratio, suggested 

5'6• 
2'6• 

2'1' 

1' 6-7/8. 
4. 
lib. 
11·459' 
6•x9• 
19!•x9' 

8 mm. or 16 mm. 

24 hours .or 12 hours 

Electro-magnetic. 

20: 1 

Periods suggested 

Magnification 

Calibration • 

'Poising screw threads 

Working sensitivity 

Illuminant 

Gas consumption • 

Focallengtli of reflecting mirror 

Weight when packed 

Si:ze of packing case 

10 sec. or 12 sec. 
(adopted at Bhakra). 

150 or 250 or 350 (as 
adopted at Bhakra). 

One degree turn of 
screw produced 
one second of arc 
tilt. 

SO per inch. 

18 to 43 mm. per 
_ second of arc tilt, 
according to cons
tants adopted. 

Electric lamp, in· 
candescent gas, or 
oil lamp, as or• 
dered. 

3/4 cubic ft. per hour. 

i metre. 

2cwt. 

36• X 21• X 22•. 



APPENDIX I-3.09 

WILSON SLOPE INDICATOR 
(Series 200) 

(Manufacturer: The Slope Indicator Co. U.S.A.) 

The slope indicator is a precision in~trument for 
measuring the inclination of a nearly vertical surfac~. 
The instrument is lowered down a grooved plastic 
casing (or aluminium extruded casing) the grooves con
trolling the orientation of the instrument in a predeter
mined direction. Inclinations are taken at frequent 
interval of depth and are subsequently converted to 
displacements. 

The slope indicator consists of a segment of preci
sion-molded circular resistance element pivoted on 
instrument ball bearings with an eccentric weight 
mounted on the rim, enclosed in a water-tight alumi
nium cylinder 2-3/8 inches outside diameter and 15 
inches long. Attached to the same inner frame as the 
pendulum, is a relay, which when activilted by an 
electrical current, moves a conductor into contact with 
the resistance element and subdivides it into two resis
tances forming one-half of a conventional Wheatstone 
Bridge circuit. The oth~r half, includip.g switches and 
batteries, is enclosed in a control base at the ground 
surface. The instrument and control box are cqnnected 

U-3CW &PC/66 

by a heavy duty cable with yellow marker bands at 
one foot and red marker bands at five foot intervals. 
The instrument has two sets of guide wheels. Fixed 
guide wheels, aligned in a vertical plane parallel to the 
axis of the instruments, are mounted on one side while 
on the opposite side are a corresponding pair of spring 
mounted guide wheels. 

The instrument is so designed that the componems 
of inclination in the plane defined by the four guide 
wheels is directly proportional to· the potentiometer 
dial reading when the circuit , is in balance. 

The electrical supply is from four 6-volt dry cell 
batteries (RCA No. VS 317 Lantern battery or equal) 
wired in series. These batteries should be checked 
periodically and should be replaced when the voltage 
drops below 20 volts. _ ' 

Slope indicator has a sensitivity of one part in 1,000 
which means that it can detect a tilt of as little as 
three minutes of arc. This corresponds to a lateral 
movement of one half inch in 50 feet of depth. Dis
placements in thin shear zones of less than 1/16 inch 
can be easily identified. 



APPENDIX 1-3.10 

TYPICAL SPECIFICATIONS FOR DIAL GAGES 

The instrument incorporates patented method of con
struction which should enable a very high degree of 
accuracy to be maintained over the spindle traveJ of 
0.15". The movement should be fitted with a jewelled 
bearings of the highest quality to ensure extreme sensi
tivity. Every effort .should be made to produce an 
indicator of high accuracy yet of robust construction 
suitable for production and standards room use. With 
this abject in view a shock absorbing mechanism should 
be built in to the instrument. 

The indicator should be availbale in both english 
and metric readings, the dimensions should be indenti
cal to the standard range of "Mercer" Indicator Heads. 

Diameter Graduations Readings 

21' 
21' 
21' 
2!' 
3' 
3' 
3' 
3' 
4' 
4' 
4' 
4' 

0-50-0 
. ' 0-100 

0-50-0 
0-100 
0-50-0 
0-100 
0-50-0 
0-100 
0-50-0 
0-100 
0-50-0 
0-100 

0·0001' 
0·0001' 
0·002m/m 
0·002 m/m 
0·0001' 
0·0001' 
0·002m/m 
0·002m/m 
0·001' 
0·001' 
0·002 m/m 
0·002m/m 

Travel 

0·15' 
0·15~ 
4m/m 
4m/m 
0·15' 
0·15' 
4m/m 
4m/m 
0·15' 
0·15' 
4m/m 
4rn/m 

Magnifica
tion 

598 
. 598 

760 
760 
765 
765 
970 
970 
927 
927-

1175 
1175 



APPENDIX 1-3.11 

'I'YPICAL SPECIFICATIONS FOR MIKROKATOR 

The amplification unit should be a thin metal strip 
of rectangular cross-section (1) which should be twisted 
symmetrically on each side of the pointer attached to 
its middle and should hold at its ends under a tensile 
force. Variation of the tensile force should result in 
additional twisting or un-twisting of the two halves of 
the strip, with resultant rotation of the pointer. 
Within reasonable limits, the· rotation should be pro
portional to the change in tensile force. 

One end of the twisted strip (1) should be held by 
an adjustable bracket (4). 1ne other. end should be 
attached to a cantilever spring (5) which applies a 
continuous tensile force on the strip knife-edge (2) 
should be fixed while other edge (3) should be mount
ed to an assembly which should be constrained to 
move parallel to the direction of straiii by the elastic 
hinges tll). Pointer t7) should be attached to the twisted 
strip and indicates strain values on a calibrated scale. 
Screw (6) should permit adjustment of the tension in 
the strip. 

The instrument should be extremely sensitive and 
essentially frictionless and should require very little 
force to operate. Necessarily, its working parts should 
be delicate, although it should be represented as being 
protected sufficiently for outdoor exposure and as being 
sufficiently rugged for application to structures such 
as bridges. 1n any case its use in the Laboratory a~; 
a precision instrument for static strain measurement 
should only be limited by physical dimensions, diffi
culty of mounting or its weight. Normally the instru
ment should be held in place •by means of light clamp-

ing force. The mounting clamp should have sufficient 
spring action to maintain mounting force despite dimen
sional changes. · 

Manufacturer's Specifications 
i: 

Most sensitive Least sensitive 

Gauge length 2" 

Lea<>! Graduations · 

Range 

0·00001" 

o·ooos· 

l Tw1sted slrip 
2 Kmf~ edg~ 
" l<nif~ ed9e 
4·Ad)u.sfabt~ brQc/cd 
5. Confile>'er 6prmg 
6·Scnm~ 
7. Pointer 
8. CltUitc hiYifliU 

0·0005' 

0·02' 

·.··(: 

ss 



:APPENDIX '1·1.12 
SPECIFICATIONS -FOR CARLSON ELASTIC WIRE STRES SMETER 

. The Carls~n stressmeter (PC-800) wit)l a range of 
800 psi which is used in concrete consists essentially of 
a 7! ·inch diameter diaphragm with a strainmetet 
measuring unit mounted on one side. The diaphragm 
contains a murcury illm and the stressmeter is designed 
to measure the compressive stress in the mercury film 
which- is at all times equal ·to · the stress perpendicular 
to tlie face of the diaphragm. The strammeter unit 
is covered with braided fabric to break the bond with 
the concrete. Each meter -is provided with 30 inches 

of 3-conductor rubber covered . cable, for splicing to 
longer cables if necessary. Calibration Data PC-800 
Stressmeter. 

Range psi compression ' 

Least reading stress • 

Least reading temperature 

Weight, pounds 



APPmmxx 1-3.13 
SPECliFICATIONS FOR VffiRATING WIRE STRESSMETBR 

The specifications given hereunder are for Galileo 
type stressmeter. 

The stressmeter essentially consists in the form of 
a capsule consisting of !l base plate of steel to which 
the upper plate is secured. The two plates are con
nected to each other along the circular profile. The 
latter has been designed so as to act as a supported 
plate and it is stiffly locked to . the base plate: Between 
the centres of two plates, the . ·vibrating chord is 
stretched to detect deflections iri functions of the load. 
The electro-acoustic detecting unit is of the normal 
type consisting of a vibra,ting wire and electromagnetic 
unit, suitable for connection to Galileo electro-acoustic 
control hoard. 

The coil of the electro-acoustic detector is also used 
for temperature measurements. A three-pole cable 
protrudes from the capsule for the connection to the 
electro-acoustic central board and to the Wheatstone 
bridge for temperature measurements. 

The main features of the instrument are as follows:..,-
Diameter 239 · 8 mm 
Height (h) 110 mm 
Weigbt About 4 kg. 
Area . . 452 cm2 

Measurement range Upto 50 kiksfcm2 i.e. load 
_, upto 22,000 kilos. 

Measurement Sensitivity 0· 2 kilos{cm2 for each g1 a
duation (i.e. 80 kilos load). 

Capsule deflection with 50 kilvs load about 0·04 mm. 

The capsule is supplied with a calibration diagram 
(the electro-acoustic central board graduations in func
tion of the load) or with the calibration constant (cen
tral board graduations for kg/em•). 

The measurement chord is adjusted on the high 
values of the central board scale (460 graduations) so 
as to grant the whole measurement range. Upper 
screw plug allows any required chord tension adjust
ment. Inside of the capsule is placed a silica-gel drier 
to avoid condensed water effects of the internal air. 
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APPiiNDix I-3.14 
TYPiCAL SPECIFICATIONS FOR. DYDIC GAtJG:B 

The strain-sensitive, wire should be placed along one 
diagonal and an equal amount in series with .it is 
placed along the other diagonal tp cancel the effect 
of . shearing strain on the deformation of the wire. 
This should be accomplished in the commercial stress 
gauge. by. winding the wire. 

Type Nomi- Gage Nomi- Min. Fig. Note3 
nal factor nal trim (see 
resis- ~R/~L gage width below) 
lance --- len-
in R I L gth 

·ohms 

CV.28-3 SOO 2·6 3/4 1 

(1), NoTE:-Thin paper base ,(for rapid solvent elimination). 

J 
tw')IIO 

1_ 

Felt 



APPBNDDc 1-3.15 

SPECIFICATIONS FOR CARLSON ELASTIC. WIRE STRAINMETER 

Carlson SA-10 is the standard strainmeter suitable 
for embedment in mass concrete. It comes fitted with 
a tapped hole (SAE-t inch) for attachment to the 
specified strainmeter spider in case spider is used. The 
SA-10 Strainmeter is designed especially for field Ill· 

stallation and under rugged placement conditions, for 
this reason has a safety stop at the lower limit of its 
range to minimise chances of breakage during embed
ment and transportations. Each meter is provided with 
30 inches of 3-conductor rubber covered cable for 
splicing to longer cables if necessary. 

This meter is in the general form of a long cylinder 
with anchors on the end to engage the surroundinl'( 
concrete. The cylinder is covered with a cloth jacket 
to break bond with the concrete. Within the flexible 
brass cover tube, a steel framework supports porcelain 
spools around which are wound under 100,000 psi ten
sion two equal coils of very fine steel music wire 
0.0015 inch in dtameter. The instrument is designed 
to take advantage of two electrical properties of steel 
wire resistance varies directly with temperature and 
resistance varies directly with tension. 

The two coils are so wound that when the ends· are 
pulled apart the outer or expansion coil elongates and 
consequently increase in resistance, while the inner or 
contraction coil shortens with decrease in resistance. 

The ratio of the resistance of the expans_ion coil divid~ 
ed by the resistance of the contraction coil. which at 
all times is very near. unity, is used as a sensitive 
measure of length change in the strainmeter. · Tem
perature is measured by taking the sum of the resis
tance of the expansion and contraction coils. To eli
sure that corrosion cannot occur the coils are encased 
in a corrugated brass tube which is completely filled 
with corrosion resistant oil. A separate sealing cham
ber is provided per terminating the rubber cover cables 
that connect the strainmeter to the terminal boxes in 

. the galleries. Dimensions and calibration data of 
SA-10 Strainmeter are as under';.-

Range in expan ion millil·n1hs (minimum) 
Range in con raction millionths (minimum) 
Least reading s'rain millime re (approx.) 
Lea~t reading tempera~ure 
Ga,uge length 
Flange diameter 
BodY. diameter 
Tapped for spider 
Safety stop 
Weight • 

•. 

400 
'800 

3•8 

O·loF 
to• 
1·25. 
1 ·1.5' 
Yes 
Yes 
1·6lbs. 
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A:PPBNDIX 1•3:16 

SPECIFICATIONS FOR MAIHAK VIBRATING WIRE STRAINMETER 

The vibrating 'Wire type strainmeter designated as 
Transmitter MDS-53", essentially consists of an anti-

. corrosive protective water-proof cylindrical casing, 
with anchors near each end to engage the surrounding 
concrete, containing a pretensioned steel wire and an 
electromagnet. · 

When the wire is plucked it oscillates with damped 
natural vibration and an alternating current is induced 
in the magnet circuit. This signal has the same fre
quency as that of the vibrating wire. 

Change in the length of the wire (strain) produces 
corresponding change in the natural frequency of the 
wir! and hence in the frequency of the signal. Thi~ 
change of the wire frequency can be read off on the 
receiVer, by an appropnate tuning in method and re
presents an indication of the changed strain in th,. 
object· under measurement. 

measurements is not affected by the fluctuation of 
electrical values such as voltage, current, resistance 
or capacity . 

The ·cylindrical casing is rugged enough to with-
stand shocks during embedment. · 

For measurement of strains in· the interior of con
crete structures transmitter MDS-53 is used and has 
the following manufacturer's specifications :-

Gauge length // · -~ .. 5 em 
Sensitivity strainjsc. divn.=3 x 10=8 ern/em 

The standard type of this transmitter is pressure
water tight up to 15 atmos. 

For measurement of surface strain, Maihak trans
mitter MDS-56 is used. Manufacturer's specifications 
are as under :-

Gauge length = 11.4 em 
The strainmeter is connected by a special measuring Sensitivity strain/sc. divn. = 2.5X 10= • cmjcm. 

cable Type· GG, 2 X 1.5 mm to the receiver or central ' Protective casing for water proof installation as for 
measuring station. The accuracy and reliability of MDS-53. 
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APPENDIX 1-3.17 

TYPICAL SPECIFICATIONS FOR SR-4 STRAIN GAUGE 

Basically, the SR-4 Strain Gauge consists of about 
5 in. of 1-mil wire cemented between two pieces of 
thin paper. The paper serves as a carrier for case 
in handling the wire and also acts to insulate the wire 
from the metal surface on which it is to be bonded. 
The wire in the gauge is actually in the form of a grid 
consisting of a series of long, parallel loops (see Fig.) 
below. 

In the manufacturing process this grid is lowered 

·Dimensions of Typical SR4 Gauge 

Dimensions Gauge Resist-
(inches) factor ance 

,-----A.----. ohms 
Length Wi-

,.---"'---. dth 
Gau- Pa· min. 

gc per 

Output 
milli
volts 
per 

&aU&C 

Temperature Remark.• 
Max. dea.F. 

Static Dyna~ 
mic 

,; 

----··-------------
into a piece of thin paper and fixed in place with a 0·062 0·56 0·12 
suitable cement, large diameter loads are then welded 

1·7 60 2·5 :f: 17 S + 200 F orstrcss 
analysia 
ofamall 
filletR. or soldered to the two ends of the grid wire, and a 

second piece of the paper is cemented over the wire. 
On some strain gauges a protective layer of felt is 
used to cover the top side of the gauge. 

Felf 
fllomen fs 

Cement 

Sectional view with vertical 
dimensions {ExoggeYofed) 

Fiat Grid consfrucfion 

12-3 CW&PC/66 
6:.1) 



APPENDIX 1-3.18 

SPECIFICATIONS FOR CONCRETE GAUGE 

The principal ·components of a concrete gauge (or 
concrete deformation pick up) are a constant measur
ing wire, a temperature-compensation wire, a measuring 
cable and a screening tube. Measuring and compq~.
sation wires (SR-4 gauge type ref. Appendix 1-3.17) 
connected in series and fixed to a paper support are 
enclosed in an hermetically sealed silver screening 
tube which protects the measuring element from 
moisture and the corrosive effect of weak concrete. 
The measuring cable connected to the element is a 
two core cable of extremely good electrical_properties, 
highly resistant to chemical influences. The cores ill 
a braided rubber jacket are surrounded by P. V. C. 
sleeving. As temperature influences strain gauge sensi
tivi~y. a .cof!Ipensatory element is ~uilt in. The pick 
up IS· built mto a small concrete tile or rod the con
crete having a composition of one part cement, two 
parts sand and .three parts gravel (dry weight) the 
water cement ratio can vary between 0.6 to 1. The 
size of the gravel must not exceed 5 mm. This pre
vents mechanical damage to the pick up, permitting 
long term measurement in concrete. 

Technical Data 
Resistance 

Gauge factor (K-factor) 
Tolerance of the K-factor 
at and tolerance of at . 

Highest permissible temperature 
Measuring current 
T~mperature compensation 

Modulus of elasticity of the pi<:k up 

Form factor 
Dimensions 

Length of the measuring grid approx. 
Length of the pick up approx .. 
Width approx. 
Average thickness • 

120 ohms ± O·S 
ohms. 

approx.2·0 
±l·S% 
-11 ± micro strain toe 
60°e 
lOMA 
From -10 to -40 

oe max. deviation 
1 micro strain 
toe. 

40 to 60 oe max. de
viation 1 · S micro 
strain/ oe. 

Approx. 34S ·OOOkgf 
em• 

L/R-approx. 13S 

Smm. 
200mm. 
12mm. 
0·2-0·4mm. 



APPENDIX 1-3.19 

SPECI'FICATIONS FOR HYDRAULIC PIEZOMETERS 

General Description 
The hydraulic piezometer installation is comprised 

of twin-tube well by plastic tubing, filled with water. 
Pressures are transmitted from the piezometer tip 

, through the water filled tubes and are observed on 
the gauges. The valves, pump, water supply tank. 
water filter unit, air trap and other accessories are 
installed in the terminal well to circulate wat~r in 
the system and measure pore water pressures. 

Material Specifications 
Embankment and Foundation type piezometer tips 

shall be Bureau (USBR) type fabricate~ in accordance 
, with details on U.S. Bureau of Reclamation drawing 

No. 40-D-5922 and 40-D-5819 respectively. The mate
rial specifications for components of the tips are as 
follows:-

(t) Brass inserts for plastic tubing-Brass inserts for 
5/16 inch outside diameter by 1/16 inch wall thickness 
plastic tubing shall be equal to Parkar fittings insert 
No. 5-T23 UI-B, Catalogue No. 4324. 

(ii) Keeper Plate-·1-3/4 inch diax 1/4 inch thick. 
This shall be of polypropylene plastic or hard board 
material. 

(iii) "0" Rings-1-1/4 inch O.D. by 1 inch I.D. 

These shall be of Nitrile rubber equal to Garlock 
Synthetic No. 24849-19: Garlock Inc. Denver, Colo
rado. 

(iv) Filter disc-I inch diameter by 1/4 inch thick. 

The filter discs shall ·be made of a porcelain material 
equal t? the P-3 porcelain manufactured by the Coor!l 
Porcelam Coml?any, Golden, Colorado, having an 
average pore diameter of 1.3 to 2.0 microns. Tole
rances on the filter discs shall be 0.005 inch for dia
meter and thicknesses of the disc, except that a break
~ff on corners and in the radius of the cutaway por
tion of the disc of 1/32 inch will be permitted. 

(v) Screws-Screws shall be stainless steel, oval
head No. 4-40 (Conforming to American Standard) as 
shown in Drawing 40-D-5922. 

OR 
. Scre'Ys shall be stainless steel slotted round head, 

dnl!enswns conforming to 18 X 10, IS-1366-1962 and 
stamless steel ~aterial conforming to IS-1570-1961 
~rade 07_ Cr .. N1, as shown on any of the piezometer 
lip drawmgs. 

If ~he tip body is. of brass material, the screws of 
the dimensions mentioned above shall also be of the 
same matetial. 

(VI) End Plate-As shown on the- drawing. The 
end plate shall be of stainless steel material either 
used by USBR or conforming to IS-1570-1961 grade 
07 Cr .. Ni. and of 18 gauge (0.050 inch) thickness. If 
the tip body is of brass material, the end plate shall 
also be of the same material. 

(viz) Tip Body-l-3/4 inch diameter. 
Tip body shall be of 1-3/4 inch diameter and of 

polypropylene plastic material or of brass material spe
cified under ASTMS 145 or any commercial quality 
available. The length of the body shall be as 11hown 
on the drawing No. 40-D-5922 or 40-D-5819. 

(viit) Compression Type Elbow 45°-Required for 
joining 5/16" O.D. plastic tube to 1/8 inch Std. pipe. 
Compression type brass elbow 45° shall be of brass 
material, male type complete with nuts and ferrules; 
equal to Parker fittings Ridg-lok male elbow 45°, No. 
5-VBU8-B-Catalogue No. 4323. -

. _(i~) Compr~ssion Type· Connector-Required for 
JOmmg 5/16 mch O.D. tube to 1/8 inch pipe. The 
connector shall be of brass material; male type com
plete with nuts and ferrules; equal to Parker fittings: 
Ridg-lok male connector No. 5-FBU8-B Catalogue 
No. 4323. 

• (\X) Pl~tic ~ubing-Plastic t~bing shall be of 5/16 
mch outside diameter by 1/16 mch wall thickness and 
shall he manufactured from polyvinylidene chloride 
(PVNC) plastic material which shall meet the dimen
~ional and average physical properties described 
?elow. The material of plastic tubing is the same as 
IS used bY. ,USBR in the piezometer installations of 
earth dams. The plastic material used for extrusion 
of the tubin~ shall be homogeneous, virgin plastic and 
shall contain no /foreign substances other than an inert 
colouring agent. 

Dimensional tolerance~Tubing shall be conditioned 
for 24 hours at 73°F. and 50 per cent relative humidity. 
Average of six readings taken at different location on 
specimens. 

Mean outside diameter . 0 · 315 inch, plus 
0·005 inch, minus 
0·010 inch. 

Wall thickness 0·060 inch, plus 0·005 inch 
minus 0 · 005 inch. Cut sec
ti?n of tubing <?Pen length
Wise, use pomted head 
micrometer to reduce effect 
of curvature of tubing on 
measurements. 
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REPORT OF THE COMMITTEE ON INSTRUMENTATION FOR. DAMS AND HYDRAULIC' STRUCTURES 

Physical properties: Average of three specimens. 
Tests shall be conducted in accordance with ASTM 
Oesignations where referred to below : 

Shore durometer (Type D). 65 minimum under ini· 
tial application, 60 minimum after 15 seconds. Split 
tubing lengthwise, conduct test on stack of four 
1plit pieces of tubing ASTM Designation:· D-1706-61. 

Water absorption: 0.05 per cent after 24 hours im
mersion, maximum. Scrub specimens clean with water 
and cle'aner, condition at 50 plus or minus 3 oc for 
24 hours. Wipe and blow dry after immersion. Speci
mens shall be 5 inches long ASTM Designation: D· 
570-59aT 

Boiling water: Place specimtlns in pan of boiling 
distilled water for 5 minutes. Inspect for deterioration 
and whitening. Use same specimens for rupture 
strength test as described below. Specimens shall be 
1 1 inches long. 

Gas trans:Wssion: Average transmission rate of 1.0 
ca. em. per sq. m 24 hr. atmos., corrected to standard 
conditions, maximum. ·Test gaS shall be carbon 
dioxide. Tests conducted on suitable flat specimens 
of 1.00 thickness, moulded from the same plastic mate
rial used in the tubing, test temperature 73°F. ASTM 
Designation : D-1434 (Proposed Revised 1963.) \ 

Cold bend: Without collapse or rupture withstand 
a 360° bend around a 2-inch-diameter mandrel: Con
dition specimens and mandrel for 3 hours at 25°F. 
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and conduct test at 25°F, Bend tubing against the 
curve of the .coil. Use same specimens for rupture 
strength test as described below.. Specimens shall be 
12 inches long. 

Rupture strength: The rupture strength shall be deter
mined for virgin specimens, boiling water specimens 
and cold bend specimens as prescribed below and in 
ASTM Designation,: D-1599-62 T. 

Tests shall be conducted in air at 73 °F. Specilnens 
load from zero to bursting in 60 to'75 seconds. 

Virgt!n Specimens: 1,400 pounds per square inch, 
ninimum, ultimate ruptur& strength Specimens condi· 
tioned 24 hours, in air, at 73°F. 50 per cent relative 
humidity. 

Boiled specimens :. 80 percent minimum of ultimate • 
rupture strength.. Specimens shall be cooled normally, 

. 'n air., to 73 °F. 

,Cold bend specimens: 90 per cent minimum of ulti
mate rupture strength. Specimens shall be warmed 
normally, in air, to 73°F. 

Colour : Light yellow or amber. Semi-opaque tubing 
is desired, but is not required. 

The ends of each coil of tubing shall be crimped 
or sealed prior to shipment. Tubing shall be shipped 
in 30-inch minimum diameter coils or spools. having 
a minimum of 1,000 feet of tubing per coil. 



APPENDIX 1-3.20 

SPECIFICATIONS FOR CARLSON RESISTANCE THERMOMETER 

Carlson Resistance Thermometer (TM-1) is especially 
designed and constructed for embedment in mass con
crete. It consists.of a coil of c.opper wire wound non
induc~ively on an insulating spool in such a way that 
there will be no appreciable-strain changes as the tem
perature changes. The entire active element is encased 
in a soldered brass case to prevent the entrance of 
moisture, and the element is further protected by 
filling the inside of the case with joint sealing com-

p.ound. All ca:rlson thermometers have a uniform 
resistance of 39.00 ohms at 0 degree F, and they 
change exactly 0.10 ohm per degree. 

Each resistance thermometer is supplied with 30 
inch<:s of 3-conductor rubber cover cable size 16, type 
so. 

Range 
Least reading 
Weight 

O'F to 180°F 
0.!0°F 
0.5lk 

65 



APPENDIX I-3.21 
SPECIFICATIONS FOR THERMOCOUPLES 

Thermocouple essentially consists df two dissimilar 
metal wires joined at ends to form an electrical circuit. 
Two pairs of thermocouple wire material widely used 
for the measurement of temperature in concrete are :-

Wire size should be such as to provide adequate 
sensitivity, sufficient strength, flexibility and durability 
to withstand the rough handling during embedment 

-operations and rugged exposure conditions. Wire. 11ize 
A WG 16 or 18 is preferable. (i) Copper--Constantan : for use for low tem

perature range ( -300° to 500°F) possesses 
relatively high thermo-electric power (average Insulations of the th~;rmocouple element should be 
23.8 micro volts per degree F in the range such as to provide positive and permanent protection 
32° to 21ZOF) and is resistance to rust and against moisture penetration at the thermocouple 'june
corrosion. tion and along the entire length of extension cable in 

(ii) Iron-Constantan : widely used for inter- order to reduce the possibility of spurious voltaic 
mediate range (O-l000°F) has a nearly uni- effects. Conductor insulation and sheath of cable to 
form and higli thermo-electric power (30 be embedded in concrete must be rubber (natural or 
micro volts per degree F in the range 3ZO to _ synthetic) or polyvinyl plastic, preferably polyvinyl 
212°F) mechanically strong and tough, and of plastic under moderate temperature conditions (upto 
moderately low thermal conductivity. 175°F). 

Thermocouple junction may be formed by joining 
the bared ends of the insulated conductors of the 
jacketed extension cable. Conductor wire may be either 
solid or stranded. 

The wires should be available in quantities sufficient 
to avoid the necessity for making splices in any single 
thermocouple extension cable. 
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1·0 OBJECTiVES OF INSTRUMENTATION 

Dams and related works are built to last many 
decades, and form key structures to the development 
of river basin potential for irrigation and power gene
ration. Inherent in the reservoir water storage are 
tremendous forces which the dam is expected to with
stand throughout its operation life. 

Consideration of the disastrous effect of the failure 
of a dam in terms of loss of life and property and 
the negation of planned benefits of the projects, make 
it imperative that means. are ava!lable in the dam 
for providing information on contmued assurance of 
its safety. 

The objectives of instrumentation are two-fold. The 
instruments embedded in, or installed at the surface 
of, dams and other hydraulic structures keep a cons
tant watch over their performance iii service and in
dicate the distress spots which call for remedial mea
sures. Thas these instruments play an important role 
in checking the safety of the structure. 

In addition to serving the purpose of telling the 
"health" of the structure, the observation· from the 
instruments form a cumulative record of the structu~ 
ral behaviour. The study of structural behaviour pro
vides an important aid in modifying purely theoreti
cal treatment so as to include the effect of actual field 
conditions. Most hydraulic structures are built on 
rather conservative assumptions to provide for the 
"unknowns" in the design. Observations from the 
instrumentation help reduce these "unknowns" and 
place the future designs on sounder footings. 

The information obtained through measurements 
promotes the understanding of the influence of 
various parameters on the structural behaviour and 

leads to formulation of more reaiistic design criteria. 
. A. few typical examples of the utility of obserVations 

are given below :-

(a) Measurement of uplift at the base of con· 
crete dams built by U.S.B.R. over long 
period of time led to development of the 
present U.S.B.R. "Uplift Criterion" applicable 
to concrete dams with a grout curtain and 
foundation drainage curtain downstream, 
whereby uplift head prevailing at the line of 
drains is assumed to be one-third of the net 
head. 

(b) Study of results of analysis of strainmeter data 
in Shasta Dam (USA) revealed the influence 
of columnar method of concrete dam cons
truction on the distribution of vertical stres
ses establishing a non-linear distribution. This 
factor: has now been included in the stress 
analyses procedure for computing stresses as . 
corrected for construction programme. 

(c) Detailed study of the long time pore pressure 
measurements in rolled earth dams has led 
to the better understanding of the develop
ment of pore pressures and the factors influ
encing such development and formulation of 
more rational relationship amongst the vari
ous parameters involved. The present slope 
stability analysis procedures include this new 
concept for evolving more dependable and 
safer rolled fill high earthen embankments. 

(d) A study of temperature distribution in con
crete dams, particularly concrete arch dams, 
has led to the identification of thermal load 
influence on the overall structural b~haviour. 

3 



:i.O NATURE OF MEASUREMENTS AND 'tHEIR PURPOS£ 
I • 

·. In order t? achieve the objectives of instrumenta
tion as descnbed under para 1.0, it is of extreme im
portance tha~ a systematic and complete plan of vari-

. ous ?~servations/measurements must be prepared for 
obtammg as complete an information as is possible 
regardffi:g. the various . internal or external. permanent 
or proviSIOnal loads, influencing the structural beha
viour of dam and its foundations, and factors indis
pensable to interpretation of the results of such mea
surem~nts. Measurements should be planned foz: the 
most rmporta';lt zones of the structure. Planning of 
measurement Is made taking into consideration the re
s~ts. of the analytical and experimental (model) inves
tigations, as also of the studies of the foundation and 
its specific problems, the investigation of which is 
considered of interest at the time. Various types of 
measurements made on previously built similar stru<;-· 
ture can aid in planning the necessary types of mea
surements for obtaining the needed information. It 
is essential that the various measurements made on the 
structure should be so planned as to provide informa
tion, not only of the individual components of struc
tural action but also of the integrated structural per
formance of the structure and its fqundation. 

The planned measurements must provide for mutu
ally checking inforn:iation for establishing reliability of 
similar results, obtained from different methods of 
measurements, by comparative study, of such results. 

The nature of measurements and tests to be carried 
out on any structure will depend upon its dimensions 
namely height, t-hickness, span to height ratio, difficult 
foundation conditions. 

However when working out a plan of observation, 
the cost of the equipment, of the observing personnel, 
an~ of the processing of observed data and interpre
tation of the results should be considered in relation 
to the cost of the dam and its situation. Limitation of 
cost of instrumentation in a structure may be a deter
mining factor in deciding the types of measu·rements 
to be made on a given structure. 

It is obvious that the methods of measurements. ins
~ruments, staff employed for observation and process
Ing of observed data,· and interpretation of results must 
be of a calibre needed to achieve useful results under 
the inevitable variability of conditions. 

2.1 CONCRETE AND MASONRY DAMS 

For observations of a concrete/masonry dam, a fully 
complete set of measurements as mentioned above is 
listed below. These measurements are grouped under 
three headings as under :-

4 

(a) Measurements indicative of structural beha
viour i.e., effects of loadings. 

(b) Measurements of external loading. 

(c) Me!lsurements of properti~s i.e., laboratory re
qurred. for processing of observed data . 

2.1.1 Measureunents Indicative of Structural Behaviour 
i.e., the Effects of Loading 

2.1.1.1 Dam displacements in relation to points on 
ground (external) 

(i) Horizontal components. 

(ii) Vertical components. 

The observation of ~he displacements of points on 
t~e structures, foun~abon and .abutments, provides the 
simp~est _and so~ellmes sufficient means for providing 
positive mf?rmation for ascertaining the overall struc
~ural behaviOur of the dam and foundations under the 
lmposed loading conditions. 

A_s concre~e and masonry dams, whether these are 
straight gravity or arch gravity, are constructed in 
b~ocks, separated by transverse joints, observations of 
diSp~acements _o_f the individual blocks under varying 
loadmg . con?Jtions reveal sudden and significant 
c~ang~ m ~Is~l~cements, resulting from local founda
tion discontmuiiies, and thus aid in determining the 
appropriate time for remedial measurements such as 
grouting of transverse joints, so ·as to ensure an inte
gral and monolithic action of the structure and favour
able spread of load on the foundation. 

Trial load analysis of concrete daDIS is based on 
the overall deflections of the elements of the dam 
under specific loading conditions ; ··measurements of 
deflections of the prototype structure would serve as 
a useful check on the analysis. No satisfactory compa
ris~!l between theoretically computed and actually pre
vallmg stresses in dam is possible unless actual dis
placements of the foundation, and their relationship 
with the mechanical properties of foundation rock as 
well as the influence of such displacements on the 
behaviour of the dams is detected. 

. Me!lsuremet;~ts made on the ~oundation of dams pro
vide mformatlon to be used m control of displace
ment, inclination and distortion of. structures. These 
are taken into account when installing equipment. de
termining the required structural safety, evaluating the 
working conditions of specific structural members and 
ascertaining the nature of settlement as time goes by. 

Study of trends of foundation displacements under . 
various loading conditions can aid in estimating the 
stability of the foundations. when there 'is consistency 
in the extent of deformations and the way deformations 
evolve and die out with time, and there are no sudden 
and significant discontinuities in the trends. 



NA'l'URE OF MEASUREMENTS AND THEIR PURPOSE 

Dependent upon the amount and type of related and The absolute horizontal displacement of points in 
supporting information available, displacement data the interior of the dam can be measured by installing. 
can be used for determination of elastic and physical an inverted plumb line, which affords fastest, simplest, 
properties of concrete and its supporting foundations, cheapest and most precise system, for such measure
particularly when the imposed loading has cyclic ments. Vertical displacements of the foundation can 
character. be measured by deformation meters and also by settle

The absolute displacement of a dam may be measur
ed by Geodetic methods. The measurement of abso
lute horizontal displacements of points in the dam and 
its foundation in relation to points on the ground, is 
made by triangulation, by using precision theodolite, 
most commonly used being WILD T3. The vertical 
components of the absolute displacements are measur
ed by precise levelling using WILD N3 precise level. 

The telemetric measurement net work must neces
sarily rely upon stable datum points, not apt to be 
influenced by dam-reservoir loading, so that they can 
be considered as fixed for the purpose. By judiciously 
choosing these datum points, accu·rately measuring 
base line lengths and verifying the conservation of the 
scale and tbe orientation of the angle measuring device 
by appropriate means, precisions ranging from 0·5 to 
I ·O mm can generally be attained in the determination 
of the absolute positions of the absolute marks and 
from 0·2 to 0"4 mm. in the measurement of their rela
tive positions. To achieve such precisions, many pre
cautions must be taken and extremely skilled operators 
are required. 

The geodetic method has the advantage of measur
ing abs:>lute displacements with a high degree of 
accuracy but it involves complicated calculations which 
require considerable time. 

The delicateness of the triangulation system, the 
~ost a~d the laborious calculations it involves prevent 
Its bemg annually repeated a number of times 
that is sufficient an~ necessary to provide an aCCJlrate 
check on the behavwur of the dam. This is particu
larly true when the actions exerted on the structure 
change rapidly. Triangulation, therefore, should be 
c~mfined to seasonal operations and supplemented by 
SI~pler a_nd faster observations system. Moreover. 
tn!lngulahon should also be limited in spac.: because 
gnd~ _of great extension cannot warrant an adequate 
precisiO~, comparable with that given by other me
thods, smce th~ errors spread very rapidly. Use of 
photogrammetry for the meas!-lrement of displacement 
surveys has been made but IS not common practice 
on account ?f abundant difficulties in respect of equip
ment operation and subsequent analysis. 

Another ins_trument used for absolute displacement 
measurement Is Mekometer. The distance is measur
ed. by means of a modulated light-beam. The modu
latiOn frequ~n.cy used at present ensures an accuracy 
of a few nulhmetres. 

Displaceme_nts ?f points on top of dam may be mea
sured by c?lllmatwn method (Slide target method) but 
th.e end ~mts !lave to be connected to an outside 
tnangulallon gnd. 

ment measuring devices. 

2.1.1.2 Displacements of points in relation to other 
points in the Dam (Internal) i.e., relative displace
ments. (Horizontal Components) 

Measurements' of relative displacements of points 
in the interior of 'dam provide the · fastest. simplest, 
most precise and direct method of watching the struc~ 
tural behaviour of the dam. Measurements of struc
tural deformation over a considerable period of time 
(several years) furnishes information regarding the 
general elastic behaviour of the entire structure and 
foun~ation and provide a means for determining the 
el~stiC: s~ap~ of the deflected structure which will per
mit distmc~I~n of l<?ad a.nd thermal deflection compo
nents and with precise alignment data, provide for esti
matipg the amount of translation or sliding. 

_Deflection cy~les of remarkable uniformity in am
plitude and penod become clearly evident from the 
inltiation of observations and any deviation is appa· 
reht. and study of these deviations help in detecting 
development of distress conditions in structure or 
foundation. 

Dependent upon the amount and type of related and 
s.upporting information available, plumb line observa
tions can be used for ascertaining the elastic and 
inelastic physical properties of the concrete and 
foundation rocks. 

R:e!ative displacements are measured by means of 
collimators and by the use of plumb lines with _pendu
lums placed inside a shaft in the dam, measunng the 
displacements of the wire normal to and parallel to 
dam axis (radial and tangential direction in case of 
arch dams) in straight gravity dams, with respect 
to fixed points in the shaft. 

Though the measurement of displacement by pen
dulums is restricted to significant individual point or 
change of direction of significant lines, pendulums are 
the foremost instruments for the observation of beha
viour of dam. 

Using improved optical coordinometers, micr0meter 
microscope, accuracy as high as two thousandth of an 
inch can be obtained. 

2.1.1.3 Measurement of Tilt (Rotation) 

The measurement of tilt (rotation) is made to deter· 
mine displacements. .It is, however, an indirect method 
as to obtain displacements, it is necessary to integrate 
the rotation diagrams. 

5 
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The rotations usually measured are those taking As most of the design methods are based on limit-
place in vertical planes as these can be easily made ing the stresses, the observation of real stresses deve
with air-bubble clino-meters, inclino-meters (tilt-me- loped in structures is essential for the assessment of 
ters). the structural behaviour, improvement in design me

thods or to the control of safety. 
The rotations about vertical axis can only be de

termined indirectly through the measurement of hori
zont~l displacements. The clino-meters are mounted 
on suitably designed bases, fixed in the gallery walls 

'in the longitudinal and transverse galleries provided 
in the dam. 

2.1.1.4! Measure1~1ent of Stresses 

Direct measurement of stresses in dams is of the 
greatest importance, from the view-point of watching 
the structural behaviour of dams and foundations, veri
fication of the stresses obtained by experimental ·and 
analytical methods, and for establishing the actual 
stress distribution) patterns, resulting from imposed 
loads. Study of deviations in actual stress distribution 
patterns from the theoretically derived ones aid in dis
tinguishing the influence of factors and phenomenon 
not considered in the analytical and experimen~l in
vestigation and such findings can be advantageously 
used for improved and economic design in future. 

Inconsistencies or discontinuities or sudden and sig
nificant changes in the continuous stress plots indicate 
developing . foundation . deformations, valley adjust
ments or distress condition in the structure and when 
studies in conjunction with continuous record of mea
s~ements of the. instruments in ?am, provide· appro
pnate advance signal for ensurmg timely remedial 
measures, if warranted, to arrest distress trends from 
attaining adverse proportions. 

Stresses are measured by embedding stressmeters of · 
the Carlson type or the v_!brating wire type. 

The stress-meters afford the - advantage of direct 
measu.rement of stresses, eliminating the involved and 
time consuming processing of data recorded by strain
meters, requiring knowledge of the mechanical proper
ties of concrete, such properties, beside being complex, 
generally show important variations from point to 
point and also change with temperature and other 
conditions of concrete~ But it suffers from the disad
vantage that it can measure only ·compressive stresses 
and not tensile ·stresses. 

Not only special care has to be taken for installa
tion of stress-meters bul these are also very costly. · 

On account of the heterogeneity of the stone ma
sonry direct measurement of stresses by use of stress
meters cannot be made. 

2.1.1.5 Measurement of Strains 

Measurement of strain in concrete is made by em
bedding strainmeters. 
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As the device developed and used to record stresses 
directly is not capable of recording tensile stresses, 
besides being very expensive and requiring much more 
~are fo~ i~stallation than that required for strain-meters, 
m maJOrity of cases, it is necessary to detennine 
stresses fro~ strai~s. For this. reason the techniques 
for measunng strams are very Important. 

The apparatus must be delicate, possess stable 
characteristics for long-term observations, since in 
dams there are loadings which develop slowly, such 
as the weight of dam itself, the hydrostatic pressure 
on the dam, the settlement. of foundations. tempera
ture variations in a thick element, shrinkage of 
concrete. 

All strain measurements i~ concrete . are made with 
apparatus placed inside the concrete as measurement 
of deformations in points far from the surface has the 
advantage of avoiding disturbances due to the surface 
cracking of concrete. When measurements in the in- ' 
terior are made, special attention must be paid to the 
shape and rigidity of the strain gauge so as not to up-
set the strain to be measured. · 

To meet the requirements of limiting the length of 
the strain gauge and giving it a high deformability in 
order to guarantee that the gauge will follow the de
fonnation faithfully, without the necessity of large 
stresses developing between the strain gauge and mate
rial in which it is embedded, strain gauges with ratio 
between length and diameter varying between 5 to 10 
ar.e usually used for observations of strains in concrete. 

Depending upon whether two-dimensional or three
dimensional fields of stress are required to be observ
ed, strain-meters rosettes for recording two-dimen
sional or three-dimensional strains, consisting of 6 and 
9 meters respectively. are embedded in concrete. 

Duplicate meters are provided along three principal 
axes to improve the reliability of results and to allow 
determination of stress, field even when some meters 
become inoperative or erratic. 

"No stress" strain-meters are installed for measure
ment of concrete deformations due to autogenous 
growth, moisture content, shrinkage etc. for effecting 
necessary corrections in the observed deformations, 
with a view to obtaining strains, as resulting from 
stresses only. Measurement of strains near the upstream 
and downstream faces of the dam are made for deter
mining the strain gradients near the ~urfac~s of struc
tures. These measurements aid in determination of elas
tic properties of the in situ concrete. 

Strain measurements made by installing strain-meters 
at varying depths into the foundation under the 
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dam provide information on the foundation deforma
tion behaviour and data can be used for assessing the 
elastic and in-elastic properties of foundation rock. 

Continuous record of strains, in dam concrete and 
foundation can give direct indications of structural 
adjustment in foundation and dam, and distress con
dition developing, by the presence of discontinuities 
and sharp and sudden changes in the time plots of 
strains. 

Measurement of strains in the penstock liners and 
reinforcement around penstock openings or other 
openings in dlfm, provide information on the progres
sive development of stresses in these parts and magni
tude of stresses actually prevailing under operatmg 
loads. This information can aid in improvement in 
the design of penstock liners tmd reinforcement 
around such lined openings. 

' 2.1.1.6 Uplift in the Body of Dam (Pore Pressures) 

Stress and stability analysis of masonry dam (con
crete or stone masonry) is carried out by considering 
the existence of uplift across every horizontal plane, 
having uplift intensity distribution in accordance with 
the design criterion in practice. The effect of the 
uplift is to induce instability on account of the result
ing buoyancy in weight of material in dam, above the 
horizontal section under consideration. However, con
crete even though not completely impervious, has a 
very low penneability and as such pore pressure 
development in concrete mass subsequent to reservoir 
filling would be very slow. In the case of stone 
masonry dams the permeability will depend upon 
heterogeneity of the masonry and accordingly pore 
pressure development may be at slower or faster rate, 
even though the operating heads in the case of stone 
masonry dams would be much smaller compared with 
those to which the high concrete dams are subjected. 

' 

. Pro_yision . of arrays of electric resistance type or 
v1bratmg Wire type pore pressure cells in concrete/ 
~aspnry at different elevations, and spaced at suitable 
d1stanc~s from the upstream face, would provide in
formation on the rate of penetration of seepage (per
meability) into the concrete/masonry and on the deve
lopment of pore pressure. 

Sinee large concrete dams are provided with row 
of internal formed drains located a few feet down
stream from the upstream face, record of the pore p:es
sure development and its variations would indicate 
the effectiveness and adequacy of these drains. At 
!he same time, any sudden and significant variations 
m the pore pressures development may be indicative 
of SO!fie structural damage or deficiency in. the dam 
matenal, such as crack formation or porous concrete 
:espectively, warranting timely remedial measures be
mg undertaken. 

On account of tTie slow penetration of the reservoir 
water in the concrete pores the stability of the Carlson 

type meters for long-term observation has not yet been 
ascertained. 

2.1.1.7 Temperatures of the Dam Interior 

In concrete dams, particularly the massive ones, 
volume changes, resulting from temperature changes, 
-have been considered responsible for most of the 
cracking and thermal stresses in concrete dams. These 
temperature changes result from the heat of hydration 
of cement in concrete and the annual seasonal changes 
radiant heat etc. 

To minimise this cracking, large straight gravity 
and arch gravity concrete dams are made in blocks 
separated from each other by transverse and.longitu
dinal contraction-joints and cooling of mass concrete 
is resorted to, to enable each monolith to attain its 
minimum volume, when stable temperature conditions 
are attained. To restOre the dam to its monolithic 

- state for integrated behaviour, contraction-joints are 
grouted with cement grout, when maximum joint 
openings become available, resulting from mass con
crete cooling operations. 

Thin arch dams. however, have radial transverse 
joints but no circumferential joints, like those in arch 
gravity dam, but temperature load is most significant 
in case of thin arch dams. 

The principal purpose of the temperature measure.. 
ments in concrete dams, is to aid in control of cool
ing operations, and construction programme and in 
conjunction with the joint movement measurements, 
to choose the best time for grouting the contraction 
joints. 

Subsequent to the completion of contraction joint 
grouting, measurements of temperatures would pro
vide the necessary information for establishing the 
the~mal stability of the structure as influenced by the 
air and radiation temperatures on the downstream 
face and the reservoir water temperatures on the up
stream face. 

As temperature variations are among the import
ant loadings on concrete structures from the point of 
view of displacements, joint openings, strains, and 
stresses, accurate measurement of temperature at 
various points in the dam is indispensable for inter
pretation of the results of these measurements. Mea
surements of temperature in concrete aro_und the 
openings in dam for conveyance of reservorr water, 
would aid in establishing the zone of temperature gra
dient. This information can be used to check the 
assumption of temperature change. adopted in the 
design of reinforcemetlt around opemng and may lead 
to economical design >Of reinforcement around 
openings. 

Inconsistencies in the record of temperature mea
surements would be indicative of some unusual occur
rence in the structure and necessitating initiation of 
appropriate measures for control of the same. 

7 
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Temperature .measurements may be made by em
bedding resistance thermometers (Carlson) or thermo
couples or vibrating wire type (Maihak or Telemac) 
thermometers and thermis~ors. 

2.1.1.8 Joint Movements 

Measurements of joint movements are made to 
determine, in conjunction with the temperature mea
surements during cooling of mass concrete the best 
moment for grouting of the contraction joints. As 
mentioned in para 2.1.1.7 grouting of joints is done, 
when the joints have opened to their maximum, as 
grouting done at any other time, can endanger the 
safety of the dam on account of resulting impaired 
monolithic action and structural integrity. 

Subsequent to the completion of the grouting of 
contraction joints, measurements of joint movements, 
provide information regarding ~he behaviour of the 
grouted joint and in interpretation of the results of 
observations of structural behaviour of the dam. 

Measurement of joint movement inside the dam is 
made by joint-meters of resistance type (Carlson) or 
vibrating wire type (Maihak or Telemac) and those 
at surface by strain gauges. Sliding of the joints at 
the faces is measured by detachable gauges like Whit
temore and Marion type. Progress in cracks can be 
assessed by crack detectors which are simply long
gauge joint meters. 

2.1.1.9 Seepage (Infiltration) 

In order to reduce seepage and uplift pressure under 
t!:te· dam foundations, grout curtain is provided near 
the ufs face for a considerable depth--below the base 
of dam. This provides a comparatively watertight 
barrier to percolation from reservoir. A few feet d/s 
of this' grout curtain, is provided a drainage curtain, 
by drilling a line of holes from the foundation gallery 
and tunnels in the abutments, to intercept any seepage 
that paSses d/s of the grout curtain. Measurement· of 
seepage and uplift d/s of the grout curtain pro
vide a direct indication of the adequacy and effective-

1 ness of the grout curtain, drainage curtain and func
tioning of the drains, and reveal when and where 
remedial measures may be required .. Observations of 
leakage from contraction joints (ungrouted), lift joints 
and cracks provide a means for judging the quality 
of workmanship as well as disclose the necessity for 
corrective measures. to preserve the integrity of the 
structure. Study of seepage and uplift also provide 
information about· the ()ver-all state of the grouting, · 
and sudden changes in the recorded trends indicate 
need for remedial measures in specific areas. See
page measurements made at various locations. in the 
foundations and abutment may kdicate need for in
creased drainage facilities at some other safe location 
to relieve the dam areas of uplift, not caused by the 
reservoir, but by underground water. Results of 
chemical analysis of samples collected from drain holes 
provide information as to whether or not there is 
foundation material wash in the effluent. Presence of 

8 

material wash would indicate need for appropriate 
remedial measures in the specific areas. Study of 
quantum of seepage, under varying reservoir level, 
with the expected seepage, aids -in assessing the influ
ence of the geological formations in the dam and re
servoir foundation on seepage development. 

2.1.2 Measurement of External Loadings 

The measurement of external loadings are impera
tive to define the characteristics of the various kinds 
of loading experienced by structure during periods of 
construction, concrete coolings, joint grouting, reser
voir filling and subsequent service operation, to en
able realistic interpretation of -results of structural 
behaviour, obtained by processing data, and assess
ment of the response of the structure, and to estab
lish relationship of the variation in loadings with 
the effects produced in the structure by such loadings, 
to define limits of the normal and safe behaviour of 
the prototype structure, and provide basic guidance 
for watching the structural behaviour and safety of 
the structure under imposed loading conditions dur
ing its operative life. 

Measurement in respect of the following items 
should be made :-

2.1.2.1 Hydrostatic Pressure 

Measurement of (he hydrostatic pressure resulting 
from operating headwater levels and tailwater levels 
should be made by installing automatic continuous 
water level recorders in shafts, suitably located in the 
dam. Where power plants are built lit the toe of the 
dam or near it, automatic continuous level recording 
equipment for record of tail-water level may be instal
led in shaft suitably provided in the power plant build
ing and connected with the tail-water. In cases, the 
provision of automatic level recording equipment is 
not. contemplated, daily headwater and tail-water, 
levels should be observed by means of gauges (scale) 
painted on the upstream and downstream face of the 
dam, at locations conveniently visible. 

Measurement of the hydrostatic pressures, being 
one of the two principal loading to which structure 
is subjected, is essential for interpretation and rea
listic assessment of the structural behaviour of the 
reservoir retaining structure, as obtained from various 
measurements recorded by measuring devices and 
instructions provided in the structure for this purpose. 

2.1.2.2 Uplift 

Uplift is one of the most significant instabilising 
force in concrete and masonry gravity dams, and 
measurement of uplift in the foundation provide 
direct indication of (i) the prevailing magnitude of 
uplift resulting from operating reservoir heads; (ii) 
effectiveness of the grout curtain provided by drilling 
and grouting deep holes into the foundation close to 
the upstream face, for providing a water-tight barrier 
to seepage from reservoir and reducing uplift; 
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(iii) efficiency of the drainage curtain provided by drill
ing a line of vertical holes to specified designed depth, . 
a little distance downstream of the grout curtain, ' 
for interception Of the seepage that penetrates the 
grout curtain; and (iv) the influence of the geological 
features in the foundation on the development of up
lift. From study of the uplift n::conl, it can be ascer
tained, whether the uplift values are within the design 
criterion values and in case these exceed the criterion 
value, the need for undertaking suitable remedial 
measures at specific areas of excessive uplift. 

_ Measurement of uplift pressure in the foundations 
of concrete and masonry dams is made by means of 
uplift pipes installed in concrete/masonry. and led in· 
to nearby galleries where their t:!rminations are fitted 
with Bourdon type pressure gauges for record of uplift 
as it progressively develops. The pipes are Commis
sioned into functioning by drilling through these pipes, 
holes 3 ft. deep into the foundation. J3.lectrical trans
ducers are also used for uplift measurements. 

2.1.2.3 Measitrement of Reservoir and Air Temperature 
' 

Measurement of reservoir water temperature at vary-
ing depths can be measured by installing resistance 
thermometers or thermo-couples flush with the up· 
stream face at specified elevations. 

Measurement of maximum and minimum air tem
perature should be made at the site of the structure, 
preferably near the dam. A small meteorological 
post should be established at the dam site for such 
and other meteorological measurements. 

Measurement of temperatures of reservoir water 
and air is essential for interpretation of the results of 
structural behaviour, understanding of the thermal 
condition of the structure and for distinguishing the 
effect of temperature load in such measurements as 
deflections, settlements, stresses and strains and joint. 
movements. 

Influence of solar radiation on the final thermal sta
bility of the structure can be determined only if the 
above measurements are available .in addition to the 
dam interior temperatures. 

2.1.2.4 Rain 

Measurement of rainfall locally should be made 
b~ installing rain gauges in the vicinity of the site, as 
this m~asurement is necessary for interpretation of 
the uplift and seepage development. Record of rain
fall in catchment for estimating floods is excluded. 

2.1.2.5 Tee Effects 

This measurement needs to be made in regions 
where reservoir waters are subjected to freezing in 
winter. Information is to be used for interpretation 
of the results of structural behaviour stresses and 
ddlectio 1s etc. 

Hew & PC/66 

2.1.2.6 Dynamic Loads-Earthquakes 

Measurement of vibration in dams located in areas, 
subjected to seismicity, should be made by installing 
seismographs and accelerometers at appropriate loca
tions in or near the dam, which are free, from extrane· 
ous vibrations, so as not to vitiate the actual records of 
vibration due to seismic shocks or the foundation dis
turbances resulting from dam and reservoir loading.' 
The equipment should provide i)aformation for deter
mining the natural period of vibrations of the dam 
under: the impressed shocks. These measurements will 
provide information regarding the dynamic response 
of the structure under disturbances experienced by it, 
and can be used for checking the adequacy of as
sumptions, made for a seismic design of the structure, 
and actually resulting factors of safety under dyna
mic loads and thus aid in improvement of the 
criterion for the earthquake resistant design of the 
structures. 

2. 1.3 Measurement of Properties in Laboratory requir· 
ed for processing of Observed Data 

The many properties of concrete of the structure 
being tested must be 'defined exactly as they are, and 
as they vary with time. Every effort must be made 
to duplicate as closely as possible the exact materials 
and the exact combinations of these materials in the 
structures under test. 

The properties that must be defined are-

(a) Elastic and inelastic properties namely:
(i) Modulus of elasticity at various ages. 
(ii) Poisson's ratio. 
(iii) Creep properties at various ages. 

(b) Thermal properties which include
Coefficient of thermal expansion. 

(c) Autogenous growth. 

Other properties which are of interest but do not 
enter directly into the problem of stress determination, 
are heat of hydration, thermal diffusivity, unit weight, 
specific heat, conductivity and strength proper
ties. The above five factors are important in reduc
ing strain observations to stress. The ofher proper
ties are primarily useful in predicting temperature 
effects and in artificial cooling operation. 

2.1.3.1 Elastic and Inelastic Properties 

(i) Modul~ts of elasticity at various ages 
(ii) Poisson's ratio 

Of these two properties, the modulus of ;lasticity 
is more important and should be measured without 
fail on every project where strain-measurements are 
made. Poisson's ratio can be estimated closely 
enough.. Both of the properties should be measured on 
the same specimen of the material by mounting dial 
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gauges on three gauge lines for measurement of elas· 
tic modulus and one gauge to measure diametral 
changes for Poisson's ratio measurements and loadin! 
the specimen in accordance with standard laboratory 
procedures. 
' 

Measurement of the modulus of elasticity and Pois· 
son's ratio can be made by embedding one vertical 
itrain-meter located at the centre and two horizontal 
strain-meters mutually at right angles at the 
centre of standard· specimen for recording ax~al 
strain and lateral strain. This test should be under· 
taken on the same specimen at various ages. Deter· 
ruination of Poisson's ratio is essential for compu· 
tations · of unidirectional strains from strains recorded 
by group of strain-meters in the direction of strain
meter alignments. Measurement of modulus of ela· 
sticity is required for conver~ion of strains into stress. 

(iii) Creep at various ages 

This test requires more than the usual variety of 
laboratory testing machines as the load must be sus· 
tained without appreciable change for years at a time. 
Creep is a property of concrete that causes it to con
tinue to deform for long periods after it has been 
loaded. It varies with the age of concrete at which it 
is first loaded and also with the duration of the load· 
ing. Determination of creep properties should be 
made on specimens which are large enough to permit 
closest resemblance of the prototype concrete with 
the concrete being tested. 

To avoid failure at upper limit of loading, the spe· 
cimens should be loaded at one-third the· ultimate 
compressive strength, appropriate to the age of load
ing and may vary from 75 psi at 2 days loading. to 
800 psi at one year loading. 

Two specimens should be made for initial loading 
at ages 2, 7, 28 and 90 days and 1 year. Additional 
pair of control-meters is necessary for check on weight 
loss and autogenous movements. 

Determination of creep characteristiCs of material 
is required for eliminating the creep strains from 
computed strains for correct stress evaluations from 
strainmeter data. 

2.1.3.2 Thermal Properties 
(i) Co-efficient of thermal expansion 

For this test a pair of sealed 8 X 8 X 48 · inch speci
mens should be used, filled with concrete, exactly 
like that in the dam, except for omission of all ag
gregate over 3 inches fn size. The specimen should 
be subjected to temperature cycles of 40°, 70 • and 
100" and back to 70° at various ages preferably 2, 7, 
28 and 90 days and 1, 2 and 5 years. Length changes 
can be measured by external strains gauges on inserts 
cast into the specimen concrete, or internally using 
a Carlson strain-meter. Measurement of co-efficient 
of thermal expansion is essential for applying tern· 
perature corrections for obtaining strains from strain· 
meter data and also in analysis of deflection due to 
temperature chan~es, 
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2.1.3.3'A.utogenous Growth 

Two sealed specimens similar to the co-efficient of 
expansion specimens (ref. to para 2.1.3.2) are simply 
stored at standard 70°F temperature, and measured 
periodically to see whether there are any length chan
ges under condition of no temperature change and 
no moisture change. The latter · condition must be 
checked periodically by weighing accurately. 

The measurement is made to ascertain the growth 
characteristics of the materiaJ, if present for use in 
excluding the length change effect due to growth, from 
the actual length changes, recorded by strain-meters 
for computation of strains. 

2.2 ·EARTH DAMS 

Earth darns differ' from masonry and concrete dams 
because of the relatively greater deformability and 
higher permeability of earth masses (excluding plastic 
clay hearting). Strains and displacements in earth 
dams are therefore very much larger, hence compara· 
tively simple instruments can be used for measure
ments of strains and displacements. On the other 
hand due to the large cross sectional areas greater 
heterogeneity of earth, larger number of instruments 
have to be installed in earth dams. Distribution of 
stress in earth dams is more complex and the design 
analysis is based on radical simplification of the stress 
pattern and shape of rupture planes. Consequently 
stress measurements require considerable judgment in 
interpretation. Seepage is of far greater significance 
as it can cause internaL erosion as well as increase 
in pore pressure resulting in instability. 

2.:Z.l Measurement of Displacements 

2.2.1A. Internal Displacements 

Internal measurement of displacements provides 
useful indication about the behaviour. of earth dam. 
Vertical movements indirectly indicate the stresses 
while horizontal movements would reveal dangerous 
incipient sliding or shear failure. Equipment for mea
suring vertical movements consist of sections of steel 
tubing with cross· arms which ensure that each indi
vidual secti.:>n moves along with the adjoining earth
mass (see figure 29-2 USBR Earth Manual, designation 
&29). Sections of the pipes are isolated and move
ments of each section are measured by a simple sound· 
ing device with reference to the top of the installation. 
Elevation of the top of the installation is measured by 
accurate levelling with reference to a datum. Inter
nal horizontal movements are measured by two alter· 
native methods. In the first method. inclination of a 
plastic tubing is measured by a sensitive electrical 
inclinometer, step by step, starting from the bottom 
of the tubing. As the tube is anchored at the bottom 
into a firm unyielding stratum. horizontal displace
ments are computed by integrating the movements of 
each section of the tubing on the basis of changes in 
the inclination. . Potential sliding surfaces can be 
located by observing areas where abrupt changes i~ .. . . . . .. . ' . . . 



:f.lA'l'UlU! OF MEASUIU!MENTS AND tHEIR PURPOSi! 

the inclination take piace. Instruments for reading 
internal horizontal movements have also been deve
loped on principles similar to the vertical cross arms. 
In these instruments, the relative movements between 
horizontal cross arms are measured by transmitting the 
same by means of cable to a pair of counter weights 
(see figure 30-1 USBR Earth Manual, designation 
E-30). In problems of long-term stability measure
ment of internal horizontal movements facilitate iden
tification of potential slips or ·· failure surfaces. As 
methods of estimation of long-term (Creep) strength 
are still in the stage of development, instruments for 
measurements of internal movement are obligatory 
when such problems arise. Installation of internal 
movement measuring instruments is evidently essen
tial for test embankments in order to locate the failure 
surface. 

2.2.1B. Measurement ~~ Surface Displacements 

In earth dams, ordinary surveyin_g methods are 
adequate for measuring the vertical and horizontal 
movements of the .surface. In spite of their simplicity, 
with referent::e to measurement, these are very useful 
as they can reveal potential bulging or abnormal yield
ing leading to slide or shear failure. 

2.2.2 Measurement of Stresses 

2.2.2A. Measurement of internal total stresses in 
earth dam is complicated because the stress distribu
tion is influenced by the differences in the stress strain 
characteristics of the instrument and those of the sur
rounding soil mass in shear as well as in compression. 
Soils do not possess unique stress strain relations; 
strains are liable to be radically influenced by plastic 
flow hence stress strains. relationship reveal marked 
hysterisis. Therefore it seems to be practically im
possible to fabricate a stress-meter which will have 
identical deformations as the soil mass. Although a 
number of indigenous devices have been developed 
for measuring earth pressures, no reliable method is 
developed so far, for estimating the total stresses 
within an earth mass. Nevertheless earth pressure 
cells have been installed in Europe and U.S.A. in 
some of the large earth dams during the last few 
years. These may however provide useful qualitative 
jndications of the variations in the internal stresses 
with changes in the loading condition, i.e., the em
bankment height, reservoir f;ressure. Current prac
tice is based on limiting values of principal stress & 
most unfavourable ratios of principal stresses ; hence 
stress measurements within the earth mass, prior to 
failure, cannot be used directly for verification of 
design assumptions. Measurements of stresses in 
earth dams would, therefore, be required only in a 
few cases for special research, connected with the ana
lysis of the internal stresses in earth dams. Equip
ment for measuring internal stresses in earth masses 
is essentially similar to the cells used for measuring 
contact pressures of earth and rigid surfaces such as 
ooncrete or masonry, except that the cell is provided 
with .diaphragm on both the faces. 

2.2.2B. Reliable measurement of contact pressures. 
where earth is placed against masonry or concrete 
structures, is on the other hand, quite practicable as 
long as the pressure cell deformation agrees closely 
with that of the wall or structure. This is generally 
possible as the material of the wall or structure pos
sesses well defined stress strain characteristics. The 
reliability of measurement in such cases depends on 
the size of the area of contact (in order to average 
out minor variations in the compaction of the soil 
and the proportion of rock and coarse grained mate
rial) and the select~on of adequate number of loca
tions to ensure representative coverage of the factors 
influencing the earth pressure distribution. 

2.2.3 Measurement of Strains 
Internal measurement for vertical and horizontal 

displacements by means of cross arms. provide ade
quate information regarding strains in earth masses. 
The gauge lengths (5 to 10 ft.) involved are large 
enough to average out local non-uniformity. At the 
~arne time, they are small enough as compared to the 
large cross section of earth dams. The relevant move
ments of cross arms. vertical or horizontal. directly 
indicate the strain in the earth masses. 

2.2.4 Measurement of Pore Pressure 
In the design of earth dams the greatest uncertain

ty lies in the estimation of pore pressures and ana
lysis is generally based on simplifying assumptions 
regarding the magnitudes & ratios of principal stresses 
and drainage (or dissipation). It is difficult to esti
mate the average compressibility ancL average water 
content of the embankment & foundation material be
cause of unavoidable heterogeneity and unknown ani
sotropy. Pore pressure. measurements, therefore, as
sume the first importance in instrumentation of earth 
dams. 

As prediction of pore pressures depends on com
pressibility of soil, measurements of internal com· 
pression and settlement must supplement pore pressure 
measurements. Internal compressioa and settlement 
records also provide indirect indications of the effec
tive stresses in situ. 

Measurement of pore pressures is also essential for 
evaluating the performance of measures in control of 
seepage through or under the dam. Failu~e of drain
age provisions and dangerous. conce~tratwn of . see
page can be revealed by piezometric observations. 
Piezometers for evaluation of seepage control mea
sures generally consist of simple stand-pipes as perco
lation through pervious material is involved. On the 
other hand, piezometers in .l~ss permeable. stra~a con
sist of close system compnsmg a measunng tip con
nected to the pore g~uge through single or double t'!b
ing. Electrical devices are also used for measurmg 
pore pressures. 

They register the chang~s in p~re pressure either 
by equalising pressure agamst. a diaphragm or by. re
cording movement of the diaphragm by electncal 
strain gauges. 
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Measurement of ~eepage and corresponding levels 
of the reservoir and tail water is essential for inter
pretation of pore J?ressure observations. 

2.3 EARTH RETAINING STRUCTURES 

Sub-para (b) of Para 2.2.2 applicable. 

2.4 TUNNELS AND ROCK STRUCTURES 

Tunnels and other rock structures such as founda
tions and underground caverns present major design 
and construction problems in l:ydroelectric and irri· 
gation projects. Tunnels and other rock structures 
also account for a substantial amount of the total cost 
of the structure. However, the design of these struc
tures is highly empirical. Systematic instrumentation 
on these structures has not only resulted in a better 
understanding of the stru<;tural· action but also in a 
substantial reduction in the cost. 

2.4.1 Data for Design 

The design of the tunnel linings depends on the 
type of tunnel whether free or pressurised and the 
characteristics of the rock. In situ measurements are 
necessary prior to design for determining the elastic 
modulus and Poisson's ratio, residual stre>s, and verti
cal and horizontal earth pressures. Various theories 
are then used to determine the sharing of the loads 
between the lining and the rock. Hydrostatic pres
sures built up behind the steel lining may lead to 
buckling and become a critical factor in the design. 
Reliable field data on these pressures may lead to 
considerable reduction in the lining thickness. There 
are other important problems ~,uch as dynamic stres
ses due to adjacent blasting ,and stresses around in
terconnections which need detailed field data to im
prove on the current practice in design. Some of 
these factors are discussed below with emphasis on 
th~ type of instrumentation necessary. 

2.4.2 Residwll or Locked-in Stress in the Rock 

An assessment of the residual sJress in rock is of 
vital importance in the economic design of the lining 
for underground pressure tunnels. If sufficient pre
compression exists around the tunnel the lining may 
be entirely eliminated or a thin lining used. The 
prestress in the rock increases its capacity to carry 
internal pressure. The greater the precompression 
the greater the load that could be carried without 
developing tensile stress. 

There are two main techniques used in the measure
ment Of residual stresses in rocks. The first depends 
on the measurement of the change of strain . on the 
surface of the tunnel on isolating a small area around 
it by drilling or other means. The strain is measur
ed by SR-4 type of gauges-. The other is the flat jack 
method in which a slot is made in the rock and the 
displacement is measured by dial gauges. The ini
tial zero reading is then brought by applying pressure 
through the flat jack. ' 
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2.4.3 Vertical and Lateral Rock Pressures 

Estimates of vertical and lateral pressures are of 
great i~J?.portan~e in t~e design of the tunnel supports 
'\,nd therr spacmg dunng construction and in the de-
sign of the lining later. Realistic estimates based on 
field measl!rements ca~ lead to great economy mea
surements m the Gamson Dam test tunnel were de
signed to give this type of information. Measure
~ents W<:re made by invar tape, dial gauges and elec-
tncal resistance gauges. · 

. ' 

2.4.4 Sharing of the Load between the Lining and 
Rock . 

Considerable savir.g in steel can be effected when
ever it is possible to bury penstocks in solid rock and 
the latter is allowed to share part of the hydrostatic 
loa~. Although the rock modulus is estimated by 
vanous methods such as the testing of cores, mea
surement. of the ultrasonic wave velocity, these tests 
d~ not give the col!ect value to be used in the design 
dir~ctly. Data oJ;ltamed ~om the Jn situ tests using 
vanous test .sections which are pressurised and ins
trumented have proved most reliable. The measure
ments of the changes in the diameters and the strains 
are made by electrical resistance strain gauges. Some 
of the J:?OSt elaborate tests of this type were made for 
the design of the penstocks of Kimono hydroelectric 
power plant for the Aluminium Company of Canada. 
There a ten feet diameter sphere was embedded, and 
pressure upto 3600 psi was applied. Strains were 
measured in the surrounding rock by Carlson strain 
meters. 

2.4.5 Buckling Pressures 

Various theories have been pmpounded for the 
analysis ?f penstocks .under external hyd.ros.tatic pres
sures. Field observatioliS are 0f great sigmficance in 
arriving at the minimum thicknc3s of steel linings. 
Measurements made at Koyna by Carlson strain 
gauges in the concrete and steel lining has given use
ful data for future designs. 

2.4.6 Interconnections and Dynamic Loads 

Stresses around tunhel interconnections in the rock 
and the lining are difficult to analyse and field dat~ 
has to be collected to rationalise the designs. Proce
dure and instrumentatio!\ similar to that cited under 
para 2.4.4 could be adopted. 

Another important factor to be considered during 
the construction, of tunnels is the effect of adja
cent blasting on the completed tunnels. Instrumenta
tion is very helpful in such cases in arriving at a 
safe charge. 

2 4.7 Other Rock Structures 

qther rock structures of importance in river valley 
proJects are underground caverns for power houseli 
and other control structures and the foundations. In 
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addition to the problems presented by tunnels in gene-
ral these structures present some special problem. 
Upheaval and relative ground movement are import
ant in the underground power houses as these may 
affect the alignment of the generator shafts. 

Rock foundations with weak seams and fault zones 
below dams also present serious difficulties and field 
measurement of the relative settlements and movie~ 
ments across the contact zones could suggest some im
provements in the future designs. 

2.5 REINFORCED CONCRETE STRUCTURES 

Reinforced concrete structures concerned with river 
valley projects alone are discussed. These include 
aqueducts, bridges, power house foundation structures, 
intake and control structures, spillway piers, conduits, 
galleries, shafts and sluiceway and sump chambers of 
other openings in dams. Most of these structures are 
highly indeterminate and three dimensional. Although 
two dimensional analysis is frequently made very 
little factual data on the validity of such simplifica
tions has so far been obtained. The action of rein
forcement in such complicated 6tructures as scroll 
cases in power house structures or the generator floors 
is hardly understood and analysis as simple beams 
and columns leads to a very uneconomical use of steel. 
Measurement of the actual stresses, strain and deflec
tion alone can decide the issues. Measurements arc 
being made now in ·most advanced countries on 
R. C. C. structure to improve designs. The general 
nature of problem is discussed with respect to each 
type of structure below. 

2.5.1 Aqueducts and Bridges 
Large aqueducts and bridges present difficulties in 

design due to continuity between the floor and th11 
beams, bow string arohes and the tie and stresses in 
the hangers. The design calculations are complicated 
and knowledge in this field could only be extended 
by actual measurements. . 

In prestressed concrete structures such as bridge~> 
and syphon aqueducts measurements are necessary 
!O check the construction and generally are stipulated 
m contract. Measurement of leakage, stresses in con
crete and reinforcement and deflection are required to 
verify the calculated values. 

2.5.2 Power House Structures 
The heavy reinforcement required both for the 

foundation concrete enclosing the scroll case and in 
the gen~rator floor in the ~bsenc'e of a satisfactory 
and rah?nal method. of _des1gn emphasises the urgent 
need of Instrumentation In these structures. Measure· 
ments of stresses and strain on the concrete surface 
and interior points and in the rdnforcement bars are 
required. 

These necessitate the use of electrical ~~arlson type 
gauges for concrete reinforcement and SR-4 type sur
face gauges for concrete. The deflection could be 
meast>red by dial gauges. 

The measurement of the vibration c~aracteristfcs 6l 
the floor and its response to the imposed vibration of 
the machinery or blasting requires the use of accele· 
ration and velocity pick ups. 

2.5.3 Openings such as GaJierie•, S~afls & Sluiceway 
in Dams · 

There is large number of opening~ in modem dams 
and these are heavily reinforced. Even in masonry 
dams the portion around these openings are construc· 
ted of reinforced concrete. The reinforcement around 
openings is generally based on elastic th~ry but there 
are divergent opinions regarding the remforcements. 
Only field observation of the stresses and strain can 
give this information. The eff~ct of external ~oad, 
shrinkage and temperature and mtt~rnal pressure IS to 
be studied. The redistribution of stresses by the 
cracks and plastic yielding could, if confirmed in the 
fields lead to a reduction of the reinforcement requir- · 
ed and to large economies. 

2.5.4 Conduits 

Conduits form important structures in many of the 
earth dams. The entire economics of the conduit de
sign depends on the distribution and magnitude of 
the horizontal and vertical earth pressures. The mea· 
surement of these pressures in conduits under construe· 
tion and the measurement around few selected points 
may lead to improvements in future designs. 

2.5.5 Spillway Piers and other Control Structures 

The importance of a detailed knowledge of the 
stresses in the spillway piers lies on the fact that every 
reduction in the width of piers and increase in height 
leads to large economy by providing greater spillway 
length. This, however, should not affect the safety of 
the structures. Measurements are necessary of the 
stresses and strain in the concrete and reinforcement 
as well as of load in the gate members such as the end 
arms. The effect of both static and dynamic loads 
is to be studied. 

Similar . problems are. presented by regulator for 
canals in outlet tunnels. 

2.5.6 Towers and Framed Structures 

Intake towers for hydroelectric projects are subjected 
to wind load, wave action and temperature differeD· 
tials apart from the loads due to self weight and 
other mechanical parts such as trash racks and gates. 
Earthquake loads may be important in some areas. 
The assessment of the loads acting on these structures 
and the complex' response of ,the structure has to be 
based on factual data to arrive at economical designs. 
The measurements of loads, temperatures, stresses 
and strains in concrete and reinforcement and the 
total deflections arc of importance in improving these 
designs. 
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3.0 INSTRUMENTS 

Various types of measurements required to be made Cb) Those required for measurement 
for assessment of the structural behaviour of dams ments in earth dams. 

oi disp1ace-

(c) Those required for measurements of dis
placements in other struct~res. 

and other hydraulic structures have been described in 
the preceding chapter 2.0. In this chapter are des
cribed the different types of instruments, measuring 
apparatus and devices which are generally used for 
making these measurements. These instruments or 3.1.1 Concrete and Masonry Dams 
apparatus may be either of the embedded type or the 
surface type. The former type of instruments are re
quired to be embedded in the body of the structure, 
whereas the latter type are mean~ to be provided on 
the exposed and accessible surface of the structure. 
Based on the principle of working, the instruments 
have been classified in the following f!:eneral three 
types: 

1. Optical, 2. Mechanical, 3. Electrical. . 

The following instruments for making the measure
ment of displacements of the type mentioned against 
each, are covered in the following paras : 

1. Optical instruments for measuring displace
ment by geodetic methods. 

2. Plumb lines for measurement of relative dam 
deflections. 

Instruments' described in the following pages relate -
3. Collimators for measuring displacement by 

collimation method (Alignment survey me
thod). to the following types of measurements : 

1. Displacements. 

2. Stress. 

3. Strain. 

4. Pore Pressures. 

5. Temperature. 

6. Applied (External) loading. 

For each of these measurem.::nts, different types of 
instruments in use have been described. While suffi
ciently· detailed description has been given for instru
ments generally adopted for measurements, indicative 
of structural behaviour, only brief reference has been 
made to such of them, as find mention in relevant lite
rature and are in the process of development and test
ing. 

For each type of such instruments, detailed informa· 
tion in respect of the following five items has been 
given : -

(i) Principle of working & construction details. 

(ii) Number, location and layout. 

(iii) Method of installation. 

(iv) Method of observations, forms of record, 
sources of error etc.; etc. 

(v) . Method of analysis of vbscrved data. 

3.1 INSTRUMENTS FOR MEASUREMENTS OF 
. DISPLACEMENT' 

Instruments for measurements of displacement des
•Cribed in the following pages are grouped as under: 
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(a) Those required for measurement of disrlal:e
ments in concrete and masonry dams. 

4. Detachable gauges for surface displacement 
measurement. 

5. Settlement· measuring device for foundation 
displkcement measurement. 

6. Reverse (inverted) plumb lines for mea
surement of dam rind foundation horizontal 
displacement. 

7. Joint meters for measuring internal joint 
movement. 

8. Deformation meters for measurement of 
foundation deformation (vertical). 

9. Tiltmeter (Clinometers) for measurement of 
tilt (rotation). 

3.1.1.1 Measurement of Displacement by . Geodetic 
Methods 

A. Geodetic methods used for measurement of de
formation I displacement of concrete I masonry dams 
essentially involve the use of optical instruments and 
are thus classified as optical methods. 

Measurement of deformations/displacement of con
crete dam and its foundation is 'made by measurement 
of the absolute horizontal displacement of points (tar
gets) located on the downstream face of the dam and 
abutment in relation to points on the ground by pre>
cise triangulation. Wild T3 type theodolite has been 
commonly used for such precise work. 

The vertical components of the absolute displace
ments are made by precise levelling. by using precise 
level. Wild N3 level has been considered to be most 
suitable for such levelling. Periodic observations of 
each target are made using first order theodolite from 
pairs of piers (instrument stations) suitably located 



downstream of the dam from considerations of the in
tervis~bility of the instrument stations and target, and 
base line stations and well conditioning of the triangle. 
To provide a stable base to the telemetric measure
ment net work, the instrument stations in the vicinity 
of the dam are connected to stable datum points locat
ed in a place, farther downstream so as to be outside 
the area, influenced by the subsidence caused by darn 
and reservoir load. 

From each of the paired theodolite piers near the 
dam, accurate angular measurements are made bet
ween each target and the opposite theodolite pier. 
These measurements are related by triangulations to 
measured stable base line. Difference between succes
sively measured position of each target furnishes a 
path , of target as it occurs due to the deflection of 
dam.' Component of deflections in desired direction 
are then determined by resolution of these measure
ments. By judiciously choosing these points, accu
rately measuring base line length and verifying con
servations of the scale and the orientations of the 
angle measuring device, by appropfiate means preci
sion ranging from 0 · 5 to 1 · 0 mm can generally be 
attained in. determinations of the absolute positions of 
the absolute marks and from I)· 2 to 0 · 4 mm in the 
measurement of their relative rositions. To achieve 
such precisions many precautions must be taken and 
extremely skilled operators are required. 

The geodetic method has the advantage of measur
ing absolute displacements with a high degree of ac
curacy but it involves complicated calculations which 
require considerable time. -

On account of elaborate system of measurements, 
the great many precautions required to be observed to 
ensure the specified accuracy, precise measurement of 
base line, considerable time is taken to complete one 
set of observation during which period significant fluc
tuations in the reservoir level occur which inevitably 
affect the accuracy and impair the reliability of these 
observations. The above-mentioned reasons and the 
laborious calculations involved to process the observ~ 
ed data to obtain information on the dam displace
ments prevent the triangulation method being, annually 
repeated a number of times that is sufficient and neces
sary to provide an accurate check on the behaviour 
of the dam. This is particularly true when the actions 
exerted on the structure change rapidly. 

~ variation of geodetic method combining the re
qUirement of accuracy and speed, making subsequent 
~easurement~ independent of and unaffected by changes • 
m the base !me lengths, to make it applicable for de
sired frequency of observations developed and applied 
by Federal Topographic Survey at Wabem Berne 
Switzerland, is described in the paper "Investigation 
of Spatial Deformation in Power Dams by Geodetic 
Methods", 

B. Geodimeters : Electronic optical apparatus has 
recently been developed and used for measurement of 
s!llall displac~ments (distance changes) and deforma
~~~ns P9. m;nuoned under para 2,1.1.1. Variety of suc!1 

equipment under different name is available in the 
market. However, operating principle of one of such 
apparatus named AGA Geodimeter, m.anufactured by 
Swen Ka AB Gasaccumulative is descnbed as under:· 

The Geodimeter projects a pulsating light beam to 
reflector which returns the beam to the instrument. 
The projected beam sent out by the Geodimeter is 
modulated by means of high frequency signal ~pplied 
to a Kerr Cell which serves as an extremely rapid elec
tronic shutter. 

The reflected light is received and converted to elec
trical signal.s by a phototube, the sen.sitivity of w~ich 
is also controlled by high frequency signal and adjust
able electric delay line inserted between the Kerr Cell 
and the phototube makes it possible to determine t?e 
phase relations between the transmitted and the receiV· 
ed light pulse. When the correct adjustment has been 
made a null reading is obtained on a special instru
ment. The delay line readings are used f<?r the com
putations of the distance. By using special measur~ 
ing technique mean errors of the order-2 mm can 
be maintained over long intervals using the model-4 
AGA-Geodimeter. For details on the apparatus spe
cifications, operations and measurements range and 
accuracy and limitation of these apparatus, literature 
from the manufacturers may be referred to. 

Targets: Selection of the type of target, ·its shape 
and size and face pattern suitable for observations is 
to be made after a number of trial designs and field 
observations by the surveying personnel from consi
deration of clear visibility, sharp intersection, distor
tion of its projection from distance, the exposure con
ditions and whether the survey work is to be carried 
out during day or night and accordingly nec~ssity for 
lighting or painting with luminous phosphorescent 
paint. Target with conical top painted with contrast
ing paint and fitted with a white luminous s~ree!l have 
been in use on account of the fact that proJection of 
cone is a triangle of identical dimensions whatever the 
direction of line of sight wHereas plane targets have 
to be oriented properly to be normal to the expected 
line of sight for the expected programme of measure
ments but these still suffer distortion. Target with 
Bull's eye design i.e., white on black background or 
black on white background, as also targets of other 
variation of face patterns have been in use (ref. page 
48 of "European practice in Design and Construction 
of Concrete Dams Vol. Ill U.S.B.R."). 

Location of Targets : Targets· should preferably be 
located in grid patterns at locations which define the 
horiliontal (arch or beam) and veirtical (Cantilever) 
elements of structure as adopted for theoretical analy
sis as this arranl!ement would provide direct assess
ment of the aciual deformations/displarc!"'·~r.ts for 
comparison with those obtained from analytbtl me
thod (Trial load and Twist Analysis or model testing) 
without the need for interpolation. 

Another consideration in the location of target on 
the downstream face of the dam is that these are locat
~d iq se9tions containi~ plumb line and embedded 
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instruments and at elevations corresponding to the 
observations recesses of plumb Jines. Targets o~ the 
foundation abutments should be located in contmua
tion of the grid pattern on the downstream face of 
the dam so as to have a few targets on either abut
ment to cover an area expected to be potentially 
affected by dam and reservoir load. 

To obtain well defined deflectiQn curves a minimum 
of five targets should be fixed at each of the h~rizon
tal section suitably spaced, these targets bemg so 
placed as to define 5 vertical sections to provide 'Yell 
defined vertical deflection curves for · such vert1cal 
sections. 

This arrangement may be adopted in case of sm~ll 
concrete or stone masonry dams, or hollow gravity 
dams, buttress dams or multiple a,rch dams. Consi
deration of intervisibHity from the concerned instru
ment station will influence location of targets near 
the toe rock-concrete contact and on the abutment. 

Theodolite Piers: Theodolite piers may be one foot 
square, reinforced concrete prisms about 42 inch high, 
rigidly dowelled into the foundation rock or a sup
porting concrete structure. 

Fixed to the top of each theodolite pier is a stain
less steel plate which may be 9-inch in diameter arrd 
3/4 inch thick which contain 'V' grooves spaced 120° 
apart for .positioning the vertical axis of a theodolite 
so that it passes through the centre of the plate. The 
tripod is removed from the theodolite so that the ins
truments foot screws may be placed in this pier plate 
grooves. Instrument levelling is done directly on the 
pier plate. Each pier plate groove and each levelling 
screw positions on the theodolite is indexed so that 
the instrument may be placed on a pier plate in the 
same position for all measurement, thus. eliminating 
the problems of centering the instrument .on the pier 
plate each time it is used. 

At the centre of each pier plate a tapped hole (! 
inch diameter) is provided into which a pin will fit. 
The end of the pin protruding above the pier, is thre
aded to accept a sighting target. Each pier should 
be provided with its own sighting target as a further 
expedient of automatically eliminating error in the 
set up. 

Jn the case of Wild T3 theodolite centering bolt is 
1provided as part of the accessory for above expeditious 
set up. 

Location of Theodolite Piers: Location of theod<>
lite piers to be such as to provide at least three ins
trument stations on either side of the river downstream 
of the dam for sighting on each of the target 'provid
ing such intervisibility to a maximum .number of tar
gets, as also intervisibility with the reference instru-

1 ment stations (Base line Stations) and well condition
ed triangles, formed by line joining the pair of ins
trument stations and respective target positions. Posi
tions of the instrument stations arc fixed by study of 
topography in the vicinity of the dam in the field and 
by adequate experimentation in · respect of target 
shapes, sizes, lengths of sights, considerations of found
ing· the piers on fil"!ll so.I.Jn~ r~k ang pth~r consict~-

ration mentioned above, with a view to establishing 
telemetric measurement net capable of providiog the 
needed accuracy and reliability of measurements com
bined with speed in execution. 

Bwe Line: Base line is essentially. a line joining 
two reference stations (datum stations) at each end of 
the line located downstream of the dam on firm and 
level stretch of ground assumed to be free · from the 
deformations caused by dam ilnd te~ervoir load with 
which all the triangulation measurements are con
nected for determining the absolute positions of the 
targets. 

The accuracy and reliability of the entire series of 
triangulation work depends upon the stability of the 
base line length durin!! the period of such series of 
measurements. As the distance between the piers 
(base line stations) changes as a result of ground sub
sidence and variations in rock temperature and mois
ture content, these distances are measured at least 
once during a complete series of triangulation mea
surements. As a normal procedure Invar wire or 
tapes are used for this purpose. To ensure stability 
of the base line throughout the durations of measure
ments during which time reservoir level fluctuations 
occur, it is imperative to locate it in area not subject 
to subsidence due to dam and reservoir load. 

On Italian Dam, measurement of changes in dist
ance between primary piers is made by means of 
basi meters (for details ref. pages 45-47, European 
Practice in Design and Construction of Concrete Dam 
Vol. II). 

Bench Marks: For measurement of the verti~l 
component of displacement by precise levelling, bench 
marks which may be stainless steel or bronze markers 
(points) are provided in the galleries of the dam, 
and in the tunnels in abutment as well as on the abut
ments on either side of the river. Precise levelling by 
using Wild N3 precise level and levelling rods is 
periodically carried out from stable reference points 
(bench mark) to these points for determining the 
variations in the level of these points as affected by the 
imposed dam and reservoir load. Lines of bench 
marks may be set farther away from the dam-concrete 
rock contact for measurement of the regional settle
ments. 

Observations : Observations for measurement of 
horizontal displacement are made by mounting Wild 
T3 Theodolite on each of the paired theodolite piers 
and making accurate angular measurement between 

. each target and the opposite theodolite piers in accor
dance with the first order traingulation requirements. 

Frequency of Observations: Precise levelling opera
tions on bench marks are carried out monthly unless 
some sudden significant changes in bench marks ma
nifest when more frequent observations may be made. 

Angular measurements for determination of hori
zontal displacement of targets by triangulations and 
of traverse marker by precise traversing should be 
carried out at times when the lowest and highest reser
Y9ir JcveJs prevail ~11~ for Qn~ or two in~eFmedii\tv 
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levels during initial filling and in subsequent filling un
til the conditions stabilise when readings correspond
ing to the maximum and minimu.JD reservoir level may 
continue. If apparatus of specified reliability and 
accuracy become available for precise measurement 
of the distance change i.e., displacement of dam points 
as by Geodimeter, more frequent schedule of measure
ment may be adopted. 

Forms of Records: Measurem.::nts over the system · 
of theodolite piers downstream of the dam should be 
recorded on printed forms standardized for the res
pective project. Typical samples of such forms are 
shown as Fig. II-3.1-01 to 11-3.1-03. 

Sources of Error : There are three principal sources 
of error which influence the accuracy and hence the 
reliability of the triangulations measurements. 

1. Errors due to instruments. 

2. Errors resulting from apparatus. 

3. Errors attributable to environmental influ
ences. 

The first group comprises the following:-
(a~ Error due to imperfect verticality of the 

principal axis of the th~odolite. 
(b) Error due to graduations of circle. 
(c) Error due to optical micrometer. 
(d) Errors of the observing personnel. 
(e) Instrumental errors in measurement of the 

base line. 

The following errors are covered under second 
group:-

(a) E!for due to eccentricity of the target on the 
p1er. 

(b) The errors attributable to eccentricity of 
theodolite on pier. 

(c) Imperfect verticality of the target axis. 

The third group comprises the following errors :
(a) Err?r due to dam movement during the 

penod of measurement. 
(b) Errors due to diurnal periodic movement of 

piers. 
(c) Errors of phase. 
(d) Errors due to lateral refraction. 

To elimi~ate errors caused by refraction readings 
are taken m the morning and late aftern;on or n 
cloudy days. · 0 

Rea~ings may be taken at :Jight using powerful 
searchlights. The theodolite should be protected 
from the sun and rain by means of a beach type um
brella or a permanent enclosure. 

Method .of Analysis: The measurement are adjust
ed by solvmg the normal equations by the method of 
least square and the final resulting values resolved 
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into the two required directions-radial and tangential 
-in the case of arch darns and normal and parallel 
to axis of dam, in case of dams having straight axis. 

3.1.1.2 Measurement of Displacements bv Plumb Lines 

Plumb lines provide the most effective, simplest and 
quickest method of measurement of horizontal djs
placements of points inside the dam. Two types of 
plumb lines are Ill use namely (i) Regular plumb line, 
also designated as pendulum and (ii) Reverse (Invert
ed) Plumb line. 

Regular plumb lines are used for measurement of 
the relative horizontal displacement of points inside 
the dam, relative to a reference point in the lowest 
gallery, available closest to the ba-se of the dam. As 
it is not advisable to install the permanent deflection 
measuring equipment for plumb line observations, 
while the construction is in progress, on account of 
the great likelihood of damage to such costly equip
ment, it is usual practice to install temporary plumb 
lines £or observations during constructions and until 
such time that the permanent deflections measuring 
equipment is installed. 

(i) Principle and Construction 
Plumb line essentially consists of a rust resistant 

wire suspended from the top of the plumb line well 
(shaft) provided for the purpose in the body of dam, 
by some suitable suspension arrangement and car
rying a heavy plumb bob (weight) immersed in a 
damping medium contained in a can provided at the 
bottom of the plumb line well. Observation recesses 
are provided at the bottom and at suitable interme
diate locations of the plumb line well (shaft) where
in are fixed deflection measuring equipment for obser
vations of position of the plumb wire with respect to 
fixed reference mark in the observation recess. The 
observation may be made by directly reading the 
position of the wire against scales fixed to the obser
vation recess walls, as in the case of temporary 
plumb lines or by using optical apparatus namely 
micro-meter-micro-scope, Huggenberger Coordi-scope, 
or Huggenberger Coordi-meter. Differences of the 
observed values of wire position from the reference 
readings (initial readings) when processed, provide 
values of the dam deflections at the levels of observa
tion recesses· relative to the lowest point of the plumb 
line which is considered to be fixed. 

The various components that constitute the plumb 
line, temporary or permanent · and equipment for 
observation of dam deflection, are as under : 

A. Plumb Lin!! Assembly 
(i) Shaft : The shaft for housing the plumb line wire 

should be vertical formed hole of about 10" diameter. 
Where the shaft is located closeJ· to the reservoir face 
of the dam, it is preferable to line the shaft. Obser
vation recesses at gallery locations are provided and 
fitted with air-tight steel doors to prevent draft effect 
and unauthorised tampering of wire, when installed. 
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{ii) Suspension Assembly : It is usual to suspend 
the plumb line wire at the upper end of the shaft by 
means of a collet and nut in the centre of a heavy 
steel suspension spider (shown in Fig. II-3.1-04) placed 
over the shaft opening. 

(iii) Wire, Plumb Bob and Dashpot : Stainless steel 
wire of about 0.03 inch dia may be used· for the 
plumb line. . · 

Solid brass cylinder weighing about 30 pounds or 
so may be used as plumb bob. The cylinder dimen
sions should be such as to keep it immersed in ,non
corrosive gamping oil contained in galvanised steel 
c.ontainer for damping possible vibration of the wire. 

Suitable arrangement to prevent moisture conden
sation from falling into the oil, should be made, where 
it happens to be excessive. . 

B. Deflection Measuring Equipment 

The following items comprise the above permanent 
equipment where observations are to be made by· us
ing micrometer-microscope. The arrangement has 
been designed by U.S.B.R. (USA). For temporary 
plumb line any arrangement providing for ·measure
ment of plumb line position against scales fixed in 
the observation. recesses parallel and normal to dam 
axis is suitable. The scales shoUld be rust-resistant 
and graduated in inches with 1:50 scale. 

(i) Riference and Microscope-Support Bars: Within 
each observation recess two vertical 1/2 inch thick 
plates welded to form a right angle. are placed in a 
position to contain the plumb line within the 90° 
quadrant formed by the plates. A stainless steel mi
crometer-microscope support bar and reference bar 
each extend at right · angle from each of the above 
plates, as shown in Fig. II-3.1-04. 

(ii) Micrometer carriage and microscope : As shown 
in Fig. II-3.1-04 carriage is constructed in such a 
manner that its base slides over carriage rod and an
chored by cone-point screws seating into drilled re
cesses in the rod. Lead screw knob provides for read
ing to the nearest half thousandth of an inch. The 
carriage should have a total travel range of tw_o inch. 
1 Microscope of 20-22 Power and focussing through 
1! inch having cross hairs in the eye piece has been 
found suitable for observations of plumb lines in ob
servation recesses detailed in Fig. II-3.1-05. 

· Huggenberger Coordi-scope consists essentially of 
a micro-meter micro-scope complete with the micro
meter carriage, and 90 degree circular quadrant track 
for positioning the micro-scope for observing plumb 
line movement normal and parallel to the dam axis. 
For using Coordi-scope, its base plate is fixed to the 
observation recess face by means of a bolt and so 
oriented as to enable measurement of plumb line 
movement in · specified direction ; Coordi-scope is 
mounted on to this fixed base plate by screwing on its 
base socket on to th~ threaded support point on the 
1~ 

base plate and seating it against the lower support 
points provided on the base plate. 

The base plate is provided with a cover fqr its pro
tection when not in use. The Coordi-scope has a range 
of 100 rom and accuracy of .02 mm. 

Huggenber{!er Coordi-meter permits determination 
of the dam deflection at the location of observation 
recesses by processing of observed data consisting of 
angular changes from the originai angular values. 
For details of the Huggenberger coordiscope and co
ordi-meter literature from the manufacturer should 
be referred. 

(ii) Number, Location and Layout 

In large concrete dams built, in V shape canyon, 
1 a plumb line should be provided in the block repre-

sentative of deepest central portions and a plumb line 
each at quarter point of the length of the dam, for 
reading dam deflections of blocks built on steeply 
sloping abutments. In the case of dams built in wide 
canyon, such that the dam blocks are almost of the 
same height for most of the length of the dam, one 
plumb line each at one third the length of the dam, 
would be adequate for providing the necessary infor
mation on dam deflection behaviour. 

Additional plumb lines may be provided in blocks 
founded on rock formations composed of strata sus
ceptible to differential settlement when subjected to 
the operative loads. 

In the case of buttress dams provisions of at least 
one plumb line should be made in the tallest buttress. 

Location and Layout : Plumb line wel!N are usually 
located closer to the upstream face but the exact loca
tion will depend upon the locations of longitudinal 
~ralleries in the dam located at various elevations, for 
Inspection and maintenance facilities. 

The plumb line should be located so as to provide 
longest vertical continuous plumb line and the greatest 
possible number of reading stations with short a~ss 
adits, if necessary, from that gallery to the readmg 
station. In massive concrete gravity and arch dams, 
long plumb lines with adequate number of reading 
stations are easily available On account of the large 
number of longitudinal galleries provided in them. 
Typical example of such plumb line arrangement is 
shown in Fig. II-3.1-05. 

·However, in the case of large double curvature arch 
dams, having considerable vertical curvature, one con
tinuous plumb line well extending from near the top 
of the dam down to the lower most gallery, may not 
be possible, if requirements of its proximity to the up
stream face were to be adhered to. In such cases two 
olumb line wells are provided, one for the upper half 
of the dam and the second for lower half, such that 
the plumb bob elevation of the upper line is at the 
level of the suspension point of the lo~er line, located 
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some distance upstream or downstream of the loca
tion of the lower half. The plumb bob and suspen
sion point for the above two res~ctiv~ porti?ns are 
housed in the same gallery or adJt available m dam 
at that location. In the case of Valledi Lei Dam 
(Switzerland) (Ref. Vol. II "European Practice in D~· 
sign and Consmxction of Concrete Dams U.S.B.R. 
Fig. III) three plumb lines are inst.alled in the crow1 
cantilever section in a stepped fashion. 

In some cases where a single line frolll the top of 
the dam to the base is required, as in medium height 
doubly curved dam, the plumb line shaft extendin.g 
from the crest intersects the d/s face. Fro!U this 
point down, the line is enclosed i~ concrete pipe. 

For dome-shaped dams, the line is not enclosed 
However, housing is provided at the. toe of .the dam 
for the bob or weight and the dampmg medmm. In 
the case of buttress or hollow gravity dam, plumb line 
well is fixed on the side of the buttress. 

Even in the case of the massive eoncrete gravity or 
arch dams, the location of longitudinal gallery near 
the top of the dam and closer to the upstream face · 
than the locations of longitudinal galleries lower down, 
would necessitate adoption of two plumb lines with 
staggered locations so that deflections of the entire 
dam profile may be determined. 

Layout of the observations recesses (reading sta
tions) accessible from the longitudinal galleries through 
access adits should be such as to permit installation 
of deflection measuring equipment in such orientation 
as will enable direct measurement of horizontal dam 
deflections, parallel and normal to dam axis (tangen
tial and radial directions respectively in case of arch 
dams) precluding any trigonometrical computations for 
the analysis of observed data. Typical layout of ob
servation recesses at intermediate reading stations, at 
the suspension point and at the plumb bob locations 
is shown in Fig. 11-3.1-05. 

When formed and unlined shaft (plumb line well) 
has been provided, care should be taken to line all 
such portions of the shaft which are just within a few 
inches of the gallery face. 

(ill) Method of Installation 

A. Def/l!ction measur~ng equipment for use Wl!th 
micro-meter microscope: 

(1) Recess fixtures installation: The recess fixtures 
should be assembled as shown in Fig. 11-3.1-04. Drill 
holes for expansion anchors and reinforcing dowels in 
the recess concrete. Drilling of these holes should be 
done care~ully to ensure desired accuracy in align
ment. Alignment may be maintained by using a small 
wood jig, set on the floor of the recess to hold the 
fixtures level and parallel to the faces of the recess. 
Exact alignment is to be obtained by small transit so 
as to &et up and turn 90° in galleries. 

Grout the anchors and steel dowels ~n place. o,yhen 
the fixtures have been oriented to desrred pos1bons. 
Make final check for carriage rod alignments and then 
encase this frame in concrete. Instail permanent plumb 
line as described below :-

(2) Suspending the Plumb Line : The permanent 
plumb line should be located at or near the centre o~ 
the net opening of tlie sh~ft, which ~hould be deter
mined suitably by suspendmg a tra?sJt plumb bob on 
a string or cord of a length suffiCient to reach from 
the top of the shaft to the lowermost point. 

Kinks and twists in the wire should be avoided 
when installing the same. The wire previously wound 
on a spool in a reeling rack is threaded through ho~e 
in the centre of the plumb bob plug, removed previ· 
ously, the interior of which contai~s a recess. The 
wire is twisted around a short nail and hot solder 
poured in to cover the nail and fill the recess. After 
the solder has cooled, the plumb bob plug is lowered 
through the shaft to the lower most point. ~hen the 
plumb bob plug is a~ the level of the damp!-fig pot, 
the plu~ is screwed mt~ the . bob, lowered mto the 
damping pot and sufficient Oil added to cover the 
plumb bob. !he freely suspei!ded bo~ is adjusted to 
an elevation JUSt below the 011 level m the dasht:?Ot. 
and the wire permanently fixed at the suspensiOn 
point. The closing nut of spring coll~t is . tightened 
to securely grip and hold the plumb line wrre. 

(3) Marking rejeren~e points: After installation of 
the plumb line, plumb bob, and placement of ~e 
plates is completed a permanent reference mark IS 
scratched on the 3/16 inch dia stainless steel plug fix
ed in the fiat face of each marker rod, care being 
taken to scratch the line vertically against the prevail
ing position of the wire. 

(iv) Observations, Form c1_ Record etc. 

- (A) Technique of Observations: Set the micro-meter 
carriage and micro-scope assembly on a carriage rod 
and clamp the entire assembly in a position such that 
the reference mark and fhe plumb line fall within the 
range of the micrometer slide. 

2. Focus eye piece sharply on the system of cross 
hairs. 

3. Focus objective lens on the marker rod. Move 
the slide and microscope to the left of the reference 
mark and then by means of the microscope slide wheel, 
bring back the slide until reference mark centered at 
the cross hair inter-section, and record micrometer 
slide position. 

4. Repeat operation approaching reference mark 
from the right side, record micrometer slide position. 

5. Focus objective lens on the pllJ!ll~ lin<? and move 
slide and microscope to the left, brmgmg It slowly to 
coincide the cross halr intersection with left-edge of 
the wire. Continue movement of the slide till cross 
hair pattern is centered over the right-edge. Read and 
record micrometer slide position. 
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6. Repeat. operation approaching plut:nb wire ed~es 
from right side and read and record nucrometer shde 
position. 

7. Difference .,•f the average of step :\ and 4 readings 
and average of ~tep 5 and 6 readings represent the 
positiou of the plumb line wire, with respect to the 
reference mark. 

8. Repeat step~ 3 through 7 twice ill .w from the 
5ame support bar. 

"9. Repeat steps 1 through 8 for the second pair of 
carriage and marker rod. 

(B) Frequency of Observations: Weekly observa
tion should be made during the first filling of the 
reservoir after which fortnightly schedule of reading 
may be adopted. More frequent schedule of reading 
may be adopted when rate of reservoir: rise is fast. 

At least one reading must be obtained for the high
est reservoir level attained every year. 

tC) Form of Record: Data observed from the plumb 
line should be recorded in printed form shown at Fig. 
II-3.1-06 which should be got printed sufficiently in 
advance of the time of commencement of the observa
tions. 

Two copies should be prepared, the original be sent 
to the design office or officer responsible for proces
sing observed data and the other copy retained at site 
for reference in case the original is lost in transit. -

(v) Analysis of Data 

Magnitude of dam deflection at any particular ob
servation recess location relative to the lowest. point 
of plumb line is obtained by subtracting the magnitude 
of movement of plumb line wire at that level from 
that obtaining at lowest level of the. plumb line wire._ 
,Deflection values so computed should be plotted to 
show the deflected shape of the dam. Continuous 
plots of deflections at the various observation recesses, 
with corresponding reservoir level plot should be main
tained for watching the deflection trends and behaviour 
of the dam. 

Plotting of dam deflections ,,gainst reservoir levels 
should be plotted for the sus~nsion points. 

3.1.1.3 Displacement Measurements by Collimation 
(Alignment Survey) 

(i) Principle and construction 

· Collimation techniques provide one of the simplest 
and most effective surveying methods for rapid deter
minations of the position of a dam crest. Two basic 
steps are required to measure deflections Of the crest 
of a dam by collimation. First a Iir.e of sight is estab
lished which essentially remains fixed in space during 
the life of the structure. Second the movements of 
points on the dam crest with relations to the line of 
sight are determined. 

20 

The line of sight passes through two reference points 
located on the right and left abutment rock. The ele
vation of the points is approximately equal to the ele
vations of the crest of the dam. So that the reference 
points will not be su~jected to ground movemen~s. 
resulting from the weight of the dam and reservOir, 
they are set back some distance (about 50-100 feet) 
from the dam rock contact. 

A concrete instrument pier is constructed at the 
right and left abutment reference points. For protec
tion against the weather and the direct rays of the 
sun, a- permanent shelter is usually constructed over 
each pier. 

To establish the line of the sight a collimator is 
set up on one pier and sighted in on a target, mounted 
on the top·of the pier located on the opposite abutmen_r. 
When this reference has been fixed, the telescope Is 
rotated in a vertical plane until the horizontal cross
hair is on the centre of a movable target located on 
the crest of the dam. This target is moved by means 
of micro-meter screw so that its centre lines up on 
the vertical cross-hair. During this last step communi
cation between the instrument man and the person 
adjusting the target is accomplished by hand signal or 
by telephone. 

· Collimations of all targets lying in a vertical plane 
through the line of sight . between two compa~ion 

. piers is done from each pier. Usually more weight 
is given to the reading taken on the target nearest to 
the collimation. 

To obtain the absolute movement of the crest the 
reference points are connected, by triangulation, to 
the stable base line, located at a place, assumed to be 
free from the deformation, resulting from dam and 
reservoir load. 

For arch dams, where more than two target locations 
are required, additional companion piers are construct
ed. 

(ii) Number, location and layout 

In the case of straight dams having axis on the 
upstream sidewalk of the road way, targets or mar
kers made of steel or bronze may be set along such 
axis line in every alternate block, if not in every block. 
In the case of dam with curved crest, targets may be 
set on the- centre of the cr~st. 

Notwithstanding the above general consideration for 
location of target, care should be taken to locate tar
gets in sectiofis containing plumb lines. 

The above general spacing may be modified to pla~c 
targets at locations defining the cantilever elements Ill 
straight gravity or arch dams. 

For more detailed descriptions of the method and 
the apparatus necessary for making these measure
ments. refer to pages 55 to 58 of the Corps of Engi
neers Manual EM 1110-2-4300. "Instrumentation for 
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measurement of structural behaviour of concrete gra
vity structures" 1958. 

3.1.1.4 Measurunent of joint movements at Surface by 
Detachable Gauges 

(i) Principle and construction 

Measurement of joint moveme:Jts internally at points 
inaccessible are made by remote' control joint meters 
described under para 3.1.1.7. Measurement of joint 
movements at surface or at locations accessible from 
galleries is made by detachable gauges of the Whit
temore (Fig. 11-3.1-07) and ManOJl type (Refer pp. 
603, Fig. 1 & 2 "Symposium on the Observations of 
Structures," Transaction Vol. li 1955 Lisbon). This 
is essentially a mechanical method of joint movement 
measurement. 

For making measurements with detachable gauges, 
inserts have to be fixed in the concrete. Inserts may 
be of common steel or of stainkss steel but stainless 
sted inserts are recommended, thou~?,h they are expen
sive. The common steel inserts, however, also last 
well without rusting, if due care ·is taken such ~~s 
constant cleaning and greasing. 

. 
The inserts are placed in relation to the joint so as 

to indicate opening and closing movements of the 
joint and any sliding movement of the adjacent block. 
For taking readings of the joint movement the gauges 
are placed on the inserts and the dial readings observ
ed. Difference between the reference and subsequent 
readings gives the value of the joint opening available 
at the time of observation. However, these observed 
readings require to be corrected for temperature 
changes. 

Inserts 

Inserts for detachable gauges for observation of 
joint movements at surface, should preferably be of 
stainless steel, though those of common steel can also 
be used. 

The inserts should be fixed in place after the con
cr.:te has been set by drilling hole.~. and the inserts 
placed in proper position in the hole .and fixed with 
mortar. The inserts need special protection when 
placed in a pavement as shown in Fig. 6 of the refer
ence, wherein is also shown the typical details for such 
inserts. 

(ii) Number, location and lctyout 

The inserts should be installed on the surface at 
locations, corresponding to the locations of joint
meters inside the dam and in blocks where joint
meters have been installed. The~e should also be fix
ed inside galleries across joints where these are acces· 
sible and at points corresponding to the joint-meters 
locations. 

·Where surface cracks are present and considered 
potential in influencing the structural integrity of the 

dam, inserts should also be placed across such cracks 
for observation of crack behaviour under imposed 
loadings. 

The arrangement for fixing the inserts across the 
joint is shown in Fig. 11-3.1-07 (b). 

Inserts may also be fixed in arrangement shown in 
Fig. II-3.1-07(c). 

(iii) Method of installation 
The inserts should be installed at specified locations 

by drilling holes in the concrete carefully and clean
ing the hole of all loose material. The insert should 
then be inserted and aligned so as to be normal to the 
surface of concrete in which this is being fixed, and 
the space around the insert backfilled with mortar. 

Use of gauge should be made to aid in aligning the 
axes of the inserts, being normal to the surface in 
which they are embedded (Fig. 7 of the reference). 

(iv), Observation, ,form of record and sources of errur 
(a) Observation Technique: Observations of the 

joint movement are made by olacing the detachable 
gauge into the inserts and observing the dial gauge 
reading. Care should be taken to have the inserts 
well cleaned, before taking the readings so that the 
instrument pins are always placed in exactly the same 
position. At the same time the joint movement read· 
ings are taken, readings have to be taken on a stand
ard base in order to correct the former, for the affect 
of temperature variations on the measuring instrument. 
The observations should be recorded in itandard 
printed form {Fig. II-3.1-08). 
(v) Analysis of data 

Analysis of the observed data in the case of the 
inserts arranged as at Fig. II-3.1-07(b) is done as 
under :-

If readings at time 1 were [,, and i,, for the con
crete and invar respectively, and for time 2 were 1, 
and i, the variation in joint opening will be 

·x=(l,-[,)- (i,-i,) 
Sliding of the adjacent blocks can be obtained by mak- _ 
ing calculations from the measurements, as these are 
not made in the direction of sliding. . Monographs 
facilitate such computation. 

Such monographs are also necessary for calculation 
of joint movements from observed data when the in
serts are arranged as in Fig. 8(b) of the reference. 

The horizontal movement is obtained from the equa-
tion -

2 2 2 
and sliding movement of Y = A. =-!J _ + C 

- 2A 
where A is the measured distance between inseyts on 
line parallel to joint plane. B distance between upper 
two inserts across the joint and C distance between 
lower inserts across the joint. 
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3.1.1.5 Foundation Displacement (Vertical) by Settle
menJ Measurement Device 

(i) Principle and construc1ion 

The settlement measuring device essentially consists 
of a wire, the lower end of which is anchored at the 
bottom of a hole, drilled to such depth as to have 
its bottom in the foundation formation, as may be_ 
considered free from.-the deformation resulting from 
imposed dam and reservoir loading, while the other 
end passes over a frictionless pulley, fixed to gallery 
ceiling available close to the foundation, and supports 
a plumb bob of suitable weight, to keep the wire taut, 
a scale being installed in the gallery for observing the 
movement of the plumb bob resulting from the defor· 
mation experienced by the foundation. This device 
makes use of the principle that if the supporting pulley 
experiences a certain amount of displacement caused 
by foundation settlement, the plumb bob movement 
will be twice that magnitude. As the scale for observ· 
ing the plumb bob movement is fixed in the gallery 
it undergoes vertical displacement equal to that expe
rienced by the foundation. The n~t movement of the 
plumb bob as observed on the scale thus represents 
the magnitude of vertical displacement of the founda
tion. A simpler. arrangement for measurement of the 
vertical deformation of the foundation would be to 
install a rod (or a pipe) in the hole drilled into the 
foundation, whose lower end is anchored to the bot
tom of the hole, while the top end protrudes above 
the top level of the hole in the gallery, the rod be
ing maintained in vertical position and free from con
tacts with the sides of the hole, and observing the 
movement of a certain reference point fixed in the 
gallery, relative to the rod top, the difference between 
the successive reading indicating the magnitude of 
foundation settlement. This arrangement possessing 
the apparent appearance of simplicity, however suff· 
ers ·not only from formidable difficulties in installations 
on account of long length of rod (or pipe) required 
to be maintained in dead vertical position without 
any intermediate supports, but also from the fact that 
iuch long standing rods (pipes) are subjected to con
siderable vibrations and temperature change which 
factors vitiate the reliability of the observations. The 
settlement measuring device, however, is free from 
these disadvantages, even though some corrections for 
temperature change may be necessary and this may 
be insignificant, as temRCrature variations in the foun
dation and galleries clqsest to it, are not significant. 
The components of the' settlement measuring device 
are described as under :- · 

1. Hole or Shaft: The shaft or hole, required to 
house the wire and the necessary anchorage at its 
bottom, should be drilled .dead vertically and should 
be of sufficient size so that the wire when installed, 
remains free from side contact, even when· the hole 
experic;nces horizontal deflection, on account of foun· 
dation horizontal displacement, re~ulting from operat· 
ing loads. The hole should be drilled deep enough 
so as to have its bottom located in foundation forma-
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tions, tree from the deformations caused by the reser· 
voir and dam loads. 

As it is not possible to drill dead vertically such 
deep holes, the size of the hole drilled, should be 
such as would make available a net dead vertical 
opening sufficient to meet the above-mentioned re· 
quirements. Holes having diameters of 5-inch or over 
should be adequate for instaYation of the settlement 
measuring device. ' 

The hole should be provided wiih casing, so as to 
eliminate all possibility of damage to, the wire. 

Wire has to ~e of stainless_ steel and may be of 
1/32 to 1/16"- diameter. 

2. Anchorage: Anchorage may consist of 1" or 2" 
diameter reinforcing rod about 5 feet long provided 
with collars and a tapped hole in the top about l-inch 
deep, into which can be fitted a plug with centre hole 
and a recess in the bottom as shown in Fig. II-3.1-09. 

3. Plumb Bob : The plumb bob may be of a shape 
and sin and material as described ur.der para 3.1.1.2 
(I) A(iii) but should be equipped with a sight vane 
(Fig. 11-3.1-09) for ensuring horizontal line of sight 
when making observations. The wire and the plumb 
bob should be enclosed in steel cabinet as per item (5) 
below. 

4. Supporting Pulley: This has to be a fnctionless 
pulley mounted in a support for fixation to the gallery 
ceiling to permit verticality of the wire even when 
the support point experiences lateral displacements. 

5. Scales: When direct sighting method is to be 
used for measurement of the foundation vertical settle· 
ment, scales of rust resistant material, preferably stain· 
less steel, as considerable condensation is prevalent in 
the galleries close to foundation, and machine gradu
ated in inches with 1 :50 graduations should be used. 
The scales have to be installed at appropriate place 
for convenience in observation and also to permit their 
being enclosed in an air-tight steel cabinet provided 
to eliminate possibility of tampering of the equipment 
by unauthorised persons. 

6. Micro-meter microscope support bars and refer· 
ence rods : Where the observations of the settlement 
have to be made by micro-meter ar.d microscope, a 
vertical support bar as deScribed under para 3.1.1.2 
(i) B (i) should be suitably installed vertically for 
mounting the micrometer microscope for observation. 
Also a reference rod on which reference mark, indi· 
cative of the initial position of the plumb bob as seen 
through sight vane is to be etched, should also be 
installed. This whole assembly including the plumb 
bob and scales if used instead of reference rod, pulley 
and supports should be enclosed in steel cabinet. 

The micrometer-,microscope supporting bar and re· 
ference rod have to be of the same specification as 
detailed under para 3.1.1.2 (i) B(i). 
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(ii) Number, location and layout 

Considerations goyerning ~e numbe~ of t~e settle
ment measuring device to be m~talled ~ a g1yen dam 
will be governed by the followmg considerations:-

(i) The character of the foundation formation of 
the dam. 

(ii) The dimension of the dam and type of the 
dam. 

(iii) Presence of any faulty and 'incompetent 
seams in foundation warranting special atten
tion. 

(iv) Settlement measuring devices should be ins
talled in sufficient number as to provide re
presentative ~ssesslnent o~ foundation beha
viour under tmposed loatlmg. 

In the case of massive high gravity and arch dams 
founded on formation expected to exhibit deformibi
lity characteristics, significantly different from those 
assessed from field and laboratory investigations and 

, adopted for tlteoretical an~ experimental stress. inves
tigations, devices may be mstalled preferably m 100' 
x 100' grid, this spacing to be suitably .al~ered w~ere 
dimensions of the structure do not permit mstallations 
of sufficient number of instruments for establishing 
foundation deformation pattern across the foundation 
transverse profile. Five lines of such instruments with 
at least three in each line, if not five, should be the 
minimum provided in such high gravity and arch 
dams. In case of gravity dams built in wide U-shap
ed canyon where the blocks have almost the same 
height for almost the entire length of the gorge, two 
lines of three devices each, should be the minimum 
provided. 

Additional instruments may be provided where spe
cial foundations conditions warrant. Installation of 
such device in the representative buttress, of a buttress 
dam or hollow gravity dam, near its heel and toe would 
provide useful information on the foundation defor
mability and yielding, resulting from possible load 
concentration if occurring under operation load. 

(iii) Method of installation 

A concrete pedestal of adequate size and height, for 
installation of the scales, sighting equipment, and the 
steel cabinet for enclosing the settlement measuring 
device and for convenience in observations, should be 

. provided on the gallery floor, so located as to permit 
extension of the vertical hole through it in continua
tion of the vertical hole in the fc-undation drilled for 
installation of settlement device. The height of pe
destal should be such as to permit sufficient clear
a.nce between its top and the rulley supporting the 
wire and plumb bob, to accommodate the expected 
range of the foundation settlement. For installation 
of the settlement measuring device, it is necessary first 
to establish the centre of the net vertical opening. 
available in the hole drilled into the foundation and 

to mark point on the gallery cdling, in c.o~tinuation 
of the vertical centre line of the hole. PositiOn of the 
cinch anchor holes for fixing the pulley assembly to the 
ceiling, should then be mar~ed with re~erence to the 
point so as to permit verticality of the Wire when final
ly installed. The pulley assembl~ should then be. fix
ed to the ceiling by means of cmch anchors dnven 
into carefully drilled cinch anchor holes. 

Installation of the wire in the hole and over the 
pulley should be done ca~efu.lly to. .avoid kinks an~ 
twists in the wire. The Wire m sufficient length previ
ously wound on a spool in ·a reeling rack is threaded 
through the hole in the centre of th~ plug of. anchor
ao-e. removed before hand, the intenor of which co~- . 
t~ns a recess. The wire is twisted around a short nail 
and solder poured in to cover the nail and fill the 
recess. After the solder has cooled, the plug is screw
ed into the anchorage and the whole anchorage 
assembly lowered into the hole until it "bottoms" the 
hole. 

Hold the wire in vertical position in the centre of 
the hole, while the anchorage is at the bottom of tlte 
hole and pour sufficient quantity of grout so as to pro
vide at least 3 feet of grouted depth at the bottom. 
When the grout is finally set, wire is pulled taut and 
passed over the pulley and the other end threaded 
through the plug of the plumb bob,. the interior of 
which contains a recess, the plug havmg been remov
ed from the plumb bob earlier. Adjust the wire 
length such that the plumb bob will be at t~e desired 
position when finally the plumb bo~ plug IS screwed 
into the plumb bob. When t~e reqmred ~ength of the 
wire has thus been determmed the w1re threaded 
through the plug is wound around a short n~il and . 
hot solder poured in to cover the nad and 
fill the recess. After the solder has cooled, the plumb 
bob plug is screwed into the bob. The wire is t~us 
finally installed for use as settlement measunng 
device. 

The scales or alternatively the micrometer micro
scope support bars and reference rods are ~n.stalled at 
the specified position in exact vertical position. 

The whole assembly is then finally enclosed in steel 
cabinet, fixed by means of cinch anchors to the gal
lery walls and pr.ovided with internally locking arrange
ment to prevent tampering of the equipment by un
authorised persons. 

(iv) Observation~. forms of record 

(a) MetHod of observations: If the scales. are used, 
then the initial reading on scale correspondmg to the 
level of the cross hair in the sight vane as observed 
by direct sighting should be recorded in the printed 
forms. Subsequent readings corresponding to the 
sight vane cross hair, observed at specified intervals 
should be noted and recorded. 

When readings are taken by using micrometer mi
croscope a fine line should be etched on the reference 
rod to indicate the initial position of the plumb bob 
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sight vane <:ross hair and initial reading of the micro
meter in the microscope is recorded in the standard 
printed form. Subsequent reading obtained corres
ponding to the level of the plumb bob sight vane cross 
hairs by adjusting the micrometer when micrometer 
microscope is mounted on the support bar should be 
recorded in the standard printed fc•rms. Sample of 
standard data form is at Fig. 11-3.1-10. 

(b) Frequency of ,Observations: Frequency of obser
vations should be same as under para 3 !. !.2(iv)B. 

(c) Fwm of record·: Typical printed standard form 
for record of field data is shown in Fig. II-3.1-10. 

v. Analysis of data. 

Computations to obiain the values of foundation de
formations from observed data are simple. Difference 
of initial readings from successive observed values pro-
vides the values of foundation settlement obtaining at 
the time of a particular observation. 

3.1.1.6 Measuremell/ of Dam and Foundation deflection 
by reverse (inverted) plumb line · 

(i) Principle and construction 

Use of regular plumb line for measurement of rela
tive horizontal displacements of the points inside the 
dam, with respect to the lowest point of the plumb 
line, has been described under para 3.1.1.2. 

The relative displacements are determined by consi
dering that the reference point, namely the point cor
responding to the lowest reading station, remains fixed 
and does not experience any shift in its position. In 
actual practice, however, the reference point itself 
undergoes horizontal displacement on account of the . 
foundation hor.izontal displacement under operating 
loads .. So in order to obtain correct evaluation of the 
displacements of dam points it is essential to ascertain 
the magnitude of foundation displacement and hence 
the shift of point corresponding to the lowest reading 
station .resulting from varying reservoir level. 

This measurement is made possible by the use of 
reverse plumb line, which essentially consists of a rust
resistant wire the lower end of which is attached to an 
anchor. grouted to the bottom of drilled hole in the 
foundation while the suspension point (upper end) is 
attached to a float which is buoyed up by water in a 
covered tank. To reduce evaporation, the water is 
covered by a film of oil. 

For measurement of the foundation displacement 
(horizontal) for applying correction to displacement 
measured by the regular plumb line to obtain correct 
values of horizontal displacement of dam the suspen
sion point and float arrangement may be installed in a 
gallery in which the plumb bob and damping medium 
for. the regular. plumb line is housed. 
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The arrangement should be so positioned as to per
mit observation of the reverse plumb line at an eleva
tion corresponding to the lowest reading ·station eleva
tions of the regular plumb li~e. 

However, if the reverse plumb line is extended all 
the way upto the topmost available observation sta
tion, values of the absolute horizontal deflection of 
dam points become directly available by simple differ
ence of the initial and successive micrometer microscope 
readings if the microscope or co-ordiscope is used or 
difference of initial and successive reading of scales 
against wire position if direct sighting ·method is used, 
requiring use of scales. 

The items of equipment and oth~r features requir
ed for installation and use of reverse plumb line. Typi
cal installation of which is shown in Fig. 11-3.1-11 as 
under:-

1. Hole: Hole has to be of 3ufficient size as to per
mit free positioning of wire in it, even when the hole 
experiences horizontal displacement on account of 
foundation horizontal displacement and of such depth 
as to anchor the lower end of the wire at points in the 
foundation considered free from deformations due to 
dam and reservoir loads. The hole. should be suffi- _ 
ciently vertical as to provide a net vertical opening of 
about 8 inches in diameter. 

The hole has to be cased but for the bottom 3-5 
feet which portion is filled with grout for anchoring 
the lower end of wire attached to an anchorage unit. 

2. For description of wire, micrometer microscope, 
reference and support bars, suspension arrangement 
refer to para 3.1. 1.2. 

3. Float: Float is essentially a double walled hol
low cylinder of steel covered at top and bottom but 
having a central hole through the top and the bottom 
cover for threading the plumb wire from below and 
connecting it to the suspension collet fitted in a sus
pension spider centrally· supported on top of the float. 
The central opening in the float should be of sufficient 
size to accommodate horizontal disolacement of the 
dam at float level without contact - with the plumb 
wire. 

\ 

The size and height of the cylindrical float has to 
be designed in accordance with the buoyancy principle 
to provide the specified level below the top of the 
float as also below the top level of the cylindrical 
pipe welded in the centre of the tank bottom to pro
vide continuation of the plumb line opening for ex
tension of the plumb wire through it. 

4. Tank : The tank is cylindrical in shape and may 
be fabricated from steel. An upright cylindrical pipe 
of the same size as that of the plumb well should be 
welded centrally over the hole in the centre of the 
tank bottom, to provide continuity of the plumb well 
for extending the wire to the suspension point on the 
float. The height of the upright pipe should be suyh 
as to preclude over-topping when tank is filled with 
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water to such specified level that the resulting position 
of the float in the water would cause the specified 
amount of tension in the plumb wire. 

The tank should be provided with air-tight cover 
to prevent evaporation of water and tampering of float 
and suspension assembly. Suitable arrangement should 
be provided for lifting the tank for repositioning of 
the tank in case the wire gets into contact with the 
abov(>mentioned upright cylindrical pipe. 

5. Concrete Pedestal: Concrete pedestal of adequate 
size and height should be provided in the gallery for 
supporting the tank and float assembly en~uring ver
tical continuity of the plumb wire. The hetght of the 
pedestal should be sufficient to accommodate obser
vations recess for installation of deflection measuring 
equipment for observation of the plumb wire. 

~ 6. Anchorage Unit: This may consist of 1!" - 2" 
diameter reinforcing steel bar, about five to six feet 
in length with collars welded to it at suitable spacing 
to provide the desired anchorage action when grouted 
in position. -Hole· of suitable size and depth should 
be tapped centrally in the top portion of the rod for 
attachment of plumb wire. 

(ii) Number, location and layout 
For this refer to para 3.1.1.2(ii). 

(iv) Observatiom, Forms of Records etc. 

Procedure for osbervation is similar to that describ- . 
ed under para 3.1.1.2(iv). 

Forms of record same as specified U11der para 3._1.1.2 
(iv). 

(v) Analysis of data 

Differences of the readings l!t respective reading 
stations from the respective initial reading at corres
ponding reading stations will give the magnitude of 
the deflection at the level of the respective reading 
stations. 

3.1.1.7 Measurement of interna.l joint movement by 
joint-meters . 

Depending upon the principle of working two kinds 
of joint-meters for internal joint movement measure
ments are in use: 

1. Carlson elastic wire resistance type. 

2. Vibrating wire type (manufactured by Telemac 
and Maihak). 

(i) Prirtciple and comtruition 

l. Carlson elastic wire resistance type joint-me1er: 
The meter is in the general form of a long cylinder 
with anchor on one end and a threaded hub at the end 

(iii) Method of Installation which fits into the tapped end of a socket intended to 
. . . . . be cast in advance in an adjacent block, to on!!'aee 

_For mstalla~mn of deflection measunng eqmpment, , the surrounding concrete. (Fig. II-3.1-12). 
miCrometer rmcroscope support bar, reference rods / 
etc. and suspension assembly refer para 3.1.1.2(iii). 
For installation of the reverse plumb line, stainless 
steel wire, sufficiently in excess of the length, requir
ed for any specified location is wound on a reeling 
rack and the free end of the wire is passed through the 
hole in steel plug as mentioned under para 3.1.1.2(iii) 
and tied to a small nail, and pulled tight. Molten 
lead or zinc is poured into the recess of the plug. 
After the zinc has set, the plug is screwed into the 
tapped hole in the top of anchorage. The whole an
chorage unit assembly is then lowered into the hole 
and positioned so that wire occupies central position 
of the net vertical opening of the hole. Required 
quantity of grout is then poured into the hole, while 
keeping the anchor and wire in central position so 
that about 5' depth from bottom of the hole is filled 
with grout. 

After the grout has set, grouting of the annular 
space between the casing pipe and the inside of the 
hole should be done. 

The rest of the procedure of threading the plumb 
wire through collet and supporting the suspension 
spider is the same as described under para 3.1.1.2(iii) 
with the only difference that in this case spider rests 
in the lipecified position on the float top instead of the 
concrete pedestal. 

5-4 C,W, & P,C,/66, 

In order to provide for an elonJ;!ation of :1.<~ ,n,.h 
as 0 · 20 inch long single loops of steel wire are held 
in tension by small coil springs and pulleys arraneed 
within the flexible brass cover tube. Since tension in 
the springs is directly proportional to displacement 
this arrangement makes it possible to keep the pro
portionality of stress and consequently resistance in 
steel wires to the overall displacement. The greater 
part of the displacement is taken up in the coil springs. 

The instrument is designed to take advantage of 
two electrical properties of steel wire, resistance varies 
directly with temperature and resistance varies directly 
with tension. When the ends of the joint-meter arc 
pulled apart by opening of a joint, the outer or expanw 
sion loop elongates and increases in tension and .con
sequently in resistance as well. At the same time the 
inner loop or contraction loop decreases in resistance 
as it shortens. The ratio of the resistance of the ~X· 
pansion loop divided by the resistance of the contrac
tion loop is used as a measure of joint opening. Tem· 
perature is meastired by taking the sum of the resis
tances of the expansion and contractions coils. 

Since there may be considerable shearing movement 
in contraction joints as adjacent blocks cool at differ• 
ent rates the joint-meter ia designed to withstand • 
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1hearing movement of 0.10 inch by reducing the frame 
section at the ends to serve as elastic hinges. A 
flexible bellows forms the centre secti'on of the joint
meter to take the longitudinal and shearing motions 
of the case without undue straining. 

The meter is usually furnished with 30 inches of 
rubber covered, three conductor cable attached, the 
conductor having coloured insulation of green, white 
and ·black respectively. · . · · 

- The green coil is made ·common to both the loops. 
The· white one goes to the end of the expansion loop 
and the black one goes to the end of contraction loop. 

. The loops are encased in brass tubing which is 
completely fi:lled with corrosion resistant oil. A sepa
rate sealing chamber is provided for terminating the 
rubber covered cables that connect the joint-meter to 
the ..teiminal· bOxes iii the galleries. 

The calibration of the joint-meters are about .0005 
inch joint opening for ev_ery 0.01 per cent increase in 
resistance ratio. The resistance of coils varies about 
1. ohm for each 11 op rise in temperature. Measure
ments of the resistance ratio and resistances are made 
by connecting the three conductor cable to the bind
ing posts of a standard wheatstone bridge circuit test 
set in specified order in accordance with the manufac
turer's instructions. 

The transmitters are connected to the receivers with 
special electrical cables. Since the measurement being 
made depend upon the mechanical vibration of the 
steel wire, the fluctuations of electrical values (such as 
cable and contact resistances) in the transmission line 
do not affect the accuracy of the measurements. 

(ii) Number, location and layout. 

Number of joint-meters required to be provided in 
any given dam will depend upon its dimensions, block 
layout, provision of transverse and longitudinal joints 
or transverse joints only, length of the dam, configu
ration of the foundation profile, presence of specially 
treated foundation features under the dam, and the 
extent to which measurements of joint behaviour would 
prove adequately representative of the joint movements 
for the entire structure. In the case of large massive 
concrete straight or arch aravity dams, transverse 
joints extending from upstream to the down-stream 
face and continuous from foundation for the entire 
height of the dams, divide the structure into blocks 
having transverse parallel sides (radial in the case 
of arch dams). Each such block is then sub-divided 
by longitudinal joints (circumferential joints in case 
of arch dam) into smaller monoliths the longitudinal 
joints being vertical and parallel to the axis (circum
ferential for arch dam) of the dam for the monolith 
entire height. Grouting of the longitudinal contraction 
joints in large gravity dams, subsequent to the cooling 
of mass concrete is an imperative provision to ensure 
structural integrity of each block and enable it to act 
monolithically to conform to the design requirements. 

Grouting of transverse contraction joints in large 
massive straight gravity concrete dam is done to re
store the entire structure to a monolithic condition to 
behave as a three dimensional structure and thereby 
introducing more favourable stress distribution pat· 
tern, specially beam stresses in straight gravity. 

. 2. Vibrating. wire type joint-meters (Telemac or 
Maihak make): These joint-meters functipn on the 
principle that change in length of a pretensioned steel 
wire vibrating with damped natural vibrations results 
in a proportional change in the natural frequ_ency of 
the vibrating wire. The measuring system consists of 
a. trl\nsmitter (transducer) containing 1\ pret_ensioned 
steel wire (the measuring wire) stretched so as to 
vi~rat~ in damped n11tural vibrations after excitation 
from a receiver and an, electromag:tet. The vibration 
can be started automatically or by hand by pressinga 
bu~ton arranged c;>n the receiver. In the case of arch dams grouting of longitudinal 

, joints (if provided) and of transverse joints is an essen-
When the wire is plucked, an alternating current sig- tial requirement to weld the blocks into one monolith 

nal is indicated in the magnet circuit. This signal has · integrated structure conforming to requirements of dt>-
. the same frequency as that of the vibrating wire. An sign. In the case of stone masonry dams, joint move
increase in the tension of the wire, produced by the ment measurement of transverse joints is required. 
lengthening of the transducer element causes a corres· To meet the above requirements joint-meters need to 
ponding increase in the frequency of the signal. be installed in sufficient number and at location~ which 

' The receiver ·or a comparl}tor contains a s.teel wire 
(standard wir~) whose frequency is tuned to the fre
quency .of the measuring .. wire by means of. a . micro
meter .. The adjustment of .the .standard wire is read 
on . a qiaJ, the difference jn scale units multiplied by 
the calibration constant represen~s the direct result of 
the measurement. The mechanical natural vibration 
of both the measliring and standard wires are passed 
on to the Cathode Ray Tube of the receiver after hav· 
ing been transformed into electrical vibrations. The 
required coincidence of frequencies exist when the 
vibrations to be seen on the screen of the Cathode 
Ray Tu~. are united to fonn a circul~r or elliptical' 
fiauro. · - · · · 
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will provide information on the extent of joint open
ings and their groutability as representative· of the joint 
system for the entire structure. 
~ 

In the case of large dams built in V-shaped canyon, 
joint-meters should be installed in at least three blocks. 
namely one central block representing deepest and 
maximum section of the dam, and a block each in 
the abutment portions representing blocks built on 
steeply sloping abutments. In plan at a given eleva: 
tion the joint-meters in each of these blocks should 
be installed at the centre of the longitudinal joints 
and at the centre of the transverse dimensions of the 
monoliths in the block, while these should be spaced 
about 50' vertically for the entire height of tho lonsi· 
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tudinal and transverse contraction joints as the grout
ing lifts (zoning of joints by provision of metal seal) 
are limited to about 50' in height. This spacing may 
be modified in the top portion of the joint if joint 
height does not permit of 50 ft. spacing for the entire 
height. 

(iii) Method of installdtion, 

I. Carlson elastic wire resistance type joint-meter: 
Joint-meters are supplied equipped with· a socket 
which must first be embedded in the high block. The 
10ck:et is further provided with a slotted plug in which 
two holes have been drilled. Procedure for the instal
lation of joint-meter at a contraction joint consists of 
the following steps : 

(a) Nail the plug, slotted side out to the form at 
the joint-meter location. This should be not more than 
6" below the top of the lift for easiest installation. 

(b) Screw the socket on the plug. 

(c) When socket installation is complete care should 
be taken by the workmen not to hang things on the 
socket or use it as a step in getting out of the form 
or mistreating it otherwise thus cau&ing misalignment. 
To make the above encroachments it is a good precau
tion to run a few ties to the form to keep the socket 
in position Fig. II-3.1-13. 

(d) If it is considered that for the particular con
crete being used, the force exerted by the nails in the 
plug and ties is greater than the bond resistance on the 
socket, an additional anchor might be welded on to 
the socket, to prevent pulling· it out during form re
moval. 

(e) If the cable leads are to run in the block in which 
the socket is embedded, recess shoulti be provided 
adjacent to the socket into which not less than 3 feet 
of the cable have been coiled. 

After the low block reaches the elevation in which 
the joint-meter itself is to be embedded, the following 
procedure should be followed : 

(i) Let the placing foremen, complete the lift at 
· the joint-meter location. 

(ii) Dig back at the location until the plug is un
covered, leaving a small trench about one 
foot square. 

(iii) Back out the plug and ;nsert the joint-meter 
screwing it upright. ' 

Civ) ~ie the j~int-meter cable lead out of the pour 
<if cable Js embedded in the high block) and 
backfill with 3" maximum concrete hand 
puddling the concrete around the m~ter. 

' (v) Next day, splice the meter cable and the 
c.able extension may preferably be done at the 
time of embedment to allow observation to 
be made. 

2. Vibrating wire type joint-meter: Refer details in 
catalogue of the relevant type (Telemac or Maihakj. 

(iv) Observatiof!S, forms of record, sources of error 

1. Carlson Joint-meter 

(a) Observations: Observations of the resistance ra• 
tio and resistance of the joint-meters are made by con• 
necting the meter conductors, until these are soldered 
to the terminal contacts on ... terminal boards in galle
ries, to the binding posts of the standard Wheatstone 
bridge test sets (Carlson) in the ord~r specified by the 
..manufacturer. Subsequent to their terminations on 
the terminal boards in galleries, observations of joint• 
meters are made by connecting the joint.meter termi
nations to the Carlson test set binding posts through 
standard test lead supplied by the manufacturer. The 
standard test lead is equipped with a female plug .i~ 
socket at one end while at the other the individual 
conductors are equipped with metallic like termina
tions for connection to the test set binding post. Care 
should be taken to connect the cable leads in the order 
specified by the manufacturer to ensure correct and 
reliable measurements. 

(b) Frequency of observations: The following read· 
ing schedule may be adopted : . _ 

1. Immediately after --embedment. 
2. Every 3 hours for the next 30 hours. 
3. Every 12 hours for the next four days. 
4. Once a day till the concrete temperature rises 

to a maximum (usually about two weeks). 
5. Twice weekly for next one nionth. · 
6. Weekly afterwards until the completion of 

contraction joint grouting. 
7. Fortnightly afterwards, 

(c) Forms of record: Observations should be re· 
corded directly ·On the printed field reading form (Fig. 
II-3.1-14) which should be got printed sufficient in 
advance of the commencement of observations. 

Duplicate copy of observations should be prepared 
at the same time the observations are being recorded 
on the original sheet. This can be ·done by placing 
a carbon below the original one before commencing 
readmg of the observations. The original should be 
sent to Design Office or to the office responsible for 
analysis of the data and the duplicate retained in· the 
observer's office for future reference. · 

(d) Sources of error: 

1. Presence of moisture on the terminal panels. 
2. Grounding of the meters. 
3. Loose circuit connections of the test set.. 
4. Faulty cable leads. 
5. Presence of deposit on terminal contacts. 
6. Low voltage of test set batteries as evidenced 

by galvanometer deflection. 
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2. Vibrating wire type joint-meter: Observations of 
the joint opening are made by connecting the meters 
(transducers Telemac) or transmitters (Maihak) to the 
test sets or receivers (Maihak). As the connecting 
leads are only two conductor copper shielded cable 
no special order of connection is specified as in the 
case of Carlson type joint-meters equipped with 3 con
ductor cable leads. Readings are taken by plucking 
the transducer. element (measuring \\ire) and adjusting 
the standard wire length . by micro-meter movement 
until the two frequencies match as indicated by the 
appearance of figure of ellipse on cathode ray -tube 
screen. The new reading of the micrometer is record-: 
ed in the standard printed form for further analysis 
of the observed data. 

Frequency ·of the observation has to be same as in 
3.1.1.7(iv) above. 

Sowces of error : Accuracy of the reading does not 
depend on maintaining high resistance to ground. The 
~t set has electronic circuits and the component.s are 
affected by temperature and shock. 

(v} Analysis of data . 

1. Carlson joint-meter: Analysis of data is done by 
transcribing the observed data to the "Standard Joint
meter Data Sheet" (Fig. 11-3.1-15) and following the 
prxedure detailed here under: 

Fill in the calibration data of the meter as supplied 
by the manufacturer, in ~c space _provid~d in the top 
portion of the form. agamst particular Items. Com
pute the value of the corrected calibration constant by 
using the following equation : 

C1 _ C YC (0·89) 
- . R 

Wh.crc 0 is the calibration constant. 
C is the original calibration constant. 
Y is the resistance of a pair of conductor 

cables. 
R is the meter resistance at 0°F. 

In· column 3 is the observed resistance in ohms. In 
column 4 is change in resistanc~ being difference from 
the reference value (zero value). In column 5 is indi
cated temperature computed as a product of (differ
ence of observed resistance and meter resistance at 
zero ·degree) and change in ~mperature per ohm 
change is resistance. 

In column 6 is the observed resistance ratio per cent. 
In col 7 is the change in resistance ratio i:e., differ
ence between the observed and the zero reading (when 
concrete sets). In column 8 _is !}le indicated joi~t 
movement obtained by- multlplymg the change m 
resistance ratio by the corrected calibration constant. 

2. Vibrating · wire (lype joint-meter: The observed 
data should be transcribed in the standard printed 
joint-meter data &heets when received and analysis of 

28 

data to obtain values of joint opening done by using 
the calibration curve or the calibration constants sup
plied by the manufacturers. 

3.1.1.8 Foundation deformation measwement by defor-
mation meters (joint-meters} 

(i) Principle 

· The principle underlying this arrangement is essen
tially to measure the deformation of the foundation 
surface with reference to point 'located deep into the 
foundation at depth considered free from deformation 
due to dam and reservoir loads. 

The arrangement comprises in installing a joint
meter across the surface of contact of dam concrete 
and foundations rocks in a manner that its lower 
end is mounted on a pipe having its lower end an
chored at the bottom of a drilled hole, the portion of 
tne joint-meter in the hole being free from contact 
witll its periphery while the upper half is embedded 
in the dam concrete. 

Deformation. of the foundations surface will mani
fest by changes in the resistance ratio of the joint
meter caused by movement of the upper halt while 
the lower half is fixed. · The change in resistance 
ratio from the initial reference ratio are indicative vf 
the magnitude of foundation settlement obtaining at 
the time of observations due to imposed dam and re
servoir loading. For the operating principle of the 
joint-meter, refer para 3.1.1.7(i). 

The component of this arrangement are as under:-

1. Hole or shaft : 3" diameter vertical holes are 
required for this device. Depth of the hole has to be 
such that its bottom is located in foundation forma
tions considel'ed free from the influence of dam and 
reservoir load. The hole ihas to be cased for its en
tire length except for the bottom portion for about 
2'-3'. 

2. Anchor and pipe : 1!" X !" steel reducer for 
attachment to the bottom of the joint-meter to its top 
as per details to be descri.bed under para (iii). 

3. Joint-meter and socket: For description refer 
to para 3.1.{.7(i). 

(ii) Number, locations and layout 
Refer para 3.1.1.5(ii). 

(iii) Method of installation 
After the hole of specified diameter and depth has 

been drilled and cased, as under (i) (1) above i" 
diameter pipe of ~uired length ~th 1!" X. i" 
reducer attached to Its, lower end ts lowered mto 
the hole until it bottoms the hole. 

Joint-meter socket is screwed on to the pipe top 
while the pipe is maintained centrally in a vertical 
position as shown in Fig. ll-3.1-16, the length of the 
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pipe being suclt. that the joint-meter when finally ins
talled has its mid-section at the concrete rock cont~ct. 
To break the bond of the socket from the periphery 
of the hole backfil the annular space between the 
hole and the socket with paper keeping the socket and 
pipe positioned centrally and vertically in the hole. 

Keep the plug in the socket in position until com
mencement of concreting in the area of deformation 
meter location. 

Remove the plug in the socket and screw in the 
joint-meter equipped with the required length of cable 
for connection to terminal boards in the galleries he
fore concreting around deformation meter location 
begins. 

Hand place concrete around the meter by remov
ing all aggregates larger than 3" size and vibrate care
fully with wiggletail vibrator so as not to damage 
the meter. Care should be taken not to dump con
crete directly over the met~ location. All other cares 
and precautions for instaflation are similar to those 
described under para 3.1.1.7(iii). 

(iv) Observation 

~efer to para 3.1.1.7 (iv) for procedure of obser
vatwns, frequency of observation, forms of record and 
sources of error. 

(v) Analysis of data 

Analysis of data is done similarly as in para 
3.1.1 :7(v) with the only difference that here the· results 
J?r?vide values of foundation deformations instead of 
JOint movements (openings) as in para 3.1.1.7(v). 

3.1.1.9 Measurement of tilt by clino-meter 

Measurement of tilt in dams essentially consists in 
measuring the change in angle of reference axes with 
reference to horizontal or vertical planes. These 
meas~rements are made in transverse or longitudinal 
gallenes located at the base or directly below the 
crest. of the ~tructure. Tilt measurements at inter
mediate loc~t10ns may· also be made to provide as 
much checki?g data . as possible not only to provide 
check Oi!- this deflectiOns and settlements recorded by 
plumb . lines and obtained by bench mark levelling 
respectively but also to suppl~ment it where necessary. 
Instruments ~~ for measurmg tilt are called clino
meters and m~lmometers. Clinometers which mea
~ure chang~ m angles relative to horizontal planes 
are . more WI~ely used than inclinometers. Two type~ 

. , of tilt measurmg apparatus are in use: 

(a) Optical air-bubble type. 

(b) Electrical vibrating wire type. 

(A) OPTICAL AIR-BUBBLE TYPE 

(i) Principle and construction 

The air-bubble type clinometer essentially consists 
of a precision level and a rigid frame. The level 
which is mounted at mid span is pivoted at one end 
and fitted with a micrometer screw at the other. 
Measurements of changes in tilt are made by support
ing each end of the frame on reference points attach
ed to the supports or bases which are embedded in 
the dam, and then centering the bubble by means of 
the micrometer screw. 

The main · differences between the various types 
of clinometers concern the methods used for support
ing the instrument and for centering the bubble. One 
type of clinometer is mounted on two stainless steel 
balls, each of which is attached ;.o a support bracket 
embedded in a gallery wall. The distance between 
the brackets is about 1 m (3.28 feet). To position 
the instrument when making rotation measure
ments each ball contacts a hardened steel . button 
attached at each end of the frame. One of these has 
a cupped point and the other a "V" groove, with 
the axis of the groove parallel to the axis of the ins
trument. 

The level is a large-radius vial containing sulphuric
ether. When adjusting it, the customary method of 
positioning the bubble between two lines on the vial 
is used. A second level, having an axis set normal 
to the frame, is attached to the instrument. This is 
used to correct tipping of the clinometer about its 
longitudinal axis. 

The second type of clinometer differs ·from the one 
described above in two respects. The first is that the 
instrument need not 15e held wht::n read, since it has 
three points of support, one on one side, and two on 
the other side of the instrument. Each bracket also 
has three points of support. The outside point is 
cup-shaped, the middle point has a "V\' groove, and 
the inside point is fiat. By this arrangement of points, 
a clinometer can be oriented first in one direction and 
then in the other when taking readings on adjacent 
supports. All of the reference points on the clino
meter are steel balls. The clinometer level is equi~ 
ped with an optical positioning device which provides 
a double image for the bubble. The correct position 
of the bubble is attained when the boundaries of both 
images are made coincident. By means of this ac
cessory, t1w position of the bubble can be set with 
greater precision. As a result, a level having a vial 
of less radius than the vial of the first instrument 
described can be used. This has the advantage of 
increasing the stability of the bubble. 

Disadvantages are claimed for: the two instruments 
d_escri~d above. · The first one is difficult to use, 
smce _It has to be held by hand when making readings. 
Readmg~ made by the second one are subject to 
errors, smce the suppo~. reference point.s used during 
normal and reverse positions when makmg clinometer 
measurements are not the same. 
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In practice, clinometer · measurements are made 
between several supports set in the concrete walls of 
longitudinal and transverse galleries. - Normal- and 
reverse readings are taken between one support 
and an adjacent support for each pair of points at 
a clinometer station. Measurements of rotation are 
subject to errors caused by movements produced by 
thermal effects and by volume changes in the con
crete. The Huggenberger air-bubble type clinometer 
is supported on circular ·bases which js made up of 
three stainless elements, one with a hole, another with 
a slit, and the third with a plane on which the clino
meter supports rest. The bases have the number of 
elements required to measure rotations in two ortho
gonal planes. Yet given the extreme sensitiveness 
of the instrument the supports must be very thoro
ughly cleaned as any dirt, even undetectable, can give 
rise to considerable error. . 
(ii) Number, .location and layout 

For providing in.fotmation on settlement and 
checking. of the values obtained by bench mark level· 
ling observation, clinometer bases may be provided at 
locations corresponding to those of benchmark. ' 

For. measurement of change in angle of vertical 
plane, these may be provided in proper orientation 
at elevation where plumb line observations recesses . 
have been provided. Refer para 3.1.1.2(ii). 

(iii) Method of installation 

The only part of this apparatus which needs ins· 
tallations is the base on which clinometer is supported 
for observations. The bases may be embedded in the 
gallery floors at specified locations by drilling holes . 
of suitable depth and dimension depending upon the 
type and dimensions of the bases, installing the base 
and filling the space around with the grout. Care 
has to be exercised to ensure that the base is properly 
aligned and ~riented and levelled. ' 

(iv) Observations; sources of errors etc. 

Observations oLtilt are made by placirig the clino
meters on the bases in proper orientation and center· 
lng the air-bubble by means . of the micrometer 
screw. The readings of the micrometer screw obtain
ing at any particular line of obserVations ·when refer
red to the initial reading gives the value of tilt. . . 

Frequency of, the observation is the same as for 
plumb line observations . [ref. Para 3.1.1.2(iv)] for 
clinometers meant for measuring tilt from the verti
cal plane. For clinometers meant to measure tilt from 
horizontal plane, frequency of observations may be 
same as that of the benchmark levelling. 

Sources of error.-As these instruments are very 
sensitive, presence of dirt, even when undetectable 
on supports ilffects the accuracy of readings. Tempera
ture variations cause significant effect on the accuracy 
of observations. 
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Gv) Analysis of Data 

The observed values of tilt are processed to obtain 
the vertical and horizontal displacements of the 
points of clinometer locations by integrating the dis
placements beginning from the reference point. 

(B) VIBRATING WIRE TYPE CLINOMETER 

(i) Princi pie and ·construction 

The measuring system comprises OJ;le receiver and 
any desired number of transmitters (transducers) which 
are connected by cables to the receiver. The trans· 
mitters are permanently fitted to the object whose 
change of inclination (tilt) is to be determined. The 
cylindrical case of the transmitter houses a special 
pendulum surrounded by damping oil with an extremely 
short pendulum length. A vibrating wire made of steel 
(the measuring wire) is stretched between the pendulum 
and the case. If the pendulum changes its position 
relative to the case, the mechanical tension and hence 
the natural frequency of the measuring wire is altered .. 
An electromagnetic system picks up the mechanical 
.~librations of the wire, converting these into electrical 
oscillations which are transmitted to the receiver. The 
receiver also contains a steel wire-the standard wire
the mechanical stress and hence its natural frequency 
is tuned to the frequency of the measuring wire of the 
respective transmitter by means of a knob. The ad
justment of this standard wire is read on a dial. The 
difference in scale units multiplied by calibration con
stant represents the desired result of measurement. 

The mechanical natural vibrations of both the mea· 
suring apd standard wires are passed on to the ca· 
thode ray tube of the receiver after having been trans
formed into electrical vibrations. The required coin
cidence of frequencies exists when the vibrations seen 
on the screen of the cathode ray tube are united to 
form a circular or elliptical figure. 

Two types of electrical clinometers are in use. 

(a) Surface clinometers.-These are to be fitted on 
the outside of the test object, for example to the ver
tical or horizontal surface of the structures. The rigid 
mounting is ensured by flanges or spreading anchors. 
In order to align the transmitters to zero position, 
during installation, transmitters are provided with a 
ballpin. The mounting flanges or anchors have match
ing ball sockets with locknuts. 

(b) Embedded type clinometer.s.-These are meant 
to be installed in concrete or fitted to building or a 
construction part exposed to hydraulic pressure. The 
measuring element is arranged in a special P-rotection 
bearing and may be aligned in the descnbed zero 
position after concreting or locking the lower part of 
the housing. Both of these types are available for 
tilt ranges varying from 10' to 40' and having sensi
tivities varying from 0.3" to 2" and 1 · 4" to 
10". 

(ii) Number, location and layout 
,Refer. para A (ii) a?ove. 
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(iii) Method of installation 
Details of mountings are available in the respective 

catalogues of the manufacturers of vibrating wire type 
clinometers. ' 

The most well known makes are Maihak, Telemac 
and Galileo. 

(iv) Observations etc. 
Details for connections of the meter cable to the 

receivers (central recording board) are . available in 
respective catalogues which should be referred to. 

(v) Method of analysis 
Calibration charts showing relationship between' the 

change in frequency and the quantity being measured 
are supplied by the manufacturer. The observed data 
is therefore analysed with the help of these calibration 
charts. 

3.1.2 Instruments for Measurement of Displacement 
in Earth Dams • ' 

Measurements of displacement in earth cams are 
made by optical, mechanical and electrical methods. 
Under the optical methods are grouped instruments 
for Geodetic survey for measurement of surface dis
placements, namely theodolite and levels for horizon
tal and vertical surface displacement measurement of 
surface points respectively. Ordinary methods of sur
veying are considered sufficiently accurate on account 
of large displacements experienced in earth dams in 
comparison with concrete and masonry dams, where 
precision instruments are used on accounts of com
paratively smaller magnitudes of dam displacements 
and foundation deformations. 

Mechanical methods of displacement measurement 
in earth dams are most extensively used for internal 
measurements. These include the use of internal ver
tical movements device cross-arm, and internal hori
zontal movement device and internal foundation settle
ment measuring device. 

Electrical methods, not as extensively employed aR 
the above-mentioned mechanical ones, involve use of 
electrical instruments. 

The instrument fairly adopted for use for such pur
poses is tho Wilson _slope indicator. 

Use of electromagnetic probe for measurement of 
vertical and horizontal displacements in earth dams 
is described in an article "Gepatsch Rockfill Dam in 
the Kanner Valley" by Lauffer H. and T. Schober, of 
Austria. Use of the Eastman gradient indicator . for 
internal measurement of horizontal and vertical dis
placements of earth dam is alw mentioned in the above 
article. 

Swedish wells (floating concrete rings) have been 
used in Europe for measurement of internal move
ments of earth dams and embankments. 

3.1.2.1 Instruments for measurement of surface dis
placement of embankments 
Geodetic methods Of embankment surface displace

ment measurement involve use of theodolite and level. 
The method consists in establishing surface point 
(markers) · horizontal and vertical displacements of 
which are measured by standard surveying methods 
involving triangulation, traversing and levelling opera
tions. Stable benchmarks and reference marks are 
established for reducing the observations to a refer
ence datum. Detailed description regarding the con
siderations for layout and location of surface marks 
etc., their construction details, procedure for observa
tions, accuracy of measurement and method of analy
sis Of data are described in detail in designation E-32 
pp. 707-712 U.S.B.R. Earth Manual 1963. Reference 
may also be made to para 3.1.1.1. 

3.1.2.2 Instruments for internal vertical movement 
observations. 

A. VERTICAL CROSS-ARM 

The system essentially consists of a series of teles
coping It and 2-inch sections of pipe with the It-inch 
sections anchored to the embankment by horizontal 
cross-arms. The installation- consists of a base pipe 
extension, cross-arm units, intermediate sections, and 
a top extension. 

Two variations of the internal vertical movement 
devices may be placed in earth dams. One installa
tion has a 5-foot vertical cross-arm interval, the other 
a 10-foot- interval. 

The equipment required for settlement measurement 
includes the torpedo, a 5/16-inch \vide steel engineer's 
tape, tape tenMon handles. tensions spring and read
ing scale. The elevations of the cross-arm units are 
determined by lowering the torpedo through the read
ing scale and into the piping system by means of the 
steel tape. Pawls on this torpedo successively engage 
the lower ends of the 1 !-inch pipe (measuring points 
on each cross-arm unit) and upon reaching the bottom 
of this installations they latch in a closed position to 
enable the torpedo to be withdrawn from the system. 
When readings are made, the reading· scale is attach
ed to the top section of pipe projecting from the 
existing installation. The elevations .of the levelling 
plate on top of the reading scale must be established 
from a permanent benchmark of the dam. Vertical 
distances _from the top of the reading scale to the 
respective cross-arm measuring points are obtained by 
using the torpedo and attached tape. 

For detailed description relating to construction de· 
tails location and layout, method of installation, pro
cedure for observations and analysis of observed datn 
etc. refer to Designation E-29 pp. 672-693 U.S.B.R. 
Earth Manual (1963). 

B. SWEDISH WELL 

This device. which has bee':! successfully used for 
several dams 10 Europe, consists of a vertical columr. 
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of large diameter reinforced concrete pipes. The pipes 
are installed in pits during construction of the embank
ment and are first separated an inch or two with two 
wooden wedges or shims. Then as the fill progresses 
upwards the wedges are knocked out so that each in
dividual pipe section has no connection with the others 
and is held in place by sutTounding embankment mate
rial. With this arrangement the pipes are free to move 
with the embankment and the three components of 
the movements can be measured. 

The Swedish well provided in Rosshaupton Dam 
(Germany) has reinforced concrete pipe section of 
150 em inside diameter and 95 em long. 

Details of 42 em diameter Swedish well are shown 
in Fig. 8.1.9, at page 400 of the publication in Earth 
and Earth Rock Dams by Sherard, Woodwords and 
others. 

Location and Layout : On account of the open struc
ture of the Swedish well (floating R.C.C. rings) these 
can be located only either in the core itself or down
stream of the core, to ensure prevention of entry of 
seenage water 'through the embankment, into these 
wells. 

Installation details have been given in the earlier 
_!)ara .of this section. 

C. FOUNDATION SETILEMENT MEASURING DEVICE 

The foundation settlement measuring apparatus 
essentially consists of a base plate placed on the foun
dation excavation line and a vertical column of steel 
pipe. The apparatus is comprised of a 2-inch stand
ard steel pipe, a cross-arm measuring unit (base plate) 
an anchor cross-arm, and an extension of 2-inch pipe 
to the surface of the embankment. 

For details· of apparatus location and layout method 
of installation and observation and analysis of observ
ed data refer to Designation E-31 pp. 704-707 USBR 
Earth Manual (1963). 

' 3.1.2.3 Instruments for internal horizontal movement 
. observations_ 

The following instruments or apparatus are used 
for the measurement of horizontal displacement in 
earthen embankments : 

(i) Horizontal cross-arm. 

(ii) · Swedish well. 

(iii) Electrical clinometers.

(i) Horizontal cross-arm 

.. 

The device consists in embedment of the cross-arm 
for horizontal movement measurement, the principle 
on which the device works being similar to that for 
vertical cross-arm. In these instruments the relative 
movements between the horizontal cross-arms are 
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transformed into' vertical movement by a linkage Cable
counter weight arrangement, and measured by using 
the torpedo and reading scale as used for vertical 
cross-arm observations. 

Detailed description of this apparatus is given under 
designation E-31 in U.S.B.R's Earth Manual 1963 
(pp. 693-704). 

(ii) Swedish well 

Refer to para 3.1.2.2 (B). 

(iii) Electrical clinometers 

Most commonfy used instrument is the Wilson slope 
indicator. Detailed description of the instrument and 
relevant information regarding procedures for instal
lations, maintenance, observation and analysis of 
observed data are given in para 3.1.2.4. 

3.1.2.4 Wilson slope indicator 

' (i) Principle and construction 

The slope indicator manufactured by the Slope In
dicator Co., U.S.A. is a precision instrument for 
measuring the inclination of a nearly vertical surface. 
The instrument is lowered down a grooved plastic 
casing (or aluminium extruded casing) the grooves 
controlling the orientation of the instrument in a pre
determined direction. Inclinations are taken· at fre
quent interval of depth and are subsequently convert
ed to displacements. 

The slope indicator consists of a segment of preci
sion-molded circular resistance element pivoted on ins
trument ball bearings with an eecentric weight mount
ed on the rim, enclosed in a watertight aluminium 
cylinder 2-3/8 inches outside diameter and 15 inches 
Ion~. - Attached to the same inner frame as the pen
dulum is a relay, which when activated by an elec
trical current, moves a conductor into contact with the 
resistance element and subdivides it into two resist
ances forming one-half of a convention·al Wheatstone 
bridge circuit. The other half, including switches and 
batteries, is enclosed in a control base at the ground 
surface. The instrument and control box are connect
ed by a heavy duty cable with yellow marker bands 
at one foot and red marker bands at five foot inter
vals. The instrument has two sets of guide wheels. 
Fixed guide wheels, aligned in a vertical plane parallel 
to the axis of the instruments. are mounted on one 
side while on the opposite side are a corresponding 
pair of spring mounted guide wheels. . 

The instrument is so designed that the component 
of inclination in the plane defined by the four guide 
wheels is directly proportional to the potentiometer 
dial reading when the circuit is in balance. 

; . . 

The electrical supply is from . four 6-volt dry cell 
batteries (RCA No. VS 317 lantern battery or equal) 
wired in series. These batteries should be checked 
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l}eriodlcaiiy and should be repiaceci when the vvltage 
drops below 20 volts. 

Slope indicator has ~ sensitivity of . one part. m 
1000 which means that It can detect a tilt of as htt!"' 
as three minutes of arc. This corresponds to a lateral' 
movement of one half inch in 50 feet of depth. Dis· 
placements in thin shear zones of less than 1116 inch 
c.:an be easily identified. 

An accuracy of 11 16" for measurement of mov~
ments in thin shear zone should be adequate as th1s 
is about 1 16 of the maximum movement in conven
tional direct shear machine (3 I 8"). For this purpose, 
a measurement of 10 minutes of arc is required with 
a gauge length of 20". To allow for obse~ation~l 
and instrumental errors an accuracy of 3 mmutes IS 
recommended. 

The specially grooved plastic casing. is ea~ily in~ tal· 
led in 4-inch or larger bore holes. It Is available m 5 
ft. lengths and is joined together in the field with 
aluminium couplings. 

(ii) Location and layour 

Considerations governing location and layout of the 
inclinometers are as under :-

(a) When measurement of horizontal strain is 
necessary where progressive failure is appre
hended due to significant differenc:: in the 
stress-strain characteristics of soils of differ
ent zones or different parts of the foundations. 

(b) When it is necessary to ascertain the pre
sence or otherwise of tendency for dangerous 
internal horizontal movement. 

(c) When problems of long-term stability are in
volved, an element of uncertainty always re
mains in the estimation of shear strength. 
Inclinometers should be installed in locations 
susceptible to instability on account of the 
above uncertainty, to enable timely detection 
of the dangerous movement for remedial 
measures. 

(d) Inclinometer installations provide very useful 
indications of tendency for separation between 
core and the abutment. 

Hence it should be provided in 

(I) abutments with steep and irregular profile 

(2) high dams with narrow cores. 

(iii) Method of installation 

Observations· wells consisting of aluminium extrud
ed casing may be provided in the dam as the construc
tion progresses or may be provided in drill holes drill
ed ~ubsequent to the completion of the embankment. 

6-4 C,W, & l'.C./66. 

Procedures for instailatlon ate as under :

A. OBSERVATION WELLS IN EARTH DAMS 

I. General Description of Observation Wells 

The observation wells consist of 3-inch insidt: dia
meter aluminium casing having four continuvus longi· 
tudinal slots on the inside to guide the Slope Indica
tor. The casing is extruded in half-round sections, 
anodized, and then cut into five-foot lengths. 'lwu 
lengths of half-round sections are .ioined together in 
the field to form a full-~>pund section five feet long. 
Successive lengths of casing are then joined together 
with self-aligmng couplings as the fill is; pla(;ed. A 
gap is left at each joint so that as the embankment 
settles under its own weight the gap is gradually clos
ed. The depth from the top of the casing to each 
joint is measured at frequent intervals using a special 
settlement torpedo. and at the same time the inclina· 
tion of the casing is determined by the Slope Indica
tor. 

II. List of Standard Equipment 

Aluminium casting, half-round, in 5-foot lengths. 

Aluminium couplings, half-round, in 12-inch lengths. 

Wooden plugs. 

Spring clips. 

Ill. Anchor Hole at Bottom of the Observation 
Well 

The bottom section of casing is set into a hole into 
the foundation of the dam, which is usually rock or 
competent soil. This pre-bored hole is 4-inches vr 
more in diameter and about three feet deep. Deeper 
holes are required if it is desired to also measure pos
sible movements of the foundation soils. Bore-hole 
requirements for deeper holes are given in '·Instruc
tions for installation of Observation Wells in Drill 
Holes" refer para iii (B) : 

IV. Assembly and Installation of Casing 

I. Assembly of Casing: (a) Take two lengths of 
half-round casing and assemble to form a full-round 
section by inserting the tongue of one section into the 
groove of the opposite section. Make certain that th~ 
two ends are flush with each other. 

tb) Snap two spring clips on each side at about one
third points. 

2. Assembly of End Plug: (a) Assemble the two 
halves of a 6-inch length of aluminium coupling over 
the wooden plug at one end and a length of casing at 
the other end, and snap two spring clips on each 
side. 

tb) Attach the aluminium casing to the wood wi!h 
several small nails or screws. 
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(c) Caulk the six slots at the bottom of the coupling 
so as to close up the opening between the slot and the 
wood. This may be accomplished with hemp, cloth, 
plastic, or any caulking compound. 

3. Installation of Casing : (a) Lower the first five
foot section of casing to the bottom of the anchor hole, 
with the wooden plug on the ·lower end. 

' 
(b) Fill the annular space between the casing and 

the sides of the bore-hole with cement grout and allow 
to harden, or else fill the space with compacte\1 sand. 

(c) Locate the centre of the casing at the elevation 
of the ground surface by means of a precise survey, 
both with respect to elevation and horizontal coordi
nates. 

(d) Place and compact fill material around the cas
ing in the shape of a mound, keeping the top of the 
mound several feet higher than the surrounding fill !H 
all times. 

(e) Set another section of casing vertically above the· 
section of casing in the hole, with the slots in line. 

(0 Attach the coupling, makfug certain that all in
terlocking parts match up properly and that the tongue 
of one coupling half-section is properly aligned with 
the groove of the opposite half-section. Snap two 
spring clips on each longitudinal joint. 

NoTE :~Couplings for use in earth dams are furnished 
in standard lengths of 12 inches. A gap of 6 inches is left 
between adjacent casing ends, which permits a total compres
sion of ten p~r cent. Greater or lesser gaps may. be left if 
de31rei, which IDlY require ordering )special coupling lengths. 

(g)' Repeat steps (d) through (0 until the embank
ment is completed. 

4. Alternate Installation Procedures : When the cas
ing is installed, by extending it above the surface of 
the embankment, as described above. some interfer
ence with construction equipment is certain to deve
lop. To minimize this interference, an ~lternate pro
cedure is to first cap the top of the casmg below the 
elevation of the fill and to then add a 5-foot lift of 
fill; Next a pit is excavated to uncover the top of 
the casing, the temporary cap is removed, a 5-foot 
section of casing installed, and the hole backfilled and 
tamped by hand. Prior to capping! a set of readin&s 
with the settlement torpedo and With the Slope Indi
cator are obtained. 

B. OBSERVATION WELLS IN DRILL HOLES 

I. General Description of Observation Wells 

_ been placed in the drill hole, with one . pair of slots 
for reference in the desired direction, the annular 

·spacing between the casing and ·the sides of the bor
ing is backfilled with sand, pea-gravel or cement grout, 
depending on local conditions and availability of mate-
rials. . 

II. List of Standard Equipment 

Aluminium casing half-round, :in 5-foot lengths. 

Aluminium couplings, half-round, in 6-inch lengths. 

Wooden end plugs. 

2 Casing clamps. 

Spring clips. 

Crimper. 

III. The Drill Hole 

The casing is installed in a pre-bored drill hole 4-
inches or more in diameter. The actual diameter o; 
the hole and the method of accomplishing the boring 
depend upon the type of mat~als enco~ntered. th.: 
depth of the hole, and the eqwpment available. Best 
results are usually attained if the hole is between :., 
and 6 inches in diameter. 

If the ground is firm and the hole will remain oper. 
without steel casing, then either a dry hole. (drilled 
with a continuous-flight auger) or a water-filled hole 
(drilled with a chopping bit or a rotary bit and using 
water to flush out the cuttings) will be satisfactory. If 
the hole is likely to squeeze in because of soft soils, 
ot cave in because of sand, a drilling mud may be used 
and left in the hole upon completion of the boring. 
1n extremely difficult cases a 4-inches ID or larger 
steel casing may be used and either left in place upon 
completion of the boring, or removed 'after the Slope 
Indicator casing is inserted. 

IV. Assembly and Installation of Casing 

1. Assembly of Casing: (a) Take two lengths of half
.ound casing and asseml!le to form a fu~-ro'!-nd sec
tion by inserting the tongue of one sectiOn mto the 
groove of the opposite section. Make certain that the 
two ends are flush with each Qther. 

(b) Snap two spring clips on each side at about the 
one-third points. 

(c) With the crimping tool, crimp th~ external ridg.e 
of the longitudinal joint about one mch froJ?l ~acn 
end of the 5-foot section. The purpose of this IS to 

The observation wells consist of 3-inch inside dia· increase the torsional stiffness of the casing by prevent
meter aluminium casing having four. continuous longi- · ing motion along the longitudinal joint. 
tudinal slots on the inside to guide the Slope Indi· · 
cator: The casing is extruded in half-round sections 2. Assembly af End Plug: (a) Assemble the twCI 
and then cut into five-foot lengths. Two lengths of halves of an aluminium coupling over the wot~den 
half-round sections are joined together in the field. to plug at one end and a leng~h of casing a_t the other 
form a full-round section five feet long. Successive - end, and snap two spring clips on each side. 
lengths of casing are then lowered down a pre-bored th ood · • 
hole and joined together with special couplings which (b) Attach the alwninium casing to e w WlUt 
automatically align the slots. After the casing has several small nails or screws. 
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(c) Caulk the six slots at the bottom of the coupling 
so as to close up the opening between the slot and 
the wood. This may be accomplished with hemp, 
cloth, plastic, or any caulking compound. 

3. lmtallation of Casing in Drill Hole: (a) Lower 
the first five-foot section of casing down the drill hole, 
with the wooden plug on the lower end, and with 
the slots properly oriented. 

(b) Attach the clamp to the upper end of the cas
ing, approximately 6 to 12 inches from the top. 

(c) Set another section of casing vertically above 
the section of casing in the hole, with the slots in line. 

(d) Attach the coupling, making certain that the 
locking lugs in the casing fit the windows in the 
coupling and that the tongue of one coupling half-sec
tion is properly aligned with the groove of the oppo
site half-section. 

(e) snap two-spring clips on each longitudinal joint. 

(f) Attach another clamp near the top of the upper 
section of casing, remove the lower· clamp, and lower 
the casing down into the drill hole. 

(g) If tlle drill hole is filled with water or drilling 
mud, to overcome buoyancy, the casing should be 
filled with suitable fluid. 

(h) Repeat steps (c) through (g) until the casing rest> 
on the bottom of the drill hole, then flush casing. 

(i) The stick-up portion of casing should be cut off 
at a suitable height with a hacksaw, preferably at the 
nearest 1-foot mark to facilitate depth measurements. 

Nom :-The in~tallation is expedited if the casing is 
pre-a~s~mbled and coupled together in ·units of 10 to 25 feet 
each. Ftfteen-foot lengths are easily installed by hand· longer 
lengths require a drill rig mast or A-frame. ' 

V. Backfilling 

. The drill hole should now be backfilled. The mate
nals and. procedures used will depend on the particu-

, lar coqdJtion~ encountered, and may include any one 
of the followmg : 

. 1. Dry Sand : This may be used when the drill hoi~ 
IS dry and of sm!llll diameter. say 5 to 8 inches The 
sand should be clean, dry, and of uniform· size . 
washed ~oncrete s~nd is acceptable. The sand should 
be d~nslfied b~ VIbrations, either by means of inter
nal. VIbrator (air-driven and available from the Slope 
Indicator Company) by means of a concrete vibrat 
attached to the top of the aluminium · bor 
other suitable means. casmg, or Y 

Nom :-If not properly compacted th d .11 ~~=~ a~.d prohd.uche both vertical and horizont!t ~~?or:~tioS::~~ 
a mg w IC arc not the result of ground movements. 

. 2. Dry Pea-Gravel: This may be used f 
dJameter, dry hoi~ in li~u of dry sand. or a large 

3. Wet Sand or Pea-Gravel: When the hole is fill
ed with water, clean sand or pea-gravel may be used 
in similar fashion to a dry hole, except that the sand 
need not be dry. Compaction by vibration or: other 
mean~ is still required. 

4. Grout : As an alternate procedure, the annular 
space between the aluminium casing and the drill hole 
may be filled with grout. This may consist of a lean 
cement grout, a clay-cement grout or a thixotropic 
drilling mud. 

In the case of a dry hole, the grout may be dropped 
around the casing from the ground surface. a small 
qua,ntity at a time, or it may be injected through a 
small diameter pipe lowered in the annular space bet
ween the casing and the drill hole. 

In the case of a wet hole, or one filled with drilling • 
mud, the water or drilling mud must be replaced with 
grout. This may be accomplished either with an ex
ternal grout pipe as above, or with an internal pipe 
connected to check valve through the bottom of the 
casing. 

VI. Alternate Procedures 
I 

The procedures described herein apply to the case 
where the aluminium casing is installed in a prebored 
drill hole. Where the casing is to be installed in earth 
dams, or is to be installed in bore-holes through com
pressible soils which are expected to consoJi.oate, tele
scoping joints must be used, and provisions must be 
made to measure the closure of the joints. 

' 
VII. Miscellaneous Details 

The couplings and the longitudinal joints of the 
casin!_l ~are not water-tight ; therefore if the bore-hole 
is filled with drilling mud, the mud may enter the cas
ing as' it is installed. Likewise, the injection of grout 
to fill the annular space around the casing may result 
in grout entering the casing. In such instances, the 
aluminium casing should be flushed out with clean 
water before the grout lias hardened. Inflow of mud 
or ~out may be alleviated by taping all exposed joints 
with waterproofing tape. 

The aluminium casing weighs approximately one 
pound per lineal foot. Thus in dry holes the entire 
weight of the casing must be carried by the top coupl
ing and by the clamp. Tension across the coupling 
is carried by compression in the locking lugs trans
ferred from the windows in the couplings. Therefore 
it is essential that the shoulder of the lugs be square 
and bear firmly against the window ledges. Rounded 
lugs mav wedge the coupling apart. It is suggested 
that in deep holes (greater than 100 feet), the number 
of sprin!!. clips be increased on each coupling from 
four to six or more. 

The load of the casing prior to assemhlv of tho 
new section above ground is carried by friction· betwe~n 
th~ clamp and th~ casing. The friction depends uput' 
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the tightness of- the clamp, and this is adjustable in 4. A field check for correct dial reading shall be 
the field. However. to avoid any possibility of d'rop- !D-ad~. The sum of corresponding pairs of readings at 
ping the casing down the hole, the clamp should al- Identical depths should equal a constant. The sum 
ways be atta~hed below the top locking lug. As an of the reading~ for ~ach depth should not vary more 
extra precautiOn, the clamp may be attached below than 2 o~ 3 dt~l umts fmm their mean. If any sum 
the upper coupling, thus leaving five feet of casino .falls outstde this range it indicates either that the two 
above the ground prior to making the next connectio;~ slots are not parallel (due to distortion of the casina 

irregul~r slot depth or dirt in the slot) or else a~; 
error m . depth,. an improper circuit balance, the ins
trum~nt IS not m the slots or possible instrument mal
functiOn. In any case the reading should be checkea. 

iv. Taking Field Measurements 

A-Preparing lnstrumet for Use: 1. Open instru
ment case and remove instrument. 

2. Remove the protective nut from the head of the 
mstrument· and the plug from the end of the· cable .. 
Connect the control cable to the instrument and tighten'
the joint with the special wrench provided. This joint 
must be watertight. · 

3. Connect the control plug into the control panel 
receptacle. · 

B.-Taking Readings in Observation Wells.-1. Ini
tially, three readings for each five-foot section of cas
ing are usuaily taken, i.e., one foot from the top, at 
the centre and one foot from the bottom of each leugth 
of casing. Therefore, if the top section of casing is 
a complete five-foot section, the initial reading inter
val will be 1.0', 2.5', 4.0' 6.0', 7.5' 9.0', 
11.0' etc. In the event that the top section is less 
than five feet, the intervals shaii be adjusted so that 
the above described three readings for each five-foot 
section are obtained. The instrument wheels will not 
span or be at a j~nt when readings are taken in this 
manner. ~The distance to· the instrument as marked 
on the cable is referenced to the midpoint between the 
wheels. 

2 .. The instrument is lowered to the desired depth 
and held stationary. Depths are referenced to the bot
tom of the red or yellow marker bands. After an inter
val of approximately five seconds, the contr.ol switch is 
partiaily depressed to. close S-1. A rough adjustment 
of the galvanometer with the microdial shaii be made 
with the first switch closed. The control switch shall 
be further depressed to open S-2 for fine balancing of 
the circuit. The control switch is then released tn 
allow the pendulum to swing free and after approxi
mately three seconds is: closed again. The microdial 
should require no further adjustment for a zero read
ing on the galvanometer if the pendulum has been at 
rest~ however it is possible that the second reading 
wHI vary by a few dial units. Further minor adju~t· 
ments of the microdhl shall be made until the cir .. 
cuit, is in balance. Tne dial units are then recorded 

3. The orientation of the readings are governed b•· 
the direction of the unsprung pair of slots and at iden · 
tical deptl1s. The four slots may- be conventionally 
referenced as compass points, namely N, S. E. W. Tt 
is !urther convenient to consider N and E as positive 

. and S ancl W as negative, · 

~6 

5. For readings below a depth of five feet, the puiley 
bracket shall be placed on the casing care being taken 
to remove the bracket on withdrawal of the instru
ment before the instrument hits the bracket. 

6. The instrument should be checked each time it 
is withdrawn from the casing to ascertain that it is 
still tracking in the correct grooves. If the instrument 
consistently fails to track in two or more arooves then 
it is· most probable that a joint has beco~e misalign
ed. If. this occurs it may be possible to make use of 
a spectal set of torque rods to reorientate the instru
ment. These are available from the Slope Indicator 
Company. They should be consulted as to the best 
procedure to follow in any particular instance. 

C.-Taking Readings in· Observation Wells with 
Telescoping Joints : When telescoping joints are used. 
it is essential that ·ail successive readings be taken at 
the same relative position in each 5-foot section as 
the original readings. The best procedure has been 
found to first survey the casing with the settlement 
torpedo and thus determine the depth to the bottom 
of each section of casing. The subsequent slope indi
cator readings are then taken at these depths less 1, 
2 . 5 and 4 feet. · 

MAINTENANCE 

(a) Instrument : Ail. guide wheels should be clean 
and rotate freely. The spring-loaded guide wheel 
aSlsembly should be free to pivot. Oil once. a dav 
while instrument is in use. Check spring tension and 
the condition of springs prf the spring-loaded guide 
wheels. If a spring is broken, re-place with one of 
the· springs whiCh wiii be found in the spare parts can. 

Free water inside the case wiii result in the accu· 
mulation of moisture on one or more vital electrical 
oarts.. All connections are protected with 0-ring seals. 
However, water may enter if the control cable is not 
orooerly connected to the instrument or if the small 
0-ring is damaged. Hence, be certain that (a) the 
0-ring is. in perfect condition. otherwise replace. and 
(b) the cable connection is tight. 

Water collects·on the control cable and on the con
nection to the Slope Indicator. When the connector 
is unscrewed. water may run qown into the receptacle 
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for the cable plug. To minimize this possibility, main
tain pressure on the plug by hand as the nut is un
screwed, then wipe the exposed threads and other 
parts with a dry rag prior to pulling the plug out oE 
the receptacle. 

Normally the instrument is not serviced in the field. 
However, in case of a malfunction, or in the event 
water accumulates in the case, it may be disassembled 
by first removing the ldcking screw and then unscrew
ing the two halves at the joint. After the threads 
have been unscrewed, the upper half to which the 
frame is attached is pulled up out of the case. 

In the bottom of the case will be found a small 
bag of calcium chloride, which may be removed and 
over-dried to drive off any excess moisture which may 
have accumulated. 

The frame and inner assembly may now be set up 
right on a work bench or table and the following items 
systematically checked: 

1. Check the pendulum (coil) assembly to verif~ 
that there is a little, but not excessive amount 
of end play in the bearings, and that the 
pendulum swings freely. When displaced 
about 30° from the ver:tical and released, it 
should oscillate freely for at least ten seconds 
or more before coming to a position of rest. 
Adjustment of the bearing holders is pos
sible, but special instructions are required. 

2. Check the two spring-loaded contacts at the 
ends of the axle to assure that they are cen
tered, insulated from the frame, and have 
sufficient pressure at the points of contact. 

3. Check the flap on the relay to assure that 
the needle bearings are properly adjusted so 
that there is no end play or wobble. 

4. Check the wire contact tip to assure that 
when t~e relay flap is depressed, the wire tip 
is in firm contact with the resistance element. 
and that the wire is lifted off the plastic shelf 
attached to the relay flap. 

S. Check for general cleanliness and verify that 
none of the exposed wires are shorting to the 
frames, etc. 

6. Check the position of the wire contact tip 
so that when the instrument is nearly verti
cal the contact falls at about the midpoint of 
the exposed portion of the element. 

(b) Control Box: The electrical supply is from fom 
6-volt dry cell batteries (RCA No. VS 317 lantern 
battery or equal) wired in series. These batterks 
should be checked periodically and should be replac
ed when the voltage drops below 20 volts. This may 
be accomplished without removing the control panel 
by connecting a voltmeter across No. 2 and No. ~ 
terminals of the control panel receptacle anct depre~~-
lng the control switche~. · ' 

When properly wired the galvanometer should rotate 
in the same direction as the rotation of the potentio
meter needle. If the reverse occurs the batteries have 
been reversed in wiring. This can be corrected by 
rewiring the batteries. 

(c) Controf Cable: The control cable should be kept 
clean and free from kinks. It should not be bent over 
a sharp edge during use. The control panel-plug should 
be kept free from dirt. 

If the instrument 
1
will still. not function properly 

after all the precau!ions detailed in sections a, b and 
c have been observed, it should be returned to the 
Slope Indicator Company for maintenance and repairs. 
It is not intended that major repairs be undertaken in 
the field. Replacement instruments are available. 

v. Analysis of Data 

The Slope Indicator measures the inclination of the 
casing in an observation well at frequent intervals of 
depth. One set of readings is taken in one slot and an 
additional set is taken in the slot on the opposite wall 
of the casing. The instrument is adjusted so that the 
inclination (i) of the casing from the vertical may h~
computed by the following equation ; 

where 

Tan i=DN- Ds 
2K 

DN = Dial Reading in North Slot. 

D8 -- Dial Reading in South Slot. 

K = Instrument Constant = 1000 for series 
200 instrument 

Any change in inclination at a given depth pro
duces a change in dial differences. 

1'1Dial = [DN _D8 ]I -[DN _D8 ]ll 
and the change in inclination may be expressed as : 

1'1 Dial 
t1 tan i = - 2r--

To compute movements 

M-(1'1tani) (1) 

where M = the movement, and 
1 = distance between wccesdve readings. 

If the distance between successive readings is cons
tant, then the total movement (M) of any point wi!h 
respect to the bottom is given as.: 

M = ~ M = ~ ( A tan i) (I) 

~ A Dial O) - .... -2k-
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· For an instrument constant of 1000, an average dis
tance between readings of 20 inches ,(3 readings per 
5-ft. length). 

!J.. Dial 
M = :E 

2000
- (20) - 0·01 :E !J.. Dial 

Thus the movements can be computed very easily 
by summing up from the bottom the changes in dial 
differences, and multiplying each sum by 0·01, (answer 
is in inches). · . 

The dial differences taken from the Field Dara 
Sheet are transcribed directly onto the summary sheet. 
As additional sets are obtained the new dial differences 
are likewise transcribed onto the summary sheet and 
the changes are computed algebraicallv. Starting at 
the bottom the changes are successively summed up 
from which the deflections are computed very simply. 
If the dial chan~es are positive, the upper portion of 
the casin~ is being displaced to the North (or positive 
slot)-with respect to the bottom. 

Plots of dial -changes and of deflections are prepar~ 
ed. · 

3.1.2.5 Internal horizontal movement by tilt-meters 
(clinometers) (telemac or maihak type). 
;· .. -
Refer telemac and maihak catalogues and para 
3.1.1.9. 

3.1.2.6. Internal horizontal"and vertical movement by 
electromagnet probe, and eastman gradient !ndicator 

(Refer Gepatsoh Rockfill Dam in Kanner Valley by 
Lauffer H. and T. Schober of Austria.) 

(i) Principle and construction 

Polyvinyl chloride tubes which are 2 m in length 
and 62 or 75 mm in diameter and are connected by 
movable sleeves are installed uprieht. The tubes 
are surrounded bv metal plates which are carefully 
anchored in the fill and regularly spaced 8 m apart. 
Measurement of the settlement is carried out by elec
tromagnet location of the plates by means of a orobe 
!owered into the tube. while the horizontal move
ments are recorded with an Eastman Gradient Indi
cator (ref. page 19 of the reference). 

By installing lying tubes similar to the upright 
tubes. the settlement is determined bv the chanee of 
gradient of the lvim!; tubes and horizontal deforma
tion is determined bv locating the metal olates mag· 
netically. As the tubes are installed with· an inclina
tion of 1-2% towards the slopine faces the position 
of the tubes can also be measured with a hose pine 
scale. Fi11:. 10 of the reference shows a lying tube with 
the observation chamber and the ho~e pioe scale as 
well as towing tackle with euide pulley at the inner 
end of the tube. Thus the different head pieces of the 

' measuring devices can be brought into any position. 
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3.1.3. Instruments for Measurement of Displacements 
in Other Structures. 

Based on the principle of working three types of 
instruments are used for measurement of displace
ments in structures other than dams. These are (i) 
Optical (ii) Mechanical anc~ (iii) Electrical. 

(i) Optical Instruments 

This category comprises instruments such as opti
cal levels, theodolites and Cathetometers. Wild T2 
and T3 theodolites and precision level Wild No. 3 are 
used. 

For details rclating to displacement measurement 
by these optical instruments, refer to para 3.1.1.1. 

(i:i) Mechanical Instruments 

This category includes the following most widely 
used instruments or devices:-

(a) Invar tapes or rods. 

(b) Dial gauges. 

(c) Microkaters. 

(d) Whittemore-Huggenberger Strain Gauges. 

(e) Liquid level indicators. 

(f) Clinom~ters arld precision levels. 

(a) Invar tape or rods with dial gauges are used for 
measuring diametral deformations in tunnels due to 
rock movements. Use of invar rods with strain
meters (Carlson type or vibrating wire type) and 
jointmeters depending upon the expected range of 
movement is described in paper No. 17 and No. 41 
in Symposium on the Observations of Structures Tran
sactions Vol. II Lisbon 1955. 

I ' 

(b) Whittemore Hug[?enberger Strain Gauges:-
These are used for surface measurement of horizon
tal and vertical displacements across joints in aque
ducts. bridges, spillway piers etc. For details relating 
to this principle of working method of installations, 
observations and analysis of observed data, refer to 
para 3.1.1.4. 

(c) Clinometers :-For measurement of angular 
changes clinometers are used. For details on the use 
of clinometers, refer to para 3.1.1.9. 

(iii) Electrical Instruments 

For measurements of displacement at points which 
are inaccessible or are subject to hazards, use of
electrical instruments (displacement pick-ups) namely 
bonded wire strain gauges or unbonded wire, gauges 
of the resistance type or vibrating type may be used. 
For details regarding these, refer to Chapter 3 3. 
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3.2. INSTiWMENTS FOR MEASUREMENT OF 
STRESSES 

Stress is generally determined from the observed 
strain data in various directions obtained from strain 
gauge rosettes. However, the conversion of strain 
data to stress in general is quite complicated and re
quires a knowledge of the elastic constants and creep. 
As structural design is primarily based on stress 
rather strain, the direct measurement of stress in a 
structure is of great importance. 

The instruments most frequently used in daihs and 
other related structures are the following : 

(a) Electrical resistance type 

(i) Surface Gauge-bonded Wire Dydic Gauge. 

(ii) Bonded wire Carlson typ.!. 

(b) Electromechanical or Acoustic type. 

3.2.1 Dydic Gauge 

(i) Principle and Construction: 

The stress a.<. on any surface is given by the relation 

E 
( :Ex + (L :Ey ) ax=·---

1-(J-2 

where :Ex and l:y are the strain in. the X and Y direc
tions and :E and (L the elastic constants. The ouput of a 
gauge would be proportional to the stress along its 
axis if a proper proportion of good wire were arranged 
in the transverse direction. Another factor is the pre
sence of shearing strain which will cause a change in 
length of the gauge wire. Hence if the strain sensitive 
wire is placed along one diagonal an equal amount 
in series with it must be placed along the other dia
gonal to correct the effect of the shearing strain on the 
deformation of the wire. 

(ii) Number, Location and Layout: 

Stress gauges at present manufactured are only suit
able for steel structures. These would be suitable 
mainly for. tunnel supports, gates and other steel struc
tures. The number, location and layout will have to 
be decided on the specific nature of the problem. · 

(iii) Method of Installation: 

Same as for SR-4 strain gauges described under 
3.3.4. 

(iv) Observations, Forms of Record and Sources of 
Error : 

I 

~bservations are. directly taken on a direct reading 
bn?ge ~nd conversiOn to stress is made by use of a 
cahbratw.n constant. The major limitation of this 
~ommerc1al ~auge ste.m~ from its special character. It 
1~ produce? m ll'l;:ry hmlted range of gauge types and 
s1zes and IS consequently too restricted in usc. 

( v) Analysis of Data .' 
No special analysis of data is required. 

3.2.2 Car~on Stress Meter 
(i) Principle and Construction : 

The stress meter consists of a mercury filled dia
phragm shaped like a plate, with a chamber protruding 
from one side in which is enclooed a measuring unit. 
The centre of the plate under ,the measuring unit 
chamber is made flexible by introduction of a cavity 
in the plate which also serves for attachment of the 
measuring unit chamber. The mercury in contact with 
this plate deflects it elastically in direct proportion to 
the intensity of pressure on the diaphragm. The 
diaphragm in effect acts like a hydraulic multi
plier. The measuring unit, which is a small elas
tic wire strainmeter, measures the intensity of stress 
as change in resistance ratio of the two coils of ,the 
strainmeter and measures the temperature in terms of 
the series resistance of the two coils in the same 
way as the strainmeter. 

The range of the standard stress meter is 0 to 800 
psi. in compression. In this model the sensitivity is 
about 5 psi. per 0.01 per cent change in the resistance 
ratio and the series resistance of the two coils changes 
about 1 ohm for 8 oF in temperature. A temperature 
correction must be made when computing stress indi
cated by the stress meter. The correction amounts 
to from 0.5 to 1.5 psi. per degree F change in 
temperature. 

Stress meters are available in two other ranges de
signed for use in measuring comp!essive stress in 
concrete and a companion meter for measuring soil 
pressures. · 

The details of stress meter are shown in Fig. n. 
3.2-01. 

(ii) Number, Location and Layout: 
Stress meters can be located only in zones subjected 

to compressive stress. These are useful to measure 
the compressive stress distribution 1 or to measure silt 
loads at upstream face of the dam. 

For the measurement of the stress distribution along 
any horizontal section stress meters may be placed at 
five locations as recommended for the strain gauge 
rosettes. The stress gauges may be used to measure 
vertical stress on horizontal planes, horizontal stress 
in vertical planes or stress on inclined plane. How
ever due to certain difficulties in installation vertical 
stress meter alone can be considered reliable. The 
stress meter loc~tion apart from these used for measure
ment of silt pressure are guided by the cons.ideration 
given for strainmeters. 

(iii) Method of Installation: 
lnstallat.!on.-Since the stress meter measures the 

force in concrete it is important that there be good 
contact between the meter and the concrete. In the 
manufacture of the stress meter, great precautions are 
taken to assure perfect contact of ihe mercury and the 

39 



REPORT OF THE COMMITTEE ON INSTRUMENTAtiON FOR DAMS AND HYDRAULIC S'rRUCTURllS 

surrounding diaphragm. Similar precautions must be 
taken in I he embedment to make good contact between_ 
the meter and the surrounding concrete. A hardened 
underlying concrete is essential for the placing of a 
stress meter for measuring vertical or diagonal stress. 
If placed in fresh concrete, there might be some col
lection ot water at the under surface, and such imper
fect contact would make the installation worthless. 
It is ofteu1 advisable t'o place the meters in a recess 
about 12 inches deep in the top of the previous lift 
of concrete. The meter for measuring vertical stress 
would be bedded- on to the bottom horizontal surface 
of the recess, and 45-degree meters (if used) would 
be bedded onto the 45 degree sloping sides of the 
recess. The surfaces where the stress meters are placed 
should be reasonable plain and not too rough. Only 
if these surfaces are both smooth and plain can the 
uniformly thin bonding layer of mortar be achieved. 

contact surfac~ examined. The bond should be strong 
and the appearance of the contact surface should indi· 
cate intimate bond with no voids except perhaps a 
few small air bubbles, Which are unimportant here. 
Although good placement of stress meters is difficult 
witout practice, good placement is easy to achieve 
after practice. 

Stress meters for measuring horizontal stress are 
placed in the jresh concrete, usually by hand. It is 
customary to place the fresh concrete around all ex
cept .a small portion of the upper rim and to tamp 
the concrete well and allow it to stiffen for somu 
minutes before covering th~ entire device. Leaving a 
small portion of the nm exposed as long as practi
cable helps to insure that the position and alignment 
are correct. Placement of meters for measuring hori
zontal stress is usually done at the end of a lift, after 
the workmen have left, but when the concrete is still 
plastic. Then, the conductor cables can be carr;ed 
along the top of the fresh concrete and covered so as 
to be protected from that time on. 

(iv) Observat!ons, Forms of Record and Sources of 
Errors: 

Field Measurement.-Readings are taken on 
stress meters with Carlson testing set or equivalent, 
according to instruction supplied with the testing set. 
For determining stress, the resistance ratio is mea
sured with the WHITE GREEN BLACK conductors 
(in that order). For determining temperature, thu 
meter resistance is measured with the WHITE AND 
BLACK conductors. If the stress meter has been pro
vided with a 4 conductor cable, the meter resistance 
can be measured exclusive of the resistance of the 
conductors, according to instructions supplied with 
the testing set. If the stress meter is not provided wHh 
4 conductor cable, the resistance of the conductors 
can be measured indirectly as follows: Subtract tl;le 
total resistance as measured with the WHITE AND 
BLACK conductors from the total resistance as mea· 
sured in two parts with the WHITE AND GREEN 
conductors, and with the GREEN BLACK conduc
tors, respectively. ~s difference is _equal !to the 
resistance on one pair of conductors, smce o:Jly one 
pair was included in the first measurement and two 
pairs were included in the seco?d measurement. The 
determination of conductor resistance does not need 

The following steps are recommended as a means 
to obtain good contact between stress meter and con
crete. First wire brush (or otherwise treat) the harden
ed surface of the underlying concrete to leave a good 
bonding surface. About 30 minutes before placing the 
stress meter, mix 80 gms. cement, 120 gms. sand pass
ing the 30 sieve, and enough water to make a plastic 
consistency. Practice trials should be made to learn 
just how wet to make this mortar. Just hefor~ pla;;mg 
a stress meter, paint the concrete surface with a film 
of grout 111ade by adding. water to a part of t~e ~or
tar until it has the consistency of cream. Thts IS to 
dampen and lubricate the surface so that wh:n the 
stress meter is set down on the mortar pad m the 
next step, the mortar will not ride over pi~s or ~e
pressions as it squee~es outward, thus leavmg voids 
on the contact surface. After the surface has been 
painted, about 150 grams of the mortar are p~aced in 
the· centre of the area where the stress meter Is to be 
seated and this mortar is shaped roughly into a cone. 
With ~ reciprocal rotary motion, the stress meter is 
pressed down on this mortar cone causing it to squeeze 
outward and appear around the riJ?- Af~er the meter 
has been set in mortar a metal tnpod Is set on the 
upper face of the diaphragm, such that weight of about 
20 pounds can be placed on top of the tripod a foot 
or more above the meter. After the meter is well co
vered with concrete the weight and tripod can be 
removed. This practice insures that there is intimate 
contact between the stress meter and the co'Jcrete be
low. The tripod can be made with slender vertical 

- legs of about 1 f 4 inch diameter or slightly larger. 

Good results in placing stress meters can be as
sured if preliminary trials are made with a dummy 
stress meter. A dummy _can be made from a steel 
disc of about one-half inch thickness and hhout seven
inch diameter. A steel tube or rod can be v:elded to 
the. centre of one face of the disc to simulate the 
strain meter unit of the stress meter. A trial consists 

· to be made for every ,set of reading because it is 
generally small and its change from time. to time is 
negligible unless the temperature change IS large. 

' in bonding this dummy stress meter to a hardened 
concrete surface according to the directions a hove. 
After the bonding mortar has been Jllowect to harden 
about 24 hours, the dummy can be removed and the 
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Typical form for record is given as Fig. ll-3.1.-14. 
Temperature correction is made as indicated. 

The main sources of errors are-

(a) Defective installation which <:reates a gap 
between the meter surface and the concrete. 

(b) Leakage at the cable splices. 

These can be obviated by proper care. 
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(v) Analysis of Observed Data: 

Computation of stress and temperature.-A typi?l 
work sheet for recording measurements and computmg 
temperature and stress is shown in Fig. II-3.2-02. In 
the heading of this sheet are recorded the exact loca
tion 'of the stress meter and the 'calibration data. 
These data which are supplied by the manufacturer 
of the stress meter are marked with an asterisk, thus.* 
For determining temperature, the calibration is record
ed as "change in temperature per ohm" instead of 
"ohms per degree" as formerly. This permits the 
temperature to be computed by a single mul~plication, 
instead of a division, and this is more convement when 
using a slide rule. Also, the resistance at ooF is given 
instead of at 70°F., as formerly, because this makes 
the computation simpler. 

The calibration constant for stress as S!Upplied by 
the manufacturer must be revised slightly when l~ng 
conductor cables· are used. The conductor cable m· 
troduces an extra resistance which does not change 
with stress, which consequently makes the stres's meter 
slightly less sensitive. 

3.2.3 Electromechanical or Acoustic Type 

(i) Prineiple and Construction: 

Electro-acoustic stress meters are designed for the 
direct measurement of the existing stress conditions. 

· They are based on a different principle than the 
strain metric one. With strainmeters the deformation of 
the measurement base is measured in function of the 
stress and then we get to the strain value through the 
elasticity modulus fE. Instead tensiometric capsules 
belong to the tensiometer or dynamometer class. Such 
inst;ruments will directly measure the tension state 
and completely absorb the flux of present forces, with
out changing the strain distribution on other elements, 
placed in parallel with the checked one. The Sli.mplest 
measurement is made when the tensiometer is in 
series connected with the element .under .examination, 
and the most difficult one when the instrument works 
in parallel with others. In the latter case it is neces
sary that the tensiometer have an elastic deformation 
equal to that of the other structure elements, in order 
not to alter strain diSitributions. Tensiometric capsules 
are based on deformation measurements in function 
of the load of two plates, connected to each other, 
along the circular profile. The measurement is made 
by means of a vibrating chord, stretched between the 

· two plates. The two plates are different: ·ClUe is very 
deformable, while the other can be considered very 
rigi~. The connection _between the two plates has been 
realised so as to obtam a support on a thin zone at 
a little distance from the edge. Under the load effect 
the edge is liable to be deformed in the opposite 
direction of the present form. It therefore, reduces 
the side effect of alteration of strain distributicm. 
Several types of tensiometric capsules are made viz. 
for different materials and loads (concrete, earth etc.). 
The caosule described hereunder has been .designed 
for stress measurements in big concrete structures. 

7--4C,W, .!f P,C,/66 

It consists of a base plate of steel, to which the upp_er 
plate is secured. The latter has been designed so a' 
to act as a supported plate and it is stiffly locked to 
the base plate. Between the centres of the two pl!ltes 
the vibrating chord is stretched to detect. deflecti?JIS 
in function of the load. The electro-acoustrc detectmg 
unit is of normal type: it is suitable for connection 
to the Galileo electro;acoustic central board. . 

The coil of the electro-acoustic detector is also 
uged for temperature measurements. A three-pole 
cable protrudes from the capsule for the connection to 
the electro-acoustic central board and to the Wheat
stone bridge for temperature measurements. The main 
features of the instrument are as follows: 

Diameter-239.8 mm. 

Height, h-110 mm. 

Wei~ht- about 4 kilos 

Area-452 em• 

Measurement ra~-up to 50 kilos/emf i.e. 
total load up to 22,000 kilos. 

Measurement sensitivity 0.2 kilos/em• .for each 
graduation .(i.e. 80 kilos load). 

Capsule deflection with 50 kilos load, about 0·04 
mm. Also other ,capsules are made for different load 
values ·and of various diameters. The capsule beha
viour is almost linear in the whole measurement 
range. Every capsule undergoes repeated load cycles 
with the universal material test machine to control its 
elastic behaviour. The capsule is supplied with a cali
bration diagram (the electroacoustic central board 
graduations in function of the load) or with the cali
bration constant (central board graduations for kg/ 
em'). The measurements chord is adjusted on the high 
values of the central board scale (about 460 gradua~ 
tions) so as to grant the whole measurement range. 
Upper screw plug allows any required chord tension 
adjustment. Inside of the caupsule is placed a silica-gel
drier to avoid condensation effects of the internal air. 

(ii) Number, Location and Layout: 

The same consideration apply as to the Carlson 
type. The leads from the instrument to the test set 
could, .however, be longer. 

Stress capsules are mainly set up near to the 
foundatiou ground to study tpe load distribution in 
such a zone, also in regard to the lower rocks. Bridge 
and settling effects can be then, enhanced. The cap
sules are placed in the central pylon and in the two 
side ones, transversally interspaced so as to have 
three or four of them in the section. 

Same set-up .shall take place at an upper level 
occasionally reducing the number in respect to th~ 
lower pla1,1e. Above described installation foresees the 
s~t up of the capsules with their axes in vertical posi· 
t1on. In many other cases, when a complete survey 
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is needed of stresses· and strains, some strainmeters. 
shall be set up near. to the rosette giving them an 
orientation, not only with vertical axis, but also with 
their axes in coincidence with the direction of the 
strainmeters. 

(dii) Method of installation: 

The capsule is supplied . with a. rubber sheath 
around the edge. Such a sheath hinders the concrete 
from setting on the edge of the capsule itself, letting 
free, in this way, the upper plates deformations and 
diminishing the side deviation effect of the present 
forces. Such a rubber sheath assures also a first stage 
seal to the external pressure. 

The capsule has been designed so as .to offer an 
elastic deformation in function of the load, equal to 
the concrete one, :reckoning an.· average concrete 
modulus of 200.000 kilos/em... Considering though, 
that when the elastic modulus of concrete differs from 
the assumed. ~verage values, it will happen that, in 
function of the load, the capsule, although following 
the concrete in its deformation, will be bound to ab
aorl) or to disch!lrge part of the acting strain viz. there 
is· an alteration in the flux distribution of the ·present 
strains, with a deviation. either towards the capsule 
.or towards the 9111l'ounding mass. . · 

Such an effect may be greatly reduced when, in 
the setting up operations, attention could be paid to 
an ideal and limit case, as it would be if the capsule 
was· placed at the basement of a pillar of the same 
section. This can be realized by making the flux lines 
to keep their way and to hinder lateral deviations. 

It has to be kept in mind that capsule deforma
tions in' function of the load are very small (a few 
hundredths of mm.) and therefore the connection bet
ween the surfaces which transmit the strains must be 
sure and continuous. · · · 

For the set up of the capsules, the following pres
criptions must be followed: 

1. Don't let the capsule open, to avoid drier ex
haustion. 

2. Make sure that the chord tension corresponds 
to the high central board scale values (460-
470 graduations). 

3. Close carefully the upper plug (by means of 
red-lead putty and hemp on the threading, 
sparingly u~ed). ·· 

4. Connect. the leads by means of ·the standard 
metal outlet fitting which has to be screwed 
on the capsule (see chapter regarding connec
tions). 

5. Lean the capsule on the supporting plane. 
Apply a thin layer of cement mortar to con
nect the support plane with the lower part of 
the capsule, which has been previously bind
ed with the cardboard batHe, which should 
.protrude of 120-150 mm. from the upJ:?er 
plane. 

6. Co!I).plete the casting aro!Jnd and above the 
capsule and tamp strongly the concrete. A 
careful vibration of the concrete should then 
follow With the utmost care. 

7. During the installation, check often the cap
sule operation with the electroacoustic con
trol board. 

· To get near to above prescriptions, it is advisable 
to Isolate the· concrete superposed on the capsule, from (iv) Observations, Forms of Record and Sources of 
the lateral mass. To this effect, the external edge of Error : · · 
the capsule is· binded with a thin cardboard, protru- The observations are taken by means of a strain-
ding from the upper plane, of about 150 mm. In such meter control board. 
a· way the strain deviation effect is reduced. We ad- · 
vise to bury the capsule, with the same care adopted . In practical applications. the lengt~ or .the chord 
for the capsule buried into the structure, in a concrete varies according to the reqmred amplifications, from 
block of equal- composition than that used in the 1 = 200 mm. to 1 = 80 mm. The diameter of the 
structure (dimensions of the block, at least, 540 X 540 special high resistance steel wire varies from 0.4 mm. 
·x 700 mm) and to submit same to different loads to 0;3 mm. -
by means of the universal material test machine. -The 
capsule behaviour shall then be in parallel with the · ·. Th~ wire should be free from ab~ormal drawing 
c_oncrete mass. · and mounting tensions. 

While designing' our capsules, many tests have 
been made with these test blocks and found that &train 
deviation effect is reduced to about 10% when an in
sulating cylindric baffle is used, at least 110-120 mm 
high. -

· When installing the instrum~nt: lake ·care that the 
capsule leans witli the .bottom on a very smooth and 
stout surface and that. the . concrete is then tamped 
against the upper plane of the capsule, to assure ~ood 
adhesion and continuity. 
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!be. frequency ·range varies from 350-400 Hz to 
900Hz. 

STRAINMETRIC CoNTROL BoARD 

In the straininetric control board the fundamental 
principles, above mentioned; are practically realized as 
follows: 

··.Fig. 11-3.2-03 represents the operating sc~eme of 
the :strain-metii'ic 10011trol board. The stram-me~er 
chord and that of the control board are excited by an 
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electromagnetic impulse. Electromotive forces are 
therefore generated of equal frequency than that of the 
vibrating chord. A thermoionic amplifier generates an 
amplification of the currents of the microphonic cir
cuit and feeas a loudspeaker. 

The detection or evaluation of unisonance condi
tion between the two chords (standard and measure
ment) is obtained either acoustically by means of the 
loudspeaker or optically by viewing the beats of a 
syntony indicator (electronic tube 6E5-GT). 

' . In this tube is observed a dark angular sector 
against the fluorescent bottom such dark angular sec
tor appears with a varying amplitude and oscillating 
when far from syntony. The visible oscillations have 
the same frequency as the present beats. 

When syntony is reached, the amplitude of the 
dark angular sector increases regularly, i.e. without 
oscillations. · 

The optical detection does not increase the sensi
tivity, but iJ; makes easier the measurements, especial
ly in presence of noises. 

The push-button selector switch insets a mllli
ammeter in the strainmeter circuit, so that the electric 
continuity of the circuit may be checked. On the ins
trument dial are shown in red the normal re9istance 
values. 

The push-button selector switches (E), (C) and 
(E+C) will excite respectively, the chords of the 
strainmeter, of the control board or both. While per
forming the measurements, the chords of the strain
meter and those of the control board are alternative
ly excited by means of short pulses, and the tension 
of the latter chord is adjusted by means of button (L) 
until syntony is reached, annulling the beats. 

A dial, fixed to the standard chord control, is 
divided in 500 parts. 

In the measurement it is possible to appreciate 
the beat annulment with an accuracy of 1 graduation. 

The tuning 'fork has its own vibration frequency of 
500 Hz. : it is inserted with the strainmeter .selector 
like any measurement strainmeter. · · 

The standard chord of the control board is cali
brated by bringing its vibration to syntonize with the 
tuning fork one, for a preselected number of dial read
ing (100 graduations). · The operator is therefore en
abled to ascertain whether the initial calibration has 
remained unchanged ·during a series of measurements 
or at a distance of time. ' ' 

The readings of the standard chord are indepen
dent from temperature variations, because the chord 
dilatation coefficie~t. a~d of its suppo~ are equal. 

Twelve measuring instruments may be directly . 
connected to the input terniinals of the cOntrol board. 
With an independent selection panel it is possible to in
crease the number of the controlled instruments. The 
electric connection between control board and strain
meters will be realised by. means of a bipolar cable 
of equal section of lead 's' 1 mm•. Distance between 
control board aqd strainmeters can reach 500 meter&. 

When selecting and setting up the connecting 
cable, following elements must be kept in .mind: 

1. The strainmeter circuit is part of the gJ;id cir
cuit of the amplifier (care must· be then taken to re
duce the circuit self-induction and mutual induction 
in regard to other nearby circuits-A.C .. maim;~,_ etc.). 

2. The electric resistance of the strainmeter is 
about 30 ohms and the intensity of current of exciting 
pulse is around 0.2-0.25 Amperes. When connecting 
strainmeter to the central board, the right polarity has 
to be watched in order to give a concordant pulse 
attraction to' the permanent magnet, mounted on the 
strainmeter. , ' 

The control board is housed in a wooden cabinet. 
Overall dimensions are : 400 x 330 x 240 mm. weight 
18 Kgs. The control board measurement range i!llows 
measurements with any 'GALILEO' strainmeter and 
electroacoustic instrument. 

The control board frequency varies from 300 Hz. 
to 900 Hz. but another range of frequency may be PARTICULAR INSTR.UCTIONS ON THE STR.AINMETRIC 
selected, by adjusting the calibration button of the CONTROL BoARD 
standard chord. 

The difference between the two dial readings, 
made be~ore. and aft~r the strai~meter deplacement, 
valued With Its own sign and multiplied by the strain
meter constant, gives outright the value of the mea
sured strain. 

In the control board is enclosed an INV AR elec
~ro-mag.netic ~uning fork, the frequency of which 
IS practtcally mdependent from temperature variations. 

The control board is fed with A.C. single phase 
. voltage ~5~50 Hz.). On the panel is mounted the 
selector switch of the feeding voltage. It is possible to 
select among the following voltages: 110-125-140-
160-220 Volt. Power input: 80 Watt. 

If the mains are supplying direct current, or if it 
is necessary to use batteries, then a little rotary con
verter should be used or a vibrator with a step-up 
transformer. 
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The: operation of the control board requires the 
following attentions : -

NOTB: We mention LESA type BG rotary conver
ter: D.C. 

Primary voltage Minimum 24 volts 
Maximum 150 volts 

A.C. single-phase secondary Minimum 48 volts 
voltage · Maximum 280 volts 
1. Set selector switch on the mains voltage. 
2. Connect to- the ground the ground terminal. 
3. Connect bipolar plug to the maills. · 
4. Connect instruments to input terminalS. 

. When plug selection panel is used. connect to tb.e 
. mains the bipolar cable protruding from the panel. 
When. in addition to the strainmetric measurement. 
the thermometric measurement is first performed, con
nect with bipolar cable the thermometric control board 
to'the electro-acoustic control board input. 

Tubes can be taken out and replaced. Tubes with 
European type base are kept in place by a safety 
plate. Tubes are the following:· 

N.1 5Y3, N.2 EF6, N.l LL3, N.l 6E5FT. 

Control board frame consists of the following 
fundamental sets, which can be separated and electri
cally connected to each other, by means of single or 
multiple plugs, as shown in Fig. II-3.2-05. 

1. Panel set with standard chord lock-pushbut
tons- Ohm-meter- selector- condenser and adjust
ment potentio-meters of sound intensity. 

It is connected with the other. sets. by means of 
cables with end plug A,-Aa-A.- A.. 

2. Amplifier set. 

3. Frame set with oxide type rectifier, filter f_or 
the strainmeter excitation, loudspeaker and standard 
tuning fork. 

Fig. II-3.2-04 shows the scheme 9f this case whjch Special ,attentions for ~e an~ maintenance ~f the 
is the most generally used. control board are not reqwred, It can be considered· 

The thermometric measurement should be always 
made first. · 

5: Open cooling and loudspeaker side windows. 

6. Insert switch (B).. , 

7. Check electric circuits by means of push but· 
ton (Q) and indicating instrument. 

8. Check standard chord calibration against the 
tuning fork. Selector switch (L} is set on Hz.=SOO 
position. Push (E), (C) and (E + C) buttons. 

- The dial should be set on graduation 100. Also 
blittoil fjG) should · be adjusted to obtain the rig,h~ 
sound intensity. Beats are then contrdlled and annul
led with dial on 100 position. If this does not happen, 
wait until the station reaches its correct performance. 
If the station has to be calibrated again, unscrew but
ton (F) and by means of a screw driver on rules, ad
just internal screw by infinitesimal turnin~ action. 

We advise, in case of deplacements of one or two 
graduations, to calculate such a difference in the strain
meter readings and to correct ~bration only when 
a systematic and constant depla<;ement has been as
certained. 

. 9. Measurements on the instrunients: Act on but• 

as a normal electric measuring instrument. 

The following procedure· should be taken : 

1. Do not touch with your fingers the standard 
chord, which is protected by a thin grease 
coating. 

2. Clean periodically, after use in unfavourable 
surrounding conditions (dampness,· dust) push
button contacts. Contacts are of tungsten. To 
clean them, it is enough to introduce between 
them a strip of very thin emery cloth and 
to rub slightly. 

3. Residual traces shall be then taken out by 
means of a cloth with a little alcohol. Wh~n 
·contacts are oxidised or ditry, the sound is 
distorted, short and interrupted. 

The lighting lamp of the dial has the. following 
characteristics V = 5 Volts, A= 3 amperes. It has an 
elastic coupling. 

lV) Analysis of data : 

The stress value is obtained already from the 
reading from a calibration chart.· 

ton (L) and on push buttons (E), (C) and (E + C). 3.3. INSTRUMENTS FOR THE MEASUREMENT 

Excite now the strainmeter and control board 
chords with short pulse$ and adjust control board 
chord, until beats are annulled and syntony iSI reach
ed. Short and net pulses are required. Fig. Il-3.2-05 
shows the electric scheme of the strainmetric control 
board. 
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OF STRAIN 

Various types of strain measu~ing de~ices are 
available which depend on mechamcal. optical and 
electrical response to the change& in length. For a de
tailed description a reference could be . made to th~ 
Handbook of Experimental Streas Analyst& by Heteny1. 



The instruments most frequently used 
related structures are: 

in dams and 

(a) Mechanical Gauges (i) Whittemore-HuggeD
berger detachable 
gauges. 

(ii) Johnsons twisted 
strip gauges. 

(b) Optical Gauges- Huggenberger Gauges 

(c) Electrical Gauges - (i) SR - 4 Bonded wire 
gauges 

(ii) Carlson Type Un
bonded wire gauges 

(d) Electro-mechanical- Vibrating Wire Type or 
Acoustic Gauges. 

3.3.1 Wbittemore-Huggenberger .Gauges 

(i) Principle and Construction 

The basic element is a sensitive (10' mm) dial 
gauge attached between two frame members. These 
members are provided with 45• ct>nical central points 
which are kept at fixed distance apart by two elastic 
hinges. Any movement between the two pins is re- · 
corded 15y the sensitive dial gauge. 

On the surface of the structure where strains are 
required, studs or inserts are fixed which have conical 
depressions at the centre. During fixing the inserts 
their distance apart is exactly defined by separating 
these by •a standard bar with pins at fixed distance. 

For further details regarding inserts see Section 
3.1. 

(ii) Number, Location and Layout 

These gauges can be used to measure Sltrains only 
at accessible locations hence their application in the 
dam as strain measuring device is restricted. Measure
ment along the surface of the galleries have been made 
by these instruments. These have also been used to 
measure the stresses on the downstream face of the 
dam. The greatest utility of this type of gauge is in 
measurements on other concrete structures. The num
ber, location and layout would depend on the specific 
nature of each particular investigation. 

(iii) Method of Installation 
Same as under 3.1(iii). · 

(iv) Observation, Forms of Record and Sources oJ 
Error 

See 3.1 (iii). 

(v) Analysis of Data 
See 3.1. 

In the analysis of strains in general the strains In 
two perpendicular directions and also at 45° to one 
of these is required. The principal strains could then 
be calculated from these py the theory of elasticity 
(see CWPRS-ARM-1964). 

3.3.2. Johnsons Twisted Strip Gauges-Mi.krokater 

(i) Principle and Construction 

The chief element of these instruments is a dial 
gauge where the dial indicates the rotation of a rec
tangular twisted strip made from a special alloy. Very 
small extensions of the twisted strip give large rota
tion which are indicated by; the dial. No mechanical 
gear or lever magnification is necessary and hence the 
problem of backlash is eliminated. The sensitivity can 
be as great as 10-' mm. The gauge length again depends 
on the type of instruments and ranges from 5 mm to 
10 ems. · 

(ii) Number, Location and Layout 
These gauges although demountable cannot be re

moved during a set of observations. These are deli
cate and are suitable for short term observations. 
These are highly suitable for observations on concrete 
and prestressed structures while being loaded and un
loaded. Due to their extremely small gauge length 
they are specially suitable for stress concentration 
measurements in steel parts such as gate and valves 
and structural members. The number, location and 
layout will have to be assessed on the basis of a speci-
fic investigation. . 

(iii) Method orf Installation 
The instrument is placed on the surface and tied 

to it with springs. The delicate gauge is loaded nor
mally but while taking reading it is unloaded. 

(iv) Observation, Forms of Recond and Sources of 
Errors: 

The records are. kept of the readings after load
ing and unloading. Tl.le interval of time must be made 
the same after each loading and unloading to- correct 
for creep effect. . 

The chief source of error is in attaching the gauge 
firmly to the structure. If this is not achieved erratic 
results ensue. 

(v) Analysis of Data... . 
Same as for other surface gauges. 

3.3.3 Optical Huggenberger Gauges . 

(i) Principle an"d Construction 

This guage has been extensively used in the Con
tinent for measurement .of Sltrain in structures and 
their models. The magnification of the displacement 
between: two knife edges is achieved by means of a 
compound lever and optical level. The accuracy can 
be w·mm. The general details of the gauoe are 
given ,in Fig. 11-3.3-01. " 

(ii) Nun,tber, Location and Layout 

This again is a surface gauge and have to be at
tached on the surface. This is mainly useful to con
crete and other structure for short time tests in which 
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quick loading and unloading is possible. The number, 
location and layout again depend on the nature of 
investigations. These guages must be used in form 
of a rosette of at least three gauges for complete analy
sis of strains. 

. (iii) Method of Installations 

The technique of installation is similar to that of 
the Johnson gauge and the gauges are attached by 
means of springs and special fixtures. 

(iv) Observations, Forms of Records and Sources of 
Errors · 

Same as for Johnson gauges. 

(v) Analysis of Data 

Same as for other surface strain gauges. 

3.3.4 SR-4 Bonded Wire Gauges 

ti) Principle and Construction 

The SR=4 named after the inventors Simmen 
and Runge are very versatile and sensitive gauges. 
These depend on the change in the electrical resistance 
of a metallic wire with stress. The percentage ohange in 
resistance divided by the corresponding percentage 
change in length. i.e., strain is the gauge factor Ks. 

Ks = dR/R 
dLJL 

The choice of the wire to be used is primarily 
based on the gauge factor K.. However, the ciJange 
in resistance with temperature is also an important 
factor. The most commonly- used gauge materials are 
Adrance, Iso Elastic and Nicrome. The actual com
positions of these alloys are approximately as 
follGws: · 

Adranc~ : 54 - 55 % Copper 
44 - 46% Nickel Ks 2.1 

Iso Elastic : 36 % Nickel 
8 % Chromiuni 
4 % Manganese,. Silica and Molyb

donum Ks 3.6 

Remainder- Iron, Carbon, Vanadium .. 
Nicrome : 75 % Nickel · 

· 12% Iron 
11 % Chromium 

Ks2·0 
2 % Mang!lnese. 

·The yield point of the wire should be high • com
pared to that of_ th~ base member to which the gauge 
IS attached. Th1s 1s always the care with the above 
materials. Other alloys such as chrome], manganin, 
phosphor bronze and constantan are also used tor 
special gauges. 
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Filament material is the major variable. Since the 
quantity actually measured is changed in resistance, it 
is obv-iously desirable. that the ratio. . of resistance 
change to strain change be-as high as possible. This 
ratio (ohms per ohm divided by inches per inch) is 
known as the gauge factor. If this were due entirely 
to dimensional change, we would expect, from Pois- · 
son's Ratio, that the gauge factor of any wire would 
be appl'oximately 1.6. It is found, however, that mate
rials vary widely in this respect, that some, in fact. 
actually have a negative gauge factor. · . 

The three materials which are used in most gauges 
are a: copper-nickel alloy fjA.drance') which has a gage 
factor of approximately 2.0, a nickel-chrome alloy 
(Nichrome V*) with a gage factor of 2.2 and an alloy of 
the !so-elastic type (36% Ni; 8% chrome; 0.5% Mo; 
BalFe) having a gage factor of 3.5. The use qf these 
three different filament materials is an example of the 
compromises that are so frequently necessary in en
gineering. 

. Strain gages are somewhat temperature-sensitive 
as well as strain sensitive. When strains are to be held 
steady over a period of time, then changes to another 
strain level for another period accompanied by am
bient temperature changes (an incremental loading of 
an airplane wing or other structure, for example), it is 
desirable to pse a. gage which has inherently low 
temperature sensitivity, even if this is accompanied 
by lower strain sensitivity. For such applications, use 
of the coper-nickel filament is indicated. SR-4 gages 
are designated by the prefix A, as A-1, AB-1, etc. for 
wire gages, and by the prefix FA as FA -50-12, F AB· 
50-12, etc. for foil gages. For measurement of strain at 
elevated temperatures above 500°F,_ gagest manufac
tured of nickel-chrome alloys are . used. These gages 
made in wire construction are designated HT types 
200 and 800. Gages manufactured in foil configura
tions are designated by the prefix FNH. Some plati
num alloys are employed for high temperature strain 
measurements such as the wire HT Type 1200. 

For investigations of rapidly varying strainS', wher~ 
the test period is short and· there is little or no tem
perature change, it is possible to take advantage of the 
greater output and fatigue strength of the Iso elastic 
type .of gage, despite its greater temperature sensiti
vity. These gages are designated by the prefix C as 
C-1, CB-1, etc. 

BLH gage filament construction is determined by 
several factors. It is necessary 'that the resistance of 
the gage be held at some convenient figure and early 
in the development of strain gauge 120 ohms was 
selected as a convenient value. It was not .difficult to 
make flat grid gages (continuous wire in a single flat 
plane) of this resistance when gage lengths were in 
the neighbourhoOd of 1 inch. Users of tile SR-4 gages, 
however, quickly began to demand shorter and shorter 
gage lengths. Production problems involved in such 
gages made it necessary to abandon the flat grid type 
and adopt the helic~l grid or wrap-around construe-
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tion (continuous wire in two planes). Gage lengths 
were carried progressively downward through one-half 
inch, one quarter inch and finally down to as little as 
one-sixteenth of an inch. Later advances in fine wire 
technology have made it possible. to manufacture 
short grid gages in the flat grid type and they should 
be used in preference to the wrap-around gages. · 

For convience in measuring strains in different 
directions gages with multiple grids were developed 
and they may be obtained in both the wire and foil 
configurations. The three and four arm "rosette" gages 
are the most widely used to resolve the principle strain 
directions and magnitudes. The 45• oonfigurations, 
are particularly applicable to Mohr's Circle solutions. 

Performance of the etched foil gage is sometimes 
superior to an eqvivalent wire gage for static strain 
measurements because they exhibit negligible hysteresis 
and zero shift. The strain sensitivity of foil gages is 
from five to eight per cent higher than equivalent wire 
gages and they have an inherently low transverse sen
sitivity which is desirable in the resolution .of bi-
axial strains. -

Several types of base or carrier materials are used 
to support the filament wire or foil grids. P.or most 
room temperature applications, this carrier is a nitro
oellulose ii~1pregnated paper which provides a very 
stur~y ~nd ~atisfactory gage. In many strain gauge 
applicabons, however,· ease of application and fast 
dry,ing time are fac!ors. _Hence, a base was developed 
whic~ uses. a special thm paper. This type of carrier 
permits quicker evaporatiOn of the nitrocellulose 
cement solvent it also makes for remarkably easy and 
fast in~tallation on flat or curved surfaces. All paper. 
type foil gau~es and some wire gauges employ the thin 
paper construction. Most of the paper based gauges 
~an be used in the temperature range-320~F to 
:+ 118o•F. Examples: Wire g!auges: A-3, A-5-L 
AR-2. Foil gauges: FAP-50-12, FAP-25-12. . 

F~ slightly higher temperature applications and 
the u~hmate in gauge flexibility, an epoxy backin~ is 
supplied on some foil gauges. This type of gauge can 
be u~d in the 320°F. to + 250°F range. Epoxy back
ed fOil gauges are designated FA-25-12, FA-12-12, etc. 

Still higher temperature considerations led to the 
~eve~opment of another type of base. Phenolic (Bake
lite) Impregnated cellulose or glass fibres are used with 
the result that the strain sensing filament is firmly 
em~edd~ in a phenoli~ wafer. The Bakelite type wire 
g~u~e~ Will. s!and contmuous operation at 350•F and 
Will l!I':e limited se,rvice up to 500°F, The Bakelite 
type foil gauges Will stand continuous operation at 
45o•p and wil~ give limited service up to 6QO•F. For 
lone: te~m stram measurement at temperatures above 
450•F, !t becomes n~cessary to utilize ceramic cements 
to obtam the bon~mg agent stability necessary for 
strain gauge operation. · · · 

Adrance foilgauge provided . on a strippable 
vinyl backing which . allows the filament to be set 
directly into ceramic bonding cement are identified by 
an 'H' in their designation such as FAH-25-12. 
etc. Some foil gauges are available in a free bond
ing state for ease of application (no backing) and are 
identified by an '0' such as FA0-50-12, etc. 

Dynamic strain measurements to 14QQ•F and 
static strain measurements to 7oo•p can be made by 
using Nichrome V foil gauges with a strippable back
ing. They are designated FNH-25- 12 etc. Nichrome 
V foil filaments are also available in the free bond
ing state (no backing) for these high temperature en
vir<?nme!lts and they are identified by an '0' iti their 
designatiOn such as FN0-50-12, etc. Wire, free fila
ment ~auges are a_vailable in a variety of strain sensing 
matenals and With a thermocouple included if de
sired for correction of temperature effects. These 
gauges have an HT ip. their designation such as HT-
200- 2A, etc. 

/ -.fhe ~ements used in attaching the filament to the 
base camer and to the test specimen also vary. Nitro
cellulose, solvent release type cements, such as Duoo 
or the fast drying BLH SR- 4 cement, are used with 
paper base gauges only and are serviceable to about 
18_o•F. The SR-4 cement is primarily used with the 
thm paper. ga!-lge types .. Bak7lite type gauges select
~ for therr mherent dimensiOnal stability and long 
life, b~t where a room temperature cure is needed and 
a service temperature of not more than 15o•p is ex
pected, may be bonded with Eastman 910 cyanoa
crylate cement of EPY-150 epoxy cement. For static 
work up to 400•F and for rapidly varying· strains at 
tell?-perature~ to 6QO•F, we suggest the use of pheno
resm (Bakelite type) gauges together with Bakelite 
type cement or more preferably EPY-400 epoxy ce
ment. For strain measurements above 6QO•F AL-Pl 
ceme~t or PBX cement is required. All of the cements 
ment~oned are available with application to.:>ls and 
b~ndmg a.ccess?ries in kit form. The contents of the 
kits are given m the BLH Strain Gauge Price List. 

Sti~ another variable in the construction of strain 
gauges IS the type of connection between lead wire 
~nd !he filament Of the gage, The simple soldered 
Ju.nc!Ion J;~etween ~h.e fine filament and heavier lead 
Wire o~ nbbon ongmally used is entirely satisfactory 
~or ordmary stress analys.is l!nder static or slowly vary
mg loads. In these applications, each gage is subject
ed to a relativt:lY small number of stress changes of 
moderat~ ma~mtude. When, however, gauges are to 
be used. m. fatigue study, fatigue failure of the fila
n_tent Wire. a! the soldered joint is sometimes expe
nenced .. Similarly, when large strains are involved 
hysteresiS becomes noticeable and premature failur~ 
may occur. The du~l le;ad 'Yire strain gauge was de
vel?ped _to meet this SituatiOn, effectively increasing 
fati~ue bfe and markedly decreasing hysteresis at high 
~tr~~ns. Dual lead .gaug.es are designated by the letter 
D m the type designatiOn, Examples: AD-1, ABD-7 
CBD-1, etc. · • 
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STRAIN GAUGE TEMPERATURE COMPENSAnON 

In addition to the five basic variables previously 
mentioned, compensation for temperature effects on 
strain measurements must be considered when varia
ble temperatures are to be encountered during any 
particular tests or when strain readings must be re
ferenced to a no load ambient temperature condition. 

I 

The "Active-dummy" type of compensation was 
the original method used to automatically correct 
strain readings for temperature effects. Although the 
oldest in concept and use, this method still offers 
many advantages that cannot be matched by newer 
methods. 

The principle of the "Active-dummy" method of 
temperature compensation is quite basic. In its simplest 
practice an "Active" gage is bonded to the test speci
men and a second identical gage ("DUMMY") is 
bonded to a separate tab or small block of the same 
material as that of the test specimen. The "dummy" 
gage is then physically arranged so that it is exposed 
to the same temperature environment as the "active" 
gage but isolated from mechanical strain. In the un
stressed state, both gages will then have the same res
ponse to temperature changes. The "active" and 
"dummy" gages are connected into adjacent arms of 
the measuring (Wheat!!tone) bridge. 

Titanium ("T" fits closely on A 70, C 130-AM, C 120 
A V and T 1104) and 2024-T4 duraluminum ("IY'). 
Theil; use on other materials may result in less effec
tive temperature compensation because or variation 
in thermal expansion characteristics to be found 
among the various metals, even those of the same 
general class. Temperature compensated gages for 
other materials . can be produced on 9peeial order. 

The temperature coefficient tolerance for this gage 
type over both temperature ranges' is maintained at+ 
1/4%. -

Dual Element: Universally compensated Foil:
Employs a Nichrome V strain sensing element com
bined in half bridge from with a C.P. Platinum tem
perature sensing e1emen't. Temperature response 
characteristics can be adjusted by varying the para
meters of a simple external circuit so that a single 
gage type is capable of temperature compensation on 
a wide variety of materials at a specific temperature 
or over any temperature range, . The Bakelite base 
gage, FNB-50-12-E, may be used from_.:.400 to+ 
500oF and type FN0-50-12E for use in ceramic 
cements to + 850°F. This gage type is capable of tem
perature co-efficient tolerances of ± 1/10% over 
very broad temperature ranges. 

3.3.5 Special Purp1lse Strain Gages 
In this configuration the "dummy" gage cancels 

the effect of temperature changes upon the resistance (i) To complement the standard line Of gages. a 
of the "active" gage and the bridge balance will be res- variety of special purpose types are available. They 
ponsive only to mechanical strain imposed on the are :-
active gage. . 1. Spiral foil gages .designed to measure tangen-

Where the "active-dummy" compesation method tial 'strain in diapharagms. Example;, .F AS-25-12. 
cannot be applied three types of self-temperature com- 2. Weldable foil gages which have been pre-
pensating gages are available. bonded and temperature cycled on stainless steel shim 

Selected Melt :-(Wire and Foil) Selected melt for maximum stability and can be applied by spot 
gages are made of constant or 800 alloy with a select- welding to the test piece. Example: FABW-25-12. 
ed or adjusted temperature coefficient for minimum 3. A wire stress gage can be used to measure 
responre to temperature changes as bonded to various stress directly, on steel, example cv-~8-2 .. 
materials. These gage types are. designated by the 
letter "S" followed by the numbers 6, 9, or 13 repre- 4. The foil stress-strain gage has two elements 
senting the approximate thermal coefficients of ex- at 90° to each other· with the resistance ratio set for 
pansion of ordinary steels, some stainless steels and ~ p<nticular Poisson's Ratio so that stress along the 
aluminium respectively. The temperature coefficient gage sensing axis or strain in either direction can be 
tolerance for this gage type is maintained at + 1% calculated directly from the resultant output. Example: 
over the temperature range of + 50°F to +2so•F FAB-28-S6. 
for Constantan, and 75°F to 600°F for 800 alloy. 

5. Types to measure strain in concrete designated 
Dlial Element :-(EB and EBF 'Type Wire). The . Valore gages are encapsulated in a waterproof brass 

EBF type wire gages have two constant wire ele- container to protect the filament when it is .installed 
ments connected in series.' One element has a positive in the concrete when pouring. Example: AS-9 or self 
temperature coeffiCient and 'the other a negative co- temperature compensated ES-9 .. Some gages of con
efficient which are combined in the resistance ratio to ventional design but with long gage length (i.e. FA
produce compensation on a· particular material over 600-75 and A-9 series) are used for surface strain 
two· specific temperature ranges. Gages marked "-" measurements on concrete. 
(minus) are designed for the- 50°F to + 300°F ranee 
and those marked "+"(plus) for + 50°F to + 300°F 
temperature range. EBF gages are niade primarily 'for 
mild annealed steel (designated "S") quartz ("Q"), 
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6. The post yield gages can be used to measure 
strains upto 10% for the PA-3 (100,000 micro inches 
per inch). 
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Shorter gage lengths are provided by the PA-5, 
PA-7 and PA-8 which limit the strain range some
what' PAR-7 3 element 45° post yield rosettes and 
monofilament gages are also available. 

(ii) Number, Location and Layout:, 

Most of the SR-4 gauges are suitable for stra!n 
measurements on the surface. The gauges are avail
able in the fofm of rosettes which consist of three 
gauges in three direction mounted together. The actual 
number of gauges depends on the nature of the prob
lem for the measurement of strains in steel supports 
in a tunnel for example single gauges may be posted 
along the length of the support 8 or 10 location to 
give the form of bending an~ load. F~ measurement 
in concrete, longer gauges will be requrred and 1<>?
tion and layout will again depend on the specific 
nature of the problem. These gauges may also be ap
plied in certain investigation directly on the rock sur
faces .. 

(iii) Method of Installation : . 
From the standpoint of installation there aril 

several different types of strain gages but the general 
instructions -apply to all. 

I. Paper base wire and foil gages. 

2. Epoxy base foil gages. 

3. Bakelite type wire and foil gages. 

4. Strippable and free handling foil and wire 
gages. 

Preparing the Surface : The surface must be 
even, but preferably not too smooth or highly polish
ed. All loose scale and rust must be removed from 
metal surfaces, and, if the surface is very smooth or 
polished, it is desirable to roughen it with about 180 
grit emery paper. 

A light sandblast gives the ideal surface for bond
ing either paper or Bakelite gages to a mental, al
though it is not necessary except under unusual con
ditions. Certain metals notably copper, brass, beryl
lium copper, aluminium, magnesium and titanium 
bond very well when sandblasted or well roughened 
but tend to bond indifferently if the surface is very 
smooth or oxides are not removed just prior to gage 
application. , 

i 

Cleaning : The surface where the gage is to be 
installed must be meticulously cleaned. Scrub with a 
clean solvent such as acetone or trichlorethylene using 
a clean cotton swab or rag. If wax or the residue 
from petroleum products is present, clean with tox
luol first, then follow with the acetone or trichlorethy
lene. 

The surface is clean enough for gage installation 
when a solvent saturated fresh white swab rubbed 
briskly over it shows no trace of colour or dirt. Extreme 
cleanliness is essential if the gage is to be applied to 

ll-1 C,W, & P,;C0{66 

a very smooth or highly polished surface which bas 
not been previously roughe!le~. The surface must be 
kept clean until the gage IS In.stalled; care m~st be 
taken to avoid even touching the surface ·With the 
fingers. · ' 

Cementin'f : It is important to use a liberal 
amount of cement and ·to avoid forming air pockets 
in the cement. Always let the weight or spring clamp· 
ing pressure squeese out any excess c;:ement. Do ~ot 
try to make the application look too n~at by .squeezmg 
out the excess cement before applymg weight or a 
camp. A properly installed gage will always show 
excess cement that has oozed out entirley around its 
periphery. On the other hand, a too liberal coating of 

. cement will create a thick glue, line and result in pos
sible measurement errors. 

Clampfng : When clamping is necessary, the use 
of C-clamps is not advised. They tend to apply too 
much pressure at first, while the cement is soft and 
too little later, while the cement is hardening and 
needs the pressure. Use a weight, a light spring clamp 
or a spring loaded clamp depending upon the amount 
of pressure requireil. · · 

(iv) Observations, Forms of Record and Sources 
df Error: 

The observation of strain is made on strain indi
cators which consist of a D.C. or A.C. bridge and 
suitable amnlifiers. There is arrangement for gage 
factor adjustment. The readings are obtained directly in 
micrometers per inch. The forms of observation should 
give the initial and final reading after each cycle 
of loading and unloading. 

The principle source of error is the instability of 
the gauge. 

One of the principal causes of gage instability. is 
moisture which is absorbed into the body of the gage. 
The effects of moisture are (a) dimensional changes of 
the bonding medium and cement which cause resis· 
tance change due to the resulting strains set up in the 
gage filament and (b) changes of resistance due to th~ 
conductivity and corrosion of the strain sensing mate
rials caused by absorbed moisture. A secondary 
cause of instability is the long time "aging" of the bond
ing medium and cement. The later is largely cor
rected by through "post curing" at recommended tem
perature (accelerated aging). Both of these effects are 
nvnimized by adequate moisture-proofing properly 
applied. 

Experience has shown that moisture proofing ·is 
usually unnecessarv under most conditions and that a 
large percentage of SR-4 gages used are given no 
moisture proofing or other protection, and yet they 
give satisfactory service. Tt is the exception rather 
than the rule which is the subject of these notes. 

As has been pointed out BLH Strain Gages are 
of several types. The paper and cement gages are 
more sensitive to aging and to changes in humidity 
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than are the Bakelite wire or foil gages,' and hence 
they do not possess equivalent inherent stability. 
Clearly, then the Bekelite wire and more particular
ly the foil type of gage (properly moisture-proofed) is 
indicated where high stability over a long period of 
time is essential. 

gauges are e1 e2 and e3 and the angle there made 
with the axis or the direction of e1 are : 0 cp1=o, cp1 : 45° 
and cp1 : 90°. 

From the well known relation-

Other common causes of instability are (a) im
proper installation, (b) ·insufficient drying or curing of 
the cement, (c) damaged or greatly overstressed gage, 
(d) imperfect connections, (e) use of frayed or worn
out stranded lead wire. (0 "leakage resistance" in 
switches, insulation etc. Such causes are matters of 
technique and, while of importance, are not treated here. 

=*= e:x i e:y + ex ; cy cos 2 cp + yi! sin 2cp 

We obtain 

(v) Analysis of Data: 
The main consideration in the analysis of strains 

obtained from individual gauge of rosette is.computa
tion of the principal stresses on the surface. The 
analysis will be illustrated by the case in rectangular 

The strains measured by the three 

!:x + Ey + Ex - Ey 
ltl -

2 
I Ex + Ey + Es -

2 
l!:x + Ey 
-2-

Solving for ex, r:y and cyxy 

Ex = 81 

Ey = r:8 

l 

'YxY-
2-

'Yxy = 2E1 - ( E1 + £3 ) 

The maximum direct strains and shearing strains are given by 

· Yxv 
-1 

cp = l tan ex - ey 
p 

- Ex 

- Ey 

where .pp is the angle between the direction of the maximum principal strain and the axis X. Substituting value 
O( Ex, lty and yxy . . 

£max.= t ( lt1 +Ita) +tV ( E1- Ea y + [ 2e~- (el + Ea) r 
8 • 1 mtn. ='~" 

Ymax = i 

Using the relationships 

amax. -

( r:1 + r:8 ) - t V ( el - e 3 Y + [ 2e8 

V ( ltl - &a r + [ 2ca - (el + •a) r 

E 
1- 1-'-11 

E 

(
e + IJ-& ) 
max. min. 

C min.+ 11-e mix.) 

y max. 
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we obtain the principal stresses and t~ maximum shearing stress 

a ax E [ sl + Ea + _1_ V-(---~-a)_'_+--[-2-~.--(~-~-+-"a_]_' ] 
m · = 2 ~V. 1 + 1-t s1 ~ ~. ~ 

~ [ ~1 ~ :8 _ ~ V ( c1 - Ca )II + [ 2ea - (" 01 + Ca) r ] CJ • 
nun. 

't' 
max.-

. E 
2 (. 1 + ~.t)...; ( El - Sa )2 + [ 2ea - ( el + el ) r 

Similar equation can be derived for other types of 
rosettes. Nomograms are available for rapid solu
tions. 

3.3.6 Carlson Strainmeter 
(i) Principle and Construction :-(Fig.Il-3.3-02) 

The Carlson strainmeter depends on the principle 
that the electrical resistance of a wire changes with the 
strain. In contrast with the SR-4 type gauges only the 
ends of the wire are attached to th~ structure under 
consideration. 

The Carlson strainmeter is in the form of a long 
cylinder with flanges on each end to anchor the ends 
of the meter to the surrounding concrete. Within a 
flexible brass cover is a steel framework on which 
are supported porcelain spools around which are 
wound under 100,000 psi tension, two equal coils of 
fine steel music wire 0.0025 inch in dia. When the 
ends of the meter are pulled apart by expansion the 
outer or the expansion coil elongates and increases in 
tension and resistance. At tpe same time the inner 
or contraction coil decreases in tension and resistance 
as it shortens. Changes in the ratio of the resistance 
of the outer (expansion) coil to the inner (contraction) 
coil is used as a sensitive measure of length change 
in the strainmeter. The ratio of the resistances of the 
two coils is nearly unity at all times. A change in 
ratio of 0.01 per cent normally indicates a change in 
length of about 4 millionths of an inch per inch. Re
sistance ratio changes are not affected by the simul
taneous changes in the temperature of the wire since 
the temperature change affect both coils by an equal 
amount. 

Temperature is measured by determining the 
series resistance of the two coils. This is not material· 
ly affected by changes in resistance of the two coils 
due to length changes because these changes are subs
tantially equal and opposite. The series resistance in 
a strainmeter is about 70 ohms at 70°F and changes 
about l ohm for a change of 9°F. ' 

The indicated length change represents the actual 
length change provided there is no change in tempera
ture. If there is temperature change the indicated 
length change must be corrected for thermal expan
sion or contraction of the meter frame. In the stan
dard meter a correction of 7.5 millionths must be add
ed to the indicated unit length change for each 1 op 

rise in temperature or subtracted for a decrease in 
temperature. 

The meters are usually furnished with about 30 
inches of rubber covered three conductor colour coded 
cable attached. The green conductor is made common 
to two coils. the white conductor connects to the 
other end of the expansion coil and the black conduc
tor to the other end of the contraction coil. The range 
of meters is about 0.02 inch with the range in con
traction from the so called neutral (or initial) position 
of the meter about 2/3 and the range in expansion 
about 1/3 this total. 

, The readings are taken by Carlson Test Set. Tho 
Carlson Test Set is basically a portable Wheatstone 
Bridge, consisting of a galvanometer, two known 
equal resistances. a variable resistance, and suitable 
binding posts for use with 2-, 3-, or 4-conductor cable. 
The variable resistance is adjusted by means of four 
decade dials, permitting resistance measurements from 
.01 to 109.99 ohms and resistance ratio measurements 
from 0.0001 to 1.0999 to be made. Direct readings of 
2-wire resistance. 3-wire resistance, 3-wire resistance 
ratio, or 4-wire resistance and resistance ratio may be 
made with the same test set by proper binding post 
connections and galvanometer switches. Thus the 
Carlson Test Set is suitable for use with all the Carlson
type instruments. Schematic wiring diagram and ope
rating instructions are shown on the interior of the 
test set cover. 

(ii) Number, Location and Layout: 

The considerations similar to those given under 
3.2.6 (ii) apply. The lead length from the strainmeter 
to the test set, however, must be limited to about 200ft. 

(iii) Method of Installation: 

Installing strainmeters is the most difficult and 
precise job involved in a special instrumentation pro
gram. 

A successful strainmeter installation requires that 
each meter be aligned with reference to the structure 
axis of center-line as specified on the drawings, and 
that the concrete surrounding the meters be identical 
with that in the remainder of the structure. Obviously 
these goals cannot be ach!eved completely, but every 
effort should be made durmg placement operations to 
satisfy the conditions so far as practicable. 
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~1) Single Stainmeters :-Single strainmeters are 
usually embedded near the top of a lift. In this case 
let the lift be topped off and the placing crew move 
away. 

Step 1. Dig into the area for the full depth of 
t~e instrument, ancl discard all aggregate over 3-inch 
SIZe. 

Step 2. Backfill sufficiently to provide a bed for 
the instrument. 

Step 3. Make a hole for vertica~ or diagonal 
meters, using an electric laboratory vibrator or. by 
driving a pointed It-inch diameter steel pipe into the 
backfilled concrete, and insert meter in the hole. Hori
zontal meters are merely laid flat on the prepared 
bed. 

Step 4. Check angles, direction and depth, using 
the machinists protractor and level, held against the 
end flange. 

Step 5.· Carefully vibrate or hand-puddle around 
the meters. If job vibrators are used, care should be 
taken to avoid violent or excessive vibration which 
might disturb-the meter alignment. 

, Step 6. Complete backfilling by hand with 3 inch 
maximum aggregate concrete, and hand puddling up to 
grade. . 

(2) Interior Groups o! Meters :-More elaborate 
preparations and facilities are required on interior 
groups of meters to assure proper installations in the 
limited time available before the concrete attains its 
initial set. It is desirable that prior. to the tim~ concrete 
is placed in the intended meter location the meters be 
brought into the block and grouped according to their 
arrangement in the monolith, and that tools, equip· 
ment, templates, and spare meters be placed in' a con
veniently accessible _location. On« procedure for 
placement of a meter group is as follows: , 

Step 1. Place the temporary block-out frame on 
top of the lift concrete when it has reached an eleva
tion about 12 inches below final grade. 

Step 2. Finish off remainder of lift outside the 
frame. 

Step 3. Explore the bed with sh~vels and remove 
cobbles over 3 inches in size to a depth of 4 inches. 

Step 4. Set template, using survey points pre
viously marked, and place meters in approximate loca
tion, running cables out beneath block-out frame and 
template. 

Step 5. Using an electric laboratory vibrator or a 
pointed 1 !-inch djameter steel pipe, punch holes at 
the proper location in the prepared bed to receive the 
vertical and inclined meters. The holes should be 
made sufficiently deep so as to contain all but about 
2 inches of the instrument, and the instrument check
ed for vertical or slope by placing the protractor level 
across the flanged end of the meter. The space between 
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the meter case and the side of the hole is carefully 
filled with stiff concrete containing little or no coarse 
aggregate, and thoroughly compacted. Inclination of 
the meter should be checked with the protractor during 
this operation. Horizontal meters are placed in their 
proper location on top of the prepared bed and align-
ed and levelled. . 

Step 6. Cover each instrument immediately with 
. hand-placed 3-inch maximum aggregate concrete until 
a 3-inch thick cushion is built over and around each 
meter. 

Step 7. After the concrete has been allowed to 
stiffen slightly, remove the template and blockout 
frame, and fill the remainder of the hole with regular 
fresh concrete. The concrete should not be dumped or 
thrown into the hole, but should be placed carefully 
with shovels to avoid disturbing the embedded meters 
or damaging them. · 

Step 8. After the hole is filled, it may be lightly 
vibrated or hand-puddled to consolidate the covering 
concrete, extreme care being taken to avoid walking 
over the area or otherwise disturbing the instruments. 
A board cover or barrier will serve to protect the area 
during the lift exposure period. 

A second procedure for e~bedding strainmeters, 
particularly useful for groups of .10 or more instl11-
ments, involves the use of a special spider mounting 
frame which simplifies alignment of the meters. De
tails are as follows : 

Step. 1. Level off a concrete bed two feet below 
the ultimate elevation of the lift. 

Step 2. Mark the meter group location with a 
light board framework and finish up the lift around 
this locations. 

Step 3. 'Make final assembly of strainmeters on 
the spiders on a plywood or wood working platform 
nearby the location, and lay out ~d bunch cables 
tready for embedment. 

Step 4. Explore the levelled-off bed with shovels 
and remove cobbles over 3 inches in size near the bed
ding surface. Consolidate lightly with vibrator. 

Step 5. Place spider and attached meters in posi
tion, and check orientation and level. 

Step 6. Carefully place concrete, by hand around 
meters, and hand-puddle or carefully vibrate within 
the spider with a small laboratory vibrator. As cover
ing of the meters begins, the shoulders <.:f ~he 
surrounding finished lift should be lightly vibrated to 
avoid the possibility of sudden sloughing of the sides 
onto the spider assembly. 

Step 7. Erect a protecting wood barrier to protect 
the area during the lift exposure period. 

(3) Surface Strain Meters :-Boundary groups, or 
surface strainmeters, consist of several meters (from 3 
to 6) placed at distances varying from 3 inches 1 •J 3 
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feet from a surface of the structure with each meter 
arranged parallel to the concrete face and in a verti
cal plane. The positioning of the meters at the required 
distance from the face, in a vertical plane and at the 
proper slope can be satisfactorily attained by utilizing 
special pipe brackets bolted or fastened to the top of 
the forms. Each bracket holds a length of If-inch pipe, 
swedged shut at the bottom end, at the proper dis
tance from and parallel to the form surface. When the 
concrete is placed each pipe forms a hole slightly 
larger than the meter diameter. A shallow hole about 
8 inches deep is dug around each pipe; and after the 
concrete has stiffened slightly the bracket screws are 
removed, the pipes pulled out and the meters placed 
in the holes. The space between the meter case and 
the sides and bottom of the hole is filled with mortar 
and carefully tamped to insure complete contact with 
the instrument. The depressions around each meter 
are brought up to grade by carefully placing concrete 
with shovels and hand-tamping. A board cover or bar
rier will protect the area while the concrete is harden
ing. 

4. "No Stress"Strain 'meters :-'"For the purpose of 
measuring independently the volumetric effecl$ of tem
perature t~nd moisture changes and chemical action 
within a large structure, "No-stress" strainmeters are 
frequently provided in conjunction with strainmeter 
groups. This can be accomplished by embedding an 
ordinary strainmeter in typical mass concrete which is 
isolated from deformations due to loading but is res
ponsive to the temperature, moisture and growth 
changes prevailing in the mass concrete of the struc
ture. 

One arrangement, used 'successfully on previous 
installations, is to provide a cavity in the lift near the 
strainmeter group by embedding a 3 or 4-foot length 
of 15-inch dia concrete pipe so that the flange extends 
about 3 inches above the lift surface. A concrete 
pedestal is constructed around the bottom of the pipe 
to support it and hold it in place during placement of 
the ·concrete lift, and a precast concrete cover is pro
vided. The strainmeter is suspended in the centre of 
a 12 X 24 inch cylinder specimen mould (of a type 
which will permit easy stripping) and the mould filled 
with fresh concrete taken from a -typical lift batch ad
jacent to the strainmeter group. The 12-inch diameter 
mould permits the use of upto 3-inch aggregate present 
in the concrete in the lift. At locations where 6-inch 
aggregate concrete is being used, cobbles larger than 3 
inches are removed from the concrete placed in the 
cylinder mould. The day after the cylinders are cast 
the moulds are removed, the cavity cleaned and water 
removed, the cylinder placed in the cavity, and the 
precast cover placed and sealed. ' 

A second scheme, used by the Bureau of Reclama
tion, is to embed two strainmeters. one vertically and 
one horizontally, near the top of a concrete lift, and 
then place a 3-foot diameter 3/8 inch thick steel plate 
over the lift surface. The plate is held two or three 
inch~s above the concrete surface by a circumferential 
rim or lip, which isolates the meters from the effects 

of vertioal load. The length change indicated by the 
vertical meter includes the deformation resulting from 
the horizontal strains modified by Poisson's ratio, 
while the horizontal strainmeter aids in the evaluation 
of the Poisson's ratio effect. - -

A third scheme, developed by Sarafim, involves 
the use of a double-walled, double-bottom copp~r. con. 
tainer which serves to protect the concrete containing 
the meter from strains due to load, yet provides con
tinuity of the concrete so that other volumetric changes 
may take place without restraint. 

(iv) Observation, Forms of Records and Sources 
of E"or:. -

Resistance and resistance ratio readings from all 
Carlson-type instruments may be recorded on field 
reading sheets (prepared in advance) similar to Fig. 
II-3.1-14. The established instrument numbers 

· and symbols are printed in the first column, the pre
vious resistance and ratio readings entered in the 
second and third columns, and the remaining columns 
provide space for recording the current measurements. 
By placing duplicate sheets in a clip board, suitably 
off set and with a sheet of carbon paper between, the 
readings recorded during one series of observations 

' are printed on the second sheet as "previous readings" 
for the next series of observation. The value of having 
the previous reading readily-available lies in the op
portunity thus afforded to the observer for quickly 
checking and comparing the current measurements, 
and unusual, excessive, or erroneous readings may be 
immediately detected. A second or check reading may 
then be made. 

(a) Data Record Sheets : Individual data record 
forms should be provided for each separate eJUbedded 
instrument. These sheets provide a place for record
ing the location of the instrument, original and cor
rected calibration constants, lead resistances, tempe
rature correction equations, zero resistance and ratio 
readings, and any other pertinent instrument character
istics. Reduction and conversion of the indicated read
!n~s to the desired units of stress, strain, temperature, 
JOmt movement, or pore pressure is made on this data 
sheet. Sample sheets suitable for the various types of 
Carlson instruments namely stressmeter, strainmeter, 
joint-meter and resistance thermometer are given in 
Figs. II-3.2-02, II-3.3-03, II-3.1-15 and II-3.5-02 res
pectively~ 

~b) Protection dfJ Accumulated Data: Transfer of 
Data: The measurements recorded on the field read
ing sheets should be transferred to the individual data 
record forms with the least practicable delay 
after each set of readings are made. Transcribing of 
these data should be carefully done, and checked at 
least once in order to reduce the possibility of errors. 
Utilizing data record forms in this manner eliminates 
the necessity for exposing the only copies of accumu
lated readings for each instrument to the possibilities of 
loss or damage while making observations under job 
conditions. The practice of using field books for re
cording the readings is not recommended, since column 
headings and instrument numbers must be inserted by 
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the observer, and considerable irreplaceabl~ data is 
taken on to the job for each set of readings (frequently 
before the results have been transferred to data record 
forms). 

Filing Field Reading Sheets: After the reading 
have been transferred to data record forms, field read
ing sheets should be· retained in the field office until 
analysis of the collected data has progressed to a 
point where any questionable readings have been de
tected and checked against the original_ recorded values. 

Filing Data Record Sheets: As each individual 
data sheet is completed it should be· forwarded to the 
office where the analysis is to be accomplished. This 
practice will provide additional protection against loss 
or destruction of accumulated data, since the original 
field reading sheets will be retained in the field office. 

(c) Reading Schedules: General: Initial readings 
must be made within three hours after embedment of 
the instruments and continued lit frequent intervals 
during early ages in order to measure the rapid volume, 
stress, and temperature changes resulting from hydra
tion of the cement. After maximum temperatures have 
been attained the observation frequency may be re
duced, since volume, streSs, and temperature change 
more slowly during the cooling off period. A further 
reduction in reading frequency is permissible after 
much of the heat of hydration has been dissipated and 
the structure is responding to normal climatic and load 
cycles. · · 

In the interest of simplicity in establishing a read
ing programme it is generally advisable to refer pro
gressive,decreases (or increases) in observation frequen
cies to "day,s after embedment" for each instrument 
rather than stage of temperature or heat loss.· The re
corii.mended duration of the various reading frequencies 
are intended to "represent minimum requirements and 
to serve as a guide in establishing a reading programme. 
In practice, changes in observation frequencies for 
some instruments are deferred until sucll time as the 
change may be made simultaneously for a large num
ber of instruments. 

A normal programme consists of an initial reading 
made . between 1 to 3 hours after embedment, read
ings twice daily for 3 days, once daily for . the next 
12 days, twice weekly for the next 4 weeks, weekly 
during the remainder of the construction period, and 
twice each month thereafter. 

The observation programme for boundary meter 
groups would be similar to the normal programme, ex
cept that the twice daily readings should be continued 
for the first 15 days. -

Special Stress, Strain, and Temperature Readings: 

In order to determine the effect of (1) daily cyclic 
or other comparatively sudden climatic changes, and 
(2) extremes of ambient air temperature on the deve
lopment of stress, strain or temperature gradients 

S4 

within a structure several series of continuous read
ings (of upto two days duration) should be made on 
instruments located near exposed surfaces. Each set 
will consist of test set readings (or a strip chart tem
perature record if a11tornatic equipment is used with 
thermometers) at 3 or 4-hour intervals over a 48-
hour period. These observation series are usually made 
in pairs, during the spring and the autumn seasons to 
define the maximum range in daily temperature cycles 
and during the winter and summer seasons to coin
cide with the extremes of air temperatures. Similar 
types of observations are also made on embedded ins
truments adjacent to insulated surfaces to measure the 
effect of such insulation. 

Certain precautions are required in the pro_Qer 
maintenance of the test set. ' 

The current activating the galvanometer . is sup
plied by ordinary flashlight batteries contained in the 
test set box, and the batteries should be replaced at 
intervals of not more than 6 months or whenever the 
galvanometer needle deflections become weak or slug
gish. Holding the galvanQIIleter switch button down 
continuously while balancing the bridge causes an ex
cessive drain on the batteries as well as raising the 
temperature of the embedded instrument resistance 
coils, and should be avoided. 

At least once each year or whenever there is rea
son to suspect malfunctioning of the test set, the 
test set should be partially dismantled, accumulated 
dust and dirt removed from the decayed dial spindles, 
and the decayed resistance buttons and contacts arms 
cleaned and polished. A light film of petroleum jelly 
wiped on to the contacts will aid in maintaining a 
satisfactory contact surface. 

The main source of error is the entrance of mois
ture in the instrument, cable specially at the splices 
and at the terminal board. The terminal board must 
be kept dry and the terminals periodically cleaned. · 

('v) Analysis of Data : 

(a) Field reduction of data: The term "reduction 
of data" refers to the arithmetical operations neces
s~ to convert individual instrument readings into 
significant units of stress, strain, temperature, length, 
or pressure. It is desirable that these operations be 
performed in the field office in order that possible 
reading errors may be detected as soon as possible, 
explanations for apparently l.IDUsual . results more 
readily and promptly secured, and preliminary results 
mad: available for use by project engineers at an early 
date. The practice of deferring office. calculations for 
several months until construction work slackens, or 
having the data reduction work accomplished at other 
than the project office, should be avoided. 

Reduction of data calculations required for 
Carlson type instruments includes one or more of the 
following general operations: calculations of meter 
temperature, application of the calibration constant to 
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the measured resistance ratio, and correcting the indi
cated results for the effects of temperature changes in 
the concrete and in the meter. Step-by-step explanation 
of these procedures is given, in 'Manual for the use 
of stressmeters, strainmeters and jointmeters in mass 
concrete' by R. W. Carlson. 

(b) Final Analysis : Since the main purpose here 
is to determine stress, it is necessary to subtract that 
portion of the length change which is due to causes 
other than stress. This can be done with whatever 
degree. of refinement the conditions suggest. In limit
ed installations, it is often satisfactory to make the 
only correction for which data are provided, namely, 
the correction for thermal expansion of the concr~te. 
This simple correction is made merely by subtractmg 
from the actual length change an amount equal to the 
free thermal expansion or contraction of the concrete, 
as has been done in cols. 12 and 13 of Fig. 4. of the 
above mentioned reference 'Manual for the use . of 
stressmeters, strainmeters and jointmeters in mass con
crete' by R. W. Carlson. 

There are numerous cases whefe the correction 
for thermal expansion of the concrete need be the 
only correction. The most common cases are where 
only approximate results are sufficient and ·there is 
known to be no appreciable alkali-aggregate expan
sion in the concrete, many cases of stress, and espe
cially where this stress is mainly in one direction. Also, 
within many massive structures there is no appreciable 
volume change due to any causes except stress and 
temperature. Shrinkage due to loss of moisture has 
never been detected (to our knowledge) in the centre 
of a thick concrete dam. Expansion, or "growth", due 
to chemical action is rather common, however, and 
one should not assume without -evidence that such 
growth is absent. 

For the thorough investigation of stress in an im
portant concrete structure, several refinements can be 
made which add to the reliability of the results. In 
the following paragraphs are explained all of the steps 
for computing the most probable elastic strains from 
the measured length changes. 

Longer Method of Computing Elastic Strains from 
Length Changes: 

There are several corrections and adjustments 
which ca~ be made to the measured length changes 
to determme the most probable elastic strain which 
is here defined as the length change due to str~ss only. 
In major installations where there are a number of 
strainmeters in each location, it is advisable to resort 
to the longer procedure for determining elastic strain. 
as shown in Fig. 6 (Carlson's booklet). Thus a compu
tation sheet such as Fig. 6 (Carlson's booklet) would 
replace Columns 12 and 13 of Fig. 4 (Carlson's book
let) when the longer procedure is used. 

The first step in the longer procedure of convert
ing length changes to elastic strains is to plot to a 

natural scale the actual length changes. As an illus
tration, the length changes from Fig. 4 have been plot
ted in Fig. 5 GCarlson's booklet). In general, .there 
will be a slight scatter of points and where such ts the 
case a smooth curve should be drawn which most 
neariy represents the true length changes: This will 
eliminate some unavoidable, accidental vanatiOJ;J.S, and 
yield the probable length changes at all ages. Caution 
is urged against altering the data in drawing the smooth 
curve. The practice should be to draw the curve 
through all of the points except those which are de
finitely out of line due to probable mistake. 

Before proceeding further, the time intervals must 
be chosen which will be sufficiently close together to 
give useful results but not so close together as 
to require an excessive number of computations. 
Time is saved by using shorter time intervals at the 
early ages and longer intervals at the later ages. As 
a guide ages which have been found suitable are t 
day, 2, 5, 10, 15, 20, 30 days etc. 

The next step is then to pick off from the smooth 
curves the length change for each strain meter at each 
of the chosen times. These values are entered as "Unit
length Change" in space provided on ·a work sheet 
such as Fig. 6, which is a sample computation sheet 
for a group of nine strain meters. 

Provision is made · in Fig. 6 for making four 
different corrections to the length change. The first of 
these is for dilatation. The volume change of the 
concrete at a given location is called dilatation. It is 
numerically equal to the algebraic sum of the length 
changes in 3 dimensions at right angles. Thus, if the 
length change of the vertical strainmeter is added to 
the length changes of the two strainmeters in the 
horizontal plane which are all perpendicular to each 
other, this is one measure of dilatation. But dilatation 
can be measured by four different groups of 3 strain
meters (where there are 9 strainmeters), and all of 
these dilatations should be the same. Due to the nature 
of concrete. however. the observed dilatations will not 
be equal. The small corrections to the length changes 
to make the .dilatations equal are called the· dilatation 
corrections. After the corrections have been made, the 
dilatation computed from the length changes of any 3 
strainmeter at right angle~ to each other should be 
equal to the average dilatation. A fair method of dis
tributing the error to make the dilatation correction is 
given at the foot of Fig. 6 (Carlson's bookle(J. 

After entering the dilatation correction in Fig. 6 
(Carlson's booklet) the next correction is for thermal 
expansion or contraction of the concrete. This is an 
addition to the temperature correction for expansion 
or contraction of the strainmeter frame. It is preferred 
to make these corrections separately, because the tem
perature which controls the former is that of the strain
meter itself. while the temperature which controls the 
second correction is better taken as the avera!!e for 
the group of strainmeters. There is often a degree or 
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more variation in temperature among the strain meters 
in a single group because they are not located at a 
point. 

The average temperature for the group of nine 
strainmeters is written into a space at the left of 
Fig. 6 (Carlson's booklet) for each of the chosen times. 
For example, at the first time it is 94.5°F, and ·at the 
second it is 98.7°F. Now, the particular concrete in 
this example has a coefficient of thermal expansion of 
4.85 miiJionths per degree F. The temperature cor
rection is this coefficient multiplied by the tempera
ture difference. In the first time interval, this is 4.85 
multiplied by 4.2, or 20 millionths. It is the' same for 
all 9 strainmeters. · 

The final step in determining elastic strain is to 
make the correction for Poisson's ratio. This is neces
sary because strains are altered by strains in other di
rections. These corrections are computed according to 
the theory of elasticity. 

A fourth correction may be necessary if there is 
any growth or other unaccounted volume change of 
the concrete. When there is growth or other volume 
change, the amount of such growth 'is merely entered 
in the space provided, with sign reversed. Thus a 
cumulative growth of 20 millionths up to the end of 
a given interval would be entered as minus 20. 

' 

The elastic strain for each · strain meter is then 
the actual unit length change plus the corrections, with 
due regard for algebric signs. 

3.3.7 .Vibranng Wire Type Gauges 

ELECTROMECHANICAL OR ACOUSTIC GAUGES 

- (i) Principle and Construction : 

The action of this type of gauge depends ·On the 
principle that the frequency of vibrating wire depends 
on the tension on the wire and therefore on the strain. 

f _ .!L IT 
- 2r -v~ 

1 =- Free length of the cord. 
n = Harmonic level. 
~ = Tension in the wire. 
S = Ma~s per unit length of the wire. 

Since the tension in the wire is proportional to the 
elongation. Ill, the strain. 

~ _ __L _ ( 4f1S ) /• 
I - aE _- n2aE 

Essentially, the strain gauge is a· wire which is 
affixed to two end pieces that are embedded in the 
test structure. It also contains a magnetic pick up 
which plucks the wire and then transforms its. mecha
nical vibrations into the electrical impulse. Strain 
changes in the specimen imposr:: proportional chang~s 

~6 

in gauge wire tension. The interpretation is accom
plished by comparing the tone, created by the vibra
tion of the gauge wire, with the tone of a vibrating 
standard wire. The tension in the standard wire may 
be adjusted by means of a calibration screw. Match
ing of the frequencies is achieved either by ear by 
tuning out the beats or virually by a cathode ray tube. 

The main advantage of this unit as compared to 
the resistance type is that the frequency of the wire is 
independent of variation in voltages, currents and re
sistances. Thus any change in battery voltages, con
tact resistance or lead wire resistance or small leak
ages will render the observations futile. The square of 
the frequency is still proportional to change in tension 
of the wire. . 

(ii) Number, Location and Layout: 

The number, location and layout depends on the 
type of information required. In concrete dams strain 
meters are installed to determine the stress distribu
tion along certain horizontal sections of the dam. For 
a complete determination of the stresses at any point 
·in a general case at least six strain gauges are re
quired. However, as a check on the observations and 
for a realistic estimate of dilatation corrections a 
group of nine strain meters is recommended. These 
are arranged as follows : 

Meter No. 1-Horizontal, parallel to the axis of 
dam. 

Meter No. 2-Horizontal but perpendicular to 
axis. 

' 
Meter No. 3 -Vertical. . 

Meter No. 4-In vertical plane perpendicular to 
axis, 135° to vertical clockwise 
looking towards the right abut
ment. 

Meter No. 5-In vertical plane perpendicular to 
the axis. perpendicular to No. 
4 (45° to the vertical clockwise). 

Meter No. 6-In vertical plane parallel to axis, 
45° to vertical in clockwise direc
tion when looking downstream. 

Meter No. 7-In vertical plane parallel to axis 
and perpendicular to No. 6 (135° to 
vertical in clockwise direction). 

Meter No. 8-In horizontal plane, 45° clockwise 
from upstream direction. 

Meter No. 9-In horizontal plane perpendicular 
to No. 8 (135° clockwise from up
sream directionJ. 

In addition to the above are two 'no stress' meters 
required at each location. These are strain meters 
which are exposed to the ~arne condition as the sur
rounding· concre,te except as to stress. These are &O 
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arranged inside the concrete mass that they remain 
free from stress and measure the deformation from all 
causes other than stress. Thus in the general case a 
group of two meters is required. For determining the 
stress distribution in a horizontal section at least five 
such locations are desirable. 

If the stress distribution could be considered 
almost plane as in the. case of dam constructed into 
separate short ungrouted blocks, this number could be 
reduced to seven at each location. Near the surface 
where strains due to temperature are important three 
gauges may be sufficient. . 

The layout of the gauges depends on the informa
tion sought. The following information is generally 
important. 

(a) Distribution of stresses in horizontal section. 

(b) Stresses near th~ surfaces which are affected 
more by temperature variation. 

(c) Stresses in special foundation features. 

For getting a general idea of the distribution five 
rosette installations are required at each elevation. To 
avoid the effects ofirregularities in the foundation and 
for ease in interpretation these should be placed not 
nearer' than five feet from the rock interface. 

For measurement of temperature effects, the 
strainmeter must be distributed right through the ver
tical section a smaller rosette of three each could be 
used. · · 

For special feature individual assessment have to 
be made depending on the nature of the problem. 

(iii) Method of Installation: 

The strainmeter is supplied with unlocked plugs 
and output rubber covered cable, with three leads, 20 
em. long. 

The installation system varies with the selected 
tvpe of connection. Two different ways are adopted. 
The first one considers the direct burying in the con
crete of the rubber cable. Such three-pole cable is co
vered with a special type of rubber, suitable for the 
concrete and for the ground. The rubber thickness is 
sue~ as to grant good mechanical and electrical pro
tectiOn to the leads. In such a case the strainmeter is 
delivered with a tube extension with suitable water 
tight device. 

Such a tube is screwed to the strainmeter on the 
threading 19 X 1 M. On the threading a little amount 
of manganese putty is applied to grant the necessary 
seal. 

The tube gives full protection to the joint between 
the cable protruding from the instrument and the lead 
cable. When the connection is made, the tube is fill· 
ed with insulating material and the seal ri.ng is locked. 

1_ -1 C. W. & P.C./66 

The tube is lined with a rubber sheath, to avoid 
lateral stresses on the strainmeter;· at .the tube end, 
is then fixed with a screw, a square block. On the 
latter is screwed the device which holds the strain
meter while installed. The strainmeter chord is then 
adjusted on the selected value (250 graduations or else, 
if considerable tractions or compressions are foreseen) 
and the closing plugs are locked down, after the appli
cation of mangan.ese putty on the threadings. 

The· assembling device consists of a conical tube, 
with an inner tie rod. 

The conical tube is connected to the rectangular 
block, by screwing on the latter the inner tie rod. In 
this way the strainmeter is locked to the tube. The 
whole 1s introduced in the hollow left· in the concrete 
casting for the strainmeter installaljion. The tube 
must be kept vertical. by hand or by means of a 
support. 

Around the sfrainmeter the concrete shall be care
fully cast, filling imy empty space and a good con· 
nection established. During such operations, continu· 
ous control from the central board has to be made, 
to verify the correct from operation of the strain
meter and that the chord tension does not vary too 
much. Then the concrete shall undergo careful vibra
ting action on the block which contains the strain
meter and, at last, by unscrewing the inner tie rod it 
will be possible to loose and pull out the conical tube. 
The hole shall be then filled with liquid concrete. 

A second system designs the protection of the 
connecting cable by means of a galvanised iron tube, 
In such a case the strainmeter is supplied with an 
iron protection tube. Such a tube carries on a side an 
hexagon, for the tube connection to the strainmeter; 
on the other side it carries a flange, for the connection 
with the protection tube. Near to the strainmeter the 
tube is covered with a rubber sheath, to avoid lateral 

11tresses. 

On the threaded connection to the strainmeter a 
sealcement should be applied. In the inner part of the 
tube the line cable joint shall be housed, then the tube 
shall be filled with insulating material. The counter
flange shall be welded to the protecting tube. 

To set up the strainmeter with this system, it 
will be necessary to hold and fix the tube in such a 
way that the strainmeter keeps its right position and 
direction. · . 

The concrete casting will follow, controlling and 
checking meanwhile the operation and steadiness of 
the adjustment. Then the concrete shall be properly 
vibrated. 

Such a system affords a better cable protection, 
but it is more complicated and burdensome, especial
ly when several strainmeters witb diffe~nt orientation 
must be installed. 
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(iv) Observations, Forms of. Record and Sourcel 
of Error .. 

For details see acoustic stress meter 3.2.3(iv). 

(v) AMlysis of Data. 

Similar to that for Carlson strain meters 3.3.5. 

3.4. INSTRUMENTS . FOR MEASUREMENT OF 
PORE PRESSURE 

Instrumets for measurement of pore pressures are 
described under the following heads : , 

(a) Those used in concrete and masonry dam~. 

(b) Th0$e used in earth dams. 

' 
\ . 

3.4.1 Concrete and Masonry Thlms 

For measurement of pore pressure at the base of 
the structure and in the body of the concrete and 
masonry dam the following types of instruments/de
vices are used: 

(i) Uplift pressure pipes for measuring' uplift at 
the base of the structure. 

(ii) Electrical pore pressure gauges for recording 
pore pressures at the base of the structures 
and in the body. 

3.4.1.1. Uplift Pressure Pipes 

(i) Principle and Construction : 

. The device essentially consists in installing a 2! 
inch diameter vertical pipe at the point at which up
lift pressure· is required to be observed. The pipe is 
then led to the nearest foundation gallery either verti
cally, if the gallery is located just above it, or by pro
viding horizontal connecting pipe at the lowest level 
for: connection to the riser below the" gallery. The end 
of the pipe in the gallery is terminated flush with the 
gallery floor, and fitted with countersunk plug. A -\· 
inch diameter pipe extends from the main. 2-!" dia 
pipe into the gallery gutter to- which are connected 
necessary fittings and Bourdon type pressure gauge for 
uplift pressure observations. 

A typical arrangement of the uplift pressure pipe 
installation and altitude gauge installation is shown 
i11 Fig. I:£..3.4-01 and Fig. II-,3.4-02 respectively. 

The ·pipe is commissioned to function as uplift 
pressure pipe by drilling a hole 3 feet deep into the 
l>undation through the pipe from the gallery in case 
of vertical pipes subsequent to the completion of the 
required grouting in the area of pipe location. In case 
of bent pipes (i.e. pipes extending to galleries by hori
rontal connection pipes to riser) it is obvious t!hat 
drilling through such pipes cannot be done from the 
!allery. So in such cases, holes have to be drilled 
through the vertical riser from the foundation, before 
bends for horizontal connections are fitted. The top 
of the vertical riser is then permanently capped. 
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To prevent choking of pipes and holes drilled 
prior to the completion of pressure grouting in their 
vicinity, during grouting, the pipes are kept filled with 
water under pressure slightly in excess of the grout
ing pressure to be applied in the particular area. 

(ii). Number, Location and Layout: 

Uplift pressure pipes should be provided in cross
sections representative of the principal types of foun· 
dation strata, under the entire structure.· 

Disposition of uplift pipes in any cross-section 
should lbe such as to provide adequate number of 
points for defining the distribution pattern of the up
lift as it progressively develops, as also to detect the 
influence of any special foundation feature under the 
particular cross-section enabling verification of the up
lift pressure criterion assumed in the design. of the 
structure. 

A minimum of three cross-sections namely one 
representing the central maximum section,· one each 
representing the abutments, should be provided in a 
dam regardless of its' dimensions. However, in the case 
of large dams a minimum of 5 or more lines of up
lift pressure pipes should be provided. 

Generally the uplift pressure observation points at 
the base of a given cross-section may be located as 
under:· · 

. (1) One at the axis of the dam: 

(2) One at the centre line of the main founda
. tion gallery .i.e. downstream of the main grout 

curtain (~t-off). 

(3) At least three more points equally spaced 
downstream of the pipe in the main founda
tion gallery. . 

In case. a strata, significantly different in charac
teristics from the main foundation formation under 
the cross section, traverses across the foundation for
mation. a pipe mav be provided near the upstream and 

· downstream boundaries of the member with the adia
cent main · foundation member. to ascertain its in
fluence on the development of uplift pressure and 
variations of ··uplift gradient. For dam which have 
large base widths permitting provision of greater 
number of uplift pipes downstream of the main foun
dation gallery, a general spacing of 100 feet or S<' 
may be adopted. · · 

As stated earlier. restoration of a choked uplift 
pressure pipe is possible only by drilling through the 
pipe if pressurisation with water does not achieve the 
desired result. Obviously drilling through chocked 
holes from galleries, through the bent pioes is not 
nossible and if such pipes get choked during grout
\ng operation~ there is no alternative but to abandon 
·such pipes. ·Thus quite a number of bent pipes may 
become ineffective. resulting in loss of the desired up
lift data· at the location of such pipes. 
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The above considerations point to the desirability 
of providing vertical uplift pipes, by providing trans
verse foundation galleries in the blocks of. the dam, 
in which uplift pressure pipes are specified to be lo
cated. The requirements of maintaining all the uplift 
pressure pipes in proper operative conditions, by occa
sional reaming or deeper drilling of holes when war
ranted, make provision of transverse foundation gal
lery essential. 

(iii) Method of Installation : 

As shown in Fig. II-3.4-01, before placing the 
concrete the lower end of 2!--inch dia, riser pipe is 
anchored about 6 inches above the foundation rock, 
by tack welding it to an offset reinforcement bar grout
ed in place in the foundation. The riser pipe is then 
exte,p.ded as concreting progresses, until it is termina
ted in the gallery directly above it. Uplift pipes not 
located directly under found(ltion galleries are extend
ed by horizontal extension pipes placed on an up
grade of 0.02 toward gallery as shown in Fig. II-3.4-01, 
which are connected to riser pipes in the respective 
galleries. A 2!-" X 2!-" X !-" tee with a 2!- inch coun
ter sunk plug is installed at the top of. each riser pip_e 
immeqiately below the gallery floor. A t-irich pipe 
extends horizontally from the tee to the gallery gutter 
where it is capped for installation of altitude gauge 
assembly for pressure observations when uplift deve
lops subsequent to the drilling of the holes through 
the pipes and filling of the reservoir, as mentioned 
under (i) above. 

(iv) Method of observations, forms of record etc. 

Method of Observation: When the reservoir water 
surface reaches an appreciable level necessitating ob
servation of uplift at the base of the dam, the plugs 
(CSK) are removed, and the pipes are filled with water. 
In case of pipes in which the prevailing uplift level is 
lower than top of the pipe the water will seep into 
foundation and stabilise at a level indicative of. the 
actual uplift level. Depth of water in such pipes (non- · 
flowing pipes) may be measured by means of a bell 
sounder or any other suitable electrical water level indi
cator, capable of being lowered into 1-3 f 8" dia. hole. 
It. is obvious that in case of bent pipes if the water 
level is lower than bend-elevations the pipe will appear 
dry. (It is evident that under such conditions, it is not 
possible to observe the prevailing uplift pressures at 
locations of such bent pipes. This indicates the necessity 
of having vertical uplift pipes by providing transverse 
foundation gallery above the line of uplift pipes in a 
block). 

In case of pipes which flow when the plugs are 
removed, the plugs are replaced and altitude gauges 
calibrated in feet of water are connected through a 
stopcock _to the f-inch ~pes that terminate i_n the 
gutter (Flg. 11-3.4-02). Ube first set of readtngs is 
made after the stopcocks have been opened for about 
two weeks, to enable stabilisation of the uplift. 

In the case of nonflowing pipes stopcocks sllould 
be attached and kept in the open position until pipes 
start flowing, as the uplift at the;} station exceeds ele
vation of the reading when the gauge should be instal
led. 

Record readings in the standard record sheets 
(Fig. ll-3.4-03). 

Forms of Record: Standard form of record of 
uplift data for any dam. showing the information in 
the form (:Fig. Il-3.4-03) should be got printed in ad
vance of the commencement of observations. All the 
necessary information shown in the form should be 
completely entered to enable correct assessment of. the 
uplift develoP:ment as affected by the reservoir level, 
grout curtain and the op(;}ration of drainage curtain 
and special foundation features. 

Frequency of Observation : It is usual to make 
fortnightly observations of uplift. When conditions 
stabilise, the observations may be made at monthly 
intervals. 

Sources of Error : 

(i) Presence of air in the piping system. 

(ii) Sticking of gauge needle. 

(iii) Leaky connections. 

(v) Method of analysis of observed data 

To reduce uplift pressures to a common datum 
for comparison, uplift pressures are expressed as a 
percentage of net head at the line of holes. 

Net head is defined as the difference between the 
reservoir water surface and the tailwater surface ele
vation or if there is no tailwater at the line of holes, 
the total head' is the difference between the reservoir 
water surface elevations and the average bottom ele
vations of the uplift pipes, being the average of all 
the bottom elevation of uplift pipes in a given line. 

Computations in percentage of net head and water 
~urface elevation in the uplift pipes should be made 
m accordance with the instructions shown in the form 
(Fig. 11-3.4-03). 

Results should be maintained in the form of con
tinuous plots of uplift in terms of percentages of net 
head a.nd water surface for the various uplift pipes 
alongwlth plot of the corresponding reservoir and tail
water level. 

3.4.1.2. Electrical Pore Pressure Cells 
(Electrical Piezometers) 

Two types of electrical piezometers are in use: 
(1) Carlson ·electric resistance type pore pressure 

cell, · 
(2) Vibrating wire /type (Maihak or Telemnc 

make). 
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(1) Carlson Pore Pressure Cell : The device is 
essentially similar to Carlson stress meter (refer para 
3.2), but the solid st~l diaphragm in this case is de
ftected by pressure of pore fluid which enters the space 
under the diaphragm, t:hrough the inlet fitted with 
porous stone plug. The measuring unit is similar to 
that of the stressmeter and is actuated by the deftec
tion of the diaphargm .caused by pore pressure. The 
space between the porous stone and the diaphragm 
1s filled with petroleum jelly or water before use so 
that the r~ponse is almost instantaneous. 

Wthen installing the pore pressure cell care should 
be taken to tamp the concrete well around the conduc
tor cable to prevent the conductor from providing a 
leakage path and thus altering the pressure being 
measured. 

(iii) Electrical piezometers : All electrical piezo
meters involve use of a diaphragm and a strain ga!lge 
for measurement of deftec):ion of diaphragm. T:he stram 
gauges could be of the resistance type (Carlson) or 
the vibrating wire type (Naihak or Telemac). The 
assembly consisting of the wire strain gauge and the 
diaphragm is completely sealed and electric leads are 
taken out from it. A porous stone is fitted to the 
diaphragm end. . . . . 

An older type of electrical gauge consists of the 
'Goldbeck' cell which employs air pressure to balance 
watter pressure in order to break· electrical contact 
made by the diaphragm. T:he air pressure is applied 
through a tube or a pair of tubes which are taken 
out of the dams and 1:onnected to suitable pressure 
gauges. 

All the precautions required to be observed in 
installation of. Carlson strainmeters should be observed 3.4.2.2. Relative suitability of. different Piezometers' 
while installing the pore pressure cell. The standpipe is obviously the simplest piezo

Readings are taken by Carlson Test Set and re- ·meter and the most rugged. Its main drawback is the 
corded on standard data forms. Pore pressure cells of large time lag hence the open pore pipe is suitable 

only for re~atively permeable soil, (K 10-' em per 
ranges upto 200 psi are available with the manufac- second), if time lag is to be kept within reasonable 
turer. limits say 2 to 4 hours. 

(2), Vibrating Wire Trype Piezometer: Refer to 
para on "Electrical Piezometers" under para 3.4.2.9·. 
and catalogue of the manufacturers of the respective 
makes of pore pressure cells, for other pertinent in
formation regarding installation procedure, observa· 
tion technique and equipment. analysis of observed 
data and precautions during ins~allation, observations, 
and maintenance of terminal ·connections and of the 
indicating equipment. · -. .. 
3.4.2 Earth Dams 

3.4.2.1. Types of Piezometers 

Piezometers are af the following types : 

· (i) Stand-pipe : This is a pipe driven to the ground 
with an open end. The bottom portion of the pipe 
may be perforated or a special well point may be 
used. Perforated well portion or well point is pro
vided with sand filling to form a filter and thus pre
vent clogging of the piezometers. Water level in the 
pipe directly registers pore pressures. An improvement 
of the standpipe was made by Casagrande which con
sists of a small diameter plastic pipe 3 I 8" diameter 
connected to a porous cylinder installed at t:he bot
toni of the hole. The cylinder is surrounded by sand 
which is capped by a plug for isolation in rest of the 
casing pipes. The measuring plastic pipe is protected 
by the casing. pipe. Water level measurements are 
carried out by an electric probe. 

{ii) Hydra'ulic tip piezometers: This consists of 
porous stone tip fitted into a plastic cover connected 
by a small diameter plastic tube leading to a point 
outside the body of the dam where. the pressure gauges 

, are installed for measurement. 

60· 

The. Casagrande type piezomters is an improve
ment over the simple standpipe but this also suffers 
from relatively longer ):ime lag as compared to the 
hydraulic type piezometers,· the time lag being of the 
order of 50 hours for K-10-' em. per sec. it 
would be of the order of 80 days for K-10-' em. per 
sec. -Special care is, however, necessary in the instal
lation of clay plug. The open end pipe and the Caso
grande piezometers can be installed even in existing 
dams or deep foundations as no negative pressure is 
involved in the pipe system. The hydraulic piezo
meter's is comparatively more .complicated than the 
stand pipes. Still number of successful installations 
have been made as reasonable care was taken in ins
tallation and the material was properly· selected. The 
main shortcomings of hydraulic piezometers are: 

(i) Deairing is frequently required as fresh bub
bles always tend to enter the tubing and tips. The 
deairing operation is time consuming as sufficient time 
has to be allotted for pressure equalization after deair
ing. 

(ii) Freezing of the pipe makes the gauges inopera-
tive. ' 

(iii) Temperature variations cause inaccuracy in 
the pressure indications especially when different parts 
of the tubing are at different temperatures. 

(iv) Installations have to be made in advance in 
order to avoid connecting of tubing to level consi
derably :higher than the piezometric elevation as such 
situations are liable to result in cavitation in the tub· 
ing. Tubings have to be laid horizontally because of 
the above reasons hence ithey cause obstruction to 
work and create continuous horizontal passage across 



the dam. Due to the possibility of cavitation if tubing 
has to be taken out from deep bore holes, hydraulic 
piezometers cannot be installed after construction. 

Electri,cal 1piezqmeters are complicated and ex~ 
pensive hence they have not been much used in United 
States. Errors arise due to leakage of current or varia
tions in resistance when cables are spliced. Such 
splicing may be unavoidable in the field when cables 
are cut accidentally. Hence resistance type of electri
cal piezometers have not proved to be reliable in the 
long run. On the other hand, the vibrating wire. type 
of piezometers is reported to have worked satisfac
torily in Europe over the last seven or eight years as 
readings are not dependent on the resistance of the 
cable and factors such as corrosion, temperature varia
tions or splicing of cable do not vitiate results. Under 
Indian conditions the strain gauge type of electrical 
piezometers suffer from the major drawback of the 
need of importation of the special equipment. Elec
trical piezometers have the merit of having a small 
time lag but this ad\1llntage may be partl,y loot if 
bubbles accumulate in the tip below _the diaphragm. 

The Goldbeck ' cell type electrical piezometers 
were not found to work satisfatcorily in the United 
States becau"se they failed either by the rupture of the 
diaphragm or by internal corrosion as a. result Qf 
water condensation or due to the electrical fault caused 
by water condensation. Accumulation of the water in 
the tubing would also cause erratic results as the pres
sure gauges at the top would not read correctly the 
pressure against the diphragm. It, however, seems to 
be possible to overcome some of these defects by 
using a twin tube system for flushing condensed water 
and by using an enclosed type of diaphragm which 
may not be influenced by corrosion or condension. 

3.4.2.3. Development of the Hydraulic Piezometers 

. The USBR developed the hydraulic piezometers 
in the period of 1930--40. By 1948, .10 years experience 
was obtained and this was summarised by Walker & 
Daehn,"* (See paper presented to the Second Inter
national Soil Mechanics Conference, 1948). The essen
tial features of design were evolved by this time and 
further developments have already been in the perfec
tion of details. 

Basically the USBR design consists of tip from 
which two tubes are taken out to a gauge well where 
the pressure gauges and flushing and clearing system 
is installed (Typical layout of this type of piezometer 
is shown in Fig. 2.)". 'f.he twin tip tube system ensures 
complete flushing of air. Leaks or clogging can be 
easily detected and sediment can also be washed away. 
Some attempts have been made in the past to use 
single tube system e.g. the installation. reported by 
~ard, Gibson & Penman, Geotechnique, 1955. But it 
IS found that erratic results were obtained in the single 
tube system due to collection of gas. This causes 
variation in the piezometric constant for the difference 
between elevation of the tip and the gauge elevation. 

•superscripts refer to number in the Bibliography. 

Consequently Ward found that piezometric leveis in
creased although pore pressures had dissipated. Sing!e 
tube system used for electrical piezometers by Speed1e 
~1948)"' also showed similar erra!ic results. It ca~, 
therefore be concluded that twm tube system IS 
essential' for satisfactory performance of piezometers 
except where the measurements are made electri~ally 
except the electrical diaphragm (Goldbeck) cell piezo
meter which also requires a twin tube. 

Improvements in t~e .USBR type of ~stallation 
were initiated by the Buildmg Research Station, Eng
land and the details of this system have been re
port~d by Penman Geotechniq~e .1956)." In the pi~zo
meters developed by the Building Research. Statl~>n, 
deairing apparatus con.sists of a pressure tank m. which 
there is a balloon whtch can be pumped up With atr 
to maintain a steady circulating pressure. This arrange
ment also prevents contact of the dea.ir~ water with 
the air. The apparatus was developed m tts final fo~ ~ 
by about 1951 and it has been successfully used for 
a number of installations in England and abroad. 
The Building Research Station apparatus also perJ?its 
direct observations of the air escaping from the pipe
lines as it bubbles through a transparent upper tank. 

In the earlier USBR installation where the ordi
nary porous type stone was used, air could easily pass 
into the tubing and deairing would be more difficul~. 
When the old type of porous stone are used an atr 
pressure of only 1 psi is required to overcome capil
lary tension of the water in the porous stone ,so that 
at a greater differential pressures, air could pass from 
the foundation into the piezometers. Evidently the 
piezometers do not measure water pressure alone. 
Hence the specifications for the porous stone have 
been revised and ceramic with pore diameter of 1.5 
to 2.0 microm, air entry value of 22 psi and permea
bility 2 X 10-' cmfsec. is specified. This type of 
porous stone is now adopted by USBR as well as 
Building Research Stati.pn, England. 

In order to minimise time lag, the expansion of 
the tubing and the pressure gauge for unit pressure 
change in this system has to be kept within permis
sible limits. Specifications for this purpose have been 
evolved (see Penman "Geotechnique" 1956). 

3.4.2.4. PlasNcs for Piezometric Tubing 

The plastic used for piezometric tubing is a criti
cal factor governing the reliability and long term per
formance of piezometers embedded in earth dam.s or 
in foundations. Appendix I-3.19 of part I of tlus re
port includes a specification for the plastic material 
which is based on the experience of the U.S. Bureau 
of Reclamation. This specification requires that the 
tubing be manufactured from Polyvinylidine Floride 
(PVNC). This material has the advantage of low water 
Joss, and the wall thickness of 1/16" is sufficient for 
withstanding crushing or accidental cutting by sharp 
rocks or tools during installation. Experience at U.S. 
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installations indicates that PVNC tubing can be ex
pected to perform satisfactorily even 20 years after 
mstallation. · 

Plastics other than PVNC may also prove to be 
suitable foi: piezom~tric t~bing pro~ided they meet the 
basic requirements bsted m Appendix 1-3.19, Part 1, or 
have' exhibited satisfactory performance at tho~c 
installations where they have _been used. Included .m 
this category of materials which hold some pronnse 
for development as suitable. alternatives are nylon, 
high density polythelene, onent~d polyproplyne an? 
p;,lyvinyl chloride (PVC). There IS need for deternn
ning, on the basis of actual per_form.ance, whether t~e 
requirements listed in the specifications at Appendix 
I-3.19 of Part I should be fully adhered to for the· 
climatic conditions in India or other local factors. For 
example, the necessity of satisfying the temperature 
requirement of the cold bend test . or the rupture 
strength of the tubing are matters which call for fur-' . . ' ther exammatlon. 

(a) Nylon : Nylon is r~ported to lose wa~er in for!ll 
of vapour. Diffusion is dependent on the difference m 
vapour pressure or osmatic potential across the walls 
of the tube and is governed by vapour pressure out
side the tube. 

Imperviousness to. air is, however, an important 
advantage of nylon tubing. Nylon is more robust than. 
polythelene but it is expensive .. Change of volume of 
nylon due to internal pressure IS smalle~ than th~t of 
polythelene and this reduces response time of piezo
meter. Ideal material thus seems to be nylon coated 
with polythelene (Bishop 1964)." 

(b) High density polythelene: This is understood 
to -be free from the defects of low density polythele~e 
described in a subsequent paragraph. Howeve~, Its 
acceptance as standard tubing must await field tnals. 

(c) Oriented Polyproptyne: This seems ~o possess 
the desirable characteristics of PVNC matenal. Labo
ratory tests indicate that it has comparable or better 
strength on bursting, a slightly lower water permea
bility and it is workable at lower temperatures than 
PVNC. However, the acceptance of polyp~oplyne as 
a · standard tubing for pieZ<?meter insta11at~ons mu~l 
await its successful installatiOn under vaned condt
tions (Daehn 1962)". 

(d) Polyvinyl chloride: This material has been 
used for some of the recent installations in India (e.g. 
Bor, Nalganga) and its major defect is that it js rigid 
and does not satisfy the cold bend test at 25 F. As 
service experience of this tubing is rather short (less 
than five years) some doubt exists regarding its l?ng 
term performance. It is understood that Polyvmyl 
Chloride (PVC) tubing contains some plasticiser which 
is liable to evaporate by continuous exposure to s~n 
(ultraviolet rays) and air. This may result in em~nt
tlement of the tubing with age. It may be possible· 
to prevent embrittlement by avoiding exposure fo sun 

prior to installation. Once the tube is installed in 
place some embrittlement may be permissible and 
generally there is no exposure to sun in the terminal 
wall. I 

Plastics which have been tried and found un
suitable for piezometric tubing include Cellulose Ace
~ate Butyrate (CAB) and Low Density Polythelene. 

(e) Cellulose Acetate Butyrate_ CAB: A major 
drawback of the former is the high water loss which 
amount to 0.0057 cubic inch per foot of tubing i.e. one 
pt. for 50,000 rft of tubing per day at 100 psi. 
Attempts at reducing water loss by filling with 50% 
ethylene-glyoole water solutions failed due to deve
lopment of osmotic pressure and floc formation which 
resulted in clogging of tubing (Daehn 1962)." 

(f) Low Density Polythelene : The low density 
polythelene has an advantage of low rate of water 
absorption, low water vapour permissibility and low 
unit price. The principal defect of this material is that 
it is too soft, number of failure have been reported due 
to cutting during installation or crushing by angular 
stone pieces (Daehn 1962). In India, this type of tubing 
was used in some of the U.P. dams viz. Nanaksagar 
and Jirgo (Gupta· and Sharma 1964). Apparently they 
have performed satisfactorily but no definite informa
tion is available regarding checking of the tubes after 
installation with regard to leakage. According to Bis
hop (1964) diffusion of air can take place through 
walls of polythelene tubing. In view of these defects 
i.e., crushing and diffusion of air, low density poly
thelene tubing is not recommended for general field 
use. 

3.4.2.5. Number, Location and Layout of Piezometric 
Installations 

The following principles govern the selection of 
cross sections for piezometric installations : 

(a) The principal types of foundations strata met 
with must be represented especially starta of low 
strength or strata liable to behave unsatisfactorily e.g. 
loose sand deposits vulnerable to vibration. 

(b) Different types of sections adopted for the 
embankment in various reaches must be adequately 
represented. 

(c) When seepage is a problem, the number of 
cross-sections selected will depenq on the hetero-, 
geneity and complexity of the foundation profile. 

When the embankment is subjected to rapid fluc
tuation of water levels on the upstream and down
stream or two wave attack, a study of the hydraulic 
phenomena is necessary for selection of cross-section 
for piezo!lletric installation. 

Number of tips or standpipes installed in each 
cross-section must be adequate to provide the data 
required for the special features studied e.g. (j) at
least three stand-pipes must be installed downstream 
of a grout curtain and two on the upstream so that the 
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standpipe levels combined with upstream pond level 
and tail water level would give definite indications of 
the seepage gradient upstream and downstre~m of the 
curtain. (ii) When phreatic/line is required to be ob
served, closer. concentration of piezometers is neces
sary in the hearting zone and in the vicinity of the 
filters. 

. An allowance must also be made for failure of 
the tips to function and duplicate tips are necessary 
in critical areas. 

3.4.2.6. Method uf Installations 

Preparation .of detailed instructions regarding 
method of installations are considered necessary only 
for hydraulic piezometers. Electrical piezometers will 
be required· in special cases only hence details instruc
tions are not being drafted for the purpose of the 
Instrumentation Committee Report. The USBR Earth 
Manual" designation E-27 and E-28 adequately covers 
the method of installation for hydraulic and porous 
tube piezometers. The following material is added in 
amplification of the USBR Manual designation E-27 
and E-28. 

(a) Requirement for proper functioning uf piezo
meters : In the field, partially saturated soils are often 
met with. In such cases, pore air pressure and pore 
water pressure must· be measured separately and the 
corrected equations for effective stress in partially 
saturated soil nwst be used. In dams, however, the 
critical failure conditions arise when the degree of 
saturation exceeds 90% and it is sufficient to measure 
the water pressure alone. All the same the measuring 
device must be able to exclude air and ensure measure
ment of water pressure alone. Some of the earlier 
piezometers did not satisfy this requirement as porous 
stones of a suitable design were not used. The obser
vations are liable to be erroneous in such cases even 
if air is removed from the measuring pipes. It may 
also be very difficult in such cases to exclude the air 
unless a fine porous stone which excludes air is used. 
All measurement of pore pressures involve inflow or 
outflow of pore fluid. Hence piezometric measure
ments necessarily involve time lag which is inversely 
proportional t~ the permeability of the soil. Principal 
problem of design of piezometers is, therefore, to niini
mi~e the time lag, to ensure exclusion of air and. sepa
ration of water pressure from air pressure. A goou 
installati?n must admit of easy and simple checking 
of cloggmg and leaks, presence of air pockets, varia
tions in the calibration of pressure gauges. The ins
t.rum~nt must be rugged enough to withstand hand
hog m the field and exposure to atmospheric tempe
rature and humidity variation. 

(b) Check lists for installation: 

Check list for hydraulic piezometers: 
Testing of tubes USBR earth manual (1963) 

p. 630 par. S(b) 

Testing of tips & joints for 
leakage . 

USBR earth manual (1963)1 
p. 629 par. 4(b) 

Boiling tips f~r qrteen minutes USBR earth manual p. 629 
to remove atr par. 4(c) 

Marking 

Leaving slack in the tubing 

Backfill to be free of stones 

USBR earth manual p. 630 
par. 5(c) 

USBR earth manual p. 636 
par. 8(f} 

USBR earth manual p. 636 
par. 8(e) 

Avoiding reversal of grades (to USBR earth manual p. 
prevent airlock) par. 8 

Checking valves for leaks 

Filling gauges with fluid 

USBR earth manual p. 
par. 18(b) 

USBR.earth manual p. 648 
par. 12 

Remove air by circulating warm USBR earth manual p. 635 
water before installation par. 8(d) 

Flushing with water to which USBR earth manual p. 648-649 
aerosol copper-sulphate is par. 13 
added 

(c) Installation procedure followed by Building 
Research Station, London is as under: When the fill 
had reached a level about 2 ft. above the intended 
position of the tip, a trench 2 ft. deep was dug 
from the tip position to the gauge house and 
lined at the bottom with about 3 in. of puddled clay. 
The tip was laid near its correct position and tem
porarily sealed using two rubber 0-rings clamped bet
ween steel plates. The connecting tubes were laid in 
the trench to the gauge house where they passed 
through the wall in a short length of reinforced rub
ber hose to protect them from the effects of relative 
settlement between the fill and the wall. The tubes 
were connected to their gauge board and the tubes and 
tip de-aired under a high circulating pressure upto 100 
lb/in') to minimise the time required. 

The fill at the bottom . of the trench was then 
skimmed clean, the sealing clamp was removed and 
the tip placed with the porous disc against the fill. 
The level was noted and the tip was covered with fill 
free from stones, the polythene tubes adjacent to the 
tio being buried in puddled clay. A 3 in. layer of pud
dled clay was then placed over the tubes in the trench, 
and the trench was partly filled by hand with fill free 
from large stones, compacted with hand punners. It 
was then completely filled and compacted by a bull
dozer or dumper. 

'!he puddled clay contained some crushed stones. 
and It was thought that under high pressures these 
might damage the polythene tube. Samples of the pud
dled clay containing length of polythene tube were 
ther~fore consolidated in the oedometer under the 
maximum overburden which would be developed in 
the fill. The tubes were found to remain open during 
the tests, and no damage could be seen when they 
were subsequently removed. 
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' 
3.4.2.7 Observations, Forrns and Records and Source of 

· Error 

This aspect is also adequately covered by USBR 
earth manual (1963) designation E-27 and E-28. The 
following material is added in amplification of the 
U.S.B.R. earth manual. 

SOURCES OF ERROR IN MEASUREMENT 

The principal sources of error in determination 
of ground-water levels and pressures are summarised 
in Fig. II-3.4-04 and some further details are present
ed in the following paragraphs: · 

(a) HydrostaNc time lag : The time required for 
water to flow to or from the device until a desired 
degree of pressure equalization is attained, may be 
called the hydrostatic time lag. In order to reduce the 
time lag and increase the sensitivity of the installation 
to rapid pressure changes, the volume of flow required 
for pressure equalization should be reduced to a 
minimum, and the intake area should be as large as 
possible. 

(b) Stress adjustment time lag: The soil structure 
is often disturbed and the stress conditions are 
changed by advancing a bore hole, driving a well 
point or installing and sealing a pressure measuring 
device, and by a flow of water to or from the device. 
A permanent and/or transient change in void ratio 
and water content of the affected soil mass will then 
take place, and the time required for the correspond
ing volume of water to flow to or from the soil may 
be called the stress adjustment time lag. The ;apparent 
stress adjustment time lag will be increased greatlv 
by the presence of air or gas bubbles in the pre9Sure 
measuring system or in the soil; see item 6 to 8 Fig. 
Ik-3.4-04. ·, 

(c) Seepage along conduits: As shown in the 
figure, such seepage may increase or decrease the pore
water pressure in the soil at the bottom of the h.>Ie 
or at the intake for a pressure measuring device. Even 
under regular ground-water conditions seepage may 
occur in closed . systems with attached manometer or 
pressure gauge, and it will always effect experimental 
determination of the time lag of the system and of the 
permeability of the soil. To avoid seepage, the entire 
piezometer or the well point is often driven into the 
soil; but this method causes increased disturbance on 
the soil and in many cases it is also desirable to 
surround the well point with a graded sand filter. 
When the well point· is installed in an oversized bore 
hole. the space between- the standoipe and the well 
of the hole must be sealed above the well point, pre
ferably in a fairly_impe.rmeable stratum. Puddled clay, 
bentonite mixture and cement grout have been usP.d 
for sealing, but it is not always easy to obtain a ti,l!ht 
seal and at the same time avoid stress changes in the 
surrounding soil because of swelling of. the sealing 
material. 
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(d) Interface oJ liquids: To avoid corrosion or 
inactivation and damage by frost, monometer and 
pressure gauges and the ,upper part of piezometers 
may be filled with kerosene or other oils. The differ
ence in specific gravity of water and the liquid used, 
as well as the position of the interface, mQSt be taken 
into consideration in the pore water pressure. How
ever, when observations are extended over long 
period of time, the position of the interface may 
change because of evaporation and/or leakage and 
be difficult to determine. If the interface is in the wall . 
of a well point with very fine pores, or in fine-grain
ed soil outside the well point additional and consi
derable errors may be caused by the menisci formed 
in the pores and by the difference in surface tension 
of water and the liquid in the pipe and well point. 

(e) Gas or air bubbles: Gas or air bubbles can 
effect piezometric observation due to the following 
reasons: 

(i) Changes in the average specific gravity of the 
water column from the top to the pressure 
gauge of the water surface in the standpipe. 
Small bubbles adhering to the walls of the 
pipe or tubing do not obviously cause any 
error in the pressure indication so long as 
the water column is continuous. 

. / 
(ii) Discontinuity in the pressure due to air hub

bies which completely fill the tube or pipe 
especially when there are changes in the dia
meter of the pipe. The oressure diffl!rences 
due to surface tension differs at surfaces of 
different radii which causes a difference in the 
pressure on opposite sides ·of the bubble, see 
(6) fig. II-3.4-04. 

(iii) Air bubbles increase the compressibility of 
the fluid and hence the time lag because the 

. volume of pore fluid drained during pressure 
release exceeds the initial volume. due to ex
pansion of pore fluid. 

(f) Gas bubbles in open systems (i.e. standpipes): 
All the three causes operate; however, i & ii are more 
significant see (6) fig. II-3.4-04. Time lag is large in 
ooen system in any case hence extra time lag due to 
air bubbles mav not be considered. Therefore, the in
terior of the pipe should be smooth downward pro
truding edges or joints should be avoided, and the 
diameter of the pipe should be large enough to cause 
the bubbles filling the cross section to rise to the 
surface. These requirements are fulfilled by use of 
seamless and jointless plastic tubine: and when the 
inside diameter of such tubing is 3/8m. or more. 

(g) Gas bubbles in closed systems (hydraulic 
piezometer): Air or gas bubbleg in a closed oioe con
necten to a manometer or pressure gaue:e will increase 
the time Jag, although small gas bubbles adhering to 
the walls of the pipe, will not effect the stabilised 
pressure indicated by the gauge. Air or gas bubbles 
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below the gauge connection and filling the entire cross 
section of the pipe will influence the indicated stabi
lised pressure. The pipe should be provided with an 
air trap and outlet valve at top, and should be smooth, 
without protruding joints, and of a diameter large 
enough to permit free rise of gas bubbles. Facilities 
f;)r occasional flushing should be provided and the 
entire installation should be composed of materials 
which do not cause development of gases through 
electrolysis. 

(h) Gas bubbles in electric piezometers : Gas~ en
trapped in the water-filled space below the diaphragm 
of an electrical pressure cell or in the perforated cover 
;>late or porous stone will not influence the ultimate 
pressure indicated but will greatly increase the time 
lag of the pressure cell. It is conceivable that a mate
rial accumulation of gas below the diaphragm may 
cause the time lag of a hydrostatic electrical pressure 
cell to be considerably greater than that of a closed 
piezometer with attached manometer or Bourdon pres
sure gauge. 

(i) Gas bubbks in soil : Air and other gases are 
often entrapped in the pores of the soil, even below 
the ground-water level, or dissolved in the water When 
the gas bubbles migrate to and dust around the well 
point or are released therefrom solution in the water 
the time lag will be increased on account of volum~ 
change of the gas and because the gas bubbles de
crease the permeability of the soil. The well point 
should consist of materials which do not cause develop
ment of gases through electrolysis. It is also advisa
ble to av.oi~ an excessive ~ecrease of the hydrostatic 
pressure mstde the well pomt surrounding soil since 
a decrease in hydrostatic pressure may cause -~elease 
of gasses dissolved in the water. 

(j) Sedimentation and clogging: Sediment in the 
water of the standpipe or piezometer will ultimately 
se.ttle at the bottom of the pipe. An open ended pipe 
':"Ith a perforated .end section and surrounded by sand 
~~ bett~r. In a soh? porous well point even a thin film 
of sediment. can Increase the time lag considerably. 
J:I~nce the pipe. should be filled with clean water. Faci
l~ttes for clea~ung and flushing are, therefore, essen
tial for all. piezometers. An outward flow of water 
from .the. pipe and well point may carry sediment in 
the pipe mto. the p~ser of the walls of the point or of 
the surroundmg sotl and may thereby cause clo ain 
and a further. increase in time lag. Therefore, a;d i~ 
so far a."' posstble a strong outward flow of water from 

. well pomt should be avoided. 

(k) Erosion and development : A strong inward 
~ow of Wll;ter may carry fine particles from the ~oil 
mto t~e. pipe, t.h~r~by increasing the permeability" of 
the sc;>1l m the vtctmty of the well point and decreasing 
the time lag of the installation. An initial strong in
wa~d flow .of water and "development" of the well 
pomt may ~~ some cases be desirable in order to de
crease the time lag, provided the well point and i 
thereafter are cleaned out and filled with clean wftrr. 
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Uncontrolled erosion or development is undesirable 
on account of consequent unknown changes in the 
time lag characteristics of the installation, and because 
the soil grains may cause . clogging of the well point, 
or the soil grains may be carried into the pipe, settle 
at the bottom, and ultimately increase the time lag. 
The porosity of, or openings in, the well point should
be selected in accordance with the composition and· 
character of the soil, or the well point should be sur
rounded with a properly grained sand or gravel filter. 

How TO ISOLATE ERRATIC READING FROM UNUSUAl, 
PHENOMENON. i.e,, HOW TO ENSURE THAT OBSERVATION 

WHICH CANNOT BE EXPLAINED ARB NOT DUE TO 
INSTRUMENTAL ERRORS? 

(i) When the inlet and outlet gauge readings 
differ by more than five feet the most probable cause 
is presence of air in -the system. Partial choking of 
tubes and leakage through tubing or joint can also 
cause difference between the inlet ·and outlet gauge 
readings. 

(ii) Choked tubing: If difference between outlet 
and inlet gauges is greater during circulation and pro· 
gres~vely drops after closing the system, ·partial clog· 
e:ing is indicated. The tip still can be useful but the 
lag time would be considerably increased. When any 
tube gets fully choked, water cannot obviously be cir· 
culated. 

(iii) Choking of tip: When the- reading stabilises 
promptly to a value of almost equal to the applied 
pressure and different pressure readings are obtained 
with varying applied pressure, it can be concluded 
that the tip is clo!!:ged (chocking of the tip can be 
established only after continuity of the tubing is 
established by pumping through tubing). 

(iv) Leaks through tubing and conneCtions : This 
gives rise to difference in inlet and outlet gauge read
ings and difference in the quantity of water pumped 
through inlet tube and the quantity discharging from 
the outlet tube. Obviously a clear indication is not 
possible of leakage when the tip intercepts highly per
vious soil. In such cases the plastic tube can be con
verted into a porous tube piezometer. 

. (vl Inaccuracy in gauges is not uncommon and 
gauges must be checked by mercury manometer and 
by the master gauge frequently. Otherwise differeJ)ce 
in outlet and inlet gauges may arise merely due to 
errors in gauges. 

(vi) The reading should be considered erratic 
when the lagtime is totally inconsistent i.e., 30-100 timeg 
of 1/30 to 1/100 of a calculated lae:time (or. lagtime 
mea~ured in laboratory ·test by Penman's methodl 
based on consolidation characteristics of the material 
surrounding the tip (based .on theory developed by 
Hvorsleo and Gibson). - -

SUGGESTIONS FOR ADDffiONAL DATA TO BE ADDED TO 
USBR FORMS OF RECORD 

USBR forms are adequate except that they do not 
providQ for observations on the lagtime and relevant 
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date regarding consolidation characteristics of mate
rial surrounding the tip. These data are essential to 
verify whether the tip is behaving normally. Simihtr 
checking is essential for standpipes also. 

3.4.2.8 AJUilysis vf Data 

Refer US:SR Earth Manual (1963) p. 652 and 
p. 654. 

... 

3.4.2.9 Electrical Piezometer& 

The reliability of hydraulic piezometers has been 
proved over a prolonged period by the satisfactory 
performance of USBR & Building Research Station 
(England) Installations. Many of the short-comings of 
hydraulic piezometers have been overcome by· use of 
a fine ceramic porous stone of low air entry value. 
A major drawback of the hydraulic piezometers is 
the inability to transmit pressures when the tubing 
passes through a zone of negative pressure low enough. 
to cause cavitation. Electrical piezometers were first 
developed to overcome this defect. Basically electrical 
piezometers fall into two types : 

(a) Diaphragm type in which the pressure is 
measured by make . and. break. of an- .electri
cal contact point attached. to a thin. flexible 
diaphragm and by equalising air pressure on 
one side of the diaphragm with the pore pres
sure. 

(b) Pressure cell type of · electrical piezometers 
consist of strain gauge attached to a stiff dia
phragm. The strain gauge is either electrical 
resistance or vibrating wire type. · 

The diaphragm type of piezometers have given 
rise to erratic readings due to rupture of the diaphragm 
and due to condensation of moisture causing leaka_ge 
of the current. Condensation of moisture can be pre
vented by pumping hot air to a . twin tube . system 
(see :tvfiltons Speedie, p. 287-294, volume I, Interna-
tional Soil Mech. Conference· 1948)"; · 

. The risk of rupture of the .thin diaphragm always 
exists. The main advantage of the diaphragm type of 
electrical. piezometer. is . its simplicity and •the capacity 
to record pressures even when negative pressures may 
arise in the connecting tubing. 

The principal merit of pressure. cell.typeofpiezo
meters is their· quick response. They ·are, therefore, 
ideally suited for structures. involving rapid fluctua
tions in ·Pore pressures such as break-waters or dams 
subjected to earthquake or vibration. These instru
ments require.care and are subjected to all· the· errors 
which are common to electrical or acoustical strain 
gauges. ·~~ 

Engineers have been Jnclined to believe that air 
may. not. enter the porous stone of electrical piezo
meters if a fine grained porous stone is useg a.n4 tlie 
tio is fully saturated before jq~tall!lt!ot!, · 
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Bishop (R.4, volume II, p. 47,,-Q.29 Eighth In
ternational Congress on Large Dams 196.4)'7 has, how
ever, proved that air (if present in partially saturated 
soil) will diffuse through the saturated filter after lapse 
of time even if a stone of relatively low air entry value 
is used. · 

The ·good agreement between the electrical and 
hydraulic piezometers for the Seree Poncon dam seems 
to be due to their use for a fill of low plasticity placed 
wet of optimum. The degree of saturation in such a 
fill must have been high and the difference between the 
pore water and pore air pressure may have been small 
due to the low plasticity of the core material. ;It is of 
course possible to porvide additional facilities for de.. 
airing of the filter tip of electrical piezometers at re
gular intervals. This would add to further complica
tions and involve frequent de-airing operation. The 
instrument would then lose its advantage over the 
hydraulic piezometers except for special problem in
volving rapid ·changes of ·pressure. 

. 3.5 · INSTRUMENTS FOR TEMPERATURE 
MEASUREMENTS 

The following types of instruments have been in 
use for temperature measurements in structures: 

(i) Resist!lnce . Thermometers. 

(ii) Vibrating wire type (Telemac & Maihak 
Make). 

·Under (i) are grouped the following: 

1. Carlson resistance embedded type thermo
meter. 

2. Thermo-couples. 

· 3. Thermistor-Thermometers. 
Under (ii) are the thermo-meters manufao
tured by Telemac (France) and Maihak 
(Germany). 

As explained under· pai:a 2.1.1.7 measurement of 
temperature in concrete and stone masonry dams is 
essential for ·control of construction programme and 
temperature stresses ·and cracking tendencies and for 
obtaining informatiOl). whif:h will aid in interpretation 
of the other. components .of. the ~tructural action of 
dam. , · ··· .. ·· · . . . . . · · · . 

· ·As temperature c:hang~ in' earth d~ms exercise no · 
influence· ·on their stability and structural behaviour 
nor are needed ·for interpretation of data relating to 
the ·control of safety and structural performance of 
these, temperature measurements are. not required to 
be made in earth dams. In structures of concrete or 
reinforced concrete temperature , measurements ar~ 
necessary for. uriclerstimding. the .influence of tempera
ture change on· the behaVIOUr . of. .these structures. 
However, instrumeitts· used for recording the tempera
tures in concrete and 'masonry dams, and other struc
h!res (e?-rtlJ \11lms ex~luded) !lr~ . the same and will. 
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therefore, be described under the heading 'Concrete and 
Masonry Dams' only. 

3.5.1 Instruments for Temperature Measurement.<~ in 
Concrete and Masonry Balm 

Of the types of thermometers used for recording 
temperatures, Carlson resistance embedded type and 
thermo-couples have been extensively used and ~ave 
proved their reliability for long term observatiOns 
apart from the mechanical ruggedness to withstand 
shocks experienced during handling and embedment. · 

Thermistor thermometer. is of recent origin and 
has not found wide application. 

Vibrating wire types as manufactured by the T ele
mac (France) and Maihak (Germany) have been wide
ly in use in Europe. 

3.5.1.1 Carlsoiz Resistance Thermometer 

The instrument shown in Figure II-3.5-01 is Carl
son resistance thermometer. 

(i) Principle and construction 

The operating principle is based on the variations 
of resistance as a function of temperature. The resis
tance thermometer is simply a non-inductively wound 
coil of enamelled copper wire, enclosed in a brass case. 
Great care has been taken to be sure that moi~ture 
is prevented from entering the case. Any moisture that 
might possibly work its way along the cable and into 
the case, or down throu~ the splices in the cable it
self are stopped by the· cable joint comp_ound with 
which the instrument is completely filled. The ther
mometer is equipped with 30 inch of 3-conductor rub
ber covered cable. Two conductors are connected to 
one end of the coil and one to the other. By this 
arrangement (and a special) testing set it is possible 
to extend the cable to any desired length without re
gard to its effect on the thermometer indications. The 
three conductor arrangement makes the thermometer 
self-conwe~sating wh:en used wi~h a Carlson testing 
set. Thts IS accomplished by havmg one conductor in 
each of the two arms of a wheatstone bridge such 
that they can.cel one another. The resistance of the 
~ermometer IS 39.00 ohms at 0°F. This makes it very 
s1mple to convert a given resistance reading to tem-
perature. . 

(ii) Number, locations and layout 

Temperature cha.nge being the. principal factor 
~part fr?m construction procedures m causing stress 
m massive concrete structures, it is imperative that 
temperature ~e measured accurately at many points in 
the structure, m the water and in the air. · 

. A typical scheme would be to place thermometer 
m 50 X 50' g.rid horizontally and vertically in the 
block represcntmg the central deepest portion and a 

block each in abutment, representing the blocks built 
on steeply slop~g abutments, as selected for the. detail- . 
ed instrumentation for study of structural behaviour of 
dam. A closer spacing will have to be adopted for 
thinner dams. 

As Carlson strainmeters, stressmeters and joint
meters also provide an accurate measurement of tem
perature at their locations in dam, there is no need 
to duplicate instruments at sucn locatiqns. However, 
at locations where vibrating strainmeters and stress
meters are used thermometers should be placed at such 
locations for temperature records .. 

A few thermometers should be installed at and 
near the downstream face to evaluate rapid daily and 
'Meekly fluctuations in temperature. Thermometers 
placed at the u/ s face in continuation of the main 
thermometer grid will serve to evaluate lake tempera
tures as they vary through the year. 

In order to better define the steep thermal gra
dients near the faces of the dam, it is desirable to 
place thermometers at 10' d/s of the axis and 10' in
side from the face of the dam, in addition to those 
in grid. For measurement of foundation temperature, 
thermometers should be placed near the base of dam 
and also in holes drilled into the foundation at de
sired locations, for study of the effects of restraint 
near the foundation zone. · 

In order to study the effect of operating penstocks 
and .river outlets, on the temperature of surrounding 
concrete mass, one line of thermometers should be 
installed, spacing of thermometers from the outside of 
pipe being 6", 18", 0.3 radius and 0.5 radius of 
the conduits. 

For study of temperature rise and temperature in 
the concrete lift when placed in position, thermometers 
at vertical spacing of 12" may be embedded at loca
tion specially selected for such study. 

(iii) Method iYf installation 

Even though resistance thermometers are furnish
ed in a brass case, some preparation is necessary 
prior to embedment. This varies with the type of em
bedment: 

1. For embedment in the middle -of a lift, it has 
been helpful to give each thermometer a 
quick dip in sealing compound, and tape 
with one layer of friction type for additional 
shock resistance and additional water proof
ing insurance during embedment. 

2. Where resistance thermometers are to be em
bedded at the ufs face to measure water 
tem.peratures, a?ditional water proofing 
agam~t hydrostahc pressure is furnished by 
encasmg the thermometer in an 8" length of 
grout tubing which is then completely filled 
with sealing compound. 
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For embedment at the base of a lift, it is best to (ii) Loose connection of cable terminals on ter· 
tie down some wires. to file concrete of the previous minal panels. · 

. lift or between two cooling pipes. The thermometer 
can then be wired or taped securely, to hold down 
thermomet!lr .so that the pressure of the mass con
cretes will not dislodge it. 

For an installation at the top of a lift, a small 
hole can 'be dug, and the thermometer inserted and 
covered immediately, using the foot or a vibratur to 
puddle the concrete around the instrument. For accu
rate spacing at various heights in a lift, the thermo
meter can then be wired or ta!>CP securely, to hold 
down thermometer so that the pressure of the mass 
concrete will not dislodge it. 

(b) Reservoir Themwmeter Installation: At the 
downstream or upstream face, the thermometer can be 
held. by hand against the form while concrete is back
filled around it. It is, however, better to tie the ther
mometer to the form with light wires and provide 
anchors on to the meter case and back into the con
crete so that the thermometer will not be pulled out 
of the weak concrete when the form is stripped. 

(iv) Observations · 

(iii) Loose connections in the test set circuit. 

(iv) High voltage may cause heating of the 'Vire 
and thus affect accuracy of the reading. 

(v) Analysis Of observed data 

On receipt of the Field Reading forms in the 
data processing section, the relevant information 
should be transcribed in the Thermometer Data sheet 
Fig. II-3.5-02 and analysis of data should be done in 
accordance with the following procedure. 

· All Carlson thermometers are adjusted to· -39.00 
ohms at 0°F, and the change in resistance is exactly 
0.10 ohms per degree. 

Th~s the temperature can be computed merely oy 
subtracting 39.00 ohms from the measured resistance 
and moving the decimal place over one position. For 
example, _at 70 degrees, the resistance will be exactly 
7 ohms higher than at 0°F or 46.00 ohms. Subtracting 
39.q<> ohms from 46.90 gives 7.00 ohms and moving the 
decimal one place g~ves the temperature of 70.0"F. 

Observations on thermometers are made by con· 3.5.1.2 Thermocouples 
necting the thermometer cable lead terminations on 
terminal boards located in galleries to the standard 
wheatstone bridge test set through standard test lead 
in accordance With the manufacturer's instructions for 

-' 

· · · circuit connections through standard test lead, when 

For complete description, method of installation 
observations etc. refer page 58 to 63 of the Corps of 
Engiqers Manual EM 110-2-4300. 

the ?bservations. oL ~mperature are required_. When 3 5 1 3 Th · 0 The 
the mstrument Is bemg embedd~. _observations are · · · · ernust r .rmometer 
made by directly connecting the -thermometer'-cable (i) Principh: and construction: 
lead to the test set in accordance with manufacturer•sc:::.-_- c:.:.< . • • • 
instructions for making temperature measurements. Therrru:>W!_ thermometer IS ess~nually a special 

· type of resistance thermometer __ <;onsisting of a semi-
(a) Schedule of observations: Thermo~eters may conductor of sintered metallic- oxide~ shown in Fig. 

be observed at the following intervals.: 11-3.5-03 (taken from the article 'Temperaitire -1ilea- c 

a. ~mediately after embedment. 

b. Semi-weekly for a month. 

c. Weekly until cooling is completed. 

d. Fortllightly afterwards. 

Of course, where thermometers are embedded 
alongwith strainmeters· and stressmeters, they have to 
be observed alongwith and at the same time as stress 
and strainmeters. 

(b) Form of record: -Recording of thermometers 
slrould be recorded in the space provided for the pur
pose under column "Resistance", against the relevant 
thermometer number in· the printed field data form, 
sample of which is attached as Fig. II-3.1-14. 

(c) Sources of error: 

(i) Low voltage of test set batteries. 
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surement with thermistors in concrete' Transactions 
Symposium on observations of structures Vol. 11). 
Thermistors are made in several countries by well 
known manufacturers of electronic equipment and lire 
available in several types. The thermistor has a high 
negative coefficient of resistance variations with tem
peratures and after being suitably calibrated can giv~ 
temperatures with an accuracy of 0.01 oc if very sensi
tive measuring instruments are used and if an individual 
celibration is made. However, in usual conditions 
an accuracy of 0.5°C. is obtained. The resistance 
does nf'lt vary in proportion to the temperature and 
drifts with time. This drift, however, is smaller than 
0.1 ·c per year and can be prevented by a heat treat
ment. Due to high resistance of the thermistors the 
errors produced by variation in resistance of the lines 
and the contact resistances are negligible. 

The operating range of these thermistors. is wide 
enough to cover the temperature ranges met within 
building ·construction and structural engineering. 
Upper limit may. be 3oo·c. 
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Referring to the figures ·referred to above, it wip. 
be seen that the dimensions of the temperature. scns!
tive organ, the bead, are very small. The ~lectnc~l rvo 
;;istance is measured bet~een two very thm pla!mum 
wires which are sealed mto the bead. The semi·~on
ductor material itself is protected by a glass casmg, 
which increases tho stability of the thermistor and 
which is designed to facilitate handling. 

For use in large concrete structures thermometer 
design provides for mechanical ruggedness, and l?ng 
water-proof conductors, to afford adequate mechamc~l 
protection of the thermi~tor and leads, made of or.c:Ji
nary insulated copper wrre for measurements C!f resis
tance values of thermistor at relatively great distances 
from the gauge point, and protection of the lead 
joints. 

To meet these requirements the ther~stor is en
closed in a brass tube, surrounded by a smtable sheath 
e.g., a welding rubber tube Fig. II-3.~·04 (a) which pr?
tects the leads. The assembly is moisture proofed m 
this case first by sealing up the tli.ermistor and the 
leads in a thermo plastic material, and second by a 
layer of rubber cement between .the . brass . tube and 
the welding rubber tube. The seahng IS earned out as 
follows: 

The thermistor is soldered to the PVC insulated 
leads. The brass tube is filled with thermoplastic 
material PVC paste (plastisol G 20003). The thermistor 
and the ends of the leads are inserted into the brass 
tube to a distance of about 5 mm. from its bottom. 
After that the assembly is subjected to thermo·hardel'!
ing at 15o•c for 10 minutes so a~ to cause P?ly-meri
sation. This method ensures efficient mechamcal pro
tection of the thermistor and reliable moisture proofing 
of the soldered j:>int, since the PVC paste and the 
PVC insulation Qf the leads are completely melted 
together. 

The leads and contacts can be made of ordinary 
sii'i1p!e standard material, the length of the leads can 
be very great · and can also be varied within wide 
limits and finally the contlli:ts can be inserted in the 
measuring circuits without producing any practically 
important effect on the accuracy of the measurements 
on. account of the high resistance of the thermistor. 
It is advisable to use thermistors whose resistance at 
the temperatures in question ranges from 200 to 20,000 
ohms. 

(ii) Number, location and layout-Refer to para 
3.5.1.1. (ii) 

(iii) Metlwd of installation: Refer to para 3.5.1.1. 
(iii) 

To ensure adequate mechanical protection of 
the leads from stresses due to conveyances 
laying and embedding, the leads can be m
closed in tubes or conduits e.g., welding rub· 
ber tubes. · 

(iv) Observation, forms of record 

Observation of the thermistor resistances are mad" 
by connecting the leads to the resistance bridge of 
the wheatstone type. The characteristics of the bridge 
are determined by the requisite accuracy of measure
ments with due regard to the sensitivity of the thermis
tor to the power input i.e., the heating of the ther
mistor caused by the current flowing in the measuring 
circuit. The current flowing through the thermistor 
should be reduced as much as possible and at the 
same time sensitivity of the glavanometer in the bridge 
should be increased to a corresponding degree. 

A typical wheatstone bridge test circuit is given 
in Fig. 11-3.5-04 (b). 

Automatic recording of temperature measure
ments can be adopted where continuous record of 
emperature is required. 

Forms of Record: Ref. to para 3.5.1.1. (iv). 

(v) Analysis of Observed Data 

Temperatures are computed from the observed 
resistances by using tho calibration curve of the ther
mistor in use. 

3.5.1.4. Vibrating wire-type thermometers 

Instruments based on the principle of vibrating 
wire transducer are quite commonly used in Europe 
but have not fou,nd much application in USA or else
where. Companies in Italy (Galileo), France (Telemac) 
and Germany (Maihak) ma)Iufacture vibrating wire 
instruments. 

......_ 

(i) Principle and construction 

The vibrating wire thermometers like other vibra
ting wire instruments viz., strainmeters clinometers 
joint meters etc. operate on the principle that a change 
in length· of the vibrating wire, pretensioned to vibrate 
and excited to damped natural vibration by an. im
pulse from the Receiver, caused by change in tempe
rature, results in proportional change in the natural 
frequency of the vibrating wire, measuring wire, also 
called the transducer element. The transducer or 

· transmitt::r has two components, a pretensioned steel 
wire and an electromagnet When the wire is pluck
ed, by an impulse from the Receiver, an alternating 
current signal is indicated in the magnet circuit. This 
signal has the same frequency as the vibrating wire. 
An increase in tension of the wire produced by leng
thening of the transducer element causes correspond
ing increase in frequency of the signal. Many vibrating 
wire meters are equipped with two electromagnets, 
one for plucking or sustaining the vibration of the 
wire, and the other for generating the signal. Maihak 
type vibrating wire type thermometers having mea
suring range of-2o·c to 70oC (-5°F to l57°F) (and 
even higher) and sensitivity of 0.1 o to 0.2 ·c depend
ing up:>n measuring range, water tight upto 30 atmos 
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and 30 mm in diameter and 170 mm long are used for 
temperature measurements in view. Telemac thermo
meters of this measuring range are also used for te.QJ.
perature measurement. flie meters are equipped with 
two .conductor copper shielded cable, embedded in 
concrete and led into the reading stations located in 
galleries in the dam or the instrument leads are ter
minated in a central reading station located in a sur
face building constructed near the dam. Test sets used 
with the vibrating wire. thermometers (as for other. 
instruments of this type) for obtaining indications of 
temperatures are of two types, one provides audio in
dications an~ the other visual description. 

The audio-type set which is ·usually used for field 
work, consists of an electro-mechanical comparator, 
audio amplifier and a speaker or a head phone. The 
comparator (Telemac) or Receiver (Maihak) is a Stan
'dard vibrating wire, similar in construction to the 
transducer element. The tension and frequency of the 
comparator wire can be increased or decreased by 
means of a micro-meter attached to one end of the 
wire. 

Signals from a transducer (Telemac) transmitter 
(Maihak) and the comparator are amplified and fed 
into the speaker. Here they produce simple audible 

·tones. To adjust the frequency of the comparator to 
that of the transducer, the two tones, at first, are com
pared individually. When the comparator has been ad
JUSted so that its tone is approximately the same as 
the tone produced by the transducer signal, then both 
&ignals are c"mpared simultaneously. When this done, 
beating can be detected. To obtain the desired matck
ing Of -the two tones, the comparator micrometer is 
further adjusted until the period of the beating is 
about 3 to 5 seconds. Included also in this type of 
vibrating wire indicator is a standard tuning fork. 
This is used to check the drift of the comparator 
when readings ·are made over extended periods. · 

(iv) Observation, Forms of Record, Sources of 
Error 

Observations of temperature are made by connect
ing ·the meters with test sets in accordance with the 
manufacturers instructions and ~;ecorded in the printed 
forms as mentioned under 3.5.1.1. (iv). The accuracy 
of the readings does not depend upon maintaining high 
resistance to ground. 

(v) Analysis of observed data 

The observed data should be transcribed into the 
printed thermometer data sheets and analysis of the 
data done by using the calibration curves or the calibra
tion constants of the respective meters in accordance 
with the manufacturer's instructions. 

For details refer to Telemac and Maihak catalo
gues respectively. 

3.6 INSTRUMENTS FOR MEASUREMENTS OF . 
EXTERNAL LOADING 

The meassurements involved in assessment of 
external loads are described in paras 2.1.2 and 2.1.2.1. 
to 2.1.2.5. Measurement of dynamic load due to waves 
earthquake and wind is excluded and measurements of 
hydrostatic pressure are also excluded as,they do not 
require any special equipment. Thus the only instru
ments for measurement of external load that need w 
be dealt with in this report are : · 

(i) Earth pressure cells. 

(ii) Instruments for measuring rock loads. 

Techniques for measurements of rock loads are 
·still 'in the stage of development and there is no 
experience so far in India of this type of measurement. 
Hence these are also excluded. _ . 

---

The visual-type indicator ~sed with vib!-'lting wire 3.6.1 Earth Pr~ure c_e~c-:--:.-'--">~"'=--~---. 
meters has also a comparator as one of Its compo- These are further oivided into two categones. 
nents. Depending upon the manufacturer, the com- ___ -- ·; __ -:::-::.---
parator may be similar to that described above, o~jt-:=:-::----(a) Con.tact pressure cells attached to structures 
may be a stable electronic oscillator .. Ill ceither· case subJected to earth pressures. 
signals from the ~omparatOL~ng_a.-vib_rating wire trans- (b) Total pressure cells buried in the earthmass. 
ducer are amphfied_::.and -·applied simultaneously to 
the X and Y plates respect~vely, of a cathode ray tube. lis 

---These ·signals produce Lissajous figures on the ~creen. 3.6.1.1 Contact Pressure Ce 
--- When the frequency of the comparator signal is the Contact pressure cells are essentially .the same as 

same as that of the transducer signal, the resulting stressmeters in concrete. They are subject to same 
figure will appear as an ellipse. Cathode ray type limitation as stressmeters. ~owever, due to gr~ter 
indicators are unsuitable. for field use where external deforrnability of earth, relatiVely larger ~eformations 
power is not available. can be permitted than for stressmeters m concrete. 
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(ii) Number, location and layout 
Refer to para 3.5.1.f. (ii) 

(iii) Method. of installation 
Refer to para 3.5.1.1. (iii) 

Two types of contact pressure cells have been used.* 

(a) The Goldbeck cell: This is ~ased on t)le prin
ciple of balancing earth pre.ssure ?Y a1r pressure on the 
opposite side of a thin flexible dmphragm. 

*General report Serafim, Borges Roche (Rilcm 1955 Symposium on observations of structures). 
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The accuracy of Goldbeck cell is dependent on the 
sensitivity of the balancing system and the rapidity with 
which imbalance can be corrected. In the absence .of 
automatic control temporary deformations of the uia_ph
ragm cannot be prevented and it may be necessary to 
bring back the diaphragm to the original condition by 
application of pressure. This involves a cyclic change 
in the position of the diaphragm and significant error in 
measurement can be caused unless the cell can register 
with very small movement of the diaphragm. As 
generally make and break principle is used, a minimum 
gap is necessary to avoid leakage of current and spark
ing. Unless diaphragm is thin, it would not correctly 
register the earth pressure as its own resistance to 
deformation would have to be accounted for. Hence 
it is customary to provide this diaphragm which is 
vul?era~le to damage by angular particles in the soil. 
Thm dmphragm may be ruptured when excessive 
~alancing pressure is inadvertently used. Erratic read
mgs can also be caused due to moisture condensation 
within the cell. The use of Goldbeck cell has, therefore, 
been abandoned for earth pressure measurements. 
There is no report on installation having been made 
after 1938. . 

(b) Contact pressure cells: The twin plate type 
contact pr~sur~ cell.has. been developed by manufac
tures of VIbratmg Wire mstruments. In these instru
ments the earth pressure is taken by a stiff plate to 

1 transfer the earth reaction to a beam which deflects 
under t~e load and ?s in turn supported by another plate. 
The twm plate um.t .bears on the surface of the rigid 
structure (e.J?. retammg wall). The deflection of the 
steel beam is measured by vibrating wire instruments. 
Because _of the sensitivity of the vibrating instruments, 
deformation of the measuring plate is very small. 

According to studies carried 'out at U.S. Water
ways E.xperiment Station (Technical Memorandum 
201-1 sotl press.ure cell investigation), the deformation 
of cell measunng earth pressure in sand should not 
be more than 1/2000 of the diameter. For 10" dia. 
cell (300 mm.), this requirement can be satisfied if the 
de~ormati?n is. within l/200th of an inch. The vib
ratmg wire mst~uments .of the twin disc type can. 
theref~re, be conSidered to be inherently capable of 
recordmg the ear~h pressure with reasonable accuracy. 
~o:we~er, th~e mstruments are subject to the same 
limitations With re~ard to the accuracy, difficulties of 
ma~ufacture and mstallation as the vibrating wire 
stram gauges. · 

(c) The Carlson type stressmeters can also be used 
for measu~ement of contact pressure. The only dif
fe~ence bemg that larger movements can be permitted 
Without loss of accuracy as compared to the •tress 
mete,rs for concrete. . It does not seem to hav; an 
:pecialf ~dvantage over the twin plate vibrating wir~ 
Jped 0 mstruments. On the other hand it has the 

•sa . ~a!ltage that the measuring errors increase and 
:~nsitiVItyf decreases when cable leads are long. Hence 

e use o Carlson type of stressmeter for earth res-
~~~flatl~~s~~~enttsh wo

1
uld hhave to be. rest_ricted tb in

re e engt of lead 1s Within 500 ft. . 

3.6.1.2 Measurements of stress within the Earthmass 

Computation of stresses from strains is difficult in 
soils because of the cemplex mechanical properties of 
soils, in reversibility of the stress phenomena and the 
influence of creep and consolidation. When lateral 
yield is absent, pore pressures are measured reliably 
in the absence of stress reversal, strain computed from 
_!.:ross arm measurements can give fairly good indi
cat1ons of stresses. As these conditions are realised 
only in relatively small part of the earth mass, uirect 
measurement of stresses becomes necessary whenever 
it is desired to investigate the condition of stress within 
the earthmass. 

A satisfactory total earth pressure cell must be 
thin and rigid as to cause minimum disturbance in the 
stress pattern. 

Recent developments in this direction seem to be 
promising but the reliability of these instruments have 
not yet been sufficiently confirmed. 

At the Serreponcon Dam the new conception of 
thin and rigid measuring capsules was used which 
has practically constant deformation all over the sur
fac~. !hi~ deformation is very small so that significant 
red1stnbu!Ion of stresses would not occur within the 
earthmass. Details of these instruments have not been 
published but the following general information is 
available. 

Inside the pressure cell the normal stress is trans
formed into tension over a transverse elastic membrane 
th~ deformation of which are measured by a vibrating 
Wire. The apparatus is made of special corrosion re
sistant brass. 

The cell is mostly hollow so that the pore fluid 
penetrates all over; hence the pore pressure would have 
very secondary influence. 

From review of data supplied by the manufac
tures and R.3. (I,COLD Q. 29 Vol. 11)11964 Barge, Post 
and Huynh. It IS seen that out of seven ·instruments 
three seem to have behaved satisfactorily at the Surre
poncon. Dam i_n France. The error may be 15-20% (by 
co":Ipanson with ext~nsometer reading in the concrete 
?ramage duct). Readmgs of two instruments seem to be 
mfluenced by calibration error. Two instruments seem 
to be erratic and hence unreliable. 

. A:t the .BRS England a stable cell incorporating a 
v•bratmg w1r~ gauge . par.allel to a steel diaphragm 
has been designed. The mstruments were installed in 
groups of five at Balderhed and Mangla so that- princi
pal total stresses can be deduced (total number of cells 
at Mangla 40, Furid I 0). Analysis of the data for 
Mangla and Balderhed ·iSI not yet available. Hence it 
can be concluded that t~~ recent developments in total 
pressure cell~ are promiSing but the reliability of the 
Instruments Is not sufficiently confirmed . 
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MEASUREMENT OF DAM DEFLECTION BY PLUMB LINE Fig. II-3.1-06 

Date 
RWL 

·---------------------------Thne _______________________________ Observer ________________________________ __ 

. . . T W L Temperature . . 
Block 

Perpendicular to Axis Parallel to Axis 

l & c:l Remarks .s 
Right! I Suspension ] Ref. Left Aver- Differ- Posi- Defiec- Ref. Left Right Aver- Differ- Posi- Defiec-El. reading Edge Edge age ence tion tion reading Edge Edge age ence tion tion 

~ 

I 
-2- ---3- -4- s 6 7 8 9 10 11 "12 13 14 -~ 16 17 

(4)+(5) C6H3) (10)+(12) (13)-(10) 
2 2 - ---- - -- -----

-- -- --- II 
I I - I - --~ 
I I I I ' 

-_r L_ ------__ j --. -
~ ~ 1-

~----- ----- ------ --. 
~ ---

I 
----

·------ -- - -I - --
------ --------l I - I I 

- ------ - ------------ -
·--- - -- --- -

- -- --- - -- -
I - --I i I I - ~-- I 

Non:-In col. 9, +ve indicates deflection of dam downstream. 
In col. 16, + ve indicates deflection of dam towards right. 



Fij.Jl-SI-07 

Nor far ... 

....--::::::-.,.--...,· .,,~ . : t:: ;, .;-; • ~-- ~ -~ ·••• ;, : ~c . ; <:}';' 

·L 

O Jainf . 

25cm· ·I 
_(b) (C) 

Position or lne gatJ_9e Inserts relaliYe ft~ tiJe jtJlnt 
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Fig. 11-3.1-08 
----------~-PROJECT 

Measurement of Joint Movement by Surface-gauges 
I 

Date __________ Time _______________ Observer..,----------

R. W. L. ____________ T. W. L. _______________ _ 

Location 
of 

joint 

Location 
of 

surface 
gauge 

2 

Observed distance between 
inserts fixed at rt-L-to Joint 

Initial Subsequent 

3 4 

Observed length of Invar 
base 

Initial Subsequent 

s 6 

Movement of 
Join~,.t-ve !ndi-
cat pentng 

of oint) 

7 
[(4)·(3))-[(6}-(S)] 

Remarks 

8 

--------1---------------1-------1----1----·-----
-----1----1-----1---~--:-----1-·-·---,.1-----------

-----~------I------J~-·-------------I--------·I----------·1---------

-----1 -~--------

-------·r-·-----~-·--·--1---------:l _________ l~------_-_--~-------.---_-_-____ ·----___ ---

--·----·1-·----------------1-------------
---l------1-·----:--------------".....:..-·---l---

---1-----~=--------- --·----1- -- I ____ , __ -_=-----
_I - ----~-·-1----
__ l I ---1---..,. --------·----1 ~--

___ \----\ ,- -- - ---=·---,---~--=--

_\ _~_= -=1 -c--==-l=------= 
_I __ _:_=!==-~====--- ~---= 

12--' c. w. & P. 0 .166 
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SETTLEMENT MEASURING DEVICE 

DETAIL L 
CARRIAGE ROO 

!NOT TO SCALE) 

12(a)--4 C. W. & P. C.f66 

PLUMB BOB I'S PER !lEt !Ml 

GRI'DUATfD lCAr 
J " . 

H-L-r+r::t--''<}1 

0 0 

'iG£-~ 
- .J:.. 
it) I 

GARRIA E ROD 

, ~ PER rf:iAIL 

i&B.G.STAINLESS 
STEEL WIRE 

.. J. ~.l~T"Ait. p· 
J 
0 

"' J . 
Ill 0 -· _, 

II 
... 

b 
10 

DETAIL M 
PLUMB BOB 

TAPHOLE IN 
PLUMB BOB FOR 5 B.A. 
SIZE SCREWS fOR FIXING 
THE SIGHT \tiNE 

~1/2° 

---1/20 

TI'P 5/t'BIJ.W. 

-,~.,~ ,._ 

"~4~ 

j 

DETAIL OF ANCHOR 
tNOT TO SCALE» 

16 B.G. STAINLESS STEEL WIRE 

G.l. PIPE UNING 

nfi<:w+~ PLUG AS PER DETAIL 'N' 

J 
0 
~ 

r-J}4'~ 
~~;-~ 

DETAIL P 

POUR MOL.TEN ZINC AFTER 
FllCING THE WIRE IN POSITION 
AND BEFORE LOWERING THE 
ANCHOR INTO THE HOLE 

GROUT 
GROUTING IN THE ANNULAR 
SPACE BETWEEN THE HOLE 
AND OUTSIDE OF CASING I'll'! 
ONLY TO BE CARRIED OUT WHEW 
IT IS ENSURED THAT THE G 
IN THE LOWEST 5! 6" I.e, 
AROUND THE ANCHOR HAS 
PROPELY SET. 

82(a) 
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~--------PROJECT 

FOUNDATION SETILEMENT MEASUREMENT 

Fig. II. 3·1·10 

Date __________ Time __________ Observer __________ _ 

R.W.L. _________ T.W.L. _________ Temperature'----------

Bloct & El. El. of reading Reference Observed Settlement Remarks 
of Anchorage station reading reading of foundation 

-
- 1 2 3 4 s 6 

(4)-(3) 

' 

. 

. 
' 

' - . 

I 

. 

' 

' ' 

' 

83 
12(b)--4 C. W. & P. C.f66 
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Fig . .D. 3-/-11 

.~ . .. . ..... •, • ~~ 1 ,-..., • ... 
0 

o .4 • o 0 ° 0 ~· o 

~ <. •, : .• . ~ : ·. : ~ •, : ". . .·. ; : . . ., 

F loq r A ssetnb/y 

Reces:s tor 
def'lection rneasl/r
ln9 €<Jqlpmenf. 

,, 
5 Diq, pipe 

.. "' 
p .• 

Grot.tfin9 in the qnntdar 
spqce only ro be carried 
Ollf when if iJ ehS£11' eci fhof 
'the 9~'0l.tt in tile towest 
5'-6" ,: e. Cll'ound tile 
anchor lle!S properly 
Jet.--------------------9 

. . 
I, I '• 

·o .. 

. . . 
• r • 

: . 
:··."··: 

16 B.G. stqii'Jiess 
I~+--- stee( wire 

G. I. PllJe lih/119 

Anchor 

. G;-otd 

/' ¢ 

RE V£R.5£ PLUMB LINE 
{IJerle~tiO'? measc..m'n9 etjt..{iptnen't an'i' sheet covef'i119 11of shown) · 



00 
Vl 

NOTES:. 

coil spring .supporting elastic Slflel wire 
I 

,'~feel/ink to hold b,,,. in ~lignm•mt 

, T 

1 _ __L 
, _ 'Fiber pulley No. ~2 gage elastic steel wire 

• 
1Section of' f'rame rsduc~dl'orf'l•xihility TOP VI£ W -

I. BRASS TUBING AND BRNDED SLEEVtNG REMOVED Bar affcl>ed mtznc/1or by pressed 
fit and pin connection 

Spring holding meter In closed pt>Sifion, 

1: - . .s:;, \ 

_ 130TTOM VIEW 
BRASS 7UBING AND BRAIDED SL££VING RENOV£D 

ALL WIRE CONNECTIONS ARE SOLDERED TO BOLTS 

END VIEW 

BRASS CASE ENCLOSING THE ASSEMBLY IS FILLED WITH CASTOR 
OIL TO PREVENT CORROSION. 
ALL TERMINALS IN THE ELECTRIC CIRCUIT ARE INSULATED FllOM THE 
SURROUNDING M!TAL BY TUBING AND MICA WASHERS 

MEASUREMENT OF STRUCTURAL BEHAVIOR 
CARLSON ELASTIC WIRE JOINT METER 

ELASTIC STEEL WIRE IS UNDER AN INITIAL TENSION WHEN ASSEMBLED, 
THIS .JOINT METER USED WITH SOCKET AS SHOWN ON DWG.214·0•103!!9 

DRAWN 
TRACED 

CHECKED 



00 
0\ 

Coh/e .spliced olfer 
completion of' llf'f 

-

.... ., .. ··~~·~:· .. :,#r~:.~ .. ·: .. ~ 
wrapped in . : ::. : ·~ . . ·.::;· 

... ·"burlap anti fricfion .. ·"' .. ·. : ~-.: .. · ~.::.·-,.; .. "'.· ~.; :~·.:: 
· · fape /'or 18• and .. , .. , . .., . . ~ 

coiled inside recess · 
box. End sealed. 

Hr:/e dug af'fer t:omplefion 
of lil'~jointmefer .screwed 
info socket, and /Jac:lff'i/1 
placed /Jy hand m-<JUnd { 
j'ointmete' bef'ore f 
initial set. 

STEP 1. • STEP 2. STEP 3. 
~. 

INSTALLATION IN HIGH BLOCK PREPARATION IN LOW BLOCK JQJ)/TMETEI? INSTALLATION \!~ 

JOINTMETER INSTALLATION 

. -, 
....... 
~ 



FIELD READINGS ON EMBEDDED INSTRUMENTS 
Fig. U-3-1-14 

Date_~ _______ Time to _________ _ 
Observer 

TB 
6 

Inst. Rcs.istance Ratio No. 

S61 
--
S62 

S63 
--
S63A 
~ 

S64 
--
S6S 

' --
S66 
-··-

' S67 
--
S68 

S69 
. 

S70 I· . 
---

S71 

S72 
-----
Stll ---
St12 

XJlO 
--

xJll 
--

--
x112! 
--

--
xJ13 

-- -
xJ14 
--

/ 

,_ 3fC. Cables Instruments. 
Remark! 

TB 
7 

. 

R9-
Rl 0 

8 TB 

Inst. 
No. --

T4 
--
S73 
--
S74 

S75 

S76 

S77 

S78 
--
S79 
--

S80 

S81 
--
S82 
--

S83 
--
S84 
--
St13 
--
Stl4 
--
Sl95 
--
TS 

T6 

T7 
--
TS 

T9 

Tl47 
--
Tl48 

xns 
--

Resistance 
I 

. 

Ratio 

-

TB 
8 

Inst. Resistance Ratio No. ---
XJ16 
--

.. 

xJ17 
'v _,_ 

XJ18 
--
XJ19 

' 

--
XJ20 v 
~ 

sss 
--
S86 
--
S87 
--
S87A 
--
S88 
--
S89 
--
S90 
--

S91 
--
S92 
--
S93 
--

S94 -
S95 
--
S96 . 
StlS 
--
Stl6 
-

57 



Fig. ll-3 ·1-15 

JOINT METER DATA SHEET Sheet ............ of ........ . 

Manufacturer's No. ___ _ Joint Meter No ......... 

Location:- Blocks-:--:----& _____ Change,...,.,.,.....--'-- Sta ____ El.-:----'-

Calibrations :-

-

I 

1 

Date 
.. 

.. 

' 

Meter resistance at oop 
Change in temp. per ohm change in resistance 
Ratio closed 
Original calibration constant 
Calibration constant corrected for leads 
Resistance of leads at 70°F 

2 3 4 s 

Observed Change in Indicated 
Time Resistance Resistance Temp._°F 

I 
I 
I 

i 

--~ 

-

. -
. 

88 

6 

............ ohms. 

............ oF 

............ per cent 
............ inches per 0 · 01% ratio change 
........... .inches per 0 · 0 J% ratio change 
............ ohms (pair) 

7 8 9 

-
Resistance Change in Indicated 

Ratio% Ratio% Movement Notes 
Inches 

I 

' 

-

----

' 

----

v 



·---------~··-··· ·.-.. .:.3 

cJointmeter 

..Jointmefer .soc kef 
Wrapped with paper · 

Drilled ond cased 
hole in rock --. 

~~ 

,,, 4• /.i. Jt 4 Reducer 
· .for anchor 

5/C £/ecfdcol coht. 

~~~ 

::j Pipe 

' 
Surface ol' confocf 
between concrete 
and rock 

, , 
fo.J 

TYPICAL DEFORMATION METER 

... 
' () 

I~ O, W, & P, O.f66 
89 



-

Slrainmeler delecfing tJnit 
(Wit es not shown) 

or 4 Condut:fllt 
cable 

Fabr i'c cove, 

Nole:-
All c,.o~s- secllons 

ore circukw . 
.., 

!Jlaphrttgm proptr 
(A!Ioy 5/ee/) 

Com~~ressible rnc.rr,.r·u~t--

C~SS·SlCTION OF STR!SS M£T£R 
, • , . (Nol lo scale ) ~ , 

1 .. < 

: (a)-4 C. W. 1: P. 0.;66 
90(a} 



PlJ. D-3 · 2-02 

STRESS METER DATA SHEET Sheet ............ of __ _ 

' 
Manufacturer's No . ................. . Stress motor No. __ _ 

IAciJtion :- Block ...•......•................... Chalnago . ......... ,. ................. . Sta . ...................... El ....... , ......... . 

Callbratlon.J : 
Motor resistance at .0°F. 
Change in temperature por ohm chango in resistance 
Ratio at Zero Stress 
Original calibration constant 
Calibration constant corrected for leads 
Rasistance of leads at 70° F 
Temperature correction 
Type of Cable 

1 2 3 4 5 6 7 
--

Meter 
C~gc Indicated Change Resil- Resistacc 

Date Time tancc m Temp. ratio In ratio 

'ohms' resist- ."F % % 
ance -- -- ---

' 
0 

-- --- .. 

--

-
--
--
--

·----
--

--
f-- . 

-- ----
--
--

__ ... _ 

--
-- l 

--
-
-
--

13(b)-4 c. w. & p, c. 66 

8 

. ........ Ohm• 

......... dcgreo F, 
......... in per cent 

...... ! .. millions per 0·01% ratio changes 
......... Ohms (pair) 
......... millionth• per degree F 
......... JC 

9 10 11 12 

Change Actual Indicated Temp. in Stress Notes Strt:ss Temp. carr . p.a.i. 

.. 

--

--

--

-

·-

9) 



. Fig. Jr-$·2-0$ 

.. , ........ :·· •• .. :-·"' ............. w £ 

"' - ... .,,~~ 

;.·, 

Al.INENTAZIONfl 

s 

SONIC STRAJNM£TER 

• . .... -! 



( '.. . . . . .. .. • .... ·.•• . ....... . . . 
. . ...... , .. 

T £ c 

ARRANGf.M£NT FOR M£ASUR£M£NT 

0~ T£MP£RATUR£ & STRAIN 

·I 

93 



It • .. -

WIRING DIAGRAM 
Fig .. ll-3·l-05 

'94 



The Hu9genb•rger T•,someter 

·~ever Sy$'/'em 



END ANCHOR 
AII~Tnofe d~foil 

(Not to st:t~le) 

VIEW A-A 
(/nne, coil not shown) 

VIEW B'-B 
(outer ctJtl nof Shown) 

ACKNOWLEDGEMENT 

NOTES 
llll w#e ~iDns t(re $0/dtiHd Ill madtintl -~~~~. 
IJMS.S C•se tlndosing the •SStlmbly Is filltld w!M C4$IIIT 

oiJ fll puNJ~f CIITN#m 111' IYISi&ftHH:• wJN. 
Afll~rmina-ls in flit! 'f«l,(: t:in:uil tn~ in.s11htf«1 l'rDIIr 

lh~ surNUi>di~ m~fol hy tuhi~ anti miell "'uhtll'4• 
EIIIS/k sf.-1 wi,~ is vnd,, ~n inil'itll l"lnSiDtJ of' 

100,000 P.S.I wll•n •s-m61tld. 

TtUS DRAWING IS BASED ON THE 
DIMENSIONS OF A STRAINM£TER 
DESIGNED AND MANUFACTURED BY 
PROF ROY W. CARLSON, ENGINEEING 

l MATERIALS LABORATARY. UNIVERSITY 

....._ ...................... ~-.___.__._--1.__...._.___._~__,__._..._.L-_.__.___...-..Ji--...__.__.___L._.__....._....-JI OF CALIFORNIA BERKELV CALIFORNIA. 

96(a) 
1~ c. w. & p, a.J66 



STRAINMETER DATA SHEET Fig. ll-3.3-03 

· Sheet ____ of_-'---

?-.1anufacturer's No. ___ _ Station meter No. ----
Location :-'

Calibrations :-

Block ........................ Chainagc ........•........... Sta ............... El. ...................••....•........... 

Meter resistance at 0°F ..•......... ohms 
Change in temperature per ohm change in resistance 
Useful range 

............ ciegree F 
............ ratio in per cent 

Original calibration constant 
Calibration constant corrected for leads 
Resistance of leads at 70°F 
Temperature correction 
Type of cable 

2 3 4 5 6 

............ millionths per 0.01/% ratio change 
............ millionths per 0·01/% ratio change . 
............ ohms (pair) 
........ : ... million•hs per degree F 
............ JC. 

7 9 10 11 

---1 --- -·--- - ·-- --------- Actual 

Date 
Observed 

Time Resistance 
Change in 
Resistance 

---- -----1-----

Indicated 
Temp. •p 

---- ------- -----

Resistance 
Ratio per

cent 

Indicated Correc- Unit 
Change Unit len- tion for length 
in Ratio gth Cha- M~ter Ex- Change Notes 
. per cent nge milli- pansion milli-

---- ____ ~ths JEillionths _ onths 

--------- 1--- --- -------

---·--- ---- --------
----1------

t--·-- ---------. ---------- ---1-,,----

--- --- -- -----
---1---·---

---··-- ---- ---1---- --- ·----

···-- ---- ---- ----- ---1·----- ---------

-------· 

----- ----- --- ---- --- ·---
--- -----. ----- ---- ---- ·---- ·--- ----- --·-----

-------- -------

--··-- -·--- ·---- ---- --- ------
----- ·---- --- ···--- ---- ------

--·--- --·-· ---· , ___ _ 
-·-···-- -·-·-- ----- --'---- ---- ----
----~----____ , ___ _ 

---- ---·- --- ---- --- -- -----
-·--------

--- --·-- . ---·-··. 

-1---- --- ----- --···· . 

--~--, -I .... ----I ------ ~----·---

97 
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98 

-I Fig:J£-~·4- 01 
, I vc 5x7 Foimdotion gallery 

Rem.ove this cap l'or tlrillln9 of 
hole into foundation ~Inti cop 
f~htly wh~n drilling is comp~ 
ted.. · ,,, ,, ,, 
2z 112~ "Zi Tee. , 

EJ<fencl this to 9t1ll~ry when no 
horlzonfal exfensi'on is needed 
iJS Shown in defa/1 '!J' 

1 "K2' M.S. reinfor~/ng b11r with 
offset grouted in p/ace.Fasten 

--y;z~:v;;:-or-:"~-----v:~~F-!£1~-,u~~· pipe securely to off'sef hflr so 
.' ' rJ that ptpe clears rock surl'ac-e 

,, 
1J Drillect hole 

... 

. . 

·~li: . II by 6' ' 
~~ 6± . 

, Extension pipe to be used when necessary to connect 
with riser to gallery to bb placed on upgrade of' 0·0.2 
towards gallery and of the lowesf possible elevaf/on. 

DETAIL ~'. 
. ~ , 
{ 5 >cT Founo't:~fion gallery 

\ 

DETAIL (8) 
UPLIFT PRESSURE PIPE ~NSTALLATION 

(TYPICAL DETAILS) 



Gouge coclr 
• 

VI/ Pipe nipple 

~Gufter~ 

TYPICAL ALTITUDE GAUGE 

Alfilude gau911, ca/ihrafed 
to co.er twice the max: 
working aHilude. 

· Gallery floor 

• 
1/2 Pipe connecfin9 
lolj"pipe 

INSTALLATION 

99 



h9.JI-3 . .f- 0 3 

UPLLFT PRES S.URE 
8/<Jt;lf - - - - -

DAr~ ~ORM srq. _____ · 
\ 

DC~fe----- 7/me----

0 observer-----------· 
___.( 

~ R.W.t.-------- { ~ :· .. 
~ T.W.L. ------- . ~ D 

. 

~ 
• 10tal widfh(af /(ne oF hole~----!l::<;v~ -~ -------· . ~ 

~ AAv. bottom [1, ofvplt'ft pipes--- -B AB! p 
' ·~ 

., 
.\.. ltlef head-------
QJ -
Ill -

' PtPeA PiPe/3 PiPeC PiPeO 

I A Chainaqe or Up/lrf Pipes 

2 £Bottom elevation of up/iff pipes 
. 

A Assumed liP lift pressures ih -/ot:I!Je 
.-c 

.3 
. 

o(net head (CrifeY'ia) 

~ ~ D!?Jc:~ce_frt?IT! uls end expres:sedas{o o.JE 
otal wtdfh 

5 .! ! ' lJ. !I of top offefl 

6 Q.'t. Distance to w. s. in feet .,..9"1 . 

7 
~ 0 &::: 

~ ·c::: ... fl. of'W.S. in pipe•Co/.S·(ci.6 

e IJf/. ofpress"Ye ga(.(9e ~3 
Ill 

9 " Qo.. P S.l 
·~ c: P,esst.~re head FT. of' 10 ~ ... 

~ water 
II ~ 0 fquivalentf/.ofw,s. in PIPe o .... C.o{/O+Cot. 8 . ,,_ """' Dischqrgein a.P.M/Drops p.m:n . 

13. (Jpfit't~!!SStJre l(eqd 1, f't. ofWa'ft!!rabove 
'tail w· er [/. • Co/. 7. II Tail v.oater£ 1. 

14 Uplift pressl..lreJI'I"I•ct9e_ Co/.13 )(.too 
of net h eod • Net Head 
' ,., The dif'f'er-ence between tile reservoir W.S. and flu:fai/waff?r surface 

elewttion;, or if there is no- tai/wafey af lite llne of holes. the net 
heac( t's the c//f'ference between file reservoir wafer SVI' Tace 
elevation and tlfe QVerage boftom elevt:tfion of"t.~p/i(t pipes at 
all up/iff holes wifllin a line of' holes. 

.,~· State if leakage wafey contains any foundation material 

•'· £/.of pressure 9au9e is assumed I· 1S ft above gaiter y (/oo'Y. 
j Constitutes. permQnenf dafQ. 

roo 



Pie%omefer 
level b~l'ore 
equalization. 

Ground 

-----=--
Assumption: 
No change in 
Wofer content 
of' soil neal' 
in toke. · 
• 

Water 

I=='=--=---=
Time·lo!J: 

Required time 
for wafer to flow 
from or to pipe 
or pressure gage 
or cell. 

"" ... - t-- .. / / j L \ So_il from Shown is 
flow to f LroJ I ptpe 

\ ' I 
/'-- ____ .., ..... <.._, 

.(j) 

HYDRf:!~TATIC TIME LAG 

14(b)-4 C. W. & P. 0.166 

Pore water 
pressure in 

~round 

Soil near ., , 
intake. 

Water 

F=·---
Change in effec
tive stresses in 
soil of intake 
due to removal 
or disp/qcement 
of soil. Flow of 
woter. 

Time log: · 
Required time 
for consolidation, 
respectively 
swelling,· of . 
off'ected soli 
mass. 

~ ... -·, --.. / 
Excess pore/ 1 I . ', Consolidll-
pressure 1 ~ 1-+ \ tion shown 

1 LTJ ' 
' ' , \ I 
-"", ..... < , .... ___ , '""' 

® 
------.STRESS ADJUSTMENT r-

TIME LAG 

EXAMPLES 

Inaccurate measurement of depth 
to water /eye/ in bore hole- or 
Piezometers. 
faulty construction or colibrQfion 
of Manometers, Pressure ga.9es 
or cells. 
~eak~ge throug_h joints or holes 
tn ptpe, see @condensation of 
vapor, evoporafion of' wafer. 
Poor electrlcal connections, or 
r/eterioroti'on of insu/ofion 1 or 
condensation of' vapor. 
Temperature variations and 
dif'f'erences, inocfivofion or 
damage by frt:Jsf. 

·-.. , ~ 

·i 

A 

GENERAL INSTRUMENT .(-SEEPAGE ALONG CONDUITS 
ERRORS . 

, SOURCES OF ERROR IN DETERMINATION OF GROUND WATER PRESSURE 
I 
I 

Fig. Jl- ~-4- 04 
Sheet I o; Z 

A 

l 
8 

Pipe portiolly - Pipe full of 
filled wifh oil, - liquid of/Jer titan 
kerosene orofher - · woter.DJfferences 
nonfreezing ond in surface fen-
noncorrosive sion at interface 
liquid. Position in soil may caus 
of interface may oppreciohle on 
become uncert11in misleading clio-
due ,to /Bakoge n.9es in the 
or evoporotion. pressuJCe dete 

mined. · 

Menisci 

@ 

INTERFACE OF LIQUIDS 

lOO(a) 



PiuDm•t~, 
l•v•l befDre 
~(/ualization 

Ground 

Ail' or ,9tJ$ 

bublJ/e$ in open 
fflbe moy ctt1use 
sta hilized 
WtJter level 
to n'se ohove 
the ground 
WtJter level. 

® 

Wtr/er 

Pipe dk;mefe, 
Should be lal'ge 
enough and 
interior smooth 
to permit rise 
of' gas bubbles. 
Avoid dDIVhWt7rd' 
f)J'otrutlln,~ edges. 

Bl.lbbles siop'"' 
by edgaelfjoints. 

GAS BUBBLES IN 
OPEN SYSTEM 

Change in Yolume 
of enfrqpped 
9tJS CtJUSlt.S 
increuse in time 
la.9~ but gas 
obQJie gage does· 
not qf'f'ect 
e9uul/set1 pre· 
ssure. 

Bubbles 
stopped by 
protruding 
edges .. --..~. 

0 

Provide gqs trop 
ond O(Jflet vulve 
and f'lushing 
foe/lilies. lise 
materit:~l which 
a'o no'!- cause 
e !ecfrolys ls 

· ond develop
ment of' gqs. 

GAS BUBBLES IN 
CLOSED SYSTEM 

p,-._,o,.,•,. 
/tl Vtll. 

Ground 

6t~s. bubbles in 
soil neor intal<e 
will increase 
the time log by 
de~rease of · 
pe,mea.Oility 
anddue to 
ch4n9es ln 
volume of' gas. 

@ 

lise well point 
of materials 
which do not 
C4VSe electro
lysis and with 
pores or holes 
Iorge t~nough fo 
permit eSC4Ptl 
of gqs bubbles. 

GAS BUBBLES IN SOIL 

Clogging of' 
ptu41• in well 
point and de 
of' relatlvely 
impervious 
layer qf s~imenf 
in the pipe in
creases fht1 
time lag. 

Layer of' 
.sediment 

, Use a hollow 
· ond not sol/d 
1 
porous well 

1 point. Fill pipe 
~; with clean 
' wufer. Avold 
! .1'/ow pipe ttJ 
; soil. Provide 
' focllltles l'or 
; flushing. 

solid P~,()~r~;~\ 
well pomt. lt:!J; S«diment 

~~. I 
I 

SEDIMENTATION AND 
CLOGGING 

' 

SOURCES OF ERROR IN DETERMINATION OF GROUND WATER PRESSURE 

14(c)-4 C. w. & p, C.J66 

Fi,g. Jl• .5·4 -04 
Sheef 2 ~1-' 4 

Removal ol' soil 
fintts ot well 
point incrflllstJs 
f11e p4rmeabilit 
INcret~ses the 
time la9,. Buf 
mt~y cctvse 
.sedimenf4fi()fl 
ond htel' an 
lncret~s• Jn the 
flmtl~. 

@) 

liStl poinf with 
small portts 
or tt .9'"d•d 
l'ilfel' prov1de 
f'acilifies f'o, 
a cht:mge in 
prttssur, pf 
infttk• lind 
thel'flby fo,. 
cl,cltinj tile 
basic time log. 

EROSION AND DMlOPM£NT 

lOO(b) 



Fi9.D-J·S -01 

.Solder cqble 
, k 

seal to shell-----. 
2-6 18A..W.G. th~ee
conctucfor rubber
insulated, rttbber
slleot/lect electric a/ 
cable. St>eciql round bottom thread 

Copper W1ire coil 
· Cop;:Jetr 
core 

earcl! wire 

seal 

Gray ahd blaGk leads 

Bond pqper 
inSt~latot" 

. I • 
oil fer min a Is 4 x ~ R. H. 

br asJ wood sere w.s 

Micorta insulato~ 

EMBEDDED TYPE RE JIJTANCE 
THEI?MOMt T[__l?a 

NOTES 
Elut seal, cable seal and shell are brass. 
Spqce hetween thermometer coil and slle/1 

is (illed wit!] G. E. -227 .seatlf"Jq compound 
p/'lo; to .rolderi!Jf}, end Seal. 

14(d)-4 U. W. & P. C.j6ti 
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Fig.-ft-3. s-oi 

Sheet ____ of __ -,--

Manufacturer's No.------ Thermometet No. ---
Location :-- Block. _______ Chainage ------ Station _____ El _______ _ 

Calibrations :--
Meter Resistance at ooF ........................................................................................ , 

Change in temperature per ohms change in resistance ........................ : ........... degrees F 
. 

l 2 3 4 5 2 3 4 5 

----- --- --- ---- -----1------

Meter Tempera-
Date Time resistance ture °F Notes Date 

Meter Tempera~ 
resistance ture °F Time Notes 

ohms ohms 

--~ ---- -
---. . 

---1----1----

----
\ i 

--- ---- ---1----

--- -------
' 

----- 1------

----1----

-
·--~---1----1----

-----
.. --- -~-

----- ~--- ------
-

1--- --- ---- 1-----

--- -
---

---- --- ----- ----- -----
1--- --- ------

------ 1--- -~- ----

-- 1---- ---1-----

--------,,----- - --- ----1---
-- ---1---- ------

--- --- --- ---1----
.... ----1 

'• " ---~---~--------------------- -1 
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6/ass fu_b~ 

lea..d 

. . 

Copp~rdtsG 

~ead 

~ 
..;/' 
7 

PIa fin um wt;.e . 

A 

alt'num w/re 

13. 
.. 

Bead lhermlsfors ror temperature meQSllreme.nfs 

~------------~J 
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Rubber 
csrnen 

Fig. (Q) 

tubtl 

( 

V.'oter-propf a'hd tJ/Jock- proof fype 
of thermometer designed. to 

be embeded. in concreie 
'tor f'ielci 'v.ses. 

i 
i 

F/g.{b). 

Whea+s +one bridge for resis fQnc.e 
measvT"ements . o)1 fhermi.s fors. 

• I 

I. 
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