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ABSTRACT

The paper describes the method of analysis and earthquake response of
a typical masonry dem with earthbacking on its downgtresm.face, The analy.
sis shows that under probable maximum earthqueke, a depth of gbout 20% of
dam below the top of earthbacking could lose contact during vibrations., The
model tests on shske tgble indicate separation in a depth comparable with
the calculated depth, On the whole it is concluded that, though the earth-
backing has the effect of increasing damping. It does not prevent the cra-
cking of the dam to any apprecisble extent,

INTRODUCTION

There are a large number of old masonry dams in Indis and elsewhere
which are either not designed for earthquake force at all or the design
seismic coefficients adopted are inadequate as indicated by present aseis-
mic strength needs., Provision of earthbacking on down stream face is often
congidered an economic proposal for strengthening such dems against future
earthquake motions so as to avoid overstressing and failure. To investi-
gate the behaviour of gsuch composite dams under vibratory conditions, one
dam in Maharashtra (India) situated 90 km north of Koyna dam has been stue
died analytically and by model tests., This dam is a masonry structure in
122 1ime crushed-sand mortar., 4 section of the dam with the proposed earth
backing 1s shown in Figure 1. In this problem the most important point to
know is how far the contact between the dam and earth backing would be mai-
ntained during vibrations caised by earthquake motion. The whole problem
has been gstudied as follows:

(a) sMnglytical Study: Here the dynamic gnalysis of cemposite section
is carried out for Transverse Compoment of Koyna Earthquake of December 11,
1967 and stregses on the section of the masonry dam are calculated without
and with earth backing,

(b) Experimental Study: Free vibration and shake table tests under
sinusoidal steady state vibrations have been carried out on the dem model
without as well as with earth backing,

DYNAMIC ANALYSIS OF COMPOSITE SECTION

In order to determine the behaviour of the earth backing together
with masonry dam, a simplified dynamic analysis sppreach has been adopted
in which the interacting forces between them are considered as reversible,
Both bending and shear deformations are consgidered for magonry portion
while only shear deformations are considered for earth backing. The
following additional assumptiens are mede:

(1) Masonry dam and earth backing are treated as two vertical cantilevers
4 and B conmnected together by rigid links (Fig.2) cgpable of trans-
mitting only horizontal forces.
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(11) The soil could tske up dynamic tension which might be caased by dyna-
mic decrement in the earth pregsure (This assumption is made to obtain
linear analysis and would be valid if the dynamic tensions are less
than static compressions existing before the earthquake motion, Other-
wise the results would need adjustment),

(111)The two portions always remain in contact snd have the same displace-
mentg at all sections at any instant of time,

The procedure for determining dynamic characteristics of the composite
section is based on the flexibility coefficient method, The various equa~
tijons gre described below:

For loads [ PJ] applied to cantilever & of the composite gystem
(Fig, ), the redundant forces| R] and the deflection matrix of the com-
posite structure [x] are obtained as follows:

[®] = [e]'[s] 2] e 1
[=x]=[s]=]-[r]) e 2
61151 +[a) 3

[§]:[a] = influence coefficient matrices of structures A and B
regpectively each tagken alone.

Similerly for loads ["Q\]acting on structure,B, the redunance force matrix
[s] and deflection matrix [X]of the composite structure are given by

[s]=-[e]"'[4] [aJ e &
[x]=[alFad + [s] ) e S

For (2] = [1] and (0] = [1] [x] eqals [X] and will give th
combined influence u)efficie)gts. gt ° [ ] - give the matrix of

[ 2] =[mp’y] amala] = [2y.] cee 6

in vhich[n], [MJ are mass matrices of structures A and B respectively
each taken alone, p the natural frequency of the system and y the modal

dilplwnent of the oomposite structure cairsed d to £
euation (6)., Thus ue orces given by

{r} - Pz ([xJEad + [x]0d> §v§ | | cee 7
or { vf= o* [=TH}{s} | .. 8
In Bq. 8, [ x] 15 put equal to [ X], and "M = [\m}-i'[\l!l The natural fre-

quencies and mode ghapes could be obtained by solving eigen values and

eigen vectors from equation (8)., The mod
be qbtd.ned from the equatfon, ol refundme forcas {'R} sen oo

1R = #® ([RT0a] + [s]0n] v} | eee 8
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The redundant forces between the soil mass and the masonry dam give
the contact forces between the two parts A and B and if the lumped forces
are distributed on the length of corresponding segmentg, it would give the
contact pressures, 4t different instants of time, the dynamic contact
pressure will have positive or negative value. The maximum value of the
pressure or the separating force will ke given by the spectrsl valuve, Such
dynamic ‘increment® and ‘decrement® have been determined here for the first

mode of vibration,
STRESSES IN DAM UNDER VARIOUS CONDITIONS

The vertical normal stresses on four horizontal sections of the dam at
elevations 62,50, 73.2, 86,8 and 99.0m are calculated for various combinae
tions of loads described in Table 1, using the simple bending theory, The
stresses in existing dam without earth backing are presented in Teble 2 and
those in dam with earth backing in Table 3,

DYNAMIC EARTH PRESSURE

The dynemic imcrement or decrement in earth pressure obtained from the
analysis of composite section based on first mode of vibration is shown in
Fig. 3. This figure also shows the distribution of static pressure at rest,
In the case of dynamic decrement the resultant of static end dynamic presse
ures in the upper portion of the dam indicates temnsion. 4s the tension
cannot actually be taken by the soil, there will be separstion between fill
and dam above R,L, 108.2m, and a depth of 19% of the dem below the top of
earth backing could lose contact during vibrations, While calcailating the
stresses due to dynamic decrement, the readjustwent in the pressure diagram
is made as indicated in Fig, 3, such that the area of pressure diagram neg-
lected agbove R,L, 108,2 is added between R,L, 62,5 and R.%L, 91,4,

MODEL TESTS

A geometrically similar model of dam having scale factor 1/75 was tes-
ted under free and steady state sinusoidal vibrations. The details of model
tests are described elsewhere (1), The results of vibration testing showed
that the frequency of dam decreased while damping increased with the addi-
tion of earth backing, both the effects being advantageous in reducing the
dynamic response, Dynamic increment or decrement of pressure did not show
variagtion with the frequency of vi{bration, It tended to increase with the
acceleration and then become uniform, The contact between gand and the dam
was maintained at all points except near the top of the dam where visual
observation showed a separation over a small depth,

RESULTS

A study of the stresses presented in Tables 2 and 3 revesls varying
amount of tensile stresses in the dam in various load combinations, The
safe tensile stress for the dam could be tsken as 8.8 kglcmz. The main
regultg of this gtudy may be summarised as follows:

1. The theoretical determination of dynamic earth pressure ig corrobora-
ted by model tests in that both ghow a separation between dgm and
earth backing over a emall depth near the top., The contact {s main.
tained elsewhere along the depth although there could be reductfom in
static earth pregsure during shaking at certain instants of time,
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2. The analytical results show that earth backing does not improve the
stress conditions under earthquske forces. When earth backing is
uged, the tensfle stresses in the dam are increased under low ressr-
voir condition, Under the full reservoir conditions, the tensile
stresses are reduced only in the bottom 2/3 height of the dam by
varying amounts, Earth backing does not reduce the tensile stresgses
{n the upper oneethird height because contact of earth 1g logt with
the masonry during shaking. At all points, the tensile exceeds the
allowgble tensile stress,

CONCLUSIONS

From the analytical study and model test results, it can be coneluded
that earth backing has the beneficial effect of increasing damping but
does not prevent the cracking of dam to any sppreciable extent particularly
in the top quarter height, It ig however expected that the resistance to
complete failure is increased, a point which meeds furtler investigation,
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TABLE 1 . CASES CONSIDERED FOR COMBINATION OF STRESSES IN DaM

Case
No, Case Degcription

1, Degd load + Full resgervoir (R,L, 117,3) + Uplift
2, Dead load + Minimum reservoir (R,L, 91.4) + Uplift

3. Case 1 + Horizontal earthquake u/g to d/s

Vertical Earthquake
4, Case 2 + Horizontal earthquske d/s to u/s

+
+ Vertical earthquake
5. Case 1 + Egrth pressure gt rest
6. Case 2 + Egrth pressure at rest

7. Case 5 + Horizontal earthquake d/s to d/s + Vertical earthquake
. -E Dyn;nic decrement of earth pressure
. age 6 + Horizontal earthquake d/g to u/s + Vertie
» + al earthquske
+ Dynamic increment of earth pressure *
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TABLE 2 . VERTICAL NORMAL STRESSES IN DaM WITHQUT EARTH BACKING
Tensile gtress + (kg/ca?),

Compressive stress - (kglcnz)

R,L. of Cage 1 Case 2 Cage 3 Cage 4
Section | u/s d/s u/s d/s a/s d/s u/s d/s
m
99.1 1.05 "5079 -5.‘77 '0475 25.“ ‘moss ‘24.89 17..9
86.9 2.74 ‘8.34 '8-13 0.010 18048 "2&088 '17.,7 9.88
73.2 2.70 -8.85 '8.“ '0007 16¢°2 ‘22-‘8 ‘18.26 so”
62.5 3.69 -11,40] «8.31 1,73 15.79 24,45 | «18.28 7.8
TABLE 3 - VERTICAL NORMAL STRESSES IN DAM WITH EARTH BACKING
Tensile gtress + (kglcmz), Compressive stress o (kg/dlz)
R.L, of Cage 3 Case 6 Cage 7 Cage 8
Section| u/s d/s u/s d/s a/s d/s u/s d/s
LB
”.1 00096 .5.15 ‘707&' 0.11 25021 -31082 -30.05 210”
86,9 | -1,80 7,70 -12,71 -0, 66 16,47 -26.79 | -26.88 14,11
7302 -‘ow '8.73 '15015 °o05 11.70 -25.15 .27.’3 1109‘
62,5 | »4.10 «12,4 | el6,11 «2.75 10.50 -27.45 | -28.48 8.67
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DISCUSSION

M.V. Bhave (India)

The authors have carried out (i) Dynamic Analysis and
(ii) Model Tests to find out interaction effect in gravity
dams and earth backing. From model tests they conclude that
the frequency of the dam decreased after earth backing and
hence the effect of earth backing is advantageous to gravity
dams from consideration of dynamic response. But the conclu-
sion which appears to be based on dynamic analysis says that
the dam is not safe against cracking, perhaps this is due high
stresses worked out on the basis of dynamic analysis. The
discussor thinks that the damping will be helpful in reducing
the cracking potential also and hence this aspect needs fur-
ther careful consideration.

Author's Closure

The model tests as well as dynamic analysis indicate
that during vibrations, contact between the earth backing
and original masonry dam gets lost on the upper elevations
for certain intervals of time. Thus since the earth support
is lost, the high dynamic stresses near the top of the dam
are sufficiently large to cause cracking of the dam. There
is definitely some beneficial influence of earth backing,
that is; increase in period as well as damping, but it is
not adequate to contract the dynamic amplification of earth-
quake forces fully-.
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