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SYNOPSIS :  Forced vibcation tests were conducted as per 18:5249 in conjunction with repeated triaxial tests at a site in Pampore

(Jammu & Kashmr)., The soils at the site consist of hard over-consolidated desiccated silty clays of the Pir Panjal Trap. The test resullis
indicate & very good dynamic response and also an increase in dynanue seil paraneters with depth. Values of coefficient of uniform elastic
compression, coefficient of umform elastic shear and dynamic shear modulus measured from the feld tests, as well as the Iaboratory tests

are reported here to tllustrate the dynamic response of the hard silty clays of the Pir Panjal Trap.

INTRODUCTION ;

As a par of a detailed geotechnical investigation for & power
house project at Pampore (about 13 kin from Sninagar), Jammn
& Kashmir, Block wvibration tests were conducted 1o determine
the dynamic properiics of the sotls required for the design of
turbo-generators and other dynamically loaded structures.

‘This paper presents the results of forced vibration tests and
repeated triaxial tests conducted as per 18:5249 - 1977, The
tesl mesults have been analysed, comrelating with the sol
conditions 1o assess the dynamic behaviour of the very stiff to
hard clays encountered in thig area,

HEGIONAL GEOLOGY

The Pir Panjal Serics (Wadia, 1975), is divided into a Lower
“Agglomeratic Shales” and an Upper “Panjal Trap™, a lava
composed basaltic formation. The deposits are of Upper Triassic
to Permian Age. The soils at the site¢ are compact, hard over-
consolidated elays of the Pir Panjal Trap.

SOIL PROPERTIES

The soils at the sile consist of very stiff to hard silty clay and
classify as CT ag per 18:1498-1970. Standard Penetration Test
(SPT) values generally exceed 12 to 15 and increase comsistently
with depth, mesting refisal below about 15to 17 m.

The soil properties based on laboratory tests conducted are as
follows:
Liguid Lint 3810 52%
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Plastic T imil 2210 28%

Shrinkage Limit 190 21%

Free Swell Index : < 15%

Moisture Content ; 10 10 20%

In-situ Density 1.5102,05 glec

VU] Triaxial, Total stress

praramefers p=0 ¢&=2103.5kglsqom.

U ‘Triaxial, Effective

siress parameters ¢'=28t034” ¢’ =0.1510
0.3 kgfsg.cm.
Consolidation Test,
compression index, Cc (.04 10 (.06
Owerconsolidation Ratio 5 fo 6.(@ 2 m depth,
3o 4@ & mdepth

The groundwwater in the arca is substantially deep. The moisture
contertl of the soils is less than the plastic limit. The clay is
desiccated and hard in congistency,

The stratipraphy from four typical boreholes pear to the four
block vibration tests reporied in this paper is itustrated in Fig, 1.

BLOCK VIBRATION TESTS

Yoreed vibration tests were performed on eight 1.5 i by 0.75.m
by 0.7 m size plain concrete blocks casied at different locations at
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FIG 1 :

SITE STRATIGRAPHY

the site. Results of four tests are presented herein to illustrate the
dynamic behaviour of the clays of the Pir Panjal Trap.

A mechanical oscillator driven by a variable speed DC motor
mounted on top of the concrete block was used to conduct the
tests at different setlings of eccentric masses. The oscillator was
set to produce vertical harmonic excitation causing vertical mode
of vibration or to produce horizontal harmonic excitation causing
the block to vibrate in coupled translational and rocking mode.
The vibrations of the block in either mode of vibration were
picked up by a velocity pick-up, the signals of which were
integrated, amplified and read on a vibration meter.
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REPEATED TRIAXIAL TESTS

Block vibration tests are considered superior, being closer to the
field conditions. Yet, repeated triaxial tests have the advantage
of giving the trend of vanation of dynamic properties of the soil
with depth as well as laterally, thus giving flexibility in decision
regarding the depth of foundation for the machines.

The tests were conducted in the laboratory on undisturbed soil
samples of 38 mm diameter and 75 mm long under unconsoli-
dated undrained conditions. The samples were subjected 1o
confining pressures of 1 to 3 kg/sq.cm.  Devialor stress was
varied between 1.1 and 1.7 kg/sq.om. which was approximately
* 20 percent of the expected static bearing pressure on the soils.
Typical results from one test is presented in Fig 2,
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FIG 2 : TYPICAL RESULTS OF REPEATED
TRIAXIAL TEST

PRESENTATION OF RESULTS

The field results are presented as amplitude versus frequency
curves on Fig.3 to 7. The coefficient of uniform elastic compre-
ssion and the coefficient of uniform elastic compression are com-
puted using the resonant frequency values as per 18:5249. The
data has been extrapolated 1o the standard 10 sq.m. area using
the inverse square root relationship as given by Barkan (1962).

The resonant frequency and dynamic force are presented together
with the coefficient of uniform elastic compression, coefficient of
uniform elastic shear and dynamic shear modulus on Table 1
and 2.

From repeated triaxial tests, the value of dynamic shear modulus
and coefficient of uniform elastic compression (10 sqm. area)
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TABLE 1 : RESULTS OF VERTICAL FORCED VIBRATION TESTS

Location Angle of Resonant | Dynamic force Coefficient of uniform elastic Drynamic shear
eccentricity | frequency | at resonance COMpressi cu.cm .| modulus
degrees cyclepfsec. | kg For testblock | For 10 sq. m.area kglsg.cm _

BV-A 104 50.4 426 17.2 5.8 406

Depth 1.5 m 120 47.6 417 153 5.3 371

BV-B 104 533" 476 19.2 6.4 488

Depth 1.5 m 120 51.5 489 17.9 6.0 420

BV -C 8 9.8 248 24.2 8.1 567

Depth 3.5 m 48 58.7% 298 232 78 546

&0 51.5% 351 224 1.5 525
BV - D 24 64.7* 185 283 9.5 665
Depth 3.5 m &0 61.6* 403 24.] 8.1 567
* Extrapolated Values
TABLE 2 : RESULTS OF HORIZONTAL FORCED VIBRATION TESTS
Location Angle of eccen- Resonant freq- Dynamic force Coefficient of uniform elasti ‘cu.cm
tricity, degrees uency, cycles'sec. | at resonance kg For Test Block For 10 sq.m. area .
BV-A T2 41.2 212 13.6 4.6
Depth 1.5 m 83 41.0 249 13.4 4.5
104 39.6 263 12.5 4.2
BV-B 72 43.5 237 15.1 5.1
Depth 1.5 m 88 41.6 256 13.4 4.5
104 40.0 268 13.8 43
BV -C 38 450 140 16.2 5.4
Depth 3.5 m 43 44.1 168 15.6 5.2
&0 43.0 197 14.8 5.0
BV-D 24 48.4 104 18.7 6.3
&0 46.1 226 17.0 5.7

were calculated as per 18:5249-1977. Some of the test results
are shown in Table 3. VERTICAL JHORIZONTAL]
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TABLE 3 : RESULTS OF REPEATED TRIAXIAL TESTS et ol /-Ea'@ oamon 4 bt
! e £ T 77
Location| Depth | Confining | Coefficient of uniform | Dynamic ?—'m / ! g;::d / / h
Pressure | clastic compression | Shear - 7 e 7 / ] 5
(Area=10sq. m) |Modulus i = ] i
m_ | kglsqgcm. cu.cm kg/sg.cm . - fa B ,-": :m T o=T"
Near  |5.25 1.0 40 283 > 100 / = :
A 525 | 3.0 3.3 230 = A < ;
& E.25 1.0 4.2 292 S sol==t o ;
B §.25 3.0 6.6 460 | =
Mear 5.25 1.0 7.1 495 0 o
525 2.0 8.2 578 32 36 &0 & 48 52 30 34 I8 42 &b
¢ 595 10 12.3 867 FREQUENCY , CP.S FREQUENCY,C.PS
& 11.25 1.0 8.2 378 FIGC 3 : FORCED VIBRATION TEST
I 11.25 2.0 6.3 442 AT LOCATION A
1125 1 30 2.0 -5 -
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DISCUSSION OF RESULTS

The test results show high resonant frequencies in the vertical
and horizontal modes of vibration. The resonant frequency in the
vertical vibration test ranges between 47 and 54 cycles per
second at 1.5 m depth and between 57 to 65 eps at 3.5 m depth.
In the horizontal vibration test, the resomant frequency ranges
hetween 39 and 43 cps at 1.5 m depth and between 43 and 49
cps at 3.5 m depth.

The cocfficient of uniform elastic compression for the standard
10 sy.m. area ranges from 5.3 to 6.4 kg/cu.cm at 1.5 m depth and
from 7.5 to 9.5 kg/cu.cm. at 3.5 m depth. The coefficient of
uniform ¢lastic shear ranges between 4.2 1o 5.1 kg/cum. at 1.5 m
depth and from 5.0 to 6.3 kg/cu.em a1t 3.5 m depth. The
dynamic shear modulus ranges from 371 to 488 kg/sq.cm. at 1.5
.m depth and from 525 to 665 kp/sq.cm. at 3.5 m depth.

The parameters are fairly high indicating that the response of
these soils is very good under dynamic forces. The data was used
cliecuvely 1o design dynamically loaded foundations for the
power house,

Although a large number of repeated triaxial tests were
conducted, no definite trend could be established for the dvnamic
properties obtained through these tests for the arca as a whole.
‘The values of dynamic shear modulus and coefficients of elastic
unform compression are also high as shown in Table 3.
However, the dynamic parameters from the repeated triaxial tests
are lower 1n comparison to the field values.

CLOSURE

The clays of the Pir Pamal Trap are very suff to hard n
consistency.  The lest resulis highlight the good dynamic
response of these clays as well as the increase in dynamic soil
parameters with depth.
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FIC 4 : FORCED VIBRATION TEST
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FIG 5 : FORCED VIBRATION TEST

AT LOCATION C
0. [VERTICAL 120 [FORIZONTAL]
LOCATION . D LOCATION . D ;
5o DEPTH - 150m 0o PEPTH - 1.50m
< "
3 S e
= 0 = 0 Ay
& -
£ e /Yo
« ¥ —freai TS b &0 =
E _..-""l..'. i ! ,-"'; _.r":ﬂfé-i"
5 O % o
™ EEE et u A /
2 10 T 20 *'f_,..f
W
o o
W M 0 & i 22 2% 40 i o w2

FREGUENCY , C-PS FREQUENCY, CPS

FIG 6 : FORCED VIBRATION TEST
AT LOCATION D



