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Forced vibration tests were conducted as per IS 5249 at a site in north-wvestern Hajas-

than. The soils at the site are seta-stable acolian sands, piled up in the fore of sand dunes. The

test results Indicate that, at shallow depths,

in the loose to medium dense sands which are in the
unstable part of the dune, the response under dynasic loading is poor.

The two peaks in the amspli-

tude-versus frequency curve suggest that the soil structure was probably collapsing and the sands

were re-arranging Into a sore coapact state.
more stable solls.

INTRODUCTION

As a part of the detalled geotechnical investi-
gation done for a power project in north-weastern
Rajasthan, block vibration tests vere perforamed
for the design of the turbogenerators and other
dynamically loaded structures.

This paper presents the results of forced vibra-
tion teats conducted as per IS 5249-1977. The
test results have been analysed, correlating
with the soll conditions, so as to evaluate the
dynamic characteristicas of the aecolian sand.

SITE STRATICRAPHY

The soils at the site are primarily calecareoun

fine sand. These sands have been deposlted by

the aeocllan agencies. The dune sands of the

Thar desert, are meta-stable and have hydro-con-

solidation gotumtltl due to cesentation of fine
cle

sand particles with calcium carbonate (Hag and
Kibria, 1994).

The surficial sollas are loose with N-values less
than 10 to about 3 to 4m depth below the ground
surface. This 1is underlain by medium dense
soils with N-values of 10 to %0 to about & to Ba
depth. Below this depth SPT wvalues increase ra-
pidly vith depth, exceeding 100 below about 9 to
10a depth. These sands belov 6§ to Ba depth ex-
hibit weak carbonate cementation and conse=-
quently the SPT values are high.

STABILITY OF DUNE SANDS

Dune sand 1s an aeolian deposit. Alas Singh ot

ml (1985) classify It as a setal-stable or

collapsible soil that goes through radical re-
rangesent of particles and loss in volume upon
stting vith or without load application.

The SPT values and relative density of the soll
are a function of the overburden. Thus, higher
the overburden pressure, the lowver 1is the
relative density for the same SPT value. As per

Tests wvere also conducted on the deeper relatively
The test results vere effectively used to design dynamically loaded foundations.

Alam Singh et al (1986), at 3s depth, the dune
is unstable for SPT wvalue of 9 to 15 and is
stable for SPT values of 12 to 25.

BLOCK VIBRATION TESTS

Plain concrete blocks of dimensions 1.5m by 0.75
by 0.7m were cast at about 3a depth at four
locations at the project site wvhere dynamically
loaded foundations were planned. In addition,
at Location No.1, a block vas casted at Ba depth
to test the deeper soils.

A mechanical oscillator and a DC wmotor were
fixed on top of the concrete block. A apeed
control unit and a display device were connected
to the osecillator through a 220 velt powver

supply. Geophones used were calibrated prior to
start of the test.

Forced wvibration tests were conducted In both
the vertical and horizontal modes. Sinusoidal
vibrations were generated, with the line of
action of the vibration coinciding with the
centre of gravity of the test block. The tests
vere conducted at different settings of angle of
eccentricity of the rotating masses.

PRESERTATION OF RESULTS

The field results are preéesented as amplitude
versus frequency curves on Figs.1 to 5. The co-
efficient of uniform elastic coapression {Euland

the coefficient of unifora elastic shear H:t}

have been computed usingmthi resonant frequency
values as per IS5 5249. &5& two parameters {Cu
l{:u and C )change in inverse proportion of the

square root of base area (Barkan, 1952) for
areas upto 10a2. For larger areas, the t:u and

f..‘t values for 108® may be usesi. The resonant

frequency and dynamic force are presented to-
gether with C , C, and dynamic Young's modulus,

E, on Table 1.
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Location VERTICAL FORCED VIBRATION TESTS
Eccentri- | HResonant Dynamic Coefficlent of Uniform ODynamic
city, Frequency Force Elastic Compression, Young's
Degr.2s Cycles/ at Reso- ﬁﬂl’ Modulus
Sec. rance, For 10 @2 kgfom?
kg. Bl ock Area.
Location
No.1
Depth=3.0m 32 35.8 227.1 B8.67 «91 Tl 15.3 32.7 1.86 0.62
48 30.2 318.7 6.14 .06 5.1 15.0 46.7 1.80 0.60
Depth-8.0m 40 49.3 349.6 16.44 -T2 13.7 28.0 112.6 6.27 2.18
52 47.7 418.3 15.35 «34 12.8 27.5 139.2 6.05 2.10
64 47.1 495.1 15.03 .23 12.6 27.2 164.3 5.90 2.05
Location
No.2
Depth-3.0m 32 37.8 162.8 9.67 3.29 8.1 20.5 59.2 3.36 1.13
48 34.0 240.2 7.81 2.62 6.5 20.6 84.5 3.25 1.09
64 30.5 291.8 6.29 2.11 5.3 19.6 102.9 3.04 1.02
Location
No.3
Depth-5.0m 32 39.3 217.8 10.45 .51 a8.7 23.0 T4.2 4.23 1.42
48 36.5 276.8 9.00 .02 T=-5 22.7 106.7 4.11 1.38
64 35.7 344.3 B.60 .88 T2 21.8 129.0 3.81 1.20
Location
No.4
Depth=3.0m 32 38.7 210.5 10.10 .39 8.4 25.0 BB.O 5.00 1.68
48 36.7 279.3 9.08 .05 7.6 24.5 124.7 4.80 1.61
64 36.7 363.9 9.08 -05 7.6 22.7 139.1 4.1 1.38
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Fig.1: Forced Vibration Testsz at Locatlon No.1
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DISCUSSION OF RESULTS

The test at Location No.1 was conduckted on the
windward side of the sand dune. The soils at
this location were loose and unstable. The
field SPT wvalues also indicated that the soils
at about 3m depth were in the unstable part of
the dune. The amplitude versus frequency curve
for the wvertical wvibration test showed two
peaks. The two peaks suggest that the soils
under the biock were probably settling under the
influence of the dynamic load. The settlement

FREQUEMCY IM cpm s 100 FREQUFNCY W zpm K 10D

Fig.2: Forced Vibration Tests
at Location No.1

of the block iz attributable to the collapse of
the so0il structure and the consequent re-
arrangement of the sand particles into a more
compact state. The -Eu and {.'t values were also

very low and it was unpractical to design the
foundations for =such low parameters. There=
fore, the soils at 3=a depth at Location No.1
was considered unstable and wunsuitable for
supporting dynamically loaded foundations.

Based on the borehole data and the results of
this test, it was decided to construct the TG
foundations at Bm depth. The test at Bm depth
at Location No.1 confirmed that the soil strata
was compact, dense and suitable to support
dynamic loads. Thus, the testing was used
effectively to design the TG foundations.
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The test at Location No.2 which 1s about
100m away from Location HNo.1, indicated
somewhat better conditions. Excessive

settlement of block or highly unstable con- g

ditions were not observed.

The soil conditions at Location No.3 and 4
(about 500 €0 T00m from Location No.1)
showed that the soils at 3m depth were in
the stable part of the dune (SPT values at
test location beneath the block exceed 12 to
15). The test results indicate relatively
stable conditions on comparison to Location
No.1.

AMPLITUDE

CLOSURE

Dune sands are wvulnerable to disturbance.
Under dynamic loads, these sands are susce-
ptible to excessive settlement due to
collapse of soil structure. Careful planning
and thorough testing Is essential to ensure
stability of dynamically loaded foundations on
aeolian sands. It should be ensured that the
foundations bear on the compact soils the
stable part of the dune. Further research and
field testing 1s required te understand the
complex nature of this class of arid soile.

REFERENCES

IS 5249 (1977): Method of Test’ for Deter-
mination of Dynamic Properties of Soil (First
Hegiaiun}. Bureau of Indian Standards, New
Delhi.

Izhar-ul-Haq & Sohail Kibria (1994), "Engineer-
ing Characteristics of Arld 5o0ils", Engineering
Characteristice eof Arid Solls, Fookes & Parry
(eds), Balkema, Roterdam, pp 91-94, Prec., Ist
Int. Symp. on Engg. Characteristics of Arid
Spils, London, 1993.

Alam Singh, Punmia, B.C. and Ohri, M.L. (1985),
"Hegional Deposits - Desert Soils", Indian
Contributions to Geotechnical Engineering, A
commomerative volume released on the occassion
of XI ICSMFE, San Francisco, Sarita Prakashan,
Meerut, pp 44-53.

Alam Singh, Punmia, B.C. and Ohri, M.L. (1986),
"Geotechnical Behaviour of Dune Sanda™, Mono-
graph on Science and Engincering of Desert
0i1l18%, Current Practices in Geotechnical
Engineering, Vol.3, International Book Traders,

Barkan, D.D. (1962), "Dynamics of Bases and
Foundations®, McGraw Hill Book Co., New York.

RELATIVE
ey :
=]

aae
VERTICAL TEST TR 1% HORIZOMTAL TEST
U
M
TTEST DEPTH 3m E“' - o Y TEST DEPTH: I m
1o ; : |
| = ) 1% |w
= I L s
BL 6 | i7s =
i
| : 3 o PO i
.I:. F A -Ii“ﬂ‘ -
F 1245w e .
H -
r =
I - | — k1
o s 2o R ™
y = 4 L3y
£ %m -r-*j
el TEST DEFTH= 3m | g
s 2% R | Concrete bicck sive] B 13 3 )
FREQUENCY N cpm x MOO 150 mE0TSme FREQUEMNCY IM cpm x 100
Fig.3: Forced Vibration Tests at Location No.2
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Fig-4: Forced Vibration Tests at Location No.3
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Fig-5: Forced Vibration Tests
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