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BLAST TESTS AT TENUGHAT DAM SITE
SHAMSHER PRAKASH* and MANT KANT GUPTAT

SYNOPSIS

enughat dam site, Bihar, India is likely to be subjccted to earthquakes. Blast tests
re’ carned out at the site, and laboratory fests were conducted on a horizontal vibration
at the School of Earthquake Research and Training, Rookee to ascertain the suitabili-

‘the Tenughat sand to withstand the anticipated ground shock without liquefaction and
essive settlement. Surface acceleration, pore pressure and surface settlement were measu-
(ﬁe field with distance from each blast point, and the maxinum settlement and ac-
ation occurring in each case were found by extrapolation to the point of defonation.
ﬁcld data obtained Wwere assumed fo be for a single cycle of loading and the effect of
bet of cycles was detemined from laboratory tests, The possibility of liquefaction is
gd, and the total setilement expected in the lifetime of the dam has been estimated
relation of the field and laboratory data.

INTRODUCTION

‘Tenughat Dam site is on the Damodar River near East Bokaro coal fields,
aribagh District, Bihar State, India, The site is situated close to the
1:margin of the coal fields. The area has experienced strong ground
‘as a result of seismic activity in the neighbouring Bihar, Bengal
sam regions. The basin feels the fringe effects of earthquakes which
iginate:in the seismic zone about 240 km to the north, but this region by
not seismically active. A seismic coefficient of 0.1 g has been adopted
design of the dam, aithough the peak ground acceleration may be

ests were carried out at the site in the bed of the river earmarked
dam.  Special gelatin (80%) was installed at a- 6 m depth in cased
-Each hole was filled with sand and the casing withdrawn before
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blasting. Both horizontal and vertical surface accelerations were measured
at various distances from the point of detonation. The surface settlemt?nt
and pore pressures at depths of 3 m, 6 m and 9 m were also observed with
distance from the blast point. The possibility of liquefaction, and the total
settlement expected in the life time of the dam under. the expected gro1'1ud
shock, have been estimated from the field and laboratory data. Detailed
laboratory tests were also performed on this sand and the results have been
presented elsewhere (PRAKASH and GUPTA, 1968).
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Fig, 1. Site layout for blasting tests.

DETAILS OF TESTS

Figure 1 shows a sketch of the layout of the test site. In all cases the
depth of charge was 6 m, the amount of charge was 1 kg and‘ the depth of
the acceleration pick-up was 20 cm; the distances of these pick-ups from
the blast points are indicated in Table 1, which also shows the measured
horizontal and vertical accelerations, In tests B2 and B3, the charges were
fired from the same location at an interval of one day. Figure 2 shows a
typical acceleration record (for blast hole BI3).
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- Settlements

placed at a ¢ m depth. The maximum settlement, when extrapoiated to
the blast point, is 19 cm. Assuming that the zone of influence of this

BLAST TESTS AT-TENUGHAT DAM SITE
Table 1. Measured horizontal and vertical aceelerations

Distance of 7 Horizontat Vertical
Blast Acceleration Acceleration, Acceleration,

No. Pick-ups (m) (2) (g)

B2 30 0.182 0.258
B3 30 0.156 0.372
Be 20 0.262 1.10

B9 i0 0.70 1.880
Bi3 50 0.0645 0.168

Settlements of the ground surface were recorded on settlement plates
- embedded at shallow depths. The pore pressure rises were observed on
improvised piezometers over a predetermined grid around cach blast point.
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Fig. 2. Typical acceleration records (blast "point Bi3).

ANALYSIS OF DATA

- Liguefaction

Figure 3 is a plot of distance against the ratio of pore pressure and ini-
tial effective stress. For complete liquefaction, this ratio should be unity

- (KRISHINA et al, 1967). The observed values are considerably less than
© unity, indicating that complete liquefaction did not oceur. Similar concly-

- sions were also arrived at on the basis of laboratory tests (PRAKASH and
- GUPTA, 1968).

Figure 4is a plot of distance against surface settlement for the [ kg charges
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biast below the blast point extends to a depth of one third of the blast, we get
| 19
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Tig, 4. Surface setflement as a function of distance from blast point.
. . ) T
Figure 5 shows acceleration plotted against distance for the tests

is hi i tio
eneral, the vertical acceleration is higher than the horizont-al acc(i:iletr.;{m1
End the: difference decreases as the distance of the obsgrvatlon poir
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last: point increases, This is because the.angle of emergence of waves
t-distances fromf the blast poini deviate slightly from the vertical;
rtical acceleration of the ground motion is, consequently, higher than
izontal acceleration. With increasing distance from the blast point,
ifference between the horizontal and vertical accelerations gradually
ishes, The curves given in Fig. 5 are extrapolated to the blast point
the estimation of the accelerations at the blast point. The seftlements
own:in. Fig. 4 occurred when the horizontal and vertical surface accelera-
s (Fig. 5) at the blast point were approximately 1.425 g and 2.90 g respec-
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. 5. Horizontal and vertical accelerations as functions of distance from blast point.

It-has been shown (PRAKASH and GUPTA, 1967) that in vertical vibra-
ons:there is an optimum acceleration to attain maximum compaction and
1t vertical vibrations are less effective than horizontal vibration in causing
mpaction of sand. At accelerations higher than the optimum, loosening

he:-sand takes place. On the assumption that vertical acceleration o,

bout half as effective as horizontal acceleration e, the effective horizontal
ration o, may be taken as _

o, = oy + 05a, = 2.875 ¢,

s, one cycle of 2.875 g causes a settlement of 2.4 %,
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Figure 6 is a plot of acceleration against percentage settlement of a sample
of the dam site sand on a horizontal vibration table in the laboratory

12
00—

.8 50
[+
X
E
3
b}
v
@
- 4 20 cycles 'L
5
& o

0

Q L] 20 30 a0 50

Acceleration g

Yig. 6. Settlements caused by horlzontal accelerations. .

(PRAKASH and GUPTA, 1968). From this figure can be read the combinat-
jons of horizontal acceleration and number of cycles for a settiement of
2.4%; these are shown in Table 2. These data are plotted in Fig. 7, which is
a plot on a logarithmic scale of number of cycles against acceleration for a
2.4% settlement. The laboratory and field points lie on a smooth curve,
which shows that the two sets of data support each other.

Table 2. Combinations of acceleration and ne. of cycles for a seitlement of 2.4%

dy, or te (g) No. of cycles
0.03 ' 200
0,034 100
0.04 50
0.08 20

In an actual carthquake, the shocks experienced may be of intensities .
both lower and higher than the design acceleration. If future shack conditions
are assumed similar to those for Obra Dam (KRISHNA and PRAKASH, :

1967), the details of the shocks to which the dam will be subjected in its
be as shown in Table 3. ‘The shocks have been converted -

to the equivalent number of cycles at a horizontal acceleration of 0.1g by

lifetime are likely to

means of the curve in Fig. 7. Tt can be seen that the dam is likely to undergo
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i

ut 250 cycles of an effective horizontal acceleration
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Fig. 7. Relationship befween accelerati
eratio
produce a settlement of 2.4 per c:ngnd number of cyeles to

Table 3. Possible Tifetlnte shock details for Tenughat dam

4000

No. of ' N i
. No. Eguivalent no.
Earthqu.ake‘g Maximum ¢e (g) C;,}clgg cycles aF O.lg (fl'?)il.‘n
1 Fig. 1)
0.2 3
it 2
0.05 % 2
. 50 21
2 0.15 10 30
g-(l)g 20 40
. 30 25
3 0.10 10 30
0.05 20 25
10 N 0.05 10 42
Total 257
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: [he maximum settlement of the sand with a 40 5/ initial relative density
s, ablout two-fifths the maximum settlement of that with a 209, initial
‘relative density, atan acceleration of 0.1 g,

t:has been shown that the total settlement of the sand deposit with a

PRAKASH AND GUPTA

] £ is: 5 % Under the same conditions, therefore, a 30 % initial relative
lensity \vall give a 49 settlement, and a 40% initial relative density will
a 2% settlement. The fotal settlement of the sand deposit at the Tenu-

parcent setttement
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& 0.2g
o 0.159
o 0.9
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Fig. 8. Relationship. bgt;\'ééf; settlement and number of cycles for
the sand under hoglzontal vibration in the Jaboratory.
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Figure 8 is a plot of number of cycles against per cent settlement optaine _
from laboratory fests on a sample of the sand deposit using a h.onz.ontal, :
steady state vibration table; from this, the settlement of the deposit with an.
initial relative density of about 20 o for 250 cylees of 0.1 g is seen to be about .
59, For the 15 m thick sand deposit at the dam site this would mean a:
settlement, therefore, of 75 em. The relative density of the sand deposit
increases with depth, however, and it may be assumed that this varfes with
depth at the Tenughat dam site in the manner reported by YOKQVL]EV.
(1967), i.e. the relative density from the surface to a depth of 3 m is 30 /?,:_
“below that it is 40% for the remaining 12 m. The total set'tlement of this
deposit with variable relative density can be assessed from Fig. 9 as follows
(PRAKASH and GUPTA, 1968):

a) The maximum settlement of the sand with a 309 initial relative df’.n‘si'ty'_
is about four-fifths the maximum settlement of that with a 207 initial

relative density, at an acceleration of 0.1 g.

| 7]

i

—
L
by 1

1
1
\

El
w 20 30 ) .40 50 40 70 80 9C 100
Initicl relative ogensity percent

Fig. 9. Settlement as a function of initial relative density of sand.

CONCLUSIONS

The follov'ving conclusions are arrived at on the basis of the field blasting
ts and their correlation with the laboratory data. Similar behaviour is
_«;Iy o be exhibited by other similar sands.
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1. Tenughat dam sand is not likely to liquefy under the anticipated ground
motion and, therefore, compaction of this sand prior to the dam
constriction is not necessary.

2. The field data obtained on setflements under vibration are in conformity
with the laboratery data obtained previously.
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