—

oy

;ﬁmmﬁmﬂimTammwm 7

i1 ATIN
mﬂf

i Vauuy, om — s NN (o
5 gHAVIOUR OF AN EXCAVATION i ygiry e AN
n, MPROVED SOIL BERM s
|
hanado] Kongsomboon
; Ll Engineering Department, Srinakarin Universi!y
rer,
L Lecti
Blopme"t Tan T hiam Soon
B I .
5 iate Professor, Civil Engineering Department, National University of Singapore
Assoc
warakorn Mai-raing
ciate Professor; Civil Engineering Department, Kasetsart University
nvi Ay
lIlVlronmeﬂ[a] As
3.

ABSTRACT: In a supported cxcavation in poor ground - condition, the maximum  wall deflection usually occur
selow the final excavation level, where it is impossible to instal] struts.

One solution s o improve the soil at th
level prior to excavation to provide effective lateral restraint against wal| deflection,  In cage of large excavated ares
only a peripheral improved berm is necessary. Hence the term embedded improved

soil berm is used in this pape

L b Tl of sisgrics of in-flight excavation tests conducted in the centrifuge.

The results show
that for an embedded berm, the berm resistance to the wall is provided by the interfacial resistance

and lateral bearir
capacity. Hence, foran embedded berm,

the controlling parameters are the area of contact rather than the stiffness of

N mpeaveh ayer, Testusing  ver hish stiffress improved layer in one of the tests shows only a marginal improvement,

IMPROVED SOIL, BERM, SHEAR RESISTAVCE

Jet grouting and deep cement mixing have proven to be
eﬁecﬁw in such situations to control the deflection of retaining
TS such as skyscrapers, ma ot wall and hence the ground movement (Tanaka, [5], Liao and
i o o Tsai, [3], Yong and Lee., [7], Sugawara et al., [4])

In many practical situations, the area to be excavated is
simply too big for complete improvement of the entire sofl layer
insiﬁe r.he excavation. Instead, a berm is provided with the
expectation that if it is long enough, this is the same as
S the entire layer. The term embedded improved soil

i

m I usad to describe this form of soil improvement. When
berm is used to

in focus is on the control
Hm, i% hm'quea s _employnd, the main

ot the stability of the excavation. But, while

of this technique has been shown in many
) ve study of this stabilisation




t has yet
technique, in particular, how it controls the movemen Yy

to be carried.
ew of the shortcomings of using field data for

¢ investigation, correctly scaled physical
s still preferred. In geotechnical

for processes where

In vi
detailed mechanisti
modeling, though challenging, i
engineering, it is now recognised that
tresses play an important role, centrifuge provides the

geostatic s
carry out such physical model tests

only coherent way to

(Taylor, [6]). A centrifuge is used to create a high acceleration

field to ensure carrect scaling in a small model. However, for

realistic simulation, it is important to ensure that key
construction activitics are simulated in-flight. This necessitates
the development of relevant robotics, available to only a
handful of centrifuge research centres.

As an improved soil berm is not constrained at one
end, it is essential to establish whether it functions like a strut as
is intended, or other mechanisms come into play. Thus the
objective of this study is to develop an understanding of the
mechanics at play when an embedded improved soil berm is
provided below final excavation level in an excavation, A
series of excavation tests in 100g environment, with different

configurations of improved soil, had been carried out on the

National University of Singapore’s centrifuge (Lee et al,, [2])
The results of these e

three tests. The first test, TW/O, wag g,

l . exca‘mtiu
where no soil improvement had been Provideq : n
- In

Fe 4 TBS
entire layer of soil in the passive side Whas improved lTsTaan

5 80 t!mfhe
shiﬂihg
e i

improved soil layer behaved like a stry ot
en re
inward movement of the retaining wal),

L100, a 100mm long berm with the samg thicky
€SS g in
Ty

TST is improved. The location of thig berm jg ¢
© Samg o, .
in

Model
Mﬂde]
TW/O
TST
Model
TB-L50

Test TST as shown in Fig. 1.
Figure 1 Typical models of excavation
Thus in Test TB-L100, there is a length of 50mm of
untreated soft clay between the improved soil berm and the side
of the container. This means that one end of the berm is

restrained.
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n e,‘cawunk’ This figure shows the movement is for the entire  gepy, b
e Tes'T'ST.anl cavation to a depth of 60mm in model scale. The figure shoy, beha\;our uwnh it shape.  This patiem of
FOveq, 501y % e:ﬂl st TW/O, where no soil improvement is provided, the i that“:’:Slstlent With the ideq of slip planes. The dats
aining ;,au geflection and ground settlement become excessive very reaches just 20 ]:r: i l.]lane 'S formed when the excayation
€ thirg s, orly 0 excavation has reached a depth of about 10mm, 1 > Cquivalent to 2m i protatype scale,
kness o inT, antast D Test TST where an embedded improved soil strys i
§ the Smmaiin provi Jed, the wall displacement at this point is very well
PEE!___ wnlrolled and is about Imm when the excavation reaches
ST gomm, while the surface settlement is slightly less than 1mm, 3 S,
This simple comparison clearly shows that an embedded “ ;‘;‘;'g;;:«e-:;:‘;aﬁo Bl IR
B imprﬂ\’ed soil strut is effective in controlling the movement " ) At 20mm exeaation
_D_d_e_]___ associated with an excavation. ol : 240
':}” In comparison with Tests TW/O and TST, Test TB- 1 e
SI:.]L(: L100 indicates that the provision of an embedded improved soil o i :;ég
perm is also effective in restraining the wall deflection and ,., i “ — :ég
: surface settlement, especially during the early stages of (c:’::;;:;::;;aﬁm (d;..:;.;.gm.,....,..f :
8 excavation. During these early stages, the behaviour of an Figure 3 Displaccment contours : rrrm b
th of 50 of urs In excavation side for Test TW/O
excavation stabilised by an improved soil berm is almost the
i same as that when stabilised by an improved soil strut. ;-
he berm is not il S
However, after about 35mm of excavation, any restrain &l H $
provided by the berm is almost non-existent and the behaviour ,!1 m : i |
rations of soi dhanges totally, and I similar to that of an excavation "'" 2
T : o e o
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For Test TB-L100, Fig. 4 shows that tl
distinctly different from that in
pattern indicates sudden increase in
excavation reaches 45mm (Fig. 4(e)).
movement is concentrated around the
berm. Thus the presence of an improved berm h

ining wall is s The
mechanism by which the retaining wall is supported.
anism b

magnitude of displacement was obviously much less than those
in Test TW/O especially in the early stages of excavation. Very
sipnificant movement indicative of shearing appears only when
the excavation process reaches S0mm as shown in Fig. 4(f).
This probably means that the berm has failed at this stage — this
is supported by the wall deflection and surface settlement
shown in Fig. 2.

A closer examination of the displacement contour
indicates that the contours at the end of the berm all have a
concave curvature for excavation less than S0mm. This means
that bearing failure at the end of the berm has not occurred.
However, on reaching an excavation of S0mm, and when it is
clear from other indicators as well that the berm has failed, the
shape of the displacement contours changed dramatically and js

consistent with a bearing failure gt the end of the berm As

indicated j S Vi
ed in the contours for 50]’1’]]]’] €xca al[on a shearing plane
s

e .
15 formed from the Jower tip of the end of the berm and inclined
e

Up to the surface,

2.3 Effect of stiffness of improyeq berm

e pattern is
Fig. 3 for Test TW/0. The
magnitude only when the
Further, significant
location of the improved

as changed the

before being used in the test, |y these ¢
SE tyw,

: ; O caseg. th
moduli are as follows:
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The lateral wall deflection

Test

at one pojnt and the gy
- : lagg
settlement at a distance of 50mm behind the wall f \
Ao thegs |
- W
tests are shown in Fig. 5 together wi
g 5 tog ith results f
S Tom Tegts 7,
S Tp-

L100 and TST. The results show that the .

all MoVement g
surface settlement for the different tests with i
Sts with impr
oved ber
of
widely varying modulus are pretty much the same, especig||
e L ) Clal Y in

the early stages of the excavation. This series of results Jend
ends

support to the hypothesis that the stiffness of the improveq gy
does not play a dominant role in an cxcavation where g
embedded improved soil berm is used. This is unlike the cas;
where an embedded improved soil strut is used, thus confirming

that using an improved soil berm is not the same as using

improved soil strut,
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Figure S Lateral wall deflection and surface scttlement of

excavation model TST, TB-1 | 00, TB-ALR-L100 and TB-HSLI0
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Thus, due 10 the fact that the end of ap embeddeg
565 y : i
oo 4 soil berm is not restrained, unlike the case in ap
(<
improY :

od soil strut, the berm can move relative to the soil. In
improY

£this, it 18 the combined resistance from eng bearing anq
A

car resistance that plays an important role,

interfaCial sh L

such an embedded berm, it is therefore important tg

::e that when the length is changed, the end bearing that can
215 0 4o mobilsed will be nearly the same whereas the mobilised
int ang the Slify interfacial resistance is dependent on this length,
wall for these py,
8 from Teg T 24 Effect of surface area of improved berm

all MOVemen 3y n the last test to be reported, Test TB-L50, the length of the

'mproved heyy, of improved berm is shortened to 50 mm, while the thickness is

Ame, especiay i, kept the same, so as to ascertain the effect of length.

i ln Effectively, in this case, the contact area for the mobilisation of

he improved i interfacial shear resistance is halved, compared ta that for Test

vation where g TB-L100 reported earlier. The behaviour observed is shown in

s unlike the case

Fig 6 for the wall deflection and up to an excavation of 10mm,

, thus confiming

the behaviour is almost indistinguishable from Test TB-L100.
- same as using Thus during the ini

}

45
¢

i

effectively acts a berm and the resistance to the wall is

margin, but no the bearing Capacity,

e i Which is likely tq e about

3. Conclusion

bracing is ysed, To control this deflection and hence the
associated pround movement, a typical approach is to improve
the soil where the maximum deflection s expected so as to
provide an embedded improved soil stryt at this location,
However, when the area of excavation is large, this may not be

cost-effectively feasible, and the alternative is to provide an

improved soil berm of sufficient length.

This paper has examined in details the behaviour of an
excavation stabilized by embedded improved soil berm used to
restrain the deflection of the retaining wall below the final
excavation level. This examination is based entirely on results
from excavation tests conducted on the centrifuge with in-flight
excavating capability. The amin conclusions that can be drawn
are:

A) For excavation in soft soil, the use of an embedded
improved soil layer, whether in the form of a strut or berm, is

effective in restraining the wall movement.

B) In the case where an entire soil layer is improved, the
improved layer acts effectively as a strut, and the stiffness (ilf
the improved layer is the important parameter. However, if
dn_l:y a part of the soil is improved, then the improved layer

\he interfacial resistance and bearing capacity.
b proved soil berm, the impartant
o ‘&mwmmmmoﬂhe
i um.mmmoflhw‘ﬁm




ffness will only produce & marginal improvement

very high sti
in resistance t0 the movement of the wall.
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