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ABSTRACT: This paper presents two case histories on theps#l of 10m high crib wall with 4m high piled reirded concrete wall on
top and excessive creep movement of 3m high gelastjatreinforced soil wall. In both cases, the wallere built to retain a filled batter
slope with gradient of 1V:1.5H. Investigating preses consisting of site reconnaissance, topographyey, subsurface investigation,
laboratory testing and assessment of both extemdlinternal wall stabilities will be briefly disssed in this paper. Rainfall records
spanning the period before failure incident weréhgaed to reveal the relationship between the railind the rainfall. This paper also
presents the ineffectiveness of reinforced congiR) piles in taking bending moment and lateraldlérom earth pressure. Finite element
analyses were also performed to verify the inhefi@htre mechanism of the lower crib wall, the uppied reinforced concrete wall and the
geosynthetic reinforced soil wall. In addition, rfial solutions are also presented in this papdetoonstrate its effectiveness.

1. INTRODUCTION

Various types of high retaining walls with heighhging from 10m
to 15m are inevitably required for hill site devaioent in order to
provide the required building platform and to maisenland use.
This paper presents two case histories on thepsalaf 10m high
crib wall and excessive movement on geosynthetidoeed soil
wall in a hill site development.

as shown in Figure 3. Whilst the backfilled matevidéth average
SPT-N values of 5 was found on top of the residods.

2. CASE HISTORY 1 — FAILURE OF CRIB WALL WITH
PILED REINFORCED CONCRETE WALL

In March 2006, a newly constructed crib wall witited reinforced
concrete (RC) wall seated atop collapsed duringirding season in
Kuala Lumpur, Malaysia. The crib wall, piled RC Wwand

backfilled batter slope (about 62m long) with tat&ight of about
15m had been built at the site to retain the bugdplatform at
reduced level RL 213.13m. The 3 headers crib wiahea collapsed
section has a height of about 9.4m to 10.6m. A 4gh Ipiled

reinforced concrete (RC) wall was constructed gm @b the crib

wall with an offset of 4m away from the crib wallhe RC wall was
built with a 2.4m width base and supported by tews of vertical
150 x 150mm RC square piles at 1.25m centre-toreespiacing. A
filled batter slope with gradient of 1V:1.5H wasethconstructed
above the RC wall. Figure 1 shows the conditiorthef collapsed 1
crib wall and piled RC wall whereas Figure 2 shdles subsurface 3
investigation (SI) layout plan. 1
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Figure 3 Subsoil Profile

2.2 Assessment of Retaining Wall Stability

An earthwork section of the collapsed crib wall giledd RC wall is
shown in Figure 4. External stabilities (overtumisliding, bearing
capacity and global stability) of the crib wall apded RC wall
were examined in investigating the probable caudehe failure.

i - E— L » %
Figure 1 Collapsed Crib Wall and Piled RC Wall

2.1 General Geology and Subsoil Condition

Based on the Geological Map of Selangor, Sheet @la&KLumpur
published by the Geological Survey Department, #ie is
underlain by Granite formation. Generally, the silbstrata below
the wall backfill consist of a layer of weatheregsidual soils with
primarily silty SAND and sandy SILT overlying theagite bedrock

Two (2) cases of groundwater levels are consideredthe
assessment where the first case assumes that auydgrater
seepage would be effectively drained out and ncemwptessure
would be present behind the wall as the cribwall Wwackfilled with
granular material. Notwithstanding the above, tleeosd case
considers the groundwater level is at 1/3 of th#é we#ained height.
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The abovementioned stability aspects have beerssebeand the The analysis results reveal that the maximum mowtnoé the

computed factors of safety (FOS) from limit equiliimm are
summarised in Tables 1 and 2. The computed FOScampared
with the required FOS based on Hong Kong GeoteahiManual of

retaining structures is about 95mm and the FOSirmdafrom
strength reduction analysis against limit equilibniis about 1.17.
Therefore, both the limit equilibrium and finiteeatent analysis

Slope (GCO 1984). reveal that the marginal FOS for the retainingcttrres constructed

at site is apparently inadequate.
EXISTING RESERVDIF
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2.4 Investigation Findings

|
! Based on the assessment, the following findingsheasleduced:

a) FOS on overturning stability, bearing failure ancemall
stability for both types of retaining wall are lgssn the
required values especially when groundwater tablati
1/3 of the wall height. However, the FOS is gredlam
1.0 indicating that the crib wall and piled RC waHall
not fail in overturning, bearing failure and ovésthbility.

= 3 B RC wall supported by pile foundation (vertical pjds
i ‘ ineffective in taking lateral load. This is because
WG S 5 = overburden pressure from the wall backfill will be
SIS transferred directly to the pile foundation as thiée
Figure 4 Earthwork Section of C0||apsed Retam“qg”\/v element is mUCh stiffer than the soil underneathall
base preventing development of the base contact
Table 1 Factors of Safety for Retaining Wall ExtrStability resistance. As a result, the soil beneath the batle
Ground Overturmn. Sliding (>1.5) Bearing would not experience much build up of overburden
wall Water ing(> 2.0) Case Case Capacity pressure from the backfilling of retaining wall iirthe
Condition : A B (>3.0) piles had failed. Therefore, the lateral resistaftered at
Without the wall base to soil contact is insignificant. Slebncurs
piled GWT 1.53 0.27 2.09 N.A with the findings published in a paper by Liew (ZR0
RC GWT at (Supported c) The _FO_S against sliding on _ the cr@b wall without
wall 13 wall 1.48 0.24 1.52 by RC considering groundwater_ table is marginally Iowban
Height piles) 1.0. When groundwater is at 1/3 of the wall height
Without sliding resistance of th_e crib wall is even Iow‘EInerefpre,

_ GWT 1.72 0.93 5.74 the collapse of the cribwall was most probablygeged
Crib GWT by the rise of groundwater table behind the watlkiifi.
Wall at This can be evidenced by the rainfall record asvshim

13 Wall 171 0.85 2.89 ; videnced by the
Height Flgure 6, which indicated high vplume of antecedent
* Case A denotes lateral resistance from RC piles rainfall before the collapse. The impact of antered
. . - rainfall will cause gradual rise of groundwater léab
Case B denotes shearing resistance from earttacioat RC wall reducing the wall stability.
base d) The low SPT-N values observed at the backfillecetay
. indicated that fairly poor compaction was achiedadng
Table 2 Factors of Safety for Global Slope Stabilit construction. The dry density of undisturbed saspé
Earthwork N Global Slope BH1-UD1, BH1-MZ1 and BH3-UD2 ranges from
Section Ground Water Condition ___Stability (>1.4) 1.323Mg/nf to 1.511Mg/m, which was only about 80%
Casel Case 2 of the maximum dry density obtained from standard
Collapsed GWT based on Si results 1.72 1.14 Proctor test. Therefore it was evidenced that thekfill
Section High GWT 133 112 material had not been compacted to fulfil the ndrma
(3m below upper platform) ' ' engineering fill requirement at site and thus tréiion of
* Case 1 denotes global slip circle underneath weth surface runoff into backfill can be reasonably @tpe.
* Case 2 denotes global slip circle cut through vall e) In view of insufficient FOS of the cribwall agairsiiding,
the collapse of the crib wall likely occurred pritr the
2.3 Finite Element Analysis RC wall, in which the ribs of the crib wall wereufod at
In order to verify the inherent failure mechanisfretaining wall the front portion of the collapsed debris.
failure, Finite Element Method (FEM) analysis usiRiAXIS 150 Ealleps=Tok GBI allanaIREN I 1200

software was performed. The results show that #ikré slip
surfaces were formed behind the crib wall and R@ asashown in
Figure 5.
‘.
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Figure 5 FEM analysis result
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2.5 Remedial Design S
The following remedial works were carried out &¢si E i
a. Construct a 10m high reinforced soil (RS) wall aftee .
debris removal of the collapsed cribwall.
b. Provision of subsoil drainage behind the reinforsed
wall to prevent built up of water pressure withinet
retaining wall.

c. The building platform is re-profiled to a lower tfizrm

205

200

135

am afl]
g T, 5e 3
156 a1 =RON{RITD & ] =RLG{ARNGD 190
E7S

[GEN

level to reduce the RC wall height and the RC vigll 5= | “y=fose Fr s B ssoraLt Coesg
designed directly founded on the retained backfilRS g | s B8 cranTe Fe
wall instead of pile foundation. =180 R O T | UyF)
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3. CASE HISTORY 2 - EXCESSIVE MOVEMENT OF 175 — =1

GEOSYNTHETIC REINFORCED SOIL WALL

A geosynthetic reinforced soil (RS) wall locatedts same project

site had experienced excessive creep movement #feerwall 3.2  Site Observations

completion. The geosynthetic RS wall and backfilEdter slope . . . .

above the wall with total height about 10m had bbeiit at the The following observgtlons during the con;tructmnd after the
back of bungalow under construction to retain ahbigroad diStress were summarised from the constructionrdsco

platform as shown in Figure 7. Figure 8 shows thdgibg of a) A 15m high temporary cut slope, which was formed to
geosynthetic RS wall. facilitate the construction of geosynthetic RS wall

collapsed affecting the road shoulder and roaddrden.
P e The construction of geosynthetic RS wall continager
= B j the removal of the collapsed debris.
g Tievn I cRNL - ' b) A layer of strip drain was laid on the collapsechperary
" L cut slope prior to the construction of geosynthBi® wall
pramn e as shown in Figure 10.
c) The backfill materials for the geosynthetic RS vealhsist
. of high moisture content as shown in Figure 11.
S’ d) Bulging and outward movements of the geosyntheic R
bk wall at the lowest berm were observed as showrigaré
8. The bulged wall alignment had encroached in® th
S property boundary. In addition, it was also obserfrem
@ site inspection that the wall surface was very wet.
e) The geosynthetic textile cloths at the lowest béraa
been punctured and damaged.
Figure 7 Earthwork Section of Geosynthetic RS wall f) At the top layer of the geosynthetic RS wall, the
geosynthetic was found not properly wrapped baak an
3.1 General Geology and Subsoil Condition anchored into the fill slope. Sign of soil erostwed been
found at the top of the geosynthetic RS wall.

Figure 9 Borehole Profile
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Similar to Case History 1, the site is overlain®ganite formation.
The subsoil generally consists of silty SAND. Thésoil profiles
and soil conditions of the project site are sumg®atiin Figure 9.

3.2  Assessment of Geosynthetic RSaWN Stability

Limit equilibrium assessments had been carriedoouthe external
stability (overturning, sliding, bearing capacitydaglobal stability)
and internal stability (geotextile rupture and paulit resistance) of
the geosynthetic RS wall. The achieved FOS basetherabove
assessments are summarised in Table 3 and 4.

B
|

'Fgure 8 Bulgl of Geosynthetic RS wall
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- Figure 11 Wet Backfill Material

Table 3 Factors of Safety for External and InteStabilities
(Limit equilibrium)

External Stability Internal Stability

- Bearing Pull Out
Overturn-  Sliding : Rupture .
) Capacit: Resistance
ing(>2.0) (>1.5) (>p3.0) Y (520 2.0)
2.04 1.55 >3.0 1.60 2.78

Table 4 Factors of Safety for Global Stability (Liiraquilibrium)

Global Stability (>1.4)

Circular Wedge

1.27 1.24

3.3

In order to verify the inherent failure mechanisfrretaining wall
failure, Finite Element Method analysis using PL&oftware was
again performed. Two finite element models (FEM) rave
established, where the first model was without &tryp drain
behind the geosynthetic RS wall and slope and ¢wersl model
was modelled with the closely spaced strip drain.

The analysis results showed that the maximum morepfethe
geosysthetic RS wall and slope was about 100mm thedFOS
yielded from the analysis was about 1.18 whichligh8ly lower
than the FOS computed using limit equilibrium sfabprogramme.
For the second model where the strip drain wasuded in the
model, the maximum geosynthetic RS wall and slopsament is
about 145mm and the FOS yielded from the analgsadout 1.08.

Finite Element Analysis

3.4

Based on the assessment, the following findingsheasleduced:

a. The external stability (overturning, sliding andakiag
capacity) and internal stability of the geosynth&E wall
are adequate.

b. Both the limit equilibrium and finite element ansds
results revealed that the FOS against global #ttalaite

Investigation Findings

3.4
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Although lower FOS does not imply that the geosgtith
RS wall and slope will fail, large creeping moverneh

the wall and slope could be expected, which maeedc
the serviceability limit and certainly can not baptured

by the limit equilibrium analyses. The finite eleme
analysis had actually shown large movement of the
geosynthetic RS wall.

The rainy weather continued to prevail during the
construction of the geosynthetic RS wall and battepe.
Therefore, it can be reasonably expected that the
compaction to achieve the required compaction effas
difficult due to high moisture content of the fillaterial.

The finite element analysis also revealed thatube of
closely spaced strip drain behind the geosyntiREavall

and batter slope will promote tendency of develgpin
preferential slip surface and induce further ingitgbto

the geosynthetic RS wall and slope, thus lowellreggROS.
This is due to the reason that the interface ticbetween
the strip drain and soil is lower than internalction
between soil particles.

Proposed Remedial Design

The following remedial works were carried out &tsi

4.

a.

C.

Install 10 rows of soil nail with various lengthanging
from 6 to 12m to strengthen the batter slope. Taieb
slope was then protected by a layer of shotcrete.
Subsequently, trimming of the bulged geosynthet® R
wall by removing the excessive soil and re-wrappafg
the geotextile.

Constructing a 4m high RC wall by casting the ceter
against the geosynthetic RS wall to retain the aaoif
batter slope.

Provision of proper drainage system including siibso
drains and berm drains.

CONCLUSIONS

The following conclusions can be made from the @tigation of
these two cases histories:

a)

b)

c)

Proper compaction on the backfill material is calidh
retaining wall construction as this will minimisénet
infiltration of surface runoff and thus prevent lmfilt up
of groundwater table behind the retaining wall egdly
during monsoon season. Therefore, full time sug@mi
on the wall construction is vital to ensure works
compliance in accordance to required specificatoiwl
thus to prevent unnecessary failure, which willdida
costly remedial works.

RC wall supported by pile foundation (vertical pjlas
ineffective in taking lateral load and bending maoine
The use of strip drain behind the geosynthetic RS and
slope will promote preferential slip surface andiuoce
further instability. Hence, it shall be used widution.
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