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ABSTRACT : A reinforced soil segmental retaining wall designed for a maximum
retaining height of 9m coll apsed at the final stage of construction when backfilling
behind the wall reached about 8m high. Investigation was carried out to identify
the possible causes of failure. It was found that the possble causes of the failure
should be due to inadequate length and strength of the geotextile reinforcement.
Checking on the internal stability failure mode shows that rupture or pullout of
reinforcement was the main mecdhanism to cause the ollapse of wall. Few
remedial options were considered and due to spaceconstraint a reinforced concrete
cantilever wall supported by arow of contiguots bored pile was sleded.

INTRODUCTION

A stretch of a 9m retaining high reinforced soil segmental wall collapsed in the
final stage of construction when backfilling kehind the wall reached about 8m high.
Figure 1 and Figure 2 show the condition of the wall after the collapse. Earth fill of
approximate 2m high was immediately introduced in front of the retaining wall
after theincident to prevent further collapse.

Fiqgure 1: Overall view of collapsed wall



This paper presents the investigation into the cause of the failure and the remedial
measure carried out at Site.

SITE TOPOGRAPHY AND SUBSOIL CONDITIONS

The location of the siteisin Setapak area of Kuala Lumpur. Geologically, the site
Is located in Hawthornden Schist Formation o Middle to Upper Silurian Age as
shown in Figure 3. When completely weahered, the rock decompaosed to residual
soils which mainly consist of clayey silt or sandy silt and accasionaly with gravel.

Site Location

Figure 2: Site conditions after the collapse
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Figure 4: Site layout plan

The proposed development consists of a fire station and staff quarters for the
employees and families. Figure 4 shows the site layout plan. The proposed
platform for the development is approximately 15m lower than the original ground
level. Two reservoirs of 1 million gallon volume eab are situated at the West side
of the site. A 9m height soil reinforced segmental retaining wall was proposed to



retain the aut dope between the building platform and the reservoirs. The retaining
wall has to support a 6m high slope standing at 45°. The typical cross &ction of
the segmental wall i s shown in Figure 5.

Two baehdes, namely BH1A and BH2A were sunk after the coll apse incident.
The locations of the borehades are shown in Figure 4. The thicknessof the residual
soil, which consisted of stiff to very stiff clayey silt, ranged from 10.0m at BH-1A
to more than 2Imin BH-2A. Figure 6 shows the subsoil profile. Highly weahered
shale was found at BH-1A from 10m depth to the end of the borehale, terminated at
16m degp. BH-1A is more relevant for the investigation as it was sunk at the
collapse stretch. BH-2A is at the other stretch of the wall and was mainly for
purpose of verifying subsoil variation. Both borehoes were sunk from the aest of
the slope. Ground water levels were measured during soil investigation work in the
morning before the work started and in the evening after work. The measured
ground water level was about 13.9m to 148m below the ground surface This
indicates that ground water table was at about the level of the wall base.
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THE REINFORCED SOIL SEGMENTAL RETAINING WALL

The retaining wall was a composite system consisting of segmental concrete
blocks. The mncrete blocks were intended to be integrated to a soil mass by
horizontal layers of geosynthetic reinforcement to form a gravity massof sufficient
width and weight to contain the lope. As $hown in Figure 5, the 9m high retaining
wall was laid to a batter of 1 horizontal to 7.12 verticd. The width of the concrete
block unit was 1m whereas the design width of the backfilling behind wall was
2.3m as gathered from the construction drawing. Total design width of the gravity
masswas 3.3m. The height to width ratio of the wall was 1 : 0.37. Nine layers of
geotextile 90/60 (tensile strength of 90kN/m at longitudinal direction & 60kN/m at
transverse direction) were used to reinforcethe soil mass

Investigation into the failure reveaed that the actua tensile strength of geotextile
reinforcement constructed on site was 50kN/m instead of 90kN/m and the adua
constructed reinforcement length was 1.6m instead of 2.3m.

FAILURE MECHANISM OF REINFORCED SOIL SEGMENTAL
RETAINING WALL

There ae few types of failure for areinforced soil segmental retaining wall (Simac
et al.,1993; Chapman, 2000). In general, these an be dassified as below and as
shownin Figure 7:

(a) External stability failure - this is a common failure mode for gravity retaining
wall. There ae threetypes, namely overturning, sliding and bearing.

(b) Internal stability failure - the failure occurs due to overstressof reinforcement,
insufficient bond resistance of reinforcement/soil i nterface or interna diding at
preferred planes of diding creded by the introduction of geosynthetic
reinforcement.

(c) Locd stahility fail ure — this type of failure mode is exclusive for the segmental
wall. The faillure @n be due to insufficient design strength of the facing
connection between concrete units and reinforcement, or insufficient shea
resistance between concrete units causing excessive shear deformation
(bulging). This type of failure may cause bulging and aut of alignment of wall
but is unlikely to cause the llapse of wall asthe cae presented.

(d)Global stability failure — the fallure is mass movement of the entire soil
reinforced segmental wall structure including soil adjacent to the structure.



Figure 7: Failure medhanism of soil reinforced segmental wall (from Simac
et a., 1993)

POSSBLE CAUSESOF COLL APSE

Asreveaed from the photographs, the cllapse of the entire wall suggests that local
stability failure mode is not applicablein this case.



Based on the results of borehde & the failed location, namely BH-1A, a 4m thick
very hard clayey SILT layer of SPT-N more than 50 Hows per 300mm penetration
was encountered at 6m deqo below the ground surface then followed by shale. The
depth of this very hard material was approximately same level to the top of the
wall. Global stability failure in form of the dlip surface shearing through the hard
soil and rock layers was unlikely. This judgment is supported by the fact that no
signs of crack and failure on the existing berm drain at the aest of the slope were
observed immediately after the collapse.

Site survey after coll apse reveaed a soil mass #id from the slope. The dimension
of the sliding massisindicated in Figure 5. A check on the external stability of the
wall based on Coulomb’s adive thrust force derived from the weight of the diding
masswas caried out. Adequate safety fadors against base sliding and overturning
were obtained.

A further check on the internal stability of the retaining wall based on Coulomb’s
lateral eath pressure theory was caried out. The interna stability analysis of the
wall relied on the actual constructed geotextile reinforcement length of 1.6m with
ultimate tensile strength of 50kN/m. The analysis shows that the factor of safety
against rupture or pullout resistance of the geotextile reinforcement was less than
unity. Asthe total horizontal adive thrust force exceeded the total ultimate tensile
strength of the reinforcement or bond resistance & reinforcement-soil interface the
wall failed either by breaage or pullout of the geotextile reinforcement.

The stability of a reinfoced soil wall is related to the length of geotextile
reinforcement. As a design guide, BS8006 specifies that the minimum
reinforcement length is 0.7 of the retained height or 3m whichever islonger.

DESIGN OF REPLACEMENT WALL

A replacement wall is required for the ollapsed wall. Few remedial options were
studied. The reconstruction of a soil reinforced segmental retaining wall was
rggeded due to space constraint on provision o sufficient reinforcement length.
Further excavation at the back of the slope would compromise the safety of the
reservoirs. Conventiona reinforced concrete retaining wall was not adopted as it
required removal of the 2m fill which was placed immediately after the allapse.
The removal of the fill may trigger further movement of the slope. Soil nailed wall
was also rejeded due to encroachment into land kelongsto ather.



As auch, a reinforced concrete cantilever wall supported by a row of contiguous
bored ples was finally adopted in view of the space onstraint, ease of
construction, speedy completion of remedial work and minimum disturbance to the
slope that supports the reservoirs. Typicd cross ®ction of the retaining wall is
shown in Figure 8. Contiguous bored pile wall has been extensively used for soil
retaining purpose in similar subsoil formation (Lim et a., 2001)

A popular commercial software, namely PLAXIS, was used to analyse the
responses of the retaining wall. Mohr-column soil model was adopted. Based on
the analysis, 1100mm and 900mm diameter contiguous bored pile a 1400mm
spacing were adopted for the RC retaining wall of 8.8m to 6.7m high. Table 1
shows the soil parameters adopted in the analysis. The soil layering for the analysis
was based on the combination of borehole BH-1A and BH-2A to cater for the
possible variation in subsoil profile. The layering o subsoil is gown in Figure 5.
Mohr Coulomb soil model was used.

TABLE 1: SUMMARY OF SOIL PARAMETERS

Soil Layer Ave. Depth (fr. RL101.2n) | Cohesion Friction | Soil Density
No. SPT-N From To C Angle, f' g
(m) (m) (kN/m?) | (Degred | (kN/m°)
1 25 0 6.0 5 30 18
ond >50 6.0 10.5 10 35 19
3 25 10.5 15.0 5 30 18
4 >50 15.0 - 10 35 19
Badkfill - - - 0 30 19
Note: Top d wall isRL95.2m, top d slopeisabou RL101.2n

From the CIU triaxia test on sample M1 (BH-1A) which was from the first soil
layer of Table 1, the dfective friction angle f' and cohesion ¢ were 28° and 30
kN/m? respectively. We alopted f' and ¢’ of 30 © and 5kN/m? respectively. Rock
was only encountered in BH-1A. The design assumed that the rock layer isisolated
in some localised area Therefore, instead of using the properties of rock, the
properties of hard soil were adopted as a conservative and safe approach.

Ground water table was assuimed at the platfrom level of the building. However, it
is well recognised that ground water table is an important fador affecting the
stability of the retaining system. To ensure long term stability of the wall, the
building up d hydrostatic pressure behind the wall should not be alowed and
adequate drainage should be provided. As such, a double dischrage system, afilter
blanket with subsoil pipe coupled with two layers of weegoholes in the cantil ever



concrete wall, was adopted to ensure dfedive discharge of ground water behind
the wall .

The long term stability of the slope on top of the retaining wall has been checked
by using limit equilibrium method. A 1v:1.25h gadient slope was adopted.
Guniting was provided to the surfaceof the dope to prevent surface erosion and
fomring d gully.

The @nstruction of the wall was started in mid 2001 and was completed by end o
the same yea. Figure 9 was taken threeyeas after the completion d the retaining
wall.
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Figure 8: Typical cross sedion d Figure 9: The retaining wall when three
new retaining wall yeas after completion

CONCLUSION

The investigation after the collapse of a soil reinforced segmenta retaining wall
designed for a maximum retaining height of 9m reveded that the main possible
causes of the retaining wall fail ure was due to inadequate length and strength of the
geotextile reinforcement. Checking on the interna stability failure mode showed



that rupture or pullout of reinforcement was the main mechanism to cause the
collapse of wall.

The replacement retaining wall was cantilever reinforced concrete wall supported
by arow of contiguous bored pilesin view of the space wnstraint, ease and speed
of construction.

A double drainage system consisting of filter blanket with subsoil pipe behind the
wall and weep holes on the wall was provided to ensure that ground water behind
the wall would not be acumulated.
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