COLL APSE OF A SHEET PILED MONSOON DRAIN
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ABSTRACT

After continuows heavy rains, a sheet piled monsoon dain collapsed with significant lateral movement of
more than 2m resulting in serious cracks on roads at both sides. Immediate temporary remedial work by
ingtallation of sheet piles with one layer of strut was carried out to prevent aggravation of the cllapse.
Failure investigation was carried out to find out the possible cuses of falure. It was found that the
increase in groundwater level behind the sheet piles and scouring effects in front of the sheet piles were
the most likely causes. A few remedia options have been considered and after comparison o these
possible solutions, reinforced concrete U-shape drain was slected. The construction method of the
reinforced concrete U-shape drain at the existing drain faced many problems especially during the raining
season. The prablems encountered are presented in this paper.
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1. INTRODUCTION

A stretch of a shed piled monsoon drain which was located at downstream of a triple-cdl box culvert
collapsed after a series of heavy rains. Figure 1 shows the ndition at site after the llapse. The shed
piles had laterally moved more than 2m resulting in very serious crads on the public roads at both sides.
The affected parts of the roads were closed to traffic to avoid any mishap. A remedia work by install ation
of shed piles with ore level of interna strut was carried out immediately to prevent from further
aggravation d the collapse. Figure 2 shows the temporary remedia work carried out at site.

Figure 1: Collapsed sheet piled monsoon dain. Figure 2: Temporary sheet piles with internal strut.

Investigation was carried ou after the incident to identify the possible causes of the mllapse. A few
feasible remedia options such as reingtallation o sheet piles, secant piles or contiguous bored piles,
reinforced concrete retaining wall and reinforced concrete U-shape drain have been considered. The
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reinforced concrete U-shape drain was adopted after comparison d few feasible options was performed.
This paper presents the subsoil conditions at site, findings from the investigation and the remedial measure
caried out at site. The problems during remedial work are discussed as well.

2. SUBSOIL CONDITION

Based on the adjacent borehole information, the subsoail
condtion at the failure stretch mainly consists of sandy
material as shown in Figure 3. A layer of clayey silt could
be encourtered within the sandy soil layer. This sandy sail
is generally very loose near to the ground surface and
bemmes medium dense dter 3m below ground surface
Very dense sandy soil could be foundat 5.5m deg before
encountering bedrock at about 8m below the ground
surfacewhich mainly consists of granite.
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3. THE SHEET PILED MONSOON DRAIN
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The monsoon dain was constructed by the installation of
two rows of cantilevered sheet piles at both sides to retain
abou 2.5m to 3.5m height of soil. The width o the
monsoon dain was abou 6m to 7m. Shed pile type of
FSP 3A was adopted in the designed. The embedded
depths of the sheet piles were generally in the range of
2.5m to 3m. Typicd cross wction of the sheet piled
monsoon dainisshownin Figure 4.
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Figure 3: Typica subsoil profile.
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Figure 4: Typical cross ®ction.

4. FAILURE MECHANISM OF SHEET PILED WALL

There ae few types of failure for a cantilevered sheet piled wall (Kohsaka & Ishizuka, 1994,Chen et al.,
2000. In general, these can be classified as below and as snown in Figure 5:



() Inadequacy of resistant forces — the enbedded depth is insufficient and resulted the passive resistance
islessthan the active pressure.

(b) Base heave — namally occur in soft clay deposit. The surrounding retained soil ads as surcharge
exerts onto the soft clay below. When the surcharge istoo heavy, the soft clay below startsto yield.

(c) Piping— normally occur in sandy soil.

(d) Deep seated rotational slip —global instability problem. It can be assessed using conventional slope
stability analysis method.

Site observation after the incident foundthat the shed piles had moved toward the drain side by more than
2m. The failure mode was very simil ar to the failure medanism due to the inadequacy of resistant forces.
As the sheet piles had successfully retained the surrounding soil for few yeas before it collapsed, the
resistant force mainly from the passve resistance of the enbedded depth before the @llapse shoud be
sufficient. The failure mode implied that excessive external force or lossof resistant force could had been
taken placewhen the sheet piles coll apsed.

(a). INADEQUACY OF RESISTANT FORCE (b). BASE HEAVE (SOFT CLAY)

(¢). PIPING (SANDY SOIL) (d). DEEP SEATED ROTATIONAL SLIP

Figure 5: Failure mechanism of cantilevered sheet pile wall.

5. POSSBLE CAUSESOF COLL APSE

The collapsed stretch was located immediately downstrean of the wncrete base slab extending from the
upstrean triple-cdl box culvert. The bed material beyond the base slab was exposed. The monsoon dain
had just been cleaned up nd long ago before the wllapse. The cleaning up work might have over
excavated the bed material resulting in some losses of the passve resistance. In addition, the naturally
developed armouring layer on the drain bed could have been removed and this may cause the loss of
resistance to erosion. It was very likely that the series of heavy rains before the cll apse had increased the
flow velocity within the drain and caused some scouring (May et a. 2002 espedally immediately after
the protective concrete base slab. Figure 6 shows the observed bed levels at the collapsed sedion during
the remedial work. The maximum scouring depth was about 1.5m. However, it was believed that majority
of the observed scouring depth occurred after the wllapse because the wllapse had caused a very narrow
cross ction and increased the flow speal tremendowsly. The effed of scouring on the stability was
ases®d. Figure 7 shows that the stability of the sheet pile is very sensitive to the scouring depth. With
about 0.3m scouring depth, the factor of safety can be decreased by more than 30%. The series of heavy
rains may also have caused the ground water level to rise up kehind the sheet piles and in the drain. Once



the rain stopped, the water level in the drain will subside to normal condition very soonbut there will be a
lag time for lowering down of the groundwater level behind the sheet piles. The differencein water levels
will generate additional force onto the sheet piles. Figure 8 shows that the stability of the sheet pileis also
affeaed by the diff erence of water levels.

As the drain had just been cleaned up, it was very likely that after the series of heavy drains, some
scouring had taken placeresulted in loss of resistant force. The lag time of lowering down the ground
water level behind the sheet pil es contributed additional driving force. With the combination of these two
main fadors, the sheet piles coll apsed.
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Figure 6: Observed scouring at the failure stretch.
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Figure 7: Scouring effect onthe stability of the Figure 8: Effect of ground water level behind the
sheet piles. sheet piles.

6. THE REMEDIAL WORK

Few feasible options sich as re-installation of shed piles with one layer of strut and a concrete base dab,
installation of secant piles or contiguous bored piles, construction of box culvert similar to the existing



box culvert at up stream, construction of retaining wall on both sides, construction of areinforced concrete
U-shape drain... etc had been considered. After further assessnent on each option especialy on the
constraint at site, long lasting performance and long term resistance of potential corrosion and abrasion,
reinforced concrete U-shape drain was selected. Typica remedial designisas shownin Figure 9.
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Figure 9: Typical cross ®ction of the reinforced concrete U-shape drain.

There were some problems needed to be overcome for the construction d the reinforced concrete U-shape
drain especialy the cating of concrete base slab. Due to the site mnstraint, temporary diversion of the
drain was unlikely. Figure 10 shows that the contrador used sand bags to create atemporary dry working
sedion within the monsoon drain. The water a the upstream was pumped to the downstream. The
construction could not proceed when it rain as the water in the drain will be excessive. Extensive clean up
works will also need to be caried out after rains. Figure 11 shows that rubbish was trapped at the
reinforcement after a heavy rain. The casting work can only proceed after al these rubbish had been
cleared and al reinforcements had been cleaned upand free of mud.

Figure 10: Temporary dry working space Figure 11: Rubbish trapped after heavy rain.



7. CONCLUSION

A stretch of a shed piled monsoon drain collapsed after a series of heavy rains. It was likely that the
scouring effect has caused the lossof resistant force With the combination d increase in pressure behind
the sheet piles due to the rise up d grourd water level, the sheet pil es collapsed. Remedial measure using
reinforced concrete U-shape drain was adopted. Figure 12 shows the view of the drain 3 yeas after the
completion of the remedial works. It shows that the performance of the drain is satisfactory.

Figure 12: U-shape drain condition 3yeas after the mmpletion of remedia work.
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