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ABSTRACT

This paper describes some practical geotechnical approaches for an effective design of earthworks and
bridge foundations of an 8 km new road bypassing a reservoir under construction. The road passes through
hilly terrain of granite formation. Cut slope of 1v:1.5hwas adopted in general. For a major cut stretch of
some 600m long, steep cut dope of 4v:1h was introduced for the lowest two berms taking advantage of
rock exposure & the toe. Horizontal drains were installed in the toe of cut slopes exceeding 30m high o
where cut surfaces were observed to be saturated with groundwvater. Rock toes were introduced for high
fill embankments because failures usualy starts with progressive saturation of the embankment toes.
Compoasite fill sedion consisting of rock and eath was adopted for high fill embankments encroacing
into the future reservoir. The compasite fill optimised the use of rock and earth fill s and allowed steeper
slope of 1v:2h. Gentle slope of 1v:3.25hwould be required, if the enbankment consisted of earth fill
alone, to overcome slope stability problem in the event of rapid drawdown of reservoir water level.
Mircopil es were used for the bridge fourdations in view of difficult accessin hilly terrain. As mircopiles
socket into rock with ease, they overcome the concern of granite boulders above competent bedrock.
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1. INTRODUCTION

In view of the construction of the proposed Sungai Selangor Dam, large aeas in the vicinity of the dam
below reduced level (RL) 220m would be inundated. A section of Federal Route 55 from Kuala Kubu
Baru to Frasier Hill passing through the inundeted area required realignment to keep the road level above
thereservoir.

Magjority of the road realignment traversed hilly terrain at around RL 227m. The length o the road
redignment is 8 km. The road is dual single lane carriageway designed to JKR R3 standard. For high
gradient stretches, dual two lanes were provided for both diredions of the road. Two (2) major bridges
were built to crosstwo rivers respectively.

The detailed design was carried out in September, 2000. The anstruction of road realignment started in
January, 2000and completed in July, 2001.

2. SITELOCATION AND GEOLOGICAL FORMATION

Figure 1 showsthe location of the site. The siteislocated nath of Kuala Lumpur andis approximately 8km
from Kuala Kubu Town. The topagraphy plan indicaes that the natural terrain is generaly hilly with side
dopes of 20° to 35. At some aeas, the naturd forest has been cut down to form oil pam plantations.
Boulders are adistinct feature at the valleysandrivers.
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The road redignment is in
geologicd formation d granite *SLIM RIVER
and alli ed rocks of post Triassic
age. There ae three types of
granite in the geology of the

ste: -

- Fine graned granite
comprising quartz
porphyry, granite

porphyry  and  micro
granite, which generally EESEOSED

cary tourmaline,
muscovite and/or biotite.

- Coarse to medium
proplritic bictite granite

- Medium to fine grained Figure 1: Location Plan
granite carying chlorite
and dten epidote.

3. PHYSICAL PROPERTIESOF RESIDUAL SOIL AND ROCK

In this projed, atotal of 76 baehdes, 5tria pits, 98 Madkintosh probes, 21 hand augers, 3630n seismic
refraction survey and 14 standpipe piezometers were caried out to oltain the subsoil information. The
borehdes were taken to depth from 7.0m to 420m. In general, baehdes were terminated after 5.0m into
rock coring. For bridge structure, barehdes termination were 10.0m coring into rock to avoid premature
terminationin bouders.

3.1 Residual soils

The residual soil s were red brownish and consists of sandy SILT or silty SAND. Interbeded layers of clayey
SILT and silty sandy GRAVEL were dso encourtered. The mgjority of the results are marginaly below the
A Lineof Plagticity Chart indicating that SILT is pre-dominant.

Consolidated Isotropic Undrained (CIU) Triaxid tests with pae presaire measurement were caried ou on
seleded urdisturbed samples obtained from borehdes in cut dope locaions and re-compaded buk samples
fromtrial pit. Fromthe p’-q’ plot, the average dfedive shea strength parameters are asfollows. -

Undisturbed samples Re-compaded buk samples
N<10, ¢’ =6 kN/n?, f '=30° and g,=18.5 KN/m?>; ¢'=5 kN/m?, f'=30° and g,=19 OkN/m®
N=10to 40,c’=9kN/m?, f'=33° and g,=19.0 kN/m®

3.2 Granite rocksand Trial Embankment for Rockfill

The subsoil information gathered from borehdes confirmed that the geology is of granite formation.
Acoording to the laboratory testing and description, the rock encourtered is light grey mottled with dark grey
and white marse grained GRANITE. The granites are frequently infilled with silt, ion strain o chlorite.
Blagting andtria compadionwere caried ou to study the charaderigtics of granite & rockfill materials. The
quarry run granites were mainly sharp and angular with rough surface According to field trial compadion
tests on rockfill having particle size up to maximum 900mm, it was stisfadory to adop 6 passes using 10
tonre smoath drum vibrating roller for alifted thicknessof 1000mm. The in-situ density obtained was
2.17Mg/m® and percolation test confirmed that the rockfill was freedraining.



3.3 Seledion of parameters
The soil and rock parameters adopted for the designs are asfoll ows: -

Cut Slopes Earthfill and Rockfill for embankment andfill
N<10,c'=6 kN/m?, f'=30°, g=18kN/m’ slopes
N=10to0 40, ¢'=9 kN/m?, f'=33°, g=1%kN/m° For earth fill, ¢=5 kN/m?, f'=30°, g=19kN/m’
N>40,c'=9 kN/m?, f'=35°, g=19kN/m° For rock fill, ¢=0 kN/m?, f'=45°, g=20kN/m’

Rock, ¢'=100kN/m?, f'=45°, g=25kN/m’

Sail suction was hot considered in the design in view of constraints in terms of cost and time. In addition,
there is no well established Soil Water Characteristic Curve (SWCC) and Shear Strength vs Matric
Suction curves for residual soil in Malaysia. The shear strength parameter for rock fill was referred from
Hoek and Bray (198L). Lower unit weight for rockfill was adopted during design stage prior to rockfill
trial.

4. STABILITY ANALYSES AND

FACTOR OF SAFETY _ _
Slope Condtion Min. FOS
Slope stability analysis was performed Cut and fill Longand short term 1.25
using limit equilibrium method. Dee slopes away

and shalow dip falures were from reservoir

investigated wnder various design load Reinforced Longand short term 1.50
cases. For composite section inside slopes

reservoir, slope stability anaysis was Fill slopes at a) Steady sae ad 125
caried aut on earth fill first and later reservoir i‘ggri?:da”kme”t
integrated the rock fill in order to b) Rapid drawdown 110

stimulate the construction sequence
Reservoir filling and rapid drawdown
were aso chedked. Table 1 shows the
minimum (min.) factors of safety (FOS)
adopted for localised and global stability.

Table 1. Summary of Factor of Safety

5. CUT SLOPES

A magor cut dope was encourtered. The propcsed dope gradient was smilar to the natural slope, resulting
the ait ‘chasing the natura dope thus forming a high cut slope of more than 10 lerms. Rock was
encourtered at this ®dion based onseismic refradion survey and baehades.

For the first two slopes, 4v:1h was adopted EARTH CUT SLOPES

and remaining slope is 1v:1.5h.Where earth

cut slopes were encountered instead of rock, BERM DRAIN

soil nails were installed. Horizontal drains SHOTCRETE WITH BRC

were dso installed to lower groundvater ~  75mm? WEEPHOLES o= T

and enhance slope stability. Figure 2 shows
the typical section of the slopes near the toe
portion. Sail nails were required where rock

was not encourtered. Figure 3 shows 1 | BERM DRAN-= \
completed stretches of soil nails.

Berms of 2.0m width and at vertical height
interval of 6.0m were provided. A toedrain
of 2.5m width and 1.0m depth served as a
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Figure 2: Typical Cross Sedionfor First Two Berms

HORIZONTAL DRAINS



buffer zone. Where there was a potential problem of rock detachment, local instability or zones of weak
rock, shortcretes, rock bolts, dowels, dental concrete and/or combination of these methods were install ed
where applicable.

6. ROCK TOES FOR FILL
SLOPES

For fill dopes, the proposed dope was
1v:2h with berms of 2.0m width at 6.0m
vertical interval. As failures commonly
start with progressive saturation d the
embankment toe of high fill slopes, for
fill dopes more than 36m vertica
height, rock toes were proposed to
enhance drainage of groundwvater and
stability of the fill slopes. Rock toes
have shown satisfadory result based on
the authors experiences from other
expressvays and roads in Maaysia
Rock toes were adso used in existing
small streans  encroached by
embankment fills. In addition, sand
blankets were introduced to avoid
saturation of fill slopes. The thicknessof these blankets was 300mm and extending from embankment toe
to the vertical projection from second kerm to existing groundlevel. This sand blanket was propased for
fill dope excealding two berms. Figure 4 showstypical details of rock toe and sand blanket.

Figure 3: Soil Nails At First Two Berms
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STRIPPING/GROUND TREATMENT
=
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Figure 4: Typicd Rock Toe Detail s



7. EARTH-ROCKFILL COMPOSITE EMBANKMENT AT RESERVOIR

In the design stage for embankment at reservoir, three(3) types of embankments were studied and compared:
eathfill, rockfill and earth-rockfill compaosite embankment.

Figures 5, 6 and 7 show the proposed embankment corfiguration. Table 2 summary the alvantage and
disadvantage on the embankments: -

Table 2 : Summary of Advantage and Disadvantage of Embankment Types

Embankment Types Advantage Disadvantage
Earthfill (Figure 5) 1. Intermof cost, it isthe lowest 1. Weaher conditions have
2. Materia is available eay and haul significant impaded on the
distanceis dortest eathfill embankment and can

cause unexpeded long delays in
construction works.

2. Require a very gentle dope of
1v:3.25h resulting highest in

volume
Rockfill (Figure 6) 1. Weaher conditions have minimum | 1. Interm of cost, it isthe highest
impad on the mnstruction works 2. Does not consume suitable soil
2. Allow stegoer slope of 1v:1.5h from cut area

3. Embankment volumeisthelowest | 3. Consume high volume of rocks.
4. Construction period is the shortest

Earth-rockfill composite | 1. Both eath and rock can be placed | 1. In term of cogt, it is in between
(Figure 7) independently eathfill and rockfill options

2. Weaher conditions have minimum
impad on the anstruction works

3. Construction period can be met.

4. Slope of 1v:zh and embankment
volume is intermediate between
eathfill and rockfill

Earth-rockfill compaosite was selected over earthfill and rockfill after consideration of schedule, budyet
and flexibility in construction. Figure 8 shows a completed eath rockfill compaosite anbankment of the road
redignment.
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Figure 5: Typical Cross Sedion of Earthfill Embankment



Two transition layers were incorporated between earthfill and rockfill to control lossof soil (piping) into
the rockfill. The transition was designed onthe basis of generally aaceptable Terzaghi criteria. A further
limitation was placed upon the fine filter that is no more than 5% shoud be small er than 75microns (hm).
On the filter capacity criteria, it can be relaxed as earth embankments were not subject to continuous
seguage eit gradients or to therisk of high exit gradientsif the earth embankment crads.

PAVEMENT TO DETAILS
NORMAL F\LL*‘\\ CAPPING LAYER
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ASSUMED FOUNDING LEVEL AFTER
STRIPPING/GROUND TREATMENT

SMALLER SIZE ROCK TO BE
PLACED IN THIS AREA

BENCHES TO BE FORMED
TO RECEIVE FILL WHERE
SLOPE >15% IN ANY DIRECTION

Figure 6: Typical Cross Sedion of Rockfill Embankment
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Figure 7: Typical Cross Sedion for Earth-rockfill Compaosite Embankment

8. BRIDGE FOUNDATION
DESIGN

Micropiles and pad footings were
propcsed as foundation systems for
Sungai Selangor and Sungai  Luit
Bridges due to topagraphy condtion
and geological formation of the site.
The bridges are located at steep river
valley making accesibility for bored
piles rig difficult. Therefore mircopiles
were proposed. Where depth of rock
were less than 3.0m, bgl, pad footings
were proposed. However, mircopiles
were alopted instead of pad footing as a
preferred construction method ty the
client. There were five spans for both
bridges and each span was 40.0m in Figure 8 : Earth-rockfill Compaosite Embankment
length. Figure 9 shows bridge genera
arrangement of Sungai Selangor.



Micropil es were designed as rock socketed pilesfor al the ddutments and piers of both the bridges. Where
sound rock was not encountered within reasonable depth, the piles were designed as friction gdles on
overburden of completely weahered rocks. End bearing was ignored in micropiles.

The micropiles were designed in accordance to BS449, BS8004,BS38081 and BS811Q Working stress
method was adopted. A minimum fadors of safety (FOS) of 2 for both structura and geotechnical
cgpacities were proposed in aacordance with namal practise in the industry. The micropile design load
and rock socket length used was 1,200kN and 5.0m respedively.
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Figure 9: Sungai Selangor General Arrangement

9. CONCLUSIONS

Some pradicd geotechnicd design approaches were discused for the Kuala Kubu road realignment works
which is located in hilly terrain in a granite formation. Horizontal drains were foundto be dfective in
lowering the groundwvater level and hence enhance the dope stability. It was pasgble to reduce height of
major cut dope that was suppesed to chase the natural dope by introduction d steg cut where rock was
encourtered at the toe. Soil nails were required where rock was nat encourtered.

Rock toes were used to drain off water for embankment higher than 36.0n and where eathfill encroadhed
existing small streams. Sand Hankets were dso introduced where fill embankment abutting periphery hill .

For embankment a reservoir, eath-rockfill composite enbankment was sleded against conventiona
eathfill or rockfill asit optimised material used and hed lessweather impad.

Micropiles were used as foundhtion system for the bridges which are located at steep river valey making
accesshility for bored ples rig difficult. Mircopiles penetrates into rock with ease thus diminates the
concern o fourding on bouders above granite bedrock.
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