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Abstract

Since the collapse of Tower 1 of Highland Towersldh December 1993 that killed 48 people, both
geotechnical engineers and engineering geologits been put under the limelight. As a result of a
shortage of flat or undulating land, housing arfdastructure developments on hilly terrain havedee
unavoidable. As such, the need for greater undeistg of slope management and engineering practices
has become more prominent and inputs from engirs@dsengineering geologists throughout the entire
stage of hillsite development has been emphasised.

Improvements in slope engineering and slope manegetmave been noticeable since the notorious
landslide incident in 1993. One of them was thaldighment of the Slope Engineering Branch under th
Public Works Department (PWD) in 2004, after thekréall failure at Bukit Lanjan near Kuala Lumpur
in 2003 which resulted in a six-month highway clesuNumerous guidelines on policies for hillsite
development were also introduced with more strihgeonditions for approval. Furthermore, the
introduction of Accredited Checkers in 2004 by BEd geotechnical designs of hillsite development is
also one of the initiatives implemented to imprel@pe engineering practices and mitigate the risk o
landslides.

This keynote outlines the essential elements ipeskngineering and management for both soil arkl roc
slopes. The roles and responsibilities of both @gutical engineers and engineering geologistslace a
emphasized, especially on the importance of desigacks and reviews. Furthermore, important
considerations for subsurface investigation plagmind recommendations on good engineering practices
are also discussed. Finally, appropriate systemsdnstruction quality assurance and control (Q&YQ

as well as supervision by Design Consultants atemmenended together with guidelines on long-term
slope maintenance.

Keywords: Slope Engineering; Subsurface Investigation; Goaujikeering Practices for Slope
Engineering; Construction Control

1.0 INTRODUCTION

Since the collapse of Tower 1 of Highland Towersldh December 1993 that killed 48 people (Figure
1), the concern and awareness on the hazardslsitehilevelopments become more prominent. Since
then, numerous landslides have occurred both aguheunding areas of Highland Towers, and in other
parts of the country. Table 1 gives some signifidaiatorical landslide events and Figure 2 shoves th
total number of reported landslides between 196i12808 in Malaysia. In December 2008, another large



scale landslide had occurred in Bukit Antarabangseere five residents were killed, 14 bungalowsever
destroyed and 2000 residents were evacuated freimhibmes (Figure 3).

Based on the 49 cases investigated by Gue & Tabbj260% of failed man-made slopes were due to
inadequacy in design alone. This inadequacy ingddsigenerally the result of lack of understanding
appreciation of the subsoil conditions and geot®ehnssues. In addition, failure due to constroati
errors alone either on workmanship, materials anidick of site supervision contributed to 8% of the
total cases of landslides. About 20% of the lanésliinvestigated were caused by a combination of
design and construction errors. The results cleashgal that the majority of these failures wereidable

if extra care was taken and input was sought frogireers with relevant experience in geotechnical
engineering from planning to construction stages.

The increase in media attention has also led tdatmeation of guidelines and policies by governnaént
departments and relevant associations to ensungestt approval procedures for hillsite developreent
More importantly, the occurrence of the rock fallBukit Lanjan in 2003, which led to a six-month
highway closure, triggered the formation of thep®lEngineering Branch under PWD iff Eebruary
2004. The rock fall incident has demonstrated tingortance of check and review on the interpretation
rock mapping. Other initiatives include the introtan of Accredited Checkers by the Board of
Engineers, Malaysia (BEM) for geotechnical anddtral designs of hillsite developments with the ai
of mitigating the risk of landslides and improvigsigpe management and engineering.

Table 1 - Historical Landslides in Malaysia (aftaue & Wong, 2008)

Date of Occurrence Landslide Location Fatality Injury Highway
(Name) (Nos) (Nos) Closure

1 May 1961 Ringlet, Cameron Highlands 16 -

11 Dec 1993 Highland Towers 48 -

30 Jun 1995 Genting Sempah 20 22

6 Jan 1996 Km 303.8, Gua Tempurung 1 -

29 Aug 1996 Pos Dipang, Perak 44 -

26 Dec 1996 Keningau, Sabah 238

20 Nov 2002 Taman Hillview 8

26 Oct 2003 Km 21.8, Bukit Lanjan - -

12 Oct 2004 Km 303, Gua Tempurung - 1

10 May 2006 Taman Bukit Zooview, 4 -
Selangor

8 Feb 2006 Kampung Sundang Darat, 3 2
Sandakan, Sabah

3 Jun 2006 Jambatan Sg Mandahan, 3 -
Sabah

7 Nov 2006 Kuari, Kedah 2

11 Nov 2006 Kg Bukit Sungai Seputeh, 1
Ampang, Selangor

23 Mar 2007 Putrajaya - -

4 May 2007 Jin Sultan Salahuddin, Kuala - -
Lumpur

13 Nov 2007 Pulau Banding, Perak - -

26Dec 2007 Kg Cina , Sarawak 4 -

30 Nov 2008 Ulu Yam, Selangor 2

6 Dec 2008 Bukit Antarabangsa, Kuala 5 14
Lumpur
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Figure 1: Collapse of Block 1 of the Highland Tos/é&partment

Figure 2: Number of landslide events in Malays61L— 2008 (after Gue & Wong, 2008)
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Figure 3: Landslide at Bukit Antarabangsa 2008&¢afian & Chow, 2009)

For the remaining sections of this keynote, theharg will focus on the recommended good engineering
practices throughout all the stages of project @mpntation, which consist of planning, analysisigie
construction and maintenance. The roles and regplitiss of both geotechnical engineers and
engineering geologists on soil and rock slopesase emphasized, especially on the importance of
design checks and reviews. Finally, appropriatéesys for construction quality assurance and control
(QA/QC) as well as supervision by Design Consuftaare recommended together with guidelines on
long-term slope maintenance.

2.0 PLANNING STAGE

2.1 Desk Study

Desk study includes reviewing of geological mapepmmirs, topographic maps and aerial photographs of
the site and adjacent areas so that the engineeraware of the geology of the site, geomorphology
features, previous and present land use, curregi@@ments, construction activities, problem aash

as previous slope failures, etc. Aerial photosemtdld are preferably spanned over the history ef th
project site. For some areas, aerial photos mae #0 years are available. Signs of old scars coeld
identified from the aerial photos over the yearstainges in land form.

2.2 Site Reconnaissance

Site reconnaissance is required to confirm thermédion acquired from the desk study and also tainb
additional information from the site. This incledexamining adjacent and nearby development fbr tel
tale signs of problems and as part of the pre-iitjpn survey. For hillsite developments, it iscalery



important to locate and study the landslip feattioeislentify previous landslides or collapses et act
as indicators of the stability of the existing step

Geological input is crucial at this stage with caefensive geological mapping which includes, but no

limited to, the following components:

i. Terrain mapping for the evaluation and clasatiion of construction suitability in accordancetwi
the guidelines from the Mineral and Geoscience Depnt,

ii. Geological mapping for rock type, geologicalusture (i.e. joints and faults) and weatheringdgs
based on outcrops,

iil. Surface hydrogeological assessment for natueder course, and

iv. Erosion and instability evaluation to identifgyotential geohazard and geological constraints,
particularly on existing cut slopes (if any).

The outcome of geological mapping should be combiwéh information acquired during desk study
and subsequent subsurface investigation works.céheination of all three (3) elements should previd
better geological/geomorphological model for slopestigation, analysis and engineering design.

2.3 Planning of Subsurface Investigation Works

Subsurface investigation (SI) should be properfnped to obtain representative subsurface conditbn
the whole slope such as the depth of soil, ha@twstr, bedrock, geological weak zones, clay seams or
layers, subsoil material properties, and the grawater regime. Sl works is recommended to be carried
out in two stages, namely Preliminary Sl, for teetieg-up of general geological model across th@esn
site, and Detailed Sl, for design refinement dicai areas or for design optimisation. The plagnof
exploratory boreholes should take into considenatiee slope profile instead of following a genegad
pattern. A minimum of three (3) boreholes per cigesstion (one on slope crest, one at mid-slopeoaied

at slope toe) is recommended to obtain represeatatubsurface conditions of the whole slope. In
addition, the design engineer must attempt to iffeoctay seam with the potential of inducing perch
water. This could be done by superimposing thesiflaation of subsoil in proportion on the cross-
section of a slope, as shown in Figure 4 to examsnafluence on the stability of a slope.

Existing Ground Level

Water Table

Figure 4: Potential clay seam on slope



During field works, standard penetration test (SBTequired to identify subsoil profile and to elehine
level of hard layer. Meanwhile, the collection agin quality undisturbed Mazier samples is vital for
subsequent laboratory testing. Isotropic Consaididtndrained Triaxial test is recommended for the
determination of effective shear strength paramsetghich is one of the most important components in
the design of cut slopes. Effective shear strepgtiameters consist of two (2) components, i.e. r@opa
cohesion ¢) and angle of shearing resistandé).( The undisturbed samples collected from Mazier
sampler should be extruded with care and no trignoh specimens are allowed to avoid possible
disturbance. Meanwhile, the triaxial test should be conducted with side drains, and multi-stage
shearing of samples should be avoided as samplidsawiemoulded.
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Figure 5a shows the relationship between the pta&tiwe angle of frictionf(’ ea) and the percentage of
fines (silt & clay) in the residual soils obtainffdm thirteen (13) different sites. It is obsenthdt the
value off’ s generally falls between 2o 36 and there is a trend showing reductionf Q. with
increasing fines content. This is also consistédttt e finding by Lupini et al (1981) for the rdtsuof
ring shear test on sand-bentonite mixture matesglshown in Figure 5b. Therefore, during seleatibn
f’ for design, it is important to be aware of thereoon range of values for the type of soils. Figbire
shows ¢’ obtained from thirteen (13) different sité is obvious that the ¢’ value is generallyslé¢isan
10kPa or zero for soil with low fines content. Hweg for weathered rock, the ¢’ value could be krgh
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Figure 6:c' versus percentage of fines in residual soils

24 Planning of Development Layout

Input of geotechnical engineers are required fronearly stage in the planning of hillsite developme
This is to allow assessment of geohazard and aanability for optimum layout plan. Minimum
environmental disturbance is encouraged by minigisievelopment footprint. Development may go up
in height, leaving the green on hills lope as mashpossible. Such environmental preservation can be
done by clustering development and allowing higiensity development within minimum plinth area
(Figure 7). Meanwhile, the existing or newly form&dpes should be locally strengthened to enhaace i
overall stability.
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Figure 7b: Examples of high density developmentimiging environment disturbance at Singapore
(afterwww.lushhomemedia.com

3.0 ANALYSIS AND DESIGN OF SLOPES

Based on ACT 133, the Street, Drainage and Buildéicigl974 and the Uniform Building By-Laws 1984
(KPKT), all natural slopes adjacent to the develeptrin concern shall be assessed on its existopesl|

safety to ascertain its influence to the safetyhef project. This is also in-line with the judgermerade
by Justice James Foong in which an Engineer skalicese care to either designing or constructing a
foundation to accommodate lateral load or ensua¢ ttie slope was reasonably stable ([2000] 4 MLJ

200).



For the design or assessment of the slopes, canfecmation on soil properties, groundwater regime
site geology, selection and methodology for analysie important factors that require the special
attention of the design engineer. Among them, &ffecshear strengthc’( f) and groundwater profile
plays the most critical role. Based on sensitigitydies, localised slope stability may be ableandfit
from higherc’; while higherf’ is more beneficial to resist deep seated faildreletailed analysis of soil
slopes can be found in Tan & Chow (2004) and Guka& (2000).

For the selection of Factor of Safety (FOS) agadnsiope failure, the recommendations by Geoteahnic
Manual for Slopes (GEO, 2000) of Hong Kong, withnori modifications to suit local conditions, are
normally selected with consideration to two maiotéas, namely, Risk-to-life or Consequence to life
(e.g. casualties) and Economic Risk or Consequéngedamage to property or services). Furtherildeta
on selection of FOS can be found in Gue & Tan (2004

3.1 Geological Features

Based on the 49 cases investigated by Gue & Taf6§2dandslides due to geological features
contributed to about 6% of the total failures irtigeged. However, it should be recognised thatehes
geological features, such as discontinuities ifndtes soils, especially sedimentary formations, raoé
usually detectable during the design stage eveh tensive subsurface investigation (e.g. borahole
geophysical methods) by an experienced enginegm@udpgist or engineer who carries out geological
mapping at the site prior to cutting. Most of thgeelogical features can only be detected afteosirg

the slopes during excavation. Therefore, it isdrdtt carry out confirmatory geological slope maygpof

the exposed slopes after excavation. An experiemeggineering geologist or geotechnical engineer
should be assigned to detect any geological digagties that may contribute to potential failure
mechanisms, namely planar sliding, anticline stidiactive-passive wedges, etc. Figures 8 and 9 show
the discontinuities found during excavation whishalmost impossible to be detected by subsurface
investigation.

F S ~ii5 L L

Figure 8: Block Failure of Sedimentary FormatiofigiaLiew, 2005b)



Since geological discontinuities could not be fudigdressed during the design stage, design engineer
should make conservative assumptions for the sol/parameters and also the groundwater profile to
ensure adequacy in design. Such conservative assmspnay include the provision of strengthening
works or by proposing gentler slopes. Besides thaty should only carry out adjustments on siteraft
geological slope re-mapping and re-analysis ofdheslopes. Such re-analysis shall be checked and
reviewed prior to the design of necessary stremgigeworks. When optimistic assumptions were made
during the design stage and the results obtaineidglgonstruction on sites that were less favouwabl
expensive options such as retaining walls or sgipngthening using soil nails are required dusptice

and boundary constraints. Thus the safety of slopey be compromised due to unbudgeted
strengthening and additional protection works be&iegded.

Figure 9: Discontinuities of Cut Rock Slope (afterr Huda & Yew, 2005)

3.2 Design of Cut and Fill Slopes

The vertical interval of slopes between intermegiagérms is usually about 5m to 6m in Malaysia. GEO
(2000) recommends that the vertical interval opekshould not be more than 7.5m. The berms must be
at least 1.5m wide for easy maintenance. The parpb®erms with drains is to reduce the volume and
velocity of runoff on the slope surface and thessmuent reduction of erosion potential and infibra

The adopted slope gradient should depend on thétsesf analysis and design based on moderately
conservative strength parameters and representativedwater levels.

For fill slopes, the vegetation, topsoil and ankentunsuitable materials should be properly removed
before placing the fill. The foundation should als® benched to key the fill into an existing slop&.
free-draining layer conforming to the filter crigeris normally required between the fill and nakura
ground to eliminate the possibility of high poregsures, causing slope instability, especially whene

are existing intermittent streams and depressioBafficient numbers of discharge drains should be
placed to collect the water in the filter layer aligicharge it outside the limits of the fill and amwfrom

the slope.

In addition, no buried water-carrying services kEbal embedded on the crest of fill slopes to preven

saturation of fill slopes due to pipe leakage whichy lead to large scale landslide. Such incidexst h
been experienced by Hong Kong in a fatal landslidel994 at Kwun Lung Lau. Therefore, it is

10



recommended in the Geotechnical Manual of Slopd&x(&000), that exposed water-carrying services
are preferred.

The proposed cut and fill slopes shall also be sblanough to resist large variation in construction
workmanship, soil properties and site constraiRtsck toe (see Figure 10) has been widely used asd h
proved to be a relatively robust system as its ttoaon method is relatively primitive. This systeof
slope stabilisation is often used for slope remdifion works after failure in which the originabpk
profile can be trimmed to gentler gradient. Thiglso the most cost effectively approach if thejguo
has no site constraint.

R R

Figure 10: Typcal usage of Rock Toe (after*L'iwadat 200) -

3.3 Surface Protection and Drainage

Surface drainage and protection are necessary totaitathe stability of the designed slopes through
reduction of infiltration and erosion caused by\yegain, especially during monsoon seasons. Runoffs
from both the slopes and the catchment areas upslopuld be effectively cut off, collected and ted
convenient points of discharge away from the slop&s proper slope drainage, runoff should be
channelled by the most direct route away from wahke areas of the slope, particularly runoff from
behind the top of the slope. Cast-in-situ reinfdro®ncrete berm drains instead of precast drain
should be constructed at all the berms (see FillyeThe berm drains should be suitably reinforced
to prevent them from cracking. Cracked berm dramisinduce water seeping into the slopes thus
reducing the factor of safety of slopes againgt flilure. Details on surface protection and drainage
can be found in Gue & Tan (2004).
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Figure 11: Typical dislocation of precast drains

3.4 Catchment Study

Catchment study should be carried out for the psiowi of surface drainage capacity to carry the fifsno
to a safe discharge point. Under-provision of stefand subsurface drainages can lead to infiltratitd
spillage of the surface runoffs to the slopes, eaaturation of slopes, surface erosion and caddltrin
slope deterioration over time.

3.5 Fill Slopes Over Depressions or Valleys

Depressions or valleys are the preferred water phtimatural surface runoffs. Streams or intermitten
streams are usually formed at these depressionvalays, especially during heavy rain. Intermitten
streams at depressions or valleys also transpditneats from upstream and deposit these sediments a
the depression or valley and form a layer of spfoose material and debris. For slopes which amnaéd

by filling over a depression or valley, the podgipiof saturation of slopes and slip planes thiouige
pre-existence of weak, soft or loose layers witbrideis high.

Therefore, extra care should be exercised on thsldpes over depressions or valleys by adoptirg t
following measures to mitigate risk of slope fadsr -
1) To provide adequate surface drainage by calculatisgcapacity required based on catchment
study to reduce infiltration of surface runoffsslopes.
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2) To provide adequate subsurface drainages to dratarvirom slopes to prevent saturation and
rising of the groundwater level. Increase in growader level will reduce the FOS of slopes (see
Figure 12).

3) To replace shallow and weak materials with a corguagood fill material during the filling
works to enhance the slope stability.

Figure 12: Typical subsoil drain at fill slopes odepressions

3.6 Slopes Next to Water Courses

For slopes adjacent to water courses such asbamt slopes, beaches, pond side slopes, etc,apess|
should be robustly designed by considering the gdstebcritical conditions such as saturated slopés w
rapid drawn-down conditions, scouring of slope tdes to flow and wave actions, etc. Properly desiign
riprap or other protection measures are neededtbedluctuating water levels.

3.7 Drainage System for Retaining Structures

The use of retaining structures such as rubblesyedinforced concrete walls, reinforced soil waltsl

soil nailed walls are very common for hillsite des@ment. The use of low walls is often preferreahir
continues backfilling of slope. This is to reducestarbance to existing slopes and avoid massive
earthworks. However, due the inherent method o$trantion for all retaining walls, the backfill negial
behind the wall is often difficult to achieve adatpicompaction effort and unsatisfactory workmamshi
often observed. As such, effective drainage syssecnucial to avoid building up of pore water prass
behind walls both during construction and withie gervice life of the retaining structure.

13



During construction of walls, temporary drains aatth bund shall be in-placed for the diversion of
surface water away from the wall. This also prosidey working platform for effective compaction of
backfilling material. An example of retaining wédlilure were presented by Liew et. al. (2010) inalh

the building up of pore water pressure due to prgpdal antecedent rainfall has triggered the faibfre
reinforced soil wall on pile (Figure 13). Figurdaland 14b show examples of permanent drainage

system for reinforced concrete and reinforcedwsall.

Figure 13: Observed watermarks on wet wall paradtsr(Liew et. al., 2010)

CUT-OFF DRAIN

CORDRAIN

END CAP TOE DRAIN

AGGREGATE WRAPPED WITH GEOTEXTILE

100mm ¥ PVC PIPE WRAPPED
WITH GEOTEXTILE

Figure 14a: Permanent drainage system for reinflocoacrete wall
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Figure 14b: Permanent drainage system for reinfbsod wall

4.0 DESIGN OF SLOPE STRENTHENING WORKS
4.1 Soil Nail Slopes Design

Soil nail is commonly used both as a stabilizatieasure for distressed slopes, and for very staep ¢
slopes. The popularity of soil nail is due to ikshnical suitability as an effective slope stahiiian
method, its ease of construction and the fact ithiat relatively maintenance free. As such, soileth
slopes of up to more than 25m high have been usedifihways, basement excavation and hillsite
development projects (after Chow & Tan 2006). Fait sailed slopes steeper than 1V:1H, reinforced
shotcrete surface is commonly adopted. Typical ahgsvof the configuration of soil nailed slopeshwit
individual nail heads are shown in Figure 14. Hosrethe slope may also be of grid beam option to
allow landscaping around the soil nails (see Figlbg Figure 16 shows one of the sites with an
individual nail head system before and after landswy. Meanwhile, Figure 17 shows a project sitgl w
grid beam system before and after fully grown vatjen.

15



SHOTCRETE SOIL NAIL @ 2m c/c STAGGED

2m

3m

3m HORIZONTAL DRAIN @ 3m c/c

Figure 14: Typical soil nail slope configurationtivshotcrete/gunite facings (after Liew, 2005a)

CONCRETE
SOIL NAIL GRADE 30/20

R6-200

EXISTING SOIL SLOPE
SURFACE WITH CLOSE
TURFING

GRADE 30
CONCRETE
GRID BEAM

Figure 15: Grid Beam System (after Liew, 2005a)
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Figure 16: Individual nail head system before dfter growth of vegetation (after Liew, 2005a)

Figure 17: Grid beam system before and after fglywn vegetation (after Liew, 2005a)
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As for project sites with boundary constraintseptg cut slopes of 25m to 30m at 4V:1H are consguic
in Malaysia. Figure 18 shows a fully shotcreted sailed slope at a project site in Kuala Lumpuor F
slopes with gradients of 4mnd above and with only moderate heights, theveqtiessure acting on the
shotcrete surface is insignificant. However, foil sailed slopes with gradients greater tharf,4he
active pressure acting on the shotcrete surfasgsficant. In addition to face failure, propersag of
the soil nail facing is also important as it affethe development of bond resistance along thes.nail
Therefore, an inadequately designed facing wilbalesult in a reduced Factor of Safety (FOS) in
addition to potential face failure (Tan & Chow, 20Gas shown in Figure 19. On top of soil nail, the
alternative system of slope strengthening worksyipermanent ground anchors. However, this system i
not recommended as it is an active strengthenirgsomes that required regular restressing, as sbcif
in BS8081.

Figure 8: Fully shotcrete soil ril slope in Kuala Lumpt

Figure 19: Example of facing failure (al Tan & Chow, 200¢
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4.2 Rock Slope Design

During construction of high cut slopes in sedimgnta meta-sedimentary formations, it is importent
carry out confirmatory geological slope mappingtbé exposed slopes by experienced engineering
geologists or geotechnical engineers to detectgmojogical discontinuities that may contribute he t
following potential failure mechanisms, namely @asliding, anticline sliding, active-passive wesige
toppling and also 3-D wedges.

All these discontinuities cannot be fully addresdedng the design and analysis stage as theytidlre s
not yet exposed and field tests such as borehol&ésabpits are not able to detect these discarties
adequately for incorporation into designs. Typieaamples of rock bedding, and discontinuities are
shown in Figure 20. Therefore during the desigmestahe design engineer should make moderately
conservative assumptions for the soil/rock parammetnd also the groundwater profile to ensure
adequacy in design and only carry out adjustmentsite if necessary based on the results of the
geological slope mapping and re-analyses of thgeslo

In addition, formation of high rock slopes usualiwolves soil and rock with varying degrees of
weathering (see Figure 21). As a result, varyiogslstrengthening strategy should be used. Favjaqbr

in Selangor, combination of soil nailed slope andhmred reinforced concrete wall were chosen (see
Figure 22). Proper sampling and testing of sucternas, especially weathered rock is very difficattd

the design of such slopes is usually critical te gnoject in terms of public safety and also cosie
Authors recommend that in the absence of reliadgdedata and past experience on similar strucamds
materials, the estimation of the equivalent Moh@mb parameters for slope design should be guided
by the method proposed by Hoek et al. (2002). Tthévalent Mohr-Coulomb parameters obtained are
based on the Hoek-Brown failure criterion for raukss and are derived based on strength parameters
(uniaxial compressive strength) and site obsermati@.g. rock surface conditions and structurep Th
equivalent Mohr-Coulomb can now be easily computét the availability of free software, “RocLab”,
which is available on the internetw.rocscience.coin

(b) Bedding of cut slope day-lighting plan

(a) Joints with infilling material

Figure 20: Typical example of joint infill and badd (after Liew, 2005b)
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Figure 21: Exposed slope with varying degrees dthering (after Liew et al, 2004b)

Water Tank

Anchored RC
Wall

Figure 22: Varying slope strengthening works wittiia same area (after Liew et al, 2004b)
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5.0 CONSTRUCTION CONTROL AND SITE SUPERVISION

5.1 Site supervision and Coordination

Supervising personnel should have sufficient kndgeand experience in geotechnical engineering to
identify any irregularities in the subsurface cdiotis (e.g. soil types, surface drainage, grounesyat
weak planes such as clay seams etc.) that mayftegedt from those envisaged and adopted in the
design. Close coordination and communication batwassign engineer(s) in the office and supervising
engineer(s) are necessary so that modificatiohefiesign to suit the change of site conditionddcbe
carried out when needed. This should be carri¢@fbectively during construction to prevent faguand
unnecessary remedial works during the serviceofifiae slope. Site staff should keep detailed ¢z of

the progress and the conditions encountered wheyireg out the work, particularly when irregulaeisi

like clay seams, significant seepage of groundwater observed. Sufficient photographs of the site
before, during and after construction should beetiakl hese photographs should be supplemented by
information such as dates, weather conditionsregirarities of the subsoil conditions observedraur
excavation.

5.2 Construction Control via Contractual Measures

For all earthworks, there should be contractualvigions in protecting the environment against
inappropriate ground disturbance by contractorsbioth temporary and permanent works. Such legal
provision should be included in the relevant Eaditks Specification. An extract from a sample
Specifications for Earthworks is shown Figure 28which clause 12.7 specifies Engineer’s requirdmen
on temporary works (see Figure 23a), clauses 21124.4 specifies protection of borrow pit (seeuFég
23b), clauses 33.5 specifies on turfing and cl&3s21 penalties imposed for non-compliance (seaerEig
23c).

12.0 TEMPORARY WORKS

12.1 The Contractor shall allow in the tender foe tost of providing the necessary design, statuobmission, construction, testing and
monitoring of all temporary works, including thebsequent removal of all recoverable temporary ires, for the satisfactory completion of
the earthworks. He shall be responsible for theadivadequacy and safety of all temporary works.ténporary works shall comply with
requirements of BS 5975.

12.2 Temporary works means all planning and wosksier! out by the Contractor to construct the peenaworks designed by the Consultant
complying with all specifications, drawings and w&mope. This includes but not limited to neces$atgt and laboratory tests, temporary
tracks, excavation, filling, proper cover and petin to exposed slopes, sequence and timing oksyarecessary temporary drainage,
pumping of water, emergency contingency measuedstysof site, rectification and strengthening nuees, methodology and method
statement of all works, and etc.

12.3 The scope of temporary construction shalligielbut not limited to:
(a) Life safety measures such as hoardings, bele®; nettings, signboards, etc.
(b)  Ground improvement and/or ground water cusgétems using jet grout piling, etc.
(c) Ground water recharging systems, surface esuhgwater drainage system using surface or suthsdils, sumps, etc.
(d) All other measures necessary for the safeopaeice of the temporary works, such as maintairidding, upgrading, strengthening,
adapting, modifying, re-positioning, taking dowrdae-fixing from time to time, etc.

12.4  Temporary works shall be the sole resportsisiliof the Co|
temporary works shall not relieve the Contractsdke respong

12.7 All temporary works espeially but not limited to temporal
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12.7

12.8

Contractor’s own time and cost to rectify any defenon-com
serviceability problems of the temporary works ansed by tel

The Contractor shall employ a Professionalriggy to design|
design calculations and construction drawingsHertémporary

The Contractor shall make all necessary stgtstibmissions
required clearances and the statutory permit taveamee worl]
design and construction of the temporary workduding any g
of the contract.

All temporary works especially but not limitesl temporary
cause failure and shall not induce instability enviceabis
left behind after completion of permanent
works. These temporary works by
similar type of permanent works (e.g.
necessary, etc).

Temporary works by the Contractor that indpimion of the

term) in any way, the S.O. will order remedial worto be
performance time. Such instruction will not relighie Contrac

accesses and temporary earthworks (temporary ¢etgrorary
fill) shall not cause failure and shall not induostability or
serviceability problems in the long term. All teangry cut anc
fill by Contractor that wil be left behind after completion
permanent works shall have tlsame Factor of Safetyon
stability and Serviceability conditions as permanenworks.
These temporary works by Contractor shall also ¢pmih all
requirements, specifications, drawinggnd workscop
applicable for similar type of permanent works (slgpe angle
compaction of fill, surface drainage, retaining ustures
strengthening measures if necessary, etc).

out shall comply to all requirements, specificatioirawings anmurwoTRSTOpE UT ST Type oT P

strengthening works, etc).

OTKS (€-U. CUT, T, TEAm Iy Wars,;

Figure 23a: Extract from the Specifications fortBaworks (Clauses 12.0: Temporary Works)
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24.2 Fill materials for use in for
materials is inadequate, the|
been approved by the S.O.
Borrow Pit
243  The

protection measure

24.4 The contractor shall su
cutting or dumping, all th
method. Provision of drainas

Soft Spots

245  Where any undue moveme
of the fill, it shall be excav:
excavation shall be backfill
compacted as described ab

24.6  The Contractor shall allow f
compaction.

Filling under Floors, Aprons

247 Filling shall be provided an
deposited in loose lifts not ¢
Generally, clay shall be use]
difficult due to space constr|
S.0.

25.0 FILL MATERIALS

25.1 In general, fill material shal
shall not be used at any |
laboratory tests to determing

24.3

24.4

Borrow Pit

The Contractor shall be responsible for locatingdw pits. Designated borro
pits shown on the Dwaings only indicate to the Contractor potentialaeréor
borrow. Whether the Contractor obtains materiatsnfithe designated or t
own borrow pit, it shall be his responsibility tecartain the suitability of the
with respect to the quantity andadity of the materials, which shall be subjec
the approval of the S.0. The Contractor shall dayecessary fees, taxes
royalties to the appropriate authorities and oleseail/relevant regulations. Tl
Contractor shall keep the borrow pits freeni ponding water and ti
excavation neat and tidy and shall carry out necgsserosion an
environmental protection measures following theeadrmethod statement or
instructed by the S.O.

The contractor shall submit method statemeruttingor filling and turfing a
the borrow pit or dump site for approval of the S.&fter cutting or dumping
all the slopes shall be formed to a stable gradirdtclose turfed or protected
other approved surface protection method. Provisfodrainagesiltation ponc
and preventive measures of pollution shall alsoirtmbuded in the metha
statement.

25.2 The safety of workmen, ease of placement antbaction are primary considerations when carrgintfilling operations in narrow, confined
spaces. Under these conditions, only granulamsibibe permitted for use as fill material. The @@ator shall take this requirement into

Figure 23b: Extract from the Specifications for tBaorks (Clauses 24.0: Protection of Borrow Pit)

33.5 Turfing shall be carried out within sevendays after
formation of the final slope profile as shown i tArawings
and/or where directed by the Engineer. Otherviige,
Engineer reserves the right to engage externay pacdarry
out the work and deduct the additional cost inalirre
accordingly from the contract. The type of turflsba as
indicated in the Drawings or other alternative tgse
approved by the Engineer and shall be free ofrigland
essentially free of weeds.

Penalty

33.21 The Contractor who fails to implement the Wéaas per
above Sub-sections 2.2.8.1, 2.2.8.2 and 2.2.8IBlsdar the
time and cost of turfing/hydroseeding works carged! by
others under the direction of the S.O.

Figure 23c: Extract from the Specifications fortBawrks (Clauses 33.0: Protective Vegetation for
Erosion Control and Penalty for Non-compliance)
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Furthermore, contractors are required to quote ¢eang slope protection works (see extracted saiinple
Figure 24a) so that the Engineer’s specificaticorstémporary protection are not compromised. With
that, the contractor would be penalised for nowjliag the required precautionary measures duitigg t
course of works, especially on the protection ofrtae pit (see extracted sample in Figure 24b). The
control on temporary works should also be inclu@tethe construction drawings as drawing notes. In
addition, the construction drawings should alsdude the appropriate construction sequence foandt

fill slopes, as shown in Figures 25a and 25b rdgpyg.

In the event a borrow pit was used, the Engingmusld ensure it being cut to a gentle and staladignt

to allow for appropriate discharge of surface riindleanwhile, the slopes should be closed turfed t
minimise soil erosion which may cause slope infitgbor washing away of fine particles, hence,
clogging downstream drainage system. The abovdresgents should be made known to the contractor
through specifications, as per clause 24.3 andi@4~gure 23b.

Temporary Works

All temporary works particularly but not limited to temmpry access and tempor:
earthworks (temporary cut or temporary fill) shadit cause failure and shall not indt
instability or serviceability problems in the loigrm. All temporary cut and fill b
contractor that will be left behind after completiohpermanent works shall have the s¢
factor of safety on stability and serviceabilitynd@tions as the permanent works.

Figure 24a: Sample Bill of Quantities for quotatmfrtemporary works
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Figure 24b: Sample Bill of Quantities for Borrowt protection

Figure 25a: Sample construction drawing on constmsequence for cut slopes (after Gue, 2008)
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Figure 25b: Sample construction drawing on consitancsequence for fill slopes (after Gue, 2008)

5.3 Filling of Slopes

Whenever possible, construction works should bangeed such that fill is placed during the dry seaso
when the moisture content of the fill can be maasilg controlled. When filling, tipping should nbe
allowed and all fill should be placed in layers eateeding 300mm to 450mm thickness depending on
the type of compacting plant used (unless compactitals proved that thicker loose thickness is
achievable) in loose form per layer and uniformgmpacted in near-horizontal layers to achieve the
required degree of compaction before the next lés/applied. The degree of compaction for fillke
placed on slopes is usually at least 90% to 95%rdfsh Standard maximum dry density (Standard
Proctor) depending on the height of the slope hadtrength required.

5.4 Cutting of Slopes

Cutting of slopes is carried out from top-down daed by works such as drains and closed turfing.
When carrying out excavation of cut slopes, carstrbha taken to avoid overcutting and looseninghef t
finished surface which may lead to severe surfassi@n. Minor trimming should be carried out eithe
with light machinery or by manual tools, as appiater It is also a good practice to construct the
interceptor drains or berm drains with proper peremt or temporary outlets and suitable dissipators
before bulk excavation is carried out or beforetiowing to excavate the next bench.

5.5 Surface Protection of Slopes

For all exposed slopes, protection such as clagdithg or hydroseeding should be carried out within
short period (not more than 14 days and 7 daysiduhie dry and wet seasons respectively) aftebdlie
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excavation or filling for each berm. All cut slapshould be graded to form horizontal grooves (not
vertical grooves) (Figure 26) using suitable mapaders before hydroseeding. This is to prevetiegu
from forming on the cut slopes by running waterobefthe full growth of the vegetation, and also to
enhance the growth of vegetation (see Figure 2fufbvegetation growth).

Figure 26: Typical example of horizontal grovesesposed slope

Figure 27: Full growth of vegetation on slope witbrizontal groves
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6.0 SLOPE MAINTENANCE

6.1 Guideline for Slope Maintenance

A good reference on guideline for slope maintendiaceengineers is Geoguide 5 — Guide to Slope
Maintenance (2003) from GEO of Hong Kong and foymian, the “Layman’s Guide to Slope
Maintenance”

Geoguide-5 (2003) recommends maintenance inspsdbi@sub-divided into three categories:

(A) Routine Maintenance Inspections, which can be edout adequately by any responsible person
with no professional geotechnical knowledge (layjnan

(B) Engineer Inspections for Maintenance, which shdigdccarried out by a professionally qualified
and experienced geotechnical engineer.

(C) Regular Monitoring of Special Measures, which sHolbé carried out by a firm with special
expertise in the particular type of monitoring seewequired. Such monitoring is only necessary
where the long term stability of the slope or maitag wall relies on specific measures which are
liable to become less effective or deteriorate witte.

6.2 Frequency of Maintenance Inspections

Since Malaysia has at least two monsoon seasongin@dvaintenance Inspections (RMI) by a layman
should be carried out minimum twice a year for ewith negligible or low risk-to-life. For slopesth
high risk-to-life, more frequent maintenance isuieed (once a month). In addition, it is good piceto
inspect all the drainage channels to clear anykilge by siltation or vegetation growth and repdlir a
cracked drains before the monsoon. Inspectionldladso be carried out after every heavy rainstorm.

Category B Engineer Inspections for Maintenanceukhbe taken to prevent slope failure when the
Routine Maintenance Inspection by laymen obsenmsething unusual or abnormal, such as the
occurrence of cracks, settling ground, bulging istadting of walls or settlement of the crest pbath.
Geoguide-5 (2003) recommends an Engineer InspefdroMaintenance to be conducted at minimum of
once every five years and more frequent if requebtethose who carry out the Routine Maintenance
Inspections. More frequent inspections may beireduor slopes and retaining walls in the highktis-

life category. Such regime of regular maintenantgpeéction should be made known to all property
owners and be enforced by the relevant authorifies. regulator may then implement the appropriate
orders (in accordance with the available legalhatguy framework) if the property owners refuse to
carry out their duty diligently.

7.0 SUMMARY

This keynote presents the roles and responsikilitie both geotechnical engineers and engineering
geologists in slope engineering and managementbfth soil and rock slopes. Good engineering
practices were recommended for all the stagesap@rimplementation from planning, analysis, desig
construction and maintenance.

At the planning stage, proper planning of SI werghlighted to obtain representative subsurface
conditions of the whole slope such as the deptoif bedrock, geological weak zones, subsoil nlter
properties, groundwater regime, etc. Meanwhile,dbiéection of undisturbed Mazier samples is highly
recommended for Undrained Triaxial test to deteen@ffective shear strength parameters ¢.andf’),
which is one of the most important components m diesign of cut slopes. As for the overall layout
planning, the input of geotechnical engineers guired at an early stage, allowing geohazard assggs
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to maximise environmental preservation by clusteridevelopment and allowing higher density
development within minimum plinth area, and leaving green on hill slope as much as possible.

For the design of cut slopes, obtaining correcormition on effective shear strengtti, (f’) and
groundwater profile is the most critical of all facs. Meanwhile, for the assessment of rock slojpgsit
from engineering geologists are vital. Since geiclalgdiscontinuities could not be fully addresseulitlg

the design stage, design engineers should makem@atise assumptions on rock profiles and pararseter
and groundwater profile to ensure adequacy in desidter the excavation of slopes, engineering
geologists should re-map and re-analyse the gemlb@tatures of exposed slopes for necessary site
adjustments. Such re-analysis shall be checkedeanelwed by experienced engineering geologist prior
to the design of necessary strengthening worksbyeghnical engineers.

For the design of fill slopes, topsoil should beparly removed before placing the fill. It is adhlide not

to have buried water-carrying services embeddethercrest of fill slopes to prevent saturation itf f
slopes due to pipe leakage which may lead to lacgée landslide. As for the construction of filbjsés
over valleys, adequate surface and subsurfaceadiis crucial to prevent saturation and rising of
groundwater level which will reduce the FOS of glepSimilar attention should also be given to the
drainage system of retaining structures both dukngstruction and within the service life of the
retaining system. Precautionary measures suchrgsotary drains and earth bund shall be in-placed fo
the diversion of surface water during constructiohjle adequate subsoil drains is required behiatisw
for the discharge of excess pore water pressuieglthie service life of the structure. The condiorc
sequence of both cut and fill slopes are includexd part of construction drawing to avoid
miscommunication and overlook of contract requiretae

During construction of slopes, site supervisiomxsremely important but was often taken very lightl
The Authors have recommended a series of site Gkedkr good engineering practice and close
coordination with design engineers to allow necgssae adjustment after slopes has been exposed. |
addition, the keynote has also presented possiistiiction controls via contractual measures. @hes
are done by having comprehensive SpecificatiorEfmthworks, which allows legal provision on good
engineering practice. Among others, the Authorsehecommended all completed slopes to be turfed
within seven (7) days, and contractor will be peseal if failed to do so. Furthermore, the keynoas h
also presented example of Bill of Quantities whidlows the contractor to quote for temporary slope
protection works based on the requirement laid dadwrthe specification. On top of the above
recommended systems for construction quality asserand control (QA/QC), guidelines are also given
on long-term slope maintenance.
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