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Ir. Hj Zulkifly bin A. Ghani, 
Director of Slope Engineering Branch, PWD Malaysia

SLOPE REMEDIAL WORKS IN MALAYSIA was developed by Slope 
Engineering Branch (CKC), Public Works Department (PWD) of Malaysia.

It provides basic information regarding options for slope remedial works 
and their application for slope along federal roads, highway and in 

government premises. This publication is a sequel to the Guidelines for 
Slope Design published by CKC in 2010. 

Thus, I hope this book would provide basic knowledge and information to 
serve as an introduction and reference to all PWD engineers in recognising 

the options of slope remedial works. 
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• RUBBLE WALL
• GABION WALL
• REINFORCED CONCRETE WALL
• SHEET PILE
• REINFORCED EARTH WALL
• CRIB WALL
• CONTIGUOUS BORED PILE

RETAINING 
STRUCTURE



CRIB WALL

RUBBLE 
WALL
RETAINING STRUCTURE

Jalan Kuala Kubu Bharu - Gap  (FT55)

Lebuhraya Utara Selatan (E2)
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BERM DRAIN

CLOSE TURFING

DOWEL BAR

WEEP HOLE

TOE DRAIN

CRUSHER RUN

CONCRETE SLAB

H

COMPACTED EARTHFILL

TYPICAL SECTION VIEW

H

GEOTEXTILE

LEAN CONCRETE

TYPICAL CROSS 
SECTION OF 
RUBBLE WALL
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GABION 
WALL
RETAINING STRUCTURE

Jalan Karak - Manchis (FT9)

Istana Syarqiyyah, Kuala Terengganu

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)
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GUARDRAIL

1m x 1m x 1m GABION

STONE PITCHING

TOP SOIL WITH
CLOSE TURFING

LINE OF EXCAVATION

GEOTEXTILE

FILL WITH GRANULAR

CONCRETE GRADE 30/20
WITH TWO LAYER WIRE MESH

LEAN CONCRETE

TYPICAL SECTION VIEW

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

MATERIAL

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF GABION WALL 

GUARDRAIL

1m x 1m x 1m GABION

BASE
STONE PITCHING

TOP SOIL
AND CLOSE TURFING

LINE OF EXCAVATION

GEOTEXTILE SEPARATOR

COMPACTED AGGREGATE

CONCRETE GRADE 30/20
WITH TWO LAYER WIRE MESH

LEAN CONCRETE

TYPICAL SECTION VIEW

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS 
SECTION OF 
GABION WALL

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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CRIB WALL REINFORCED
CONCRETE WALL

RETAINING STRUCTURE

Jalan Pos Betau - Lembah Bertam (FT102)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF 

TYPICAL SECTION VIEW

STEEL BAR 

LEAN CONCRETE

MICROPILES

CONCRETE WALL

REINFORCED CONCRETE WALL

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TYPICAL CROSS 
SECTION OF 
REINFORCED 
CONCRETE WALL
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SHEET PILE
RETAINING STRUCTURE

Pusat Tenis Nasional Tun Razak, Kuala Lumpur
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TYPICAL SECTION VIEW

GUARDRAIL
SURFACE DRAIN

EXISTING GROUND PROFILE

5%

HORIZONTAL DRAIN

GEOTEXTILE

SHEET PILE

GABION MATTRESS

WEEP HOLE 

SOIL NAILING 

COMPACTED EARTH BACKFILL

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION OF SHEET PILE

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF SHEET PILE

TYPICAL SECTION VIEW

GUARDRAIL
SURFACE DRAIN

EXISTING GROUND PROFILE

5%

HORIZONTAL DRAIN

GEOTEXTILE

SHEET PILE

GABION MATTRESS

WEEPHOLE

SOIL NAILING 

COMPACTED EARTH BACKFILL

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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REINFORCED EARTH WALL
RETAINING STRUCTURE

Lebuhraya Penyuraian Trafik Kuala Lumpur Barat (SPRINT) (E23)

Klinik Kesihatan Tanah Tinggi Lojing, 
Gua Musang, Kelantan Lebuhraya Pantai Timur (E8)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF 

1

2

EXISTING
GROUND
LEVEL

SURFACE DRAIN 

SURFACE DRAIN 

HEXAGONAL SHAPED
PRECAST CONC. PANEL

ROCKFILL WRAPED WITH GEOTEXTILE
GRANULAR MATERIAL

PVC HORIZONTAL PIPE

HOT DIPPED GALVANISED
REINFORCING TENDONS

PRECAST CONC.
ANCHOR BLOCKS

DRAINAGE BLANKET

FILTER GEOTEXTILE

L

H

TYPICAL SECTION VIEW

REINFORCED EARTH WALL

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION 
OF EARTH WALL

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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CRIB 
WALL

RETAINING STRUCTURE

Ibu Pejabat JKR Malaysia

Mahkamah Majistret Kuala Lipis, Pahang
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1

4

SURFACE DRAIN 

SURFACE DRAIN 

L

BACKFILL MATERIAL

APPROVED CRIB WALL MATERIAL

FOUNDATION

TYPICAL SECTION VIEW

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION OF CRIB WALL

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF CRIBWALL 

1

4

SURFACE DRAIN 

SURFACE DRAIN 

L

BACKFILL MATERIAL

APPROVED CRIB WALL MATERIAL

FOUNDATION

TYPICAL SECTION VIEW

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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CONTIGUOUS 
BORED PILE
RETAINING STRUCTURE

Jalan Gerik - Jeli (Lebuhraya Timur Barat)  (FT4)

Istana Syarqiyyah, Kuala Terengganu
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Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

RC CAPPING BEAM

ANCHOR HEAD 

BORED PILE TO DESIGN
SPECIFICATION

TOE OF BORED PILE

PERMANENT GROUND ANCHORS

TYPICAL SECTION VIEW

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

SURFACE DRAIN

TYPICAL CROSS SECTION OF 
CONTIGUOUS BORED PILE

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF 

BORED PILE

RC CAPPING BEAM

ANCHOR HEAD 

BORED PILE TO DESIGN
SPECIFICATION

TOE OF BORED PILE

PERMANENT GROUND ANCHORS

TYPICAL SECTION VIEW

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

CONTIGUOUS BORED PILE 
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• GROUND ANCHOR
• SOIL NAILING & GUNITING
• SOIL NAILING & TIEBACK WALL
• SOIL NAILING & GRID BEAM

SLOPE 
STABILIZATION



CRIB WALL

GROUND
ANCHOR

SLOPE STABILIZATION
Jalan Pos Betau - Lembah Bertam (FT102)
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STRUCTURAL ELEMENT

ANCHORAGE ENCLOSURE

BEARING PLATE

ANCHOR HEAD

PRESTRESSING STEEL

SECONDARY GROUT

PRIMARY GROUT BULB

STEEL TUBE

UNBONDED LENGTH

BOND LENGTH

STEEL CAP

TYPICAL CROSS SECTION OF GROUND ANCHOR
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SOIL NAILING 
& GUNITING
SLOPE STABILIZATION

Lebuhraya Pantai Timur (E8)

Jalan Lojing - Gua Musang (FT185)
MRSM Bentong, Pahang
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CONCRETE COVER
BOTHWAYS

2 LAYER BRC

THREADED END OF STEEL BAR

GALVANISED HEXAGONAL NUTS

GUNITE CAP
GALVANISED HIGH TENSILE

STEEL BAR

IN-SITU GROUTING

PVC CENTRALISERS

MS GALVANISED STEEL
BEARING PLATE

TYPICAL SECTION VIEW

CONCRETE COVER 
SLOPE FACE

GEOTEXTILE
PVC PIPE WEEPHOLE

SPRAYED GUNITE

2 LAYER BRC

GUNITING DETAIL

CONCRETE COVER 

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

CONCRETE COVER
BOTHWAYS

2 LAYER BRC

THREADED END OF STEEL BAR

GALVANISED HEXAGONAL NUTS

GUNITE CAP
GALVANISED HIGH TENSILE

STEEL BAR

IN-SITU GROUTING

PVC CENTRALISERS

MS GALVANISED STEEL
BEARING PLATE

TYPICAL SECTION VIEW

CONCRETE COVER 
SLOPE FACE

GEOTEXTILE
PVC PIPE WEEPHOLE

SPRAYED GUNITE

2 LAYER BRC

GUNITING DETAIL

CONCRETE COVER 

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION OF 
SOIL NAILING & GUNITING

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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SOIL NAILING & 
TIEBACK WALL

SLOPE STABILIZATION

Jalan Kuala Lumpur - Bentong (FT68)

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)

Jalan Maran - Jerantut - Benta (FT64)
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TYPICAL CROSS SECTION OF 
SOIL NAILING & TIEBACK WALL

5%

10%

GABION MATTRESS ROCK SURFACE LINE

MICROPILE

GEOTEXTILE

GUARDRAIL
SURFACE DRAIN 

SOIL NAILING 

WEEP HOLE 

HORIZONTAL DRAIN

RC WALL

CAPPING

D1 = ROCK SOCKET WHERE REQUIRED

H

L1

TYPICAL SECTION VIEW

COMPACTED EARTH BACKFILL

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF 

5%

10%

GABION MATTRESS ROCK SURFACE LINE

MICROPILE

ROCK SURFACE LINE

GEOTEXTILE

GUARDRAIL
SURFACE DRAIN 

SOIL NAILING 

WEEPHOLE

HORIZONTAL DRAIN

RC WALL CAPPING

D1 = ROCK SOCKET WHERE REQUIRED

H
D2 = ROCK SOCKET WHERE REQUIRED

L1

TYPICAL SECTION VIEW

COMPACTED EARTH BACKFILL

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

SOIL NAILING & TIEBACK WALL

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

SLOPE REMEDIAL WORKS IN MALAYSIA 23



SOIL NAILING 
& GRID BEAM

SLOPE STABILIZATION

Jalan Gerik - Jeli (Lebuhraya Timur Barat) (FT4)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF

TYPICAL SECTION VIEW

SOIL NAIL RC GRID BEAM

SOIL NAIL RC GRID BEAM

TYPICAL ELEVATION VIEW

INFILL WITH TOPSOIL
& CLOSE TURF

RC GRID BEAM

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUNSOIL NAILING & GRID BEAM

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF

TYPICAL SECTION VIEW

SOIL NAIL RC GRID BEAM

SOIL NAIL RC GRID BEAM

TYPICAL ELEVATION VIEW

INFILL WITH TOPSOIL
& CLOSE TURF

RC GRID BEAM

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUNSOIL NAILING & GRID BEAM

TYPICAL CROSS SECTION OF 
SOIL NAILING & GRID BEAM

& CLOSE TURFING
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• GUNITING
• CONCRETE CANVAS
• STONE PITCHING
• ROCKFILL
• GABION MATTRESS
• GEOSYNTHETICS
• HYDROSEEDING
• CLOSE TURFING

SURFACE
PROTECTION



GUNITING
SURFACE PROTECTION

Jalan Kuala Kubu Bharu - Gap  (FT55)

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)
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CRIB WALL

CONCRETE 
CANVAS
SURFACE PROTECTIONJalan Kuala Kubu Bharu - Gap  (FT55)

Jalan Seri Iskandar - Parit (A51)
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CRIB WALL

STONE 
PITCHING
SURFACE PROTECTION

Lebuhraya Pantai Timur (E8)

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)
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TYPICAL SECTION VIEW

GEOTEXTILE

STONE PITCHING
WITH CEMENT MORTAR

WEEP HOLE

LEAN CONCRETE

CONRETE SLAB

H

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF STONE PTCHING

STONE PITCHING

WEEP HOLES

DOWEL BAR

MORTAR INFILLED

ROCKFILL

GEOTEXTILE

TYPICAL SECTION VIEW

STONE PITCHING DETAIL

DETAIL OF STONE PITCHING

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TYPICAL CROSS SECTION 
OF STONE PITCHING
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ROCKFILL
SURFACE PROTECTION

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)
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Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL SECTION VIEW

1.5
1.0

GUARDRAIL

SURFACE DRAINAGE

CLOSE TURFING

ROAD

WELL COMPACTED ROCKFILL

GEOTEXTILE

MAX. 6 BERMS

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION OF ROCKFILL
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CRIB WALL
GABION 
MATTRESS
SURFACE PROTECTION

Lebuhraya Utara - Selatan (E2)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF GABION MATTRESS

TYPICAL SECTION VIEW

GEOTEXTILE

1

2

TYPICAL DETAIL OF SINGLE
GABION MATTRESS

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF GABION MATTRESS

TYPICAL SECTION VIEW

GEOTEXTILE

1

2

TYPICAL DETAIL OF SINGLE
GABION MATTRESS

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TYPICAL CROSS SECTION OF GABION MATTRESS
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CRIB WALL

GEOSYNTHETICS
SURFACE PROTECTION

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF GEOSYNTHETICS 

SURFACE DRAINAGE

HYDROSEEDING

SURFACE DRAINAGE 

HYDROSEEDING

SURFACE DRAINAGE

SEE DETAIL A

WELL COMPACTED

SAND BLANKET ALLROUND

TYPICAL SECTION VIEW

DETAIL A

1500 LAP

GEOGRID

NON WOVEN SEPARATOR

SAND BLANKET ALLROUND

BODKIN JOINT WITH
HDPE BAR

GEOGRID REINFORCEMENT 1

3

SUITABLE FILL 
MATERIALS

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF GEOSYNTHETICS 

SURFACE DRAINAGE

HYDROSEEDING

SURFACE DRAINAGE 

HYDROSEEDING

SURFACE DRAINAGE

SEE DETAIL A

WELL COMPACTED

SAND BLANKET ALLROUND

TYPICAL SECTION VIEW

DETAIL A

1500 LAP

GEOGRID

NON WOVEN SEPARATOR

SAND BLANKET ALLROUND

BODKIN JOINT WITH
HDPE BAR

GEOGRID REINFORCEMENT 1

3

SUITABLE FILL 
MATERIALS

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL CROSS SECTION OF GEOSYNTHETICS
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CRIB WALL

HYDROSEEDING
SURFACE PROTECTION

Jalan Gerik - Jeli (Lebuhraya Timur Barat) (FT4)

SPRM Kuantan, Pahang
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CLOSE 
TURFING
SURFACE PROTECTION

Jalan Aring 8 - Kenyir - Kuala Jeneris (FT36)

Jalan Felda Kechau 1, Kuala Lipis

SMK Clifford, Kuala LIpis SMK Dato’ Sheikh Ahmad, Seremban
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• ROCK FALL FENCING
• ROCK BOLT 
• ROCK NETTING

ROCK SLOPE



CRIB WALL

ROCK FALL
FENCING

ROCK SLOPE

Jalan Lojing - Gua Musang (FT185)

Lebuhraya Pantai Timur (E8)
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TARIKH : BIL. LUKISAN: 

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUNTYPICAL ROCK FALL FENCING 

Warning
sign

Free hanging mesh nets

suspended from above

Hanging nets
or chains for 
bloks tumbling
from above

Bench as
rockfall
collector

Supports

stayed by

rock anchors

or deadmen

Move
structure
to safe
distance

Loose blocks to be
scaled from any
face without nets

Fence
or wall Rock trap ditch

Gravel bed

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL ROCK 
FALL FENCING

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

blocks tumbling
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ROCK 
BOLT
ROCK SLOPE

Jalan Lojing - Gua Musang (FT185)
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TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF ROCK BOLTS

TOP ACHOR BAR

 DETAIL OF ROCK BOLT

TYPICAL SECTION VIEW

DETAIL OF J-PIN

ROCKFALL NETTING

TOP ACHOR

DETAIL J-PIN

J-PIN

ROCK BOLT
DETAIL ROCK BOLT

ROCKFALL NETTING

STEEL BAR

CONCRETE GRADE 30

MS PLATE

ROCKFALL NETTING

CONCRETE CAP

MS PLATE

STEEL BAR

ROCKFALL

STEEL BAR

CEMENT

NETTING

GROUT

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TARIKH : BIL. LUKISAN: 

TYPICAL ROCK BOLTS 

Formation level

Inclined
drainhole

Rock
anchors Rock

bolts

Fault zone

Dowels

Dentition

Weepholes

Sprayed concrete

DETAIL OF DENTITION

Structural facing
keyed or dowelled
at base

Longitudinal drain
for steady seepage

Filter layer formed of
sandbags or graded filter

Weak material trimmed
back and replaced with
reinforced concrete

Joint or
zone of
low shear
strength

Reinforced bars
or mesh lapped
to dowels bars

Weepholes at
intervals for
intermittent seepage

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

Sumber: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)

TYPICAL ROCK BOLT

Source: Guidelines for Slope Design, Slope Engineering Branch, PWD (2010)
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CRIB WALL

ROCK 
NETTING

ROCK SLOPE
Lebuhraya Pantai Timur (E8)
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• SABO DAM
• ROCK SHED

OTHERS



CRIB WALL SABO 
DAM

OTHERS

Jalan Kuala Kubu Bharu - Gap  (FT55)
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TARIKH : BIL. LUKISAN: 

TYPICAL FRONT VIEW OF SABO DAM

SABO DAM

MICROPILES

DRAIN OPENING

TYPICAL SECTION VIEW

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

TYPICAL FRONT VIEW OF SABO DAM

DRAIN PIPE
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ROCK 
SHED
OTHERS

Seksyen 46, Jalan Simpang Pulai - Blue Valley (FT185)
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TYPICAL CROSS SECTION OF ROCK SHED

TARIKH : BIL. LUKISAN: 

TYPICAL CROSS SECTION OF ROCK SHED

TYPICAL SECTION VIEW

CLOSE TURF

SAND BAG

COMPACTED

GEOTEXTILE

DRAIN STONE

PERFORATED SUBSOIL DRAIN PIPE

ROCK SHED

EARTHFILL

JABATAN KERJA RAYA MALAYSIA

CAWANGAN KEJURUTERAAN CERUN

CLOSE TURFING
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