SHARING KNOWLEDGE



ISI KANI

= Latar Belakang
= Kronologi & Kaedah Pembaikan
= Analisa

= Pelajaran daripada kes




= Merupakan Laluan Persekutuan yang baru dibina sebagai laluan alternatif untuk ke
Bukit Fraser.

= Sebelum ini perlu melalui Gap. Kereta perlu bergilir untuk turun dan naik Bukit
Fraser.

= Laluan ke Bukit Fraser melalui Laluan Persekutuan FT55 samada daripada Kuala
Kubu Baru, Selangor atau Raub, Pahang .

= Siap dibuka dan diguna sekitar tahun 2007.




* Mula runtuh pada pertengahan Disember 2007. Runtuhan makin membesar dan
serius sehingga akhirnya memutuskan jalan FT 148 dan jalan di bahagian bawabh,
FT55 menghala ke Raub.

= Sebelum kejadian, berlaku hujan yang lebat yang berterusan dan pergerakan
tanah yang masih aktif.







19 Jan 2008 — Hakisan dan
Runtuhan




1 Feb 2008- Hakisan cerun tambakan semakin
membesar sehingga ke sisi jalan




1 Feb 2008 — Longkang sedia ada ditemui
tergantung pada Boulder




14 Feb 2008 — Cerun mulai gagal




= Kaedah Perolehan adalah menggunakan APS5S5 iaitu kerja-kerja darurat oleh JKR
Pahang.

= Tiga kaedah pembaikan yang dicadang:
- Option 1 — Reinforced Earth Wall
- Option 2 — Contiguous Bored Pile (CBP) Wall
- Option 3 — Road realignment with CBP Wall
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Option 1 — Reinforced Earth Wall
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jon 2 — Contiguous Bored Pile (CBP

) Wall
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Option 3 — Road realignment with CBP Wall ,




3 Mac 2008- Sekitar 10m tinggi cerun potongan
mula runtuh selepas berlaku hujan lebat




= 6 Mac 2008 — Mesyuarat Penyelarasan AP55 di JKR Pahang.

= Disebabkan oleh runtuhan cerun yang semakin membesar, maka kaedah
pembaikan dicadangkan ditukar kepada :

- Option 1 — New Bridge with Reinforced
Concrete (RC) Anchored Wall

- Option 2 — Road Realignment with Reinforced
Concrete (RC) Anchored Wall

= Berdasarkan perbincangan, Option 2 telah dipilih.
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Option 1- New Bridge with Reinforced Concrete (RC)
Anchored Wall
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Option 2— Road Realignment with Reinforced Concrete
(RC) Anchored Wall i




2 April 2008- Keadaan runtuhan yang semakin
membesar.




2 April 2008- Pandangan Down slope




inggian cerun potong yang

| 2008- Keti

gagal adalah sekitar 50m kepada puncak cerun.

14 Apr

-




= 14 April 2008 - Disebakan oleh keadaan semasa, JKR Pahang memutuskan untuk
menggunakan Option 2 iaitu menggunakan Steel Bridge dan rawatan geoteknik di
sekitar cerun.

= 23 April 2008 — Mesyuarat Penyelarasan di CKC.

OPTION 1

*Slope stabilisation consist of combination of soil nailing at the top slope and
Reinforced Earth wall to stabilised the bottom slope

*Steel bridge supported by Micro pile
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OPTION 2
« Slope stabilisation consist of only soil nailing
o Flexible Barrier to retain debris and boulder

« Steel bridge supported by Micro pile

= Pilihan kedua ini telah dipilih untuk digunakan.
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RETROGRESSIVE CIRCULAR FAILURE & DEBRIS
FLOW — JULAI 2008

Upslope - FT 148




DOWNSLOPE - IT 55
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DEBRIS FLOW FLEXIBLE BARRIER
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e Subsoil Profile:

LAYER TYPE OF SOIL THICKNESS(M) SPT-N VALUE
1 VERY STIFF SANDY SILT WITH 4-11 13 - 38
BOULDER (COLLUVIUM)
2 HARD SANDY SILT/GRAVEL 13- 28 50

WITH BOULDER
3 MODERATELY WEATHRED (MW)
GRANITE (BEDROCK)

Note:
1) Granite is found at several spot in Layer 2 with thickness 7.5m — 14m.

2) Granite Bedrock is encountered at 38m — 39m below existing ground level




e Geological Findings

dPresent of intersection of two relict discontinuities which

form a wedge and the line of intersection is day lighting
toward the valley axis. The relict structure are kaolinite-
infilled.

dGeomorphic setting of the slope which located in uphill or
hanging valley which is highly favourable for slope failure.




Seepages

Colluvium
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Closer view of the main failure scarp, exposing the unconformable contact
between the overlying colluvium deposit and the underlying granitic
regolith/in-situ soils. Note the seepages that developed along the boundary
between the two different geologic materials.
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A hypothetical cross section of the failed slope showing the
interpretative geological profile and seepages development
in the slope based on recent field observation. Figure is

not to scale. Q




View of the failure scar exposing the two intersecting
major relict discontinuities which defining a wedge-
shaped geometry. Arrow indicates the line of
intersection between the two planes (marked by lines
with tick marks), and the exposed whitish materials
are the kaolinite dyke.




DESIGN REQUIREMENTS

= BS 8081:1989, GROUND ANCHORAGES

= GEOTECHNICAL DESIGN CRITERIA
(JKR)




= Based on the BS 8081:1989 Ground Anchorages

Table 2. Minimum safety factors recommended for design of individual anchorages

Anchorage category : Minimum safety factor _ : e Proof load
N Tendon Gro-mdlomi = Gtoutho:u;on or
interface mﬂwlaﬂon
interface
Temporary anchorages where a service life is less 1.40 20 2.0 it 1.10

than six months and failure would have no serious
consequences and would not endanger public
safety, e.g. short term pile test loading using
anchorages as a reaction system.

Temporary anchorages with a service life of say 1.60 25" 25" 1.25
up to two years where, although the consequences
of failure are quite serious, there is no danger to

public safety without adequate warning e.g.

Permanent anchorages and temporary anchorages
where corrosion risk is high and/or the
consequences of failure are serious, e.g. main

cables of a suspension bridge or as a reaction
for lifting heavy structural members.

+ May need to be raised to 4.0 to limit ground creep.

NOTE 1. In current practice the safety factor of an anchorage is the ratio of the ultimate load to design load. Table 2 above
defirres minimum safety factors at all the major component interfaces of an anchorage system.

NOTE 2. Minimum safety factors for the ground/grout interface generally lie between 2.5 and 4.0. However, it-is'permisibl_e
to vary these, should full scale field tests (trial anchorage tests) provide sufficient additional information to permit a reduction.
NOTE 3. The safety factors applied to the ground/grout interface are invanably higher compared with the tendon wvalues,

‘thc additional magnitude representing a margm of uncertainty.. - _




= Geotechnical Design Criteria (JKR)

|Tab|e 1: SOME TYPICAL GEOTECHNICAL DESIGN CRITERIA FOR ROAD WORKS

MINIMUM DESIGN LIFE MAXIMUM PERMISSIBLE MOVEMENTS
DESIGN COMPONENT MODE OF FAILURE FACTOR OF | (durability of
SAFETY materiais) VERTICAL | LATERAL DIFFERENTIAL
Local & global stability 1.3
1 Unreinforced Slopes {cut & fill slopes) Tayrs
1.2 Bearing (fill) 2.0 Analysis should be according to GEOTECHNICAL MANUAL FOR
- T o O
Reinforced or treated slopes 2 Local & glpbal stability 15 SLOPES (1984), GEC Hong Kong
2 P (cut & fill slopes) 75 yrs
Tensile Resistance
Permanent Anchors Resistance at Soil Grout ch Spec 1(1983), GEO Hong Kong
Interface ! BS 8081
41 Owerturning 18
-, . 42 Sliding 16 15mm along face of wall
o = i . " . o P
4 Rigid Retaining Structures 43 Overall Stability 15 T5yrs Geoguide 1 (1983), GEO Hong Kong 15mm along face of wall 1: 150 along face of wall
44  Bearnng 20
Ctakili +
8 Reinforced fill walls/structures Extemal Ota‘.’l."ty BS 8006 120 yrs + bmm per metre height ‘.1 Smm from reference 1100 along face of wall
nternal Stakility alignment
12mm along axis of pile at pile head at
design load
[ Individual Foundation Files 6.1 Shaft Resistance 20 75 yrs 38mm or 10% pile size at pile head at
(mainly under axial Ioads) ¥ twice design load.
6.2 Base Resisiance 20 B3 8004
) L T mF oy ik f T
T Ingividual Eoundation Ioads 12mm along axis of pile at pite head at
|.ma|rfly under lateral &_ Ulimate Lateral Besistance 55 75 yrs design load 12mm nerpenulcular to axis of
bending loads perpendicular pile at design load
to axis of pile) 55 8004
S . ) . 12mm at Working Load
8 File group Elock Bearing Capacity 20 Thyrs 8% 8004
As for
e L - ] individual Az 4 above for rigid retaining structures
9 Piles as retaining structures Asfor 4, 6 & 7 above foundation Thyrs 85 8004
piles
101 Bearing (short term) 14 T years post consiruction settlement :
10, Embankment on Soft Ground 102  Local & global slope 12 Thyrs {1} within 10m from bridge approach < 100mm
stability (long term) {ii) road < 250mm

g
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SLOPE REMEDIAL WORKS AT FRASER HILL,
RAUB DISTRICT, PAHANG DARUL MAKMUR.

150 — Soil properties to be used for design analysis
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STRUCTURAL CAPACITY (SOIL NAILS=T32)

1. Cold Galvanised steel bar size = 32 mm
2. Characteristic strength of steel bar, fy = 460 N/mm
3. Area of steel bar, As = 804 mm?2

Factor of safety against structural failure, FOS = 2.0

Structural Capacity (T32) = [0.87*fy*As*] / FOS
= 161 kN/bolt




SLOPE REMEDIAL WORKS AT FRASER HILL,
RAUB DISTRICT, PAHANG DARUL MAKMUR.
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2 NOS 25mm NUT-
(GALVANISED)

THREADED END OF
STEEL BAR

GALVANISED STEEL BEARING
PLATE MIN. 25mm THICK
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(YIELD STRESS 460 N/mm?2 )
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BLACK IRON PIPE SLEEVE WITH ANTI—
CORROSION GREASE (300mm LENGTH)
>B

PVC CENTRALIZER AT
2m SPACING

POLYESTE!
BITUMINOUS  SEA|

PLASTIC END CAP

INTERNAL CENTRALIZER AT 2.0m SPACING

APPROVED SEALANT COMPOUND TO EEB B
INJECTED UNDER NOMINAL PRESSURE

AFTER SECURING LOCKNUT AS
SPECIFIED

SPACE BETWEEN STEEL BAR AND
CORRUGATED PIPE TO BE INFILLED
WITH GROUT (GRADE 30)

CORRUGATED HDPE PIPE

OF PERMANENT SOIL NAILING (TYPE 1)

TYPICAL DETAIL

100mm ¢ DRILL HOL
GRADE 30 GROUT

GRADE 30 GROUT

32mm OR 25mm
STEEL BAR

GRADE 30 INSITU GROUT

GRADE 30 INSITU GROUT

SECTION B-—B

SECTION A=A
SCALE N.T.S

SCALE

N.T.S

g




100mm® DRILL HOLE
END CAP

50mm x 6mm SLOTS @ 200mm CENTRES
(STAGGERED)

1 LAYER OF NON-WOVEN GEOTEXTILE FABRIC

SPIRAL WOUND WITH M.S. WIRE
(S.W.G 16) AT 100mm PITCH

75mm¢ SLOTTED UPVC CLASS 'D° PIPE 12m LONG
AT 3m C/C (HORIZONTAL DISTANCE)

TYPICAL DETAIL

100mm. thk. GRADE 20/20
MASS CONCRETE BASE

OF HORIZONTAL DRAIN

ROAD SIDE DRAIN OR BERM DRAIN
(REFER TO DRAINAGE DETAILS)

7 150———er=7
r’ 37&6{7 CLOSED TURFING
N2 N2
75 s r ; b
| 5 S — WIRE MESH A142
75 > _ -
{ 2 ;‘Li GRADE 20/20 CONCRETE

SECTION B-B

SCALE : N.T.S

SCALE NTS

100mm DIA DRILL HOLE

SPACERS

75mme UPVC PIPE (CLASS D)
50mm x 6mm SLOTS @
200mm CENTRES

(STAGGERED)

1 LAYER OF

NON—WOVEN GEOTEXTILE FABRIC
SPIRAL WOUND WITH MS WIRE
(S.W.G 16) AT 100mm PITCH

g




PELAJARAN DARIPADA KES

= Pastikan tiada halangan kepada laluan air semulajadi.

= Penekanan input kejuruteraan geologi, geomorfologi dan geoteknik diambil kira
semasa pemilihan jajaran dan proses rekabentuk.

= Penyelenggaraan sistem saliran secara berkala.




