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FINAL INVESTIGATION REPORT
BY

SUBSTRUCTURE ANALYSIS AND SURROUNDINGS

COMMITTEE

Introduction

The Committee on “Substructure Analysis and Surroundings” aims to
complement the other two technical subcommittees in providing an
independent professional investigation and to assist the independent
board of inquiry to carry out its entrusted duty in accordance with the four

stated terms of reference as established.

The investigation shall include findings based on site evidence and

analysis to be tabled to the main committee.

Extent and Sequence of Failure

Based on the photograph captured on 24™ October 2007 by JKR Perak
(ref: Preliminary Report by Forensic & Structure Unit JKR Perak), slope
failure at the edge and under the building was observed as shown in Plate
1A. Cracks were also observed at a few locations on the beams and walls
of the building (Plate 1B).

On the 23™ Sept 2007 during the second site visit it was observed a few
piles beneath the columns of the building were also exposed and
deflected. The columns at this zone had also deflected towards the lake

side as shown (Plate 1C).
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The slope extended down into the lake where water level fluctuates from
240.03m to 244.33m based on water level records Tasek Temenggor by

TNB Gerik without toe protection as shown in Table 1.1.

On 10" November 2007, part of the building collapsed followed by a total
collapse of the whole building on 13" November 2007.

The scar of the failed slope is shown in Fig.1.1.
Design Records

The consultant confirmed (reference : interview on 4" February 2008) site
reconnaissance study was not carried out. The consultant explained that
the conceptual design was intended to be eco-friendly whereby the
building was supposed to be built on natural ground without disturbing the
existing site and soil condition.

There was only one(1) borehole being carried out during design stage and
no undisturbed samples were ordered for the tests to obtain the necessary

soil parameters for slope analysis.

No slope stability analysis and pile foundation design was carried out and

these were confirmed by the design consultant during the interview.
Ground Surface Profile

The building is located on the eastern side slope of Pulau Banding

comprising of both cut and fill slope.

On the west of this building, there is a cut slope (C1) outside the building

collapse area comprising of 8 berms with about 1:1 slope (45%), as
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indicated in Figure 1.1. A slope failure (R1) was observed on the day of
site visit (26™ July 2007) and had blocked the inner roadside drain of the
cut slope. This failure was also captured in the survey plan by Jurukur
Abadi produced on 7™ Jan 2004 (as shown in Figure 1.2). This figure also
shows the existence of depression in southeast direction at failure location

before site possession on 30" Ogos 2004.

The working platform (formation level) was designed to a profile by cutting
the earth at the high area and filling the original ground at the lower level.
Generally both the cut and fill slopes are designed to a gradient of 1v:1.5h
to 1v:1h, as shown in Figures 1.3 and 1.4. The As-built Drawings also
indicate gradients up to 1v:1h in both the cut and fill slopes, as shown in
Figures 1.5 and 1.6.

The slope extended down into the lake where water level fluctuates to
about 4 meters without toe protection in the area of fluctuation, and this
was confirmed by the design consultant during the interview on the 4",
February 2008. A prudent design should have to provide toe protection

such as rip-rap, etc.

Rainfall Records

Rainfall data before the event were obtained from Jabatan Pengairan dan
Saliran (JPS) and Jabatan Meteorologi Malaysia (JMM). The JMM rainfall
stations are located at Ayer Dala and at Kemar whichv.are 15 km and 35
km away from the collapsed building respectively. JPS has 3 rainfall
stations nearby, the nearest is located at Pulau Banding Station
approximately 1.5 km from the building site, the others located 25 km and

29 km away from the site respectively. The rainfall station located 1.5 km
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away from the site is used for reference in view of its close proximity to the

site.

Analysis of the rainfall pattern was carried out for the 30 and 7-day period
prior to 13" November 2007. The rainfall of 355mm corresponding with
22 rainy days was recorded within the 30-day period prior to the total
collapse of the building. Figure 1.7 shows the 30-day rainfall pattern. A
total of 138mm rainfall was recorded during the 7-day period prior to the
event. The total rainfall of 355mm at Pulau Banding Station 30 days prior

to the collapse is normal and the return period is less than 1 in 5 years.

Geology and Geomorphology

The site is located in a geologically region known as Kruh Formation. It is
made up of meta-tuff that was formed during the Silurian and Devonian
period. The mineral composition of fresh rocks consists mainly of silica
with some mica and quartz lenses in the between the foliation measuring
from several milliliters to several centimeters. The residual soils is of
gravelly SILT (Plate 1D) and the soil investigation confirms the
observation. However there is no geological fault found within the building

collapse area.
As- built Drainage Facilities

The as-built drainage system as shown in Figure 1.5 was such that, the

surface runoff from the upslope would be intercepted by concrete drain



8.0

8.1

and discharged away from the building site. The water from down pipes of
the buildings would be collected by concrete drain of 450mm and 600mm

width and discharged into the lake by cascaded drain.

JKR Perak reported that the condition of some of drainage facilities before
the building collapse occurred appeared to be heavily silted and have
settled following the slope instability movements (Plate 1C). The discharge
points of the rainwater down pipes had also been silted up or damaged
locally and drainage facilities were completely damaged particularly at the

failure location at the down slope (Plate 1E & 1F).

Subsurface Investigation

Soil Investigation

The proposed soil investigation program consisted of:

= Four (4) numbers exploratory boreholes,

*  Thirty two (32) numbers JKR probe tests,

= Standard Penetration Tests (SPT) at every 1.0m interval,
= Disturbed and undisturbed samplings,

= Four number standpipes (one in each borehole), and

= A series of laboratory tests.

The soil investigation was carried out by Kumpulan IKRAM Sdn Bhd
between 28" December 2007 till 13" January 2008. The soil investigation
results are presented in the factual report prepared by Kumpulan IKRAM
Sdn Bhd.

The locations of boreholes, standpipes and JKR probe tests are shown in

Figure 1.8



8.2

Sub-Surface Profile from Boreholes

Four number exploratory boreholes, referred to as BH1, BH3, BHS and
BH6 were drilled. Figure 1.9 shows the simplified engineering borehole
logs derived from the soil classifications based on the grain size
distribution (sieve analysis) tests and Atterberg limits tests on the
disturbed and undisturbed samples obtained from the boreholes. The soil
classifications were performed according to the British Soil Classification
System in BS 5930:1999 (Code of Practice for Soil Investigations).

In general, the subsoils can be classified into three layers based on soil
type and Standard Penetration Test (SPT-N) value, as follows:

(a) Subsoil 1 generally consists of soft to very stiff gravelly SILTS of
SPT-N values between 2 and 21.

(b) Subsoil 2 generally consists of medium dense to dense silty
GRAVEL of SPT-N values between 18 and 35.

(c) Subsoil 3 generally consists of very dense silty GRAVEL of SPT-N

values greater than 50.

Meta-tuff bedrock was encountered in all the four boreholes. The depths
of meta-tuff bedrock vary from 4.0m to 15.0m, as summarized in Table
1.2.
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Table 1.2; Depth of Meta-tuff Bedrock

Reduced Depth to ngglcgs

Borehole Level of Meta-tuff Meta-tuff
Borehole Bedrock Bedrock

(RL m) (m) (RL m)

BH3 271.582 11.70 259.882
BH6 268.480 15.00 253.480
BH5 261.096 5.50 255,596
BH1 249,735 4.00 245,735

In general, the top 1.5m of meta-tuff bedrock is graded as Grade |l
(moderately weathered), and the subsequent 3.0m is graded as Grade I

(slightly weathered).

Groundwater

The groundwater table at the site was monitored from four standpipes
since 1st January 2008 to 20th February 2008, as shown in Figure 1.10
The depths of groundwater measured in standpipes vary from 0 to
11.50m.

Soil Properties

Bulk Density

Table 1.3 presents the bulk density values obtained from the laboratory
tests on the soil samples. The bulk density values range between 1.524
and 1.926Mg/m® with an average value of 1.816Mg/m?, or equivalent to an

average bulk unit weight of 17.8kN/m°.



Table 1.3: Bulk Density of Soil

SPT-N Values
Depth . above and below | Bulk Density
Borehole | Sample (m) Soil Type Undigtutbad (Mg/m®) Remark
Sample
Very claysy :
BH3 MZA1 1.00 =2.00 GRAVEL Nil, 3 1.847 From UCT
1.839 From UCT
1.868 From CIU
BH5 MZ1 1.00-2.00 | Sandy SILT Nil, Nil 1.845 From CIU
1.821 From CIU
1.838 From DSB
Slightly 1.526 From UCT
MZ3 | 6.00-7.00 [ velly SILT 6,18 1524 |From DSB
1.833 From CIU
1.821 From CIU
- MZ4 8.00-9.00 | Sandy SILT 18, 50 1708 From CIU
1.848 From DSB
1.926 From CIU
1.903 From CIU
MZ5 112.00 —13.00|Gravelly SILT 12, 27 1891 From CIlU
1.923 From DSB
Average 1.816Mg/m® or 17.8kN/m®

Note: UCT denotes unconfined compression test, ClU denotes isotropically
consolidated undrained triaxial tests, and DSB denotes direct shear box test.

9.2

Effective Shear Strength from Triaxial Tests

Only the results from isotropically consolidated undrained (CIU) triaxial

tests were considered in determining the shear strength parameters.

Results from shear box tests were not included because the preparation of

the square shaped sample of 60 mm by 60mm ( which have diagonal of

85 mm) from the Mazier samples of 75mm diameter are doubtful and so

are the results obtained.

The three numbers of CIU samples obtained from the exploratory

boreholes are summarized in Table 1.4.




‘Table 1.4: Results of CIU Triaxial Tests

Depth SPT-N Values Effective | Effective Angle
Borehole | Sample (n?) Sail Type above and below |Cohesion, C'| of Friction, ¢'
Undisturbed Sample (kPa) ()
BH5 MZ1 1.00—2.00 | SandySILT Nil, Nil 6.0 28.0
BH6 MZ4 8.00 — 9.00 Sandy SILT 18, 50 15.0 26.0
MZ5 |12.00 —13.00| Gravelly SILT 12, 27 8.0 28.0
The average value of effective shear strength can be obtained by plotting
the stress invariant s’ = (c'1+0'3)/2 versus stress invariant t'= (o'1-c'3)/2 for
all the three samples, as shown in Figure 1.11. The average effective
cohesion (C') is 9.7kPa and the average effective angles of friction (¢') is
27.0°
10.0 Analysis of Results
10.1 Slope Stability

10.1.1 Cross-sections and Locations

The following two cross-sections are used for slope stability analyses:

(a)

(b)

Cross-section CH. 120 from the As-built Survey Drawing dated 27

April 2006 prepared by Jurukur Rakyat.

The As-built Survey

Drawing was reproduced as Figure 1.5 and the cross-section was

reproduced as Figure 1.6.

Cross-section F-F from the latest Survey Plan (after the collapse of
the building) dated 15 January 2008 prepared by Abdullah Taha &
Rakan-Rakan. The Survey Plan was reproduced as Figure 1.8 in

Section 8.0 of this report, and the cross-section was reproduced as

Figure 1.12.




10.1.2 Methodology and Assumptions

Analysis of slope stability were carried out using the limit equilibrium
5 method.

| For each cross-section, stability analyses were performed for the following

two sets of effective shear strengths of soil:

(a) Case 1: Average effective shear strength obtained from the CIU
triaxial tests from mazier samples obtained from the site after the

failure, as shown in Table 1.5.

Table 1.5: Average effective shear strength from CIU triaxial tests

Effective Effective Angle
Soil Type Cohesion, C’ of Friction, ¢’
(kPa) (°)
Subsoil 1
(Soft to very stiff gravelly SILTS of 9.7 27.0
SPT-N values between 2 and 21)
Subsoil 2 1.0 38.0
(Medium dense to dense silty GRAVEL of ) )
SPT-N values between 18 and 35)

(b) Case 2: Soil strengths obtained from a previous project of the

investigator in the same island, as shown in Table 1.6.

Table 1.6: Soil strength from a previous project of the investigator in
the same island

| Effective ‘Effective Angle

’ Soil Type Cohesion, C' of Friction, ¢’

' (kPa) (®)
Subsail 1 3.0 32.0
Subsoil 2 1.0 38.0

The bulk unit weight of subsoil adopted in the analyses was assumed to
be 17.8kN/m? (see Section 9.1 of this report).




The lowest groundwater levels (see Section 8.3 of this report) were used
in the analyses. It should be noted that groundwater can rise higher than
the adopted, particularly during the monsoon seasons. When the

groundwater level rises, it gives negative impact to the stability of slope.

The water level in the lake was assumed to be at RL 244.33m , which is
also the flood level recorded on 1% September 2007. Again, the lake
water level can rise higher than the adopted, particularly during the
monsoon seasons. When the groundwater level rises, it gives negative

impact to the stability of slope.

No surcharges and no seepage forces due to transient flow of water were
considered in the analyses.

The minimum factor of safety that is acceptable is 1.4 as recommended in
Geotechnical Manual for Slopes published by the Geotechnical
Engineering Office of Hong Kong.

10.1.3 Stability Analysis — Global and Localised Failures

The computed factors of safety (FOS) for all slope stability analyses

performed are presented in Table 1.7.
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Table 1.7: Results of Slope Stability Analyses

Figure No.

Description

Factor of
Safety

Comments

1.13(a)

» Cross-section CH. 120, Case 1
= Subsoil 1: C' = 9.7kPa, ¢’ = 27.0°
= Subsoil 2: C' = 3.0kPa, ¢’ = 36.0°
= Stability check for upper slope

1.34

Potential deep slip failure
Inadequate FOS (<1.4)
Unacceptable

1.13(b)

= Cross-section CH. 120, Case 1
» Subsoil 1: C' = 9.7kPa, ¢’ = 27.0°
= Subsoil 2: C' = 3.0kPa, ¢' = 36.0°
= Stability check 1 for lower slope

0.74

Shallow slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

1.13 (c)

= Cross-section CH. 120, Case 1
= Subsoil 1: C' = 9.7kPa, ¢' = 27.0°
= Subsoil 2: C' = 3.0kPa, ¢’ = 36.0°
= Stability check 2 for lower slope

0.99

Relatively deep slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

1.13(d)

= Cross-section CH. 120, Case?2
= Subsoil 1: C' = 3.0kPa, ¢' = 32.0°
= Subsoil 2: C' = 3.0kPa, ¢' = 36.0°
= Stability check for upper slope

1.156

Potential relatively deep
slip failure

Inadequate FOS (<1.4)
Unacceptable

1.13(e)

= Cross-section CH. 120, Case2

* Subsoil 1: C’ = 3.0kPa, ¢’ = 32.0°
= Subsoil 2: C’ = 3.0kPa, ¢' = 36.0°
= Stability check 1 for lower slope

0.72

Shallow slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

1.13(f)

» Cross-section CH. 120, Case2

= Subsoil 1: C’ = 3.0kPa, ¢’ = 32.0°
= Subsoil 2: C' = 3.0kPg, ¢’ = 36.0°
= Stability check 2 for lower slope

0.99

Deep slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

1.13(g)

= Cross-section F-F, Case 1
* Subsoil 1: C' =9.7kPa, ¢ = 27.0°
= Subsoil 2: C' = 3.0kPa, ¢’ = 36.0°

1.16

Potential deep slip failure
Inadequate FOS (<1.4)
Unacceptable

1.13(h)

= Cross-section F-F, Case 2
= Subsoil 1: C' = 3.0kPa, ¢' = 32.0°
= Subsoil 2: C' = 3.0kPa, ¢' = 36.0°

1.12

Potential deep slip failure
Inadequate FOS (<1.4)
Unacceptable

1.13(i)

= |f groundwater level rises for 1.0m

» Cross-section F-F, Case 1
= Subsoil 1: C’' = 9.7kPa, ¢’ = 27.0°
= Subsoil 2: C' = 3.0kPa, ¢' = 36.0°

0.97

Deep slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

1.13(j)

= [f groundwater level rises for 1.0m

= Cross-section F-F, Case 2
» Subsoil 1: C' = 3.0kPa, ¢' = 32.0°
= Subsoil 2: C' = 3.0kPa, ¢' = 36.0°

0.91

Relatively deep slip failure
Inadequate FOS (<1.4)
Failure Expected (<1.0)

In the case of Cross-section CH. 120, the computed factors of safety are

i less than unity, hence failures are expected. As for Section F-F, the

computed factors of safety are about 1.1, which are unacceptable

12




because the required is 1.4. If the groundwater table (as well as the lake
water level) in Section F-F rises for 1.0m during the monsoon season, the
factors of safety reduces from about 1.1 to about 0.9, and failure would be
expected. The lake water level during the S| carried out by IKRAM on 29"
December 2007 was 247.234 meters.

Results of the slope stability analyses also show that the two sets of soil
strength parameters (Case 1 and Case 2) do not make significant

difference on the computed factor of safety.
10.2 Pile Foundation
10.2.1 Building Foundations on Slope

The adopted foundation system for the building founded on slope
consisted of 250mm x 250mm reinforced concrete driven piles. The total
pile point was 209 but only 192 number pile driving records were made

available for this investigation.

The pile lengths are summarized and plotted in Figure 1.14. Statistical
analyses on pile length show that

(a)  Minimum pile length = 2.7m

(b)  Maximum pile length = 22.2m

(¢)  Average length = 8.7m

In average, the pile lengths were shorter than 9.0m and the minimum pile
length was merely 2.7m. Out of the 192 piles, a total of 105 piles (about
54%) have lengths of not more than 9m. Short piles are comparatively
weak in lateral resistance because of the low confining stresses resulted

from the subsoil.

13



10.2.2 Pile Bearing Capacity Calculations

It is desired to assess the available pile bearing capacity particularly for

the short driven piles. The following information was made available:

(a)  The adopted working load for 250mmx250mm Grade 45 reinforced

concrete driven piles was about 75 Ton or 750kN.

(b)  The proposed hammer weight used for pile driving was 2.5 Ton and
the hammer drop height was 750mm.

(c) The pile set adopted for pile driving termination was 20mm per 10

blows.

In general, pile termination will be achieved when driving concrete piles in
hard or very dense soils of SPT-N about 50, depending on the overburden
soils and length of the pile. For smaller piles, the SPT-N value at
termination can be much lower. It is expected in the pile capacity
calculation that the bearing soil stratum has SPT-N values of 30 - 50.

Table 1.8 summarizes the expected ultimate bearing capacities for
different pile lengths. The factors of safety over the adopted working load
of 750kN range from 1.22 to 3.44, compared to the commonly adopted
factor of safety of 2 or higher. Note that BS 8004:1986 (Code of Practice
for Foundations) recommends a factor of safety of between 2.0 and 3.0 for

a single pile. Details of pile capacity calculations are given in Table 1.9.

14



Table 1.8: Estimated Ultimate Bearing Capacity of Pile

SPT-N = 30 at Pile Termination SPT-N = 50 at Pile Termination
Pile Length (m) | Ultimate Bearing Ultimate Bearing
Capacity (kN) Factor of Safety Capacity (kN) Factor of Safety

" 1.22 1.88

2.7 (minimum) 912 (<2.0, Inadequate) 1,412 (<2.0, Inadequate)
8.7 (average) 1,272 170 1,772 2.36

: . (<2.0, Inadequate) ! (=2.0, Acceptable)
. 2.78 3.44

92.2 (maximum) 2,082 (>2.0, Acceptable) et (>2.0, Acceptable)

Pile capacity calculations show that the expected ultimate bearing
capacity to be about 1,290kN for pile length up to 9m if the SPT-N value at
pile termination is 30. If the SPT-N value at pile termination is 50, then the
expected ultimate bearing capacity is 1,250kN to 1,790kN. The factors of
safety over the adopted working load of 750kN therefore may range from
about 1.0 to 2.4 for pile length up to 9m, compared to the commonly
adopted factor of safety of 2 or higher. Note that BS 8004:1986 (Code of
Practice for Foundations) recommends a factor of safety of between 2.0
and 3.0 for a single pile. Details of pile capacity calculations are given in
Table 1.9.

10.2.3 Mobilized Pile Capacity Measured from Dynamic Load Tests (PDA)

During the interview on 4" February 2008, the Consultant informed that
no static load test was carried out because of the difficult site conditions.
Instead, a total of 12 numbers (about 6% of total piles) dynamic load test
(PDA) were performed to determine the pile mobilized capacity. The PDA
test results showed that all the 12 number pile tested were able to
mobilize capacities of at least twice the working load, i.e. with factors of
safety of at least 2. The predicted pile top settlements under the working
load and twice the working load were also acceptable according to the

Specification for Piling Works in the Contract.

15



It is prudent to accept the results of the dynamic load test if they are
calibrated with the conventional static load tests. In this case, no
conventional static load was done. Gue & Chen (1998) have indicated that
the results of the dynamic load test could predict its capacity by more than

60% of the conventional static load test.

11.0 Conclusion

(a)  Soil Investigation
Only one borehole and nine Mackintosh probes were carried out and this
is grossly inadequate. There were also no undisturbed samples collected
for tests to obtain soil shear strength parameters needed for slope

analyses. This is unacceptable and inappropriate.

(b)  Designs
No slope stability and pile foundation analyses were carried out. This is

imprudent.

(c) Slope stability
The Sub-Committee analyses indicate that the factors of safety are in the
range of 0.72 to 1.34, which indicate failures are expected for Factor Of
Safety = 1 in some of the slopes and creeps are expected in the slopes
having inadequate Factor Of Safety. Both of these will induce additional

bending moments and shear forces in the structure of the building.

(d)  Piles
Factors of safety of the piles vary from 1.22 to 2.78 compared to the
required factor of safety of 2 or higher. Piles with lower factors of safety

especially near to unity are expected to settle more. This will induce

16



additional bending moments and shear forces in the structure of the

building.

(e)  Mechanism of Failure
Localized slip failures are expected for those slopes having factor of safety
less than 1, and creep will occur on those slopes having factor of safety
less than 1.4, the required factor of safety. Any of these conditions will
cause lateral and vertical movements of the slopes and the pile
foundations. When these happen, additional bending moments and shear
forces would be induced in the structure of the building, and the structure

will fail when the bending and shear capacities are exceeded.
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PLATES



Plate 1A : Slip at the edge and below the
building

Plate 1B : Hairline cracks in localized
beams and walls



Plate 1C : Columns deflected towards the lake
side and drainage facilities heavily silted

Plate 1D: Residual soil of gravelly silt
and sand at the



Plate 1F

Plate 1E & 1F :

Discharge points of rainwater and
drainage facilities completely damage at
failure location
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Figure 1.1 : Close up view of Pulau Banding resort after
the collapse (captured on 15" January 2008)
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- Figure 1.5: As-built Survey Plan
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E Rainfall

Rainfall Intensity (mm)

Figure 1.7 : Daily rainfall record at Banding Station 30
days prior to the building failure
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pmmre 7}

PARAS AIR TASEK TEMENGGOR

September-07 OKTOBER 2007 November-07
1/9/2007 24433 1M10/2007 241.81 1/11/2007 240.03
21972007 244,29 2/10/2007 241.72 2/11/2007 240.03
3/9/2007 244.28 3/10/2007 241.62 311/2007 240.06
4/9/2007 244,19 4/10/2007 241.49 4/112007 240.11
5/8/2007 244,12 5/10/2007 241.36 5/11/2007 24012
6/9/2007 244.02 6/10/2007 241.42 6/11/2007 24010
7/9/2007 243.94 7/10/2007 241.48 7/11/2007 24017
B/9/2007 243.96 8/10/2007 241.37 8/11/2007 240.16
9/9/2007 243.89 0/10/2007 241.14 9/11/2007 240.14
10/9/2007 243.88 10/10/2007 241.02 10/11/2007 24012
11/9/2007 243.76 11/10/2007 240.95 11/11/2007 240.10
12/8/2007 243.67 12/10/2007 240.85 12/11/2007 240.11
13/9/2007 243.58 13/10/2007 240.76 13/11/2007 240.15
14/9/2007 243.51 14/10/2007 240.77 14/11/2007 240,20
15/9/2007 243.44 15/10/2007 240.80 15/11/2007 240.25
16/9/2007 243.34 16/10/2007 240,77 16/11/2007 240.28
17/8/2007 243.29 17/10/2007 240.74 17/11/2007 240.31
18/9/2007 243.19 18/10/2007 240.67 18/11/2007 240.33
19/9/2007 243.08 19/10/2007 240.61 19/11/2007 240.39

20/9/2007 242.96 20/10/2007 240.57 20/11/2007 240.45
21/9/2007 242.84 21/10/2007 240.50 21/11/2007 240.55
22/9/2007 242.74 22/10/2007 240.45 22/11/2007 240.60
23/9/2007 242.64 23/10/2007 240.42 23/11/2007 240.64
24/9/2007 242.54 24/10/2007 240.38 24/11/2007 240.66
25/8/2007 242,44 25/10/2007 240.31 25/11/2007 240.68
26/9/2007 242.35 26/10/2007 240.25 26/11/2007 240.70
27/9/2007 242.23 27M10/2007 240.18 27/11/2007 240.70
28/9/2007 242.11 28/10/2007 240.13 28/11/2007 240.71
29/9/2007 241.99 29/10/2007 240.07 29/11/2007 240.68
30/9/2007 241.85 30/10/2007 240,11 30/11/2007 240.67
31/10/2007 240.07

Table 1.1: Paras air Tasek Temenggor bagi Bulan September,
Oktober dan November pada jam 8.00pg

( Bahan Rujukan dari TNB Gerik)




TABLE 1.9

CALCULATIONS OF PILE CAPACITY
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Frojed! Title:

JebNe

CALCULATION SHEET

Serizl Na.

Sheet No.

Calculation Tille:

Evaluation of Pile Capacity using Meyerhof Equation
(Plle Length = 2.7m, Plle tarminatas at SPT-MN=30)

Dasign Check

GSH LCS

Ravier

GSS

Data

12-Mar-08

REF.

CALCULATIONS

OUTPUT

aluation of Plle Capac|ty

SOIL

v e o e
a) Structural Capacity of Plle (Working condition)

= CIRCLE , S = SQUARE)

00625 |m

H

1.0000 |m

uctural capacily of plla under werking condition = 750

kN

Geotechnlical Capaclty of Plle Qi = (BINASYF 1 + (BaNAL)/F2

5 S |

I I

Factor of safaty (Skin Friclion),F, =| 15

Factor of safely (End Bearing),F{ |=| 3.0

i [fotat Skin| B; |Totol End|Tatal Oy [Allowable Oy
“Friction. | Baaring: s £

(KN)_Ji C(RNLfERRNY | RN
162.00 000 | 16200 | 108.00
162,00 | 400 | 750.00 | 912.00 | 358.00

uctural capacity under warking

> Geolachnical allowable capacily

358.00 (kN




Project Titla: Job No.

Seridi No. Shest No.
CALCULATION SHEET '

Calculation Titls: Dasign Check | Review Dats
Evaluation of Pile Capacity using Maysrhof Equation g
(Pile Length = 27m, Pils terminales al SPT-N=50) sty Les BS8 IaNEr0
REF. CALCULATIONS OQUTRUT
valuation of Plie Capacity
S0IL
Type| = |R. C. Driven Pile | Qs
BH | =
1
] T T

L T
a) Structural Capaclty of Plle (Working condition)

Size |= 25x250 [m

Shapel= S |(C=CIRCLE, S = SQUARE)

I 5 | | |

Cross sectional araa, Al 0.0625 |m

o
[]

Perimater of the pile, A 1.0000 |m

w
[]

Stiuctural capacity of plle under working condition = 750 kN

) (50 L

b) Geotechnical Capaclty of Plie Cap = {BiNAGYF + (BaNALYF,

6 0 | I

Factor of salely (Skin Friction),F, a| 15
Faclor of safely (End Bsaring},F4d [=] 3.0
DERTH' | "Dy [SPTN| B Total End|Total Qg [Allowabla i@y
S ] gk |Beming| 7
sy (kM) | (KN) (KN}
0 2.7 27 | 20 3 0.00 162.00 108.00
2.7 |onwards 50 1250,00 | 1412.00 524.67
Structural capacity under working load > Geotechnical allewable capacity
750.00 kN 524.67 |kN
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=

Project Title: JebNe
Safizl Ne Sheat No.
CALCULATION SHEET
Celculation Title: Design Review Data
Evaluation of Pila Capacity using Maysrhol Equation noe
(Pla Length = B.7m, Pilg tarminates at SPT-N=30) GSH EES aes L it
REF. CALCULATIONS QUTPUT
Evaluation of Plle Capaclty
f
SOIL
=|p.C I i {05
e
1 1 1
a) Structural Capacity of Pl g condition)
Size |=
Shapel= = CIRCLE , S = SQUARE)
Cross seclional area Al 0.0825 |m’
Perimeler of 5 0000 [m
Structural capacity of pile undar working condition = 750 kN
Geolechnlcal Capaclty of Plle | [Qu = (ByNAYF; + (BNA,JF;
Faclor of salaly (Skin Friclion),F, | =] 1.5
Factor of salely (End Bearing),F{ |=| 3.0
DEPTH | [Fotat Skin| B3 " |Total End]| Total Qi [AlloWable'
L Eriction |~ |{Bearing’| © " 2
m (ki) (ENY | TkN) o] (KN
8.7 522.00 0.00 522.00 348.00
onrwards 522.00 | 400 | 750.00 | 1272.00 588.00
Structural capaclily load > Geolechnical allowable capacity

598.00 |kN




e’

Project Title: Jab Ne
Searid No. Sheet No.
CALCULATION SHEET
Calculation Tile' Desgn Chack Raview Data
Evaluation of Pile Capacity using Msyethol Equation i
{Pila Lenglh = 8.7m, Pils lerminatas at SPT-=50) kol Lcs ass 12-Mar-08
BEF. CALCULATIONS QUTPUT
Evajuatlon of Pile Capac
SOIL
Type| = |R. C. Driven Pile
BH | =
1 1 [ 1 T
a) Structural Capacity of Plle (Working condltion)
Size [= 250x250 |m
Shape{= S |{C = CIRCLE , S = SQUARE)
Cross sectional area.Ab |- | 0.0825 |m®
Perimster of the pile, As |= | 1.0000 [m
Structural capacity ol pile undar working condition = 750 kN
b) Geotechnlcal Capacity of Plle Qo = (ByNALVFy + (BoNARVFo
Factor of safaly (Skin Fricton),F, [=] 1.5
Factor of safely (End Bearing),F =] 30
" DEPTH, 7| "Dy |SPTN| B; [folalSkin|* B3 [Total End|TolaliQy, [Allowable @y
i ol lirsction: | | Bearing]]! =
m. il (k) (kN (k) L k)
0 8.7 87 | 20 3 522.00 0.00 522.00 348.00
8.7 |onwards 50 522.00 | 400 | 1250.00 | 1772.00 764.67
Structural capacily undar working load < Geolechnical allowable capacity
750.00 kN 764.67 |kN




Projsct Title: JabNa
Serial No. Sheat No.
CALCULATION SHEET
Calculation Titfe: Design Check Ravisw Dale
Evaluation of Pile Capacity using Maysrhof Equation i
(Plle Length = 22.2m, Pils terminatas at SPT-N=30) EsH Les Gss 12-Mar-08
REF. CALCULATIONS QUTPUT
|Evaluatiop of Plle Capachty

Type| = [R. C. Driven Pile

SOIL

I I 1] 1 T
a) Structural Capacity of Plle (Werking conditlon)

Slze |[= 250x250 [m

Shaps{m S [({C=CIRCLE, S = SQUARE)

I =]

Cross sactional area,Ab |= | 0.

3’)

0625

Perimeter of the pile, As |= | 1.

0000 [m

Structural capacity of pile under working condition = 750 KN

I T 2 )

b) Geotechnlical Capacily of Plie

Qay = (BiNAG)Fy + (BzNAR)F,

Factor of safety (Skin Friction},F, =l 158
Factor of safety {End Bearing),F =] 30
DEPTH | Dy [SPTN| B; [fotal SKin| | B; [Tolal End|Total Qi jAllowable O
oy Feea] ‘Friction’|” © ['Baaringj [
Lo (me [ m) | 133 O (] TR
1] 222 |222] 20 3 |1332.00 0.00 | 1332.00 £888.00
22.2 |onwards| 30 1332.00| 400 | 750.00 | 2082.00 1138.00

Structural capacity under working

lond < Geolechnical allowable capacity

750.00 JkN

1138,00 |kN




|

[

Project Tille: JobNo.
Seriz! Na Sheat No.
CALCULATION SHEET
Calculation Title: Dasign Chack Revierr Date
Evaluation of Pile Capacity using Meysthof Equation At
(Pile Langth = 22.2m, Pile tarminates at SPT-N=50) el kg Ga8s e Mison
REF. CALCULATIONS OUTRUT
uatlop of Pile Capac
. SOIL
Type| = |R. C. Driven Pile Qs
BH | = !
Qy
] 1 I I

[}
a) Structural Capacity of Plle (Working condition)

Size |= 250x250 |m

Shapg S _HC=CIACLE, $ = SQUARE)

Gross sectional area,Ab |= | 0.0625 |m®

Perimetar of tha pile, A 1.0000 [m

©
[]

Structural capacity of pile under werking condition = 750 kN

B O FA R Y 1 Y )

b) Geotechnleal Capacity of Plle Qui = (BiNAF; + (BaNALVF»

i S | [ I

Factor of safaty (Skin Friction),F, =] 15
Factor of safety (End Baaring),F{ [=] 3.0
__DERTH | Dy [SPEN| B, [Total Endl| Total Qg jAllawabie O
: Ch cl o IBsaing] T 0
o mb T _(RN). (kM) ] (RN | (ki)
0 222 12221 20 3 1332.00 0.00 1332.00 888.00
22.2 Jonwards 50 1332.00 | 400 | 1250.00 | 2582.00 1304.67
Structural capacity under working load < Geotechnical allowable capacity
750.00 kN 1304.67 [kN




