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บันทึกปริมาณขยะท่ัวไป ขยะรีไซเคิล และของเสียอันตราย
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ภาคผนวก จ-7
ตัวอย่างเอกสารการตรวจสอบสภาพเครื่องมือ เครื่องจักร 

และอุปกรณ์
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ภาคผนวก จ-8
หนังสือรับรองผู้ปฏิบัติงานเชื่อม
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เอกสารขึ้นทะเบียนผู้ตรวจสอบรอยเชื่อม
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บันทึกจ านวนห้องน้ าของโครงการ
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บันทึกจ านวนห้องน้ าของโครงการ

ภาคผนวก จ-11
รายการค านวณและการออกแบบระบบป้องกัน

การถล่มของดิน



PTT PUBLIC COMPANY LIMITED

REV
NO.

DATE BY CHK EM / PM DESCRIPTION

A 12 May 2023 PK CKS/GB PC/FCG Issued for Review

BANGPAKONG SOUTH BANGKOK POWER PLANT 
TRANSMISSION PIPELINE PROJECT PHASE 1

SHEET PILE PITS CALCULATION 

ED-D-2204.01-010-006

TOTAL 243 PAGES

DOCUMENT REVIEW

E : Work may proceed.

F : Work may proceed. Submit Final Document.
Incorporate comments and resubmit.

G : Revise and resubmit. Work may proceed
subject to incorporation of changes indicated.

H : Revise and resubmit. Work may not proceed.

I  : Review is not required. Work may proceed.

By : Date :

PTT Public Company Limited

Consultant Contractor
AREA CODE

GENERAL: 010

CPP-JV PROJECT NO.

PTT CONTRACT NO.

PTT.TEC./2/86/65

PTT PROJECT NO.

2204.01

PTT Public Company Limited
Sheet Pile Pits Calculation Bangpakong South Bangkok Power Plant 

Transmission Pipeline Project Phase 1

Page 2 of 243 ED-D-2204.01-010-006-A

CONTENTS

SECTION PAGE

1.0 INTRODUCTION ............................................................................................. 3

1.1 PROJECT OVERVIEW................................................................................ 3
1.2 GENERAL DESCRIPTION OF THE PROJECT........................................... 3
1.3 SUMMARY OF REQUIRED FACILITIES..................................................... 3

2.0 PURPOSE OF DOCUMENT ........................................................................... 4

3.0 DEFINITIONS.................................................................................................. 4

4.0 ABBREVIATIONS........................................................................................... 4

5.0 CODES, STANDARDS, AND REGULATIONS............................................... 5

6.0 ASSUMPTIONS .............................................................................................. 6

7.0 METHODOLOGY OF FINITE ELEMENT METHOD (FEM) ............................ 7

7.1 LATERAL EARTH PRESSURE IN BRACED CUTS .................................... 8
7.2 HEAVE OF BOTTOM OF CUT IN CLAY ..................................................... 9

8.0 MATERIALS.................................................................................................. 11

8.1 SHEET PILE .............................................................................................. 11
8.2 WALE AND STRUT BEAM ........................................................................ 11
8.3 SOIL DATA ................................................................................................ 12

9.0 DESIGN LOADINGS..................................................................................... 15

10.0 CONSTRUCTION DETAILS ......................................................................... 16

10.1 BORED AND TIE-IN PITS ......................................................................... 16
10.1.1 Type - Depth of sheet pile is not over 4.0 m ....................................... 16
10.1.2 Type - Depth of sheet pile is over 4.0 m and not over 7.0 m............... 17
10.1.3 Type - Depth of sheet pile is over 7.0 m and not over 10.0 m............. 21

10.2 DIRECT PIPE PIT...................................................................................... 26
10.2.1 Type - Depth of sheet pile is not over 4.5 m (Entry and Exit Pits) ....... 26

11.0 CALCULATION RESULTS........................................................................... 28

APPENDIX A:  DETAILED CALCULATIONS ..................................................... 30
APPENDIX B:  CALCULATION DETAILS FOR STRUT REMOVAL................. 118
APPENDIX C:  SOIL DATA .............................................................................. 144
APPENDIX D: REFERENCE DRAWINGS ......................................................

DT
Rectangle



PTT Public Company Limited
Sheet Pile Pits Calculation Bangpakong South Bangkok Power Plant 

Transmission Pipeline Project Phase 1

Page 3 of 243 ED-D-2204.01-010-006-A

1.0 INTRODUCTION

1.1 Project Overview

undertaking the new onshore pipeline system from Bang Pakong, Cha Choeng Sao 
Province, to the south of Bangkok in order to secure gas supplies to power plants and 
other consumers.

South Bangkok Power Plant 

The pipeline system will be extended from the provision for future tie-in valve in Block 
Valve Station BP4 of the Fifth Transmission Pipeline (5TP).

The pipeline system will be tied-in to the existing Metering and Regulating Station of 
South Bangkok Power Plant (SBMR) in order to supply gas to South Bangkok Power 
Plant (SBK).

The Bangpakong South Bangkok Power Plant Transmission Pipeline Project (BSPP) 
is divided into two phases, namely Phase 1 and Phase 2, comprising of approximately 
57 kilometers of 36 inch main pipeline, commencing from block valve station BP4 
located in Bang Pakong, Cha Choeng Sao Province to receive the natural gas from 
the Fifth Transmission Pipeline (5TP) in order to supply gas to the customers along the 
pipeline route and will be terminated at the existing SBMR to deliver gas to South 
Bangkok Power Plant (SBK) in Samut Prakan Province.

1.2 General Description of The Project

The purpose of the Phase 1 project is to deliver the natural gas from the Fifth 
Transmission Pipeline (5TP) from the tie in point at BP4 to support the anticipated 
demands along the BSPP route and will be terminated at BS4, including an 
underground pipeline to the HDD exit point in front of BS5. From this termination point, 
the pipeline will then continue to the existing SBMR to deliver gas to SBK in Samut 
Prakan Province (which will be performed under BSPP2). The BSPP1 pipeline system 
will be approximately 34 km in length.

BSPP1 is planned to be mechanically completed (MC) by 01 November 2024.

BSPP1 terminates at BS4 including an underground pipeline to the last HDD exit point 
in a temporary capped end fitting, which is upstream of the BS5 boundary fence.

1.3 Summary of Required Facilities

The Bangpakong South Bangkok Power Plant Transmission Pipeline Project (BSPP) 
- Phase 1 comprises of the following elements and design requirements are outlined 
in the Design Basis Manual (DBM). The following paragraphs summarize major 
components of main gas pipeline and facility system to be constructed under the 
Contract:

BSPP Launching Station, located adjacent to BP4, including BSPP Pig 
Launcher, tie-ins to receive gas from the existing Fifth Transmission Pipeline 
(5TP), and future tie-in valves for future BP4-BCS interconnecting Pipeline.

36-inch main gas transmission pipeline for approximate 34 kilometers from 
BP4, which is located in Cha Choeng Sao Province.

Four (4) Block Valve Stations (BS1 BS4).

Future sales tap valves.

PTT Public Company Limited
Sheet Pile Pits Calculation Bangpakong South Bangkok Power Plant 
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SCADA and telecommunication systems to support all new installed facilities, 
including fiber optic cable system.

Cathodic Protection System for pipeline and underground facilities.

2.0 PURPOSE OF DOCUMENT

The purpose of this document is to analyze sheet pile structure for bored pits, direct 
pipe pits, and tie-in pits that are located along pipeline route. Finite Element Method 
(FEM) is used for calculating the sheet pile pits with the worst soil condition to cover 
all bore pits, tie-in pits and direct pipe pits.

3.0 DEFINITIONS

For the purposes of this document, the following definitions shall apply:

is PTT Public Company Limited representative.

is PMC Engineering Consultant, namely Worley (Thailand) 
Limited.

is Joint Venture of China Petroleum Pipeline Engineering 
Co., Ltd. and China Petroleum Pipeline Bureau Co., Ltd. 
(CPP JV).

is the Vendor, Manufacturer or Seller of the 
equipment/service defined in the Document.

is the Contractor or their appointed agent or representative.

Throughout this document, the following terminology is used:

A legal or statutory requirement

A requirement made mandatory by this Document

A feature, which is discretionary in the context in which it is 
applied

A feature, which the Contractor / Supplier may assume to 
be already present

4.0 ABBREVIATIONS

The below abbreviations are described and defined in minimum for use within this 
Project, unless otherwise specified.

Abbreviation Description

AASHTO American Association of State Highway and Transportation Officials

AISC American Institute of Steel Construction

ASCE American Society of Civil Engineers

ASD Allowable Stress Design

DIN German Industrial

DPT Department of Public Work and Town & Country Planning
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FS Factor of Safety

KP Kilometer of Pipeline

ROW Right of Way

NP Non-Plastic

SPT Standard Penetration Test

5.0 CODES, STANDARDS, AND REGULATIONS

The following codes, standards, and specifications, the latest edition, form part of this 
document:

Document No. Document Title

AISC 360 Specification for Structural Steel Building (ASD Method)

ASCE 7-10 Minimum Design Loads for Buildings and Other Structures

DIN 4085:2007 Subsoil Calculation of Earth Pressure

DPT ) 1911-52 Standard for Calculating Slope Stability in Excavation and 
Backfill 

(

)

OSHA 1926 Subpart P 
App A

Soil Classification

PTT Public Company Limited
Sheet Pile Pits Calculation Bangpakong South Bangkok Power Plant 
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6.0 ASSUMPTIONS

The following assumptions are used for sheet pile pits calculation.

Sheet pile pit shall be analyzed by Finite Element Method (FEM) using PLAXIS 
2D program and the structural steel shall be designed by ASD method using 
STAAD Pro program.

There are two types of sheet pile pit width, 3.0 m for Bored, Tie-In pits and 
Direct Pipe Exit pit and 7.10 m for Direct Pipe Entry pit.

Bored & Tie-In pits shall consider the depth of sheet pile for three (3) groups

Group1: Depth from ground level EL.±0.00 to depth EL-4.00 m

Group2: Depth more than EL.±4.00 m to depth of EL-7.00 m

Group3: Depth more than EL.±7.00 m to depth of EL-10.00 m

Direct pipe entry and exit pits shall consider the maximum pit depth of 4.5 m.

Regarding soil investigation report document no. RPT-C-2204.01-010-002, 
since almost all the top layer of soil is soft clay then the comparison of average 
values for undrained shear strength shall be taken to find out the worst soil bore 
hole. Soil comparison is presented in Section 8.3.

Undrained shear strength (Su) shall refer to pipeline soil investigation report 
except that in the report showing SPT-N value (blows/ ft), undrained shear 
strength value shall refer from equation Su = .

The underground soil table is considered and applied in model according to soil 
investigation report and effect of pore water pressure is considered.

The surcharge load of 2,000 kg/m2 is in accordance with DPT 1911-52 
standard. The uniform load shall be applied on the top of pit with 1.0 m offset 
from top of pit.

Allowable lateral movement of sheet pile should be 0.005 (Lateral deflection / 

pit depth) in accordance with DIN 4085:2007.

The situation is assumed to be mitigated by continuous dewatering of pit, using 

dewatering pumps or such methods.
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7.0 METHODOLOGY OF FINITE ELEMENT METHOD (FEM)

The finite element method uses two-dimensional solid finite element (dimension of a x 
b x thickness) of the elastic continuum. This method usually allows either a plan-stress 

x y z = 0) or plan-stra x y z = 0) analysis based on an input control 
parameter. They usually allow several soils with different stress-strain modulus (Es) 

General Modeling Aspects

A geometry model is 2D representation of a real three-dimensional problem 
and consists of point, lines and clusters. A geometry model should include a 
representative division of the subsoil into distinct soil layers, structural object, 
construction stage and loading. The three types of components in a geometry 
model are described below in more detail.

Points are from the start and end of lines. Point can also be used for the 
positioning of anchors, point force, and point fixities for local refinements of the 
finite element meshing.

Lines are used to define the physical boundaries of the geometry, the model 
boundaries, and discontinuities in the geometry such as walls or shells, 
separations of distinct soil layers or construction stages. A line can have several 
functions or properties.

Clusters are areas that are fully enclosed by lines. Within a cluster, the soil 
properties are homogeneous. Hence, cluster can be regarded as parts of soil 
layers. Actions related to clusters apply to all elements in the cluster.

After the creation of a geometry model, a finite element model can automatically 
be generated, based on the composition of cluster and lines in the geometry 
model. In a finite element meshing, three types of components can be identified 
below.

Elements

During the generation of the mesh, clusters are divided into triangular elements. 
A choice can be made between 15-node elements and 6-nodes elements. The 
powerful 15-node element provides an accurate calculation of stresses and 
failure loads. In addition, 6-node triangles are available for a quick calculation 
of serviceability states. Considering the same element distribution (for example 
a default coarse mesh generation), the user should be aware that meshes 
composed of 15-node elements are actually much finer and much more flexible 
than meshes composed of 6-mode elements, but calculations are also more 
time consuming. In addition to triangular elements, which are generally used to 
model the soil, compatible plate elements, grid elements and interface 
elements may be generated to model structural behavior and soil-structure 
interaction. 

Nodes

A 15-node element consists of 15-nodes and a 6-node triangle is defined by 6-
nodes. The distribution of nodes over the elements is shown in Figure 7.1. 
Adjacent elements are connected through their common nodes. During a finite 
element calculation, displacements (ux and uy) are calculated at the nodes. 
Nodes may be pre-selected for the generation of load-displacement curves.

Stress Points

In contrast to displacements, stresses and strains are calculated at individual 
Gaussian integration points (or stress points) rather than at the nodes. A 15-
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node triangular element contains 12 stress points as indicated in Figure 7.1a. 
Stress point may be pre-selected for the generation of stress paths or stress-
strain diagrams.

Figure 7.1: Nodes and Stress Points

7.1 Lateral Earth Pressure in Braced Cuts

Peck (1969) provided the envelope for lateral earth pressure for design of cuts in sand. 
This is illustrated in Figure 7.2a. The pressure envelope for soft to medium clay is 
shown in Figure 7.2b. It is applicable for the condition.

Lateral pressure of braced cuts in sand

Where

= Unit weight
H = Height of the cut
Ka =

= tan2(45° Ø/2)
Ø = Internal friction angle for shearing 

resistance

Lateral pressure of braced cuts in soft to medium clay

From Figure 7.2b, it is applicable for the condition.

4
c

H

where c = undrained cohesion (Ø= 0). The pressure, , is the larger of

)]
4
(1[
H

c
H

or        
H3.0

Where = unit weight of clay. 
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The pressure envelope for cuts in stiff clay is shown in Figure 7.2c, in which

H2.0 to  (with an average of )

4/ cH is applicable to the condition

Figure 7.2

(b) Cuts in Soft to Medium Clay; (c) Cuts in Stiff Clay

7.2 Heave of Bottom of Cut in Clay

Braced cuts in clay may become unstable as a result of heaving of the bottom of the 
excavation. Terzaghi (1943) analyzed the safety of factor of long braced excavations 
against bottom heave. The failure surface for such a case is shown in Figure 7.3.

The safety of factor is based on the assumption that the clay layer is homogeneous, at 
least to a depth of 0.7B (B is the width of pit) below the bottom of the cut. The safety 
of factor becomes.

)
/

7.5
(

1

Dc

c

H
FS 1.50        times

Where B = Width of Pit

FS = Safety of factor

c = undrained cohesion 

H = Pit depth

D = Depth of soil failure surface below bottom 

pit, maximum depth is 0.7B

= unit weight of clay.

Refer to Foundation Engineering Handbook by Hsai-Yang Fang page 473, the 
minimum allowable safety of factor is 1.20 for temporary excavations. This report shall 
be used the allowable safety of factor of 1.50. In case that the factor of safety for 
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upheaval is less than allowable value, the embedded depth of sheet pile is required 
and it needs to check that soil upheaval value has to not obstruct with construction.

Figure 7.3: Factor of Safety Against Bottom Heave
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8.0 MATERIALS

8.1 Sheet Pile

Steel sheet pile type SP-IllA (400x150x13.1mm)

Steel sheet pile material grade SY 295

Steel structure grade SY295 (295MPa) in accordance with JIS 5528 standard

Fy = 3,000 kg/cm2

Modulus of elasticity, E = 2.0x106 kg/cm2

8.2 Wale and Strut Beam

The mechanical properties of wale and strut beam are shown in table below.

Section(mm) Area (cm2)
Radius of Gyration

(cm)(min.)
Modulus of Section

(cm3)
For Pit Type

H582x300x12x17 174.5 6.63 3,530 Direct Pipe

H400x400x13x21 218.7 10.10 3,330 Bore/Tie-In

H350x350x12x19 173.9 8.84 2,300 Bore/Tie-In

H300x300x10x15 119.8 7.51 1,360 Bore/Tie-In

Steel structure grade ASTM A36 (245 MPa), Fy = 2,500 kg/cm2

Modulus of elasticity, E = 2.0x106 kg/cm2
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8.3 Soil Data

Soil data is referred from document no. RPT-C-2204.01-010-002: Pipeline Soil 
Investigation Report (See Appendix C). The boreholes are located along the pipeline 
at Right of Way (ROW) starting at Bang Pakong District, Chachoengsao Province to 
Bang Phi District, Samut Prakan Province; as demonstrated in Figure 8.1.

Figure 8.1: Project Area and Bore Location

The comparison to find out worst soil property is presented in Table 8.1 below.

Bore Hole 
No.

Bore 
Hole 

Location
(KP)

Soil 
Type

Undrained Shear Strength, Su (t/m2) (1) Average 
Undrained 

Shear 
Strength, 
Su (t/m2)

Depth

0.00-
1.50 m

1.50-
3.00 m

3.00-
4.50 m

4.50-
6.00 m

6.00-
7.50 m

7.50-
9.00 m

9.00-
10.5 m

10.5-
12.0 m

BH-001-35 0+115 Clay 1.59 1.55 1.59 1.64 1.73 1.79 1.79 1.69 1.670

BH-002-15 0+223 Clay 6.00 1.55 1.59 1.54 1.55 1.59 1.68 1.74 2.160

BH-005-35 2+914 Clay 1.68 1.60 1.50 1.54 1.64 1.54 1.63 1.74 1.610

BH-006-35 3+400 Clay 1.43 1.46 1.41 1.41 1.45 1.77 1.69 1.60 1.530

BH-007-35 4+180 Clay 1.82 1.83 1.80 1.84 1.88 1.94 1.98 2.14 1.900

BH-009-35 6+560 Clay 1.64 1.65 1.68 1.84 1.73 1.84 1.79 1.74 1.740

BH-010-35 6+835 Clay 1.45 1.53 1.49 1.67 1.73 1.78 1.64 1.93 1.650

BH-011-35 7+400 Clay 1.64 1.68 1.79 1.84 1.50 1.63 1.65 1.84 1.700
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Bore Hole 
No.

Bore 
Hole 

Location
(KP)

Soil 
Type

Undrained Shear Strength, Su (t/m2) (1) Average 
Undrained 

Shear 
Strength, 
Su (t/m2)

Depth

0.00-
1.50 m

1.50-
3.00 m

3.00-
4.50 m

4.50-
6.00 m

6.00-
7.50 m

7.50-
9.00 m

9.00-
10.5 m

10.5-
12.0 m

BH-012-35 8+266 Clay 2.49 1.45 1.47 1.52 1.58 1.63 1.49 1.74 1.670

BH-013-15 8+708 Clay 1.50 1.54 1.49 1.78 1.69 1.75 1.79 1.89 1.680

BH-014-15 8+806 Clay 1.51 1.54 1.55 1.68 1.59 1.69 1.79 1.84 1.650

BH-015-35 9+100 Clay 1.64 1.64 1.57 1.52 1.63 1.47 1.52 1.78 1.600

BH-016-35 9+300 Clay 1.49 1.62 1.58 1.44 1.49 1.53 1.64 1.67 1.560

BH-017-35 9+623 Clay 1.45 1.48 1.50 1.52 1.71 1.88 1.80 1.71 1.630

BH-018-35 12+516 Clay 1.47 1.44 1.49 1.45 1.63 1.59 1.68 1.73 1.560

BH-019-35 13+830 Clay 1.44 1.48 1.44 1.49 1.55 1.49 1.54 1.54 1.496

BH-020-35 14+965 Clay 2.66 1.68 1.52 1.44 1.45 1.49 1.53 1.54 1.664

BH-021-35 15+443 Clay 1.42 1.43 1.44 1.51 1.47 1.56 1.54 1.48 1.481

BH-022-35 16+285 Clay 1.52 1.50 1.48 1.45 1.49 1.52 1.49 1.61 1.508

BH-023-35 17+036 Clay 2.66 1.61 1.54 1.42 1.42 1.48 1.61 1.70 1.680

BH-024-35 18+650 Clay 2.00 1.48 1.44 1.46 1.44 1.46 1.52 1.66 1.558

BH-025-35 18+966 Clay 1.63 1.59 1.54 1.49 1.45 1.49 1.49 1.63 1.539

BH-026-35 19+166 Clay 2.16 1.58 1.54 1.63 1.64 1.73 1.79 1.89 1.745

BH-027-35 19+860 Clay 1.51 1.53 1.44 1.42 1.61 1.61 1.64 1.68 1.555

BH-028-35 20+717 Clay 1.64 1.66 1.47 1.54 1.51 1.71 1.66 1.84 1.629

BH-031-35 24+616 Clay 1.47 1.78 1.59 1.59 1.58 1.57 1.56 1.61 1.594

BH-032-35 25+382 Clay 1.42 1.52 1.48 1.44 1.44 1.49 1.52 1.57 1.485

BH-033-35 27+912 Clay 1.62 1.58 1.53 1.51 1.49 1.51 1.61 1.63 1.560

BH-034-35 28+631 Clay 1.49 1.46 1.42 1.66 1.68 1.66 1.70 1.82 1.611

BH-035-35 30+048 Clay 2.66 1.49 1.56 1.59 1.61 1.57 1.43 1.87 1.723

BH-036-35 31+462 Clay 1.44 1.44 1.41 1.44 1.41 1.42 1.46 1.47 1.436

BH-037-35 32+150 Clay 33.30 18.60 1.52 1.51 1.49 1.54 1.51 1.74 7.651

Note - (1) The value of undrained shear strength as shown is considered as average value in each range of depth.

Table 8.3: Comparison of Soil Properties
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The worst soil property is at bore hole BH-036-35, which shall be representative for all

borehole. Soil property in each layer is presented in Table 8.1-1.

Table 8.3-1 Soil Property in Each Layer

Depth (m)
Soil Description

Unit 
Weight, 

SPT-N 
Value

Internal 
Friction 
Angle, 

Undrained 
Shear 

Strength, Su

From To t/m3 blows/ft Degrees t/m2

0.00 1.95 Clay 1.40 - - 1.44

1.95 3.45 Clay 1.40 - - 1.44

3.45 4.95 Clay 1.40 - - 1.41

4.95 6.45 Clay 1.40 - - 1.44

6.45 7.95 Clay 1.40 - - 1.41

7.95 9.45 Clay 1.40 - - 1.42

9.45 10.95 Clay 1.41 - - 1.46

10.95 12.45 Clay 1.41 - - 1.47

The soil characteristics and parameters to be used in this calculation are referred to 

pipeline soil investigation report.

The relation of SPT-N value and undrained shear strength of clay is taken 

& Sons, Inc., New York, 1967 and is given as follows;

Su = tonne/m2

or undrained shear strength can be found from Figure 8.2,

Figure 8.2: The Relation of SPT-N Value and Unconfined 
Compressive Strength of Clay
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9.0 DESIGN LOADINGS

The design loadings that are applied to sheet pile pit are stated as below.

Surcharge load at the top of pit: Qu = 2,000 kg/m2

The surcharge load shall follow DPT 1911-52, Section 4.3.2.4, Table 1 for temporary 
excavation work (duration less than 6 months).

Gravity self-weight depending on soil property is shown in Table 8.3-1.
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10.0 CONSTRUCTION DETAILS

10.1 Bored and Tie-In Pits

They are three types of temporary sheet pile installation depth that the detail of each 
shall be shown excavated from the existing ground surface to the estimated depth.

10.1.1 Type - Depth of sheet pile is not over 4.0 m

Stage 1: Excavated pit from existing ground to below of strut and wale location 
elevation of -1.5 m (h1). During this activity, the sheet piles are resisting the soil 
pressure in cantilever.

Figure 10.1: Stage 1 Typical Section

Stage 2: Install upper wale and strut at EL.1.0 m from ground level (H1) as shown in
Figure 10.2.

Figure 10.2: Stage 2 Typical Section
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Stage 3: Excavated soil from elevation of -1.50m to bottom pit of -4.00 m as shown in
Figure 10.3.

Figure 10.3: Stage 3 Typical Section

10.1.2 Type - Depth of sheet pile is over 4.0 m and not over 7.0 m

Stage 1: Excavated pit from existing ground to below of strut and wale location 
elevation of -1.5 m (h1). During this activity, the sheet pile is resisting the soil pressure 
in cantilever.

Figure 10.4: Stage 1 Typical Section
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Stage 2: Install upper wale, strut at EL.-1.00 m from ground level (H_1) as shown in
Figure 10.5.

Figure 10.5: Stage 2 Typical Section

Stage 3: Excavated soil from elevation of -1.50m to elevation of -4.50 m as shown in
Figure 10.6.

Figure 10.6: Stage 3 Typical Section
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Stage 4: Install second wale, strut at EL.-4.00 m as shown in Figure 10.7.

Figure 10.7: Stage 4 Typical Section

Stage 5: Excavated soil from elevation of -4.50m to bottom pit of -7.00 m. as shown 
in.Figure 10.8.

Figure 10.8: Stage 5 Typical Section

h3
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Stage 6: Prior to lowering pipe, the middle strut at elevation -4.0 m shall be removed

Figure 10.9: Stage 6 Typical Section

Stage 7: After the pipe is lowered-in, the removed middle strut must be installed back
immediately.

Figure 10.10: Stage 7 Typical Section

h3

h3
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10.1.3 Type - Depth of sheet pile is over 7.0 m and not over 10.0 m

Stage 1: Excavated pit from existing ground to below of strut and wale location 
elevation of -1.5 m (h1). During this activity, the sheet pile are resisting the soil pressure 
in cantilever.

Figure 10.11: Stage 1 Typical Section

Stage 2: Install upper wale, strut at EL.-1.00 m from ground level (H_1) as shown in 
Figure 10.12.

Figure 10.12: Stage 2 Typical Section
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Stage 3: Excavated soil from elevation of -1.50 m elevation -4.50 m(h2) as shown in 
Figure 10.13.

Figure 10.13: Stage 3 Typical Section

Stage 4: Install second wale, strut at EL. -4.0 m as shown in Figure 10.14.

Figure 10.14: Stage 4 Typical Section
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Stage 5: Excavated soil from elevation of -4.50m to elevation of -7.50 m(h3). as shown 
in figure below.

Figure 10.15: Stage 5 Typical Section

Stage 6: Install the third wale, strut at EL.-7.00 m 

Figure 10.16: Stage 6 Typical Section
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Stage 7: Excavated soil from elevation of -7.50m to bottom pit of -10.0 m.

Figure 10.17: Stage 7 Typical Section

Stage 8: Prior to lowering pipe, the middle strut at elevation -4.0m shall be removal 
as shown in Figure 10.18.

Figure 10.18: Stage 8 Typical Section
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Stage 9: After pipe is lowered-in to elevation 4.0 m, the removed middle strut must be
installed as the same as shown in Figure 10.19.

Figure 10.19: Stage 9 Typical Section

Stage 10: Remove lower strut at elevation -7.0m as shown in Figure 10.20.

Figure 10.20: Stage 10 Typical Section
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Stage 11: After the pipe is lowered-in, the removed lower strut must be installed as the 
same as shown in Figure 10.21.

Figure 10.21: Stage 11 Typical Section

10.2 Direct Pipe Pit

10.2.1 Type - Depth of sheet pile is not over 4.5 m (Entry and Exit Pits)

Stage 1: Excavated pit from existing ground to below of strut and wale location 
elevation of -1.5 m (h1). During this activity, the sheet piles are resisting the soil 
pressure in cantilever.

Figure 10.22: Stage 1 Typical Section
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Stage 2: Install upper wale and strut at EL.1.0 m from ground level (H1) as shown in
Figure 10.23.

Figure 10.23: Stage 2 Typical Section

Stage 3: Excavated soil from elevation of -1.50 m to bottom pit of -4.50 m as shown in 
Figure 10.24.

Figure 10.24: Stage 3 Typical Section
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11.0 CALCULATION RESULTS

The results for sheet pile Bored & Tie-In pits and direct pipe pits are presented in Table 

11.1 and Table 11.2, respectively.

Bored and Tie-In Pits (The width of pit of 3.0 m)

Description

Sheet Pile Pit Detail

Remark

0m Depth 4.0 to 7.0m Depth 7.0 to 10.0m

Maximum width of pit, m 3.0 3.0 3.0 -

Maximum depth of pit, m 4.0 7.0 10.0 -

Pit Type Sheet pile with strut, wale and bracing -

Sheet pile embedded 
depth from bottom, m

5.00 5.00 4.00 -

Type of sheet pile SP-IIlA Pass

Sheet pile length required, 
m

9.00 12.00 14.00 Pass

Strut section H300x300x10x15mm -

Factor of safety Ratio =0.221 Ratio =0.632 Ratio =0.618 Allow. < 1.0

Spacing, m 9.00 in longitudinal with diagonal brace of 1.0 m both sides

Wale section

1st = H300x300 
(EL.-1.0m)

1st = H300x300 
(EL.-1.0m)
2nd = H350x350
(EL.-4.00m)

1st = H300x300 
(EL.-1.0m)
2nd = H350x350
(EL.-4.00m)
3rd = H350x350
(EL.-7.0m)

-

Factor of safety
Ratio =0.774 Ratio(1st) =0.477

Ratio(2nd) =0.959
Ratio(1st) =0.57
Ratio(2nd&3rd) =0.936

Allow. < 1.0

Spacing, m - 3.0 m in vertical 3.0 m in vertical -

Bracing between strut and 
wale

H400x400x13x21mm -

Factor of safety Ratio =0.109 Ratio =0.21 Ratio =0.208 Allow. < 1.0

Table 11.1: Bored & Tie-In Pits Result
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Direct Pipe for Entry and Exit Pits (The width of pit of 7.10 m& 3.0 m, respectively)

Description

Sheet Pile Pit Detail

Remark

Entry Pit 5m Exit Pit 5m

Maximum width of pit, m 7.10 3.0 -

Maximum depth of pit, m 4.50 4.50 -

Pit Type
Sheet pile with strut, wale

and bracing
Sheet pile with wale -

Sheet pile embedded depth from 
bottom, m

3.5 3.5 -

Type of sheet pile SP-IIlA Pass

Sheet pile length required, m 8.00 8.00 Pass

Strut section H582x300x12x17mm - -

Factor of safety Ratio =0.47 - Allow. < 1.0

Spacing, m See Appendix B - -

Wale section
1st = H582x300 (EL.-

1.0m)
1st = H582x300 (EL.-

1.0m)
-

Factor of safety Ratio =0.969 Ratio =0.853 Allow. < 1.0

Spacing, m - - -

Bracing between strut and wale H582x300x12x17mm - -

Factor of safety Ratio =0.212 - Allow. < 1.0

Table 11.2: Direct Pipe Pits Results

Regarding results above, the sheet pile pit is capable to withstand the relevant load 

condition as per design criteria.

The design is safe as per applicable code/standard practice.
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