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1. INTRODUCTION 

1.1. General 

Kumpulan IKRAM Sdn Bhd (hereinafter referred to as “IKRAM”) was 

commissioned by Jabatan Kerja Raya (hereinafter referred to as “JKR”) to 

provide an independent design review and rehabilitation proposal for eight (8) 

nos. of pier which were reported cracks by JKR at viaduct on Federal Route 

FT180/001/40 West Port – North Port, Selangor. 

Table 1. List of Affected Piers  

PIER PIER 
Type ID DES 

P-10A Inverted "L" P1-C 
P-11A Inverted "L" P1-C 
P-12A Inverted "L" P1-C 
P-13B Inverted "L" P1-C 
P-14B Inverted "L" P1-C 
P-15B Inverted "L" P1-C 
P-25 "T" P1-A 
P-33 "T" P1-A 

The scope of work includes the following:- 

i. To carry out independent design review on the affected pier and 

crosshead structures which were designed and built in 1999 in 

accordance with the design version of bridge design codes i.e. BS 

5400 and BD 37/88; 

ii. To carry out detailed condition surveys, crack mappings and material 

testing on the affected piers; 

iii. To propose rehabilitation or strengthening work design for the affected 

piers and crosshead.  
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1.2. Scope Of This Document 

This document presents the assumptions, methodology and results of the 

independent design review. The desk-top study is based on the as-built 

drawings, design basis and information made available at the time for this 

design review. Three (3) piers, namely P11a, P25 and P33 have been 

selected for this design review.  

 

2. REFERENCE DOCUMENTS, UNITS and ABBREVIATIONS 
 

2.1. Design Codes and Standards 

BS 5400-4:1990 – Part 4: Code of Practice for design of concrete bridges 

Departmental Standard BD 37/88 – Loads for Highway Bridges 

2.2. Design References 

Ref #1: Strut-and-Tie Model for Deep Beam Design – A practical exercise 

using Appendix A of the 2002 ACI Building Code, James K. Wight and 

Gustavo J. Parra-Montesinos 

Ref #2: Building Code Requirements for Structural Concrete (ACI 318-08) and 

Commentary.  Appendix A – Strut-and-Tie Models 

2.3. System of Units 

The following units are used in the report presentation; 

 Length = m 

 Tension / Compression Force = kN 

 Tension / Compression Stress = N/mm2 

 Bending Moment = kN.m 

 Shear Force = kN 

 Section Ultimate Capacity (Bending) = kN.m 

 Section Ultimate Capacity (Axial) = kN 

 Crack Width = mm 

 Reinforcement Area = mm2 
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2.4. Abbreviations 

The following abbreviations are used in the report presentation; 

 FEM – Finite Element Model 

 IKRAM - Kumpulan Ikram Sdn Bhd 

 JKR – Jabatan Kerja Raya 

 KEL – Knife Edge Load 

 LHS – Left Hand Side 

 MTAL – Medium Term Assessment Loading 

 RHS – Right Hand Side 

 STM – Strut and Tie Model 

 SLS – Serviceability Limit State 

 UDL – Uniform Distributed Load 

 ULS – Ultimate Limit State 
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3. INFORMATIONS SUPPLIED 

The following reports and as-built drawings are made available for this study 

3.1. Reports 

RPT #1: “Laporan Pemeriksaan 8 Bilangan ‘Pier’ dan ‘Crosshead’ Jejambat 

FT180/001/40 di Laluan Pelabuhan Barat – Pelabuhan Utara, Daerah 

Klang, Selangor” by Bahagian Forensik (Struktur & Jambatan) 

Cawangan Kejuruteraan Awam, Struktur & Jambatan, Ibu Pejabat JKR 

Malaysia dated 22nd October 2010 

3.2. As Built Drawings 
 

Table 2. List of As Built Drawings 
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4. DESIGN REVIEW METHODOLOGY 
 

4.1. Approach 

There are eight (8) piers which were reported cracks by JKR. The details of 

the affected structures are summarized as below:-   

Table 3. The Affected Pier Information ( 8 Nos.) 
 

PIER 
Pier 
Type 

Pier 
dia. 
(m) 

Cross-
head 
Depth 

(m) 

Piling 

SPAN LENGTH / PRECAST 
BEAM TYPE 

ID TYPE LHS (m) RHS (m) 

P-
10A 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200 
28.05m / 2ⁿ-UM 

+ 6ⁿ-M 
28.05m / 2ⁿ-UM 

+ 6ⁿ-M 
P-

11A 
Inverted 

"L" 
P1-C 2.5 2.5 

4-
Ø1200 

28.05m / 2ⁿ-UM 
+ 6ⁿ-M 

28.05m / 2ⁿ-UM 
+ 6ⁿ-M 

P-
12A 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200 
28.05m / 2ⁿ-UM 

+ 6ⁿ-M 
28.05m / 2ⁿ-UM 

+ 6ⁿ-M 
P-

13B 
Inverted 

"L" 
P1-C 2.5 2.5 

4-
Ø1200 

28.17m / 2ⁿ-UM 
+ 6ⁿ-M 

21.85m / 2ⁿ-UM 
+ 6ⁿ-M 

P-
14B 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200 
21.85m / 2ⁿ-UM 

+ 6ⁿ-M 
21.83m / 2ⁿ-UM 

+ 6ⁿ-M 
P-

15B 
Inverted 

"L" 
P1-C 2.5 2.5 

4-
Ø1200 

21.83m / 2ⁿ-UM 
+ 6ⁿ-M 

21.78m / 2ⁿ-UM 
+ 6ⁿ-M 

P-25 "T" P1-A 3.0 3.5 
6-

Ø1200 
35.05m / 12ⁿ-U 

28.05m / 2ⁿ-UM 
+ 14ⁿ-M 

P-33 "T" P1-A 3.0 3.5 
6-

Ø1200 
28.05m / 2ⁿ-UM 

+ 14ⁿ-M 
28.05m / 2ⁿ-UM 

+ 14ⁿ-M 

After examining their span configuration and structural form, P-11A, P-25 and 

P-33 have been selected for this review study.  

Based on the as built drawings and design basis / criteria made available for 

this study, 3D analytical models were built for P-11A, P-25 and P-33 to 

investigate the maximum induced forces acting on the affected piers and 

crossheads. The forces are checked against two (2) limit stage conditions; 

Serviceability Limit State (SLS) and Ultimate Limit State (ULS). The sectional 

axial and bending capacities are computed and checked against the 

maximum forces from the analysis under ULS condition. The crack widths are 

computed based on the maximum force from the analysis under SLS 

condition.  
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Strut and Tie models (STM) and Finite Element Analysis (FEM) are performed 

to investigate the tension tie forces and localized tensile stresses distribution 

of the crossheads. 

4.2. Loading 

The following loads have been considered in this design review. 

- Dead load 

- Superimposed dead load 

- Traffic live loads 

- Wind load 

 
4.2.1 Dead Load 

Unit weight of precast post tensioned girder and in-situ deck slab is taken as 

25.0kN/m3. 

 Precast M10 girder  = 11.42kN/m 

 Precast UM10 girder = 13.58kN/m 

 Precast “U” girder  = 18.66kN/m (for left span of P25 only) 

 160mm in-situ deck slab = 3.84kN/m2 

 

4.2.2 Superimposed Dead Load (SDL) 

Unit weight of secondary RC element is taken as 24.0kN/m3 and premix is 

taken as 22.6kN/m3. 

 50mm premix = 1.13kN/m2 

 RC Parapet  = 5.88kN/m (Edge) 

= 11.75kN/m (Central) 
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4.2.3 Traffic Live Load 

Traffic live loads adopted for the study are as follows:- 

 HAUDL + KEL  

 HAUDL + 30 units HB (BD 37/88 cl. 6.3) 

 45 units HB (Unguided) 

 JKR SV20 (Guided along centerline of carriageway) 

 JKR Medium Term Axle Load (MTAL) 

The traffic live loads used in accordance with BD 37/88 for 3 notional lanes 

are as follows:- 

 

Figure 1. Typical section of bridge deck 
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Table 4. BD 37/88 (3 Notional Lanes) Vehicular Load Tabulation 

 

 

In accordance with cl. 3.2.9.1 of BD 37/88, “In the absence of raised kerbs it is 

the width between safety fences, less the amount of set-back required for 

these fences, being not less than 0.6m or more than 1.0m from the traffic face 

of each fence”. Based on this clause, a separate loading criterion is 

established for 2 notional lanes. 

The traffic live load used in accordance with BD 37/88 for two (2) notional 

lanes is as follows:- 

 

Figure 2. BD 37/88 (2 Notional Lanes) configuration 
 
 
Table 5. BD 37/88 (2 Notional Lanes) load distribution 

 

 

The traffic live load used in accordance with JKR MTAL for three (3) fixed 

2.5m wide notional lanes is as follows:- 
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Table 6. JKR MTAL (3 Notional Lanes) load distribution 

 

 

The following Table (7) summarized types of the traffic live load applied in this 

study. 

Table 7. Summary of traffic live load analysis 

Pier Type 
BD 37/88 

SV20 
JKR MTAL        
(3 Notional 

Lanes) 
3 Notional 

Lanes 
2 Notional 

Lanes 
P1-C (P-

11A) 
√ √ √ √ 

P1-A (P-25) √   √   

P1-A (P-33) √   √   

 
 
4.2.4 Wind Load 

Transverse wind load is checked against Pier P-11A. The nominal transverse 

wind load is derived based on a maximum 3-sec wind gust speed of 32 m/s. 

 

4.3. Material Strength 

 

4.3.1 Concrete 

Concrete grade adopted for the study are as follows; 

 Precast post tensioned beams = C50 

 Reinforced concrete crossheads & piers = C40 

4.3.2 Reinforcement 

Reinforcement bar adopted for the study is Type 2 deformed bar with 

minimum yield strength, fy = 460N/mm2
.
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4.4. Load Combinations 

The applied load factors γfl and γf3 for SLS and ULS shall be as follows:- 

Table 8. SLS and ULS load factors 

  
 

4.5. Ultimate Limit State (ULS) - Sectional Capacity Check 

The ultimate capacity for the affected piers and crossheads are computed 

based on the as-built drawings made available for this study. These capacities 

are checked against the maximum load effects acting on the pier in Ultimate 

Limit State (ULS) to assess the adequacy of the design.  

4.6. Serviceability Limit State (SLS) - Crack Width Check 

The crack width for the affected piers and crossheads are computed based on 

the as-built drawings made available for this study. The crack widths are 

checked using the maximum force derived from load case HA+KEL in 

Serviceability Limit State (SLS). The allowable crack width shall be less than 

0.25mm in accordance with BS 5400 cl. 4.1.1.1. 

Table 9. BS 5400-4:1990 “Table 1 – Design Crack Widths (cl. 4.1.1.1) 
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5. DESCRIPTION OF STRUCTURES 

Based on the as-built information made available for this study, the basic data 

of the affected piers and crossheads used for the analysis are summarized as 

follows; 

Table 10. Pier description and configuration 
 

PIER 
Pier 
Type 

Pier 
dia. 
(m) 

Cross-
head 
Depth 

(m) 

Piling 

SPAN LENGTH / PRECAST BEAM 
TYPE 

H 
 

ID TYPE LHS (m) RHS (m) (m) 

P-
10A 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
28.05m / 2ⁿ-UM + 

6ⁿ-M 
28.05m / 2ⁿ-UM + 

6ⁿ-M 
10.4
51 

EJ 

P-
11A 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
28.05m / 2ⁿ-UM + 

6ⁿ-M 
28.05m / 2ⁿ-UM + 

6ⁿ-M 
10.4
72 

 

P-
12A 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
28.05m / 2ⁿ-UM + 

6ⁿ-M 
28.05m / 2ⁿ-UM + 

6ⁿ-M 
10.4
97 

Fix
ed 

P-
13B 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
28.17m / 2ⁿ-UM + 

6ⁿ-M 
21.85m / 2ⁿ-UM + 

6ⁿ-M 
11.0
87 

 

P-
14B 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
21.85m / 2ⁿ-UM + 

6ⁿ-M 
21.83m / 2ⁿ-UM + 

6ⁿ-M 
11.0
87 

EJ 

P-
15B 

Inverted 
"L" 

P1-C 2.5 2.5 
4-

Ø1200
21.83m / 2ⁿ-UM + 

6ⁿ-M 
21.78m / 2ⁿ-UM + 

6ⁿ-M 
10.5
73 

 

P-25 "T" P1-A 3.0 3.5 
6-

Ø1200
35.05m / 12ⁿ-U 

28.05m / 2ⁿ-UM + 
14ⁿ-M 

8.96
1 

EJ 

P-33 "T" P1-A 3.0 3.5 
6-

Ø1200
28.05m / 2ⁿ-UM + 

14ⁿ-M 
28.05m / 2ⁿ-UM + 

14ⁿ-M 
8.96

1 
EJ 

 

The working capacity of the Ø1200mm bored pile is 6,000kN. 

After examining the span configuration and structural form for the eight (8) 

cracked piers, P-11A, P-25 and P-33 have been selected for this review 

study.  

 

5.1. Pier P-11A (Type P1-C) 

P-11A is an inverted “L” shape pier supporting 28.05m long precast girders on 

the left and right. Each span consists of 6 nos. of precast M10 girder and 2 

nos. of precast UM10 edge girder and supported by 4 nos. of 1200mm dia. 

bored pile. The working capacity of the 1200mm dia. bored pile is 6,000kN. 
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Figure 3. Pier P-11A (Type P1-C) 

 

Figure 4. Pier P-11A (Type P1-C) precast beam 
 

 

5.2. Pier P-25 (Type P1-A) 

P-25 is a “T” shape pier supporting 35.05m span on the left and 28.05m span 

on the right. The left span consists of 12 nos. of precast U girder and the right 

span consists of 14 nos. of precast M10 girder and 2 nos. of precast UM10 

edge girder and supported by 6 nos. of 1200mm dia. bored pile. The working 

capacity of the 1200mm dia. bored pile is 6,000kN. 
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Figure 5. Pier P-25 (Type P1-A) – Left span 
 

 

Figure 6. Pier P-25 (Type P1-A) – Right span 
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Figure 7. Pier P-25 (Type P1-A) precast beam section properties 
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5.3. Pier P-33 (Type P1-A) 

P-33 is a “T” shape pier supporting 28.05m span on the left and right. Each 

span consists of 14 nos. of precast M10 beam and 2 nos. of precast UM10 

beam and supported by 6 nos. of 1200mm dia. bored pile. The working 

capacity of the 1200mm dia. bored pile is 6,000kN. 

 

Figure 8. Pier P-33 (Type P1-A) 

 

Figure 9. Pier P-33 (Type P1-A) precast beam section properties 
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6. 3D ANALYTICAL MODELS 

 

6.1. Description of Analytical Model 

a) 3D analytical models are established using analysis software StaadPro 2007 

to determine the maximum combined load effects on the affected piers and 

crossheads under the service load conditions. 

Three (3) independent models are built for this study, i.e; 

 P-11A (Type P1-C) – Inverted “L” shape pier 

 P-25 (Type P1-A) – “T” shape pier 

 P-33 (Type P1-A) – “T” shape pier 

b) 2D STM’s (Strut and Tie Model) are built to check the shear critical structure 

or the D-regions of deep hammer pier type concrete structure. 

Two (2) independent STM models are built for this study, i.e; 

 P-11A (Type P1-C) – Inverted “L” shape pier 

 P-33 (Type P1-A) – “T” shape pier 

c) 2D FEM’s (Finite Element Model) are performed to investigate the localized 

stresses on the piers and crossheads. 

Two (2) independent FEM models are built for this study, i.e; 

 P-11A (Type P1-C) – Inverted “L” shape pier 

 P-33 (Type P1-A) – “T” shape pier 
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6.2. Pier P-11A (Type P1-C) 

 

 
Figure 10. P-11A model 

 

 

 

Figure 11. P-11A model – HA+KEL 
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Figure 12. P-11A model – Combined HB30 + HA 
 

 

 

 

Figure 13. P-11A model – HB45 Moving Load 
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Figure 14. P-11A model – SV20 Moving Load 
 

 

 

 

Figure 15. P-11A model – JKR MTAL 
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Figure 16. P-11A model – Transverse Wind Load 
 

 

 

 

 

Figure 17. P-11A model – STM Model 
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Figure 18. P-11A model – FEM Model 
 

6.3. Pier P-25 (Type P1-A) 

 

 

 
Figure 19. P-25 model 
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Figure 20. P-25 model – HA+KEL 
 

 

 

 

Figure 21. P-25 model – Combined HA + HB30 
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Figure 22. P-25 model – HB45 Moving Load 
 

 

 

 

 

 

 

Figure 23. P-25 model – SV20 Moving Load 
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6.4. Pier P-33 (Type P1-A) 

 

 

 
Figure 24. P-33 Model 

 

 

Figure 25. P-33 Model - HA+KEL 
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Figure 26. P-33 Model – Combined HA + HB30 
 

 

 

Figure 27. P-33 Model – HB45 Moving Load 
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Figure 28. P-33 Model – SV20 Moving Load 
 

 

 

 

Figure 29. P-33 Model – STM Model 
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Figure 30. P-33 Model – FEM Model 
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7. DESIGN REVIEW FOR PIER P-11A (TYPE P1-C) 

From the 3D analysis, the load effects under each load case can be obtained 

for P-11A.  

7.1. Pier Column Check for Pier P-11A 

The member forces for pier column are presented below for various load 

combinations. The design checks for pier column members under ULS and 

SLS are performed.  

 
7.1.1 Analysis Results for Pier P-11A Column 

The maximum design forces at pier column base are tabulated.  

 

7.1.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 11. P-11A pier force – BD 37/88 (3 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms, 
crosshead and column 
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Table 12. P-11A pier force load combination – BD 37/88 (3 Notional Lanes) 
 

 
 
 
 
7.1.1.2 BD 37/88 (2 Notional Lanes) 

 
Table 13. P-11A pier force – BD 37/88 (2 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms, 
crosshead and column 
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Table 14. P-11A pier force load combination – BD 37/88 (2 Notional Lanes) 
 

 
 
 
7.1.1.3 JKR MTAL (3 Notional Lanes) 

 
Table 15. P-11A pier force – JKR MTAL (3 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms, 
crosshead and column 

Table 16. P-11A pier force load combination – JKR MTAL (3 Notional Lanes) 
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7.1.1.4 Transverse Wind Load with BD 37/88 (3 Notional Lanes) 

 
Table 17. P-11A pier force – BD 37/88 (Transverse wind load) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms, 
crosshead and column 

 
Table 18. P-11A pier force load combination – BD 37/88 (Transverse wind load) 
 

 
 
 
7.1.2 Sectional Capacity Check (ULS) for P-11A Column 

The pier section capacity is calculated based on the following as-built 

parameters; 

 Ø2500mm, fcu=40MPa, 50-T32 

From the following design checks, all the applied ULS forces lies within the P-

M interaction capacity envelope; hence it can be conclude that the existing 

design of pier column P-11A is adequate at ULS. 
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7.1.2.1 BD 37/88 (3 Notional Lanes) 
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7.1.2.2 BD 37/88 (2 Notional Lanes) 
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7.1.2.3 JKR MTAL (3 Notional Lanes) 
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7.1.2.4 Transverse Wind Load for P-11A Column 

It is found that the ultimate pier induced force for Load Combination (2) under 

transverse wind load condition is less critical compared to Load Combination 

(1). Therefore, no further check would be required. 

 
7.1.3 Crack Width Check (SLS) for P-11A Column 

The pier crack width is calculated based on the following as-built parameters 

Ø2500mm, fcu=40mPa, 50-T32 

From the following crack width checks, the computed crack widths for pier 

column P-11A (Type P1-C) are summarized as follows; 

Table 19. Summary of P-11A SLS crack width check 

Pier Type 

Crack Width (mm) 
3 Notional 

Lanes 
(BD37/88) 

2 Notional 
Lanes 

(BD37/88) 

3 Notional 
Lanes (JKR 

MTAL) 
P1-C (P-11A) 0.416 0.370 0.398 

 

Hence, the existing design of Pier P-11A exceeds the allowable crack width of 

0.25mm for all 3 cases. 
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7.1.3.1 BD 37/88 (3 Notional Lanes) 
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7.1.3.2 BD 37/88 (2 Notional Lanes) 
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7.1.3.3 JKR MTAL (3 Notional Lanes) 
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7.2. Crosshead Check for Pier P-11A 

The member forces of crosshead are presented below for various load 

combinations. The design checks for crosshead members under ULS and 

SLS are performed based on the following as-built drawing. 

 

Figure 31. P-11A As-built crosshead reinforcement 
 
 
7.2.1 Analysis Results for Pier P-11A Crosshead 

The maximum design forces for crosshead are tabulated for various cases. 

7.2.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 20. P-11A crosshead moment – BD 37/88 (3 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 
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Table 21. P-11A crosshead moment load combination – BD 37/88 (3 Notional Lanes) 

 
 
 
Table 22. P-11A crosshead shear @ 2.5m depth – BD 37/88 (3 Notional Lanes)   

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 

 

Table 23. P-11A crosshead shear @ 2.5m depth load combination – BD 37/88 (3 
Notional Lanes) 
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7.2.1.2 BD 37/88 (2 Notional Lanes) 

 
Table 24. P-11A crosshead moment – BD 37/88 (2 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 

Table 25. P-11A crosshead moment load combination – BD 37/88 (2 Notional Lanes) 
 

 
 
 
Table 26. P-11A crosshead shear @ 2.5m depth – BD 37/88 (2 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 
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Table 27. P-11A crosshead shear @ 2.5m depth load combination – BD 37/88 (2 
Notional Lanes) 

 
 
 
7.2.1.3 JKR MTAL (3 Notional Lanes) 

 
Table 28. P-11A crosshead moment – JKR MTAL (3 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 

 

Table 29. P-11A crosshead moment load combination – JKR MTAL (3 Notional 
Lanes) 
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Table 30. P-11A crosshead shear @ 2.5m depth – JKR MTAL (3 Notional Lanes) 

 

*SW includes 6 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 

Table 31. P-11A crosshead shear @ 2.5m depth load combination – JKR MTAL (3 
Notional Lanes) 

 
 
 
7.2.2 Section Capacity Check (ULS) for P-11A Crosshead 

The crosshead is checked for its moment and shear capacity under Ultimate 

Limit State (ULS). 

The crosshead section capacity is calculated based on the following as-built 

information:- 

Crosshead P-11A (Type P1-C) 

 Width = 2500mm, Depth = 2500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (2 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

7.2.2.1 Ultimate Moment Capacity Check for P-11A Crosshead 
 

The computed crosshead ultimate moment capacities for Pier P-11A (Type 

P1-C) are computed and compared with the ULS applied moments.  
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Table 32. Summary of P-11A crosshead ULS moment capacity check 

Loading Criteria 

Ult. Moment Capacity (kN.m) Maximum 
ULS 

Moment 
(kN.m) 

Capacity 
Ratio Without 

Sidebar  
With Sidebar  

BD 37/88 (3 Notional 
Lanes) 

24,439 26,069 25,805 1.06 

BD 37/88 (2 Notional 
Lanes) 

24,439 26,069 24,442 1.00 

JKR MTAL (3 Notional 
Lanes) 

24,439 26,069 25,173 1.03 

*Capacity ratio is based on Maximum ULS Moment / Ult. 
Moment Capacity (without sidebar)   

 

 

The applied moments exceed the P-M interaction envelopes when the 

ultimate moment capacity is analyzed without taking into consideration the 

side reinforcement. However, when the side reinforcement is incorporated in 

the ultimate capacity calculation, the applied moments are within the P-M 

interaction envelope. Hence the existing crosshead moment capacity design 

for P-11a (Type P1-C) is marginally pass at ULS. 

The detailed computations of the sectional moment capacities are presented 

below. 
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7.2.2.1.1 BD 37/88 (3 Notional Lanes) 

*Without Side Reinforcement 
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* With Side Reinforcement T16-175 (Both Sides) 
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7.2.2.1.2 BD 37/88 (2 Notional Lanes) 

* Without Side Reinforcement 
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* With Side Reinforcement T16-175 (Both Sides) 

 

 



An Independent Design Check of The Pier at Viaduct on Federal Route FT180/001/40 West Port – 
North Port, Selangor Darul Ehsan. 

Final Report 
 

Private & Confidential 
Prepared by Kumpulan IKRAM Sdn Bhd    
   
   

59 

7.2.2.1.3 JKR MTAL (3 Notional Lanes) 

* Without Side Reinforcement 
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* With Side Reinforcement T16-175 (Both Sides) 
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7.2.2.2 Ultimate Shear Capacity Check for P-11A Crosshead 

The shear link required for crosshead of Pier P-11A (Type P1-C) under 

ULS is computed and compared to the shear link provided. 

Table 33. Summary of P-11A crosshead ULS shear force capacity 
check 

 

Based on the above, the shear link provided in the as-built drawings is 

more than the requirement. Hence, the existing crosshead shear 

design for P-11A (Type P1-C) is adequate at ULS. 

The detailed computations of the sectional shear capacities are 

presented as below.  
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7.2.2.2.1 BD 37/88 (3 Notional Lanes) 

*ULS1C1 

 

*ULS2C1 
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*ULS3C1 

 
 
 

*ULS4C1 
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7.2.2.2.2 BD 37/88 (2 Notional Lanes) 

*ULS1C1 

 
 

*ULS2C1 
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*ULS3C1 

 
 

*ULS4C1 
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7.2.2.2.3 JKR MTAL (3 Notional Lanes) 

*ULS1C1

 

7.2.3 Crack Width Check (SLS) for Pier P-11A Crosshead 

The crosshead crack width is calculated based on the following as-built 

parameters:- 

Crosshead P-11A (Type P1-C) 

 Width = 2500mm, Depth = 2500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (2 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

The computed crosshead crack widths for Pier P-11A (Type P1-C) are 

summarized as follows:- 

 

Table 34. Summary of P-11A crosshead SLS crack width check 
 

 

 

 
 
 
 
 
 

Loading Criteria 

Crack Width (mm) 

Without 
Sidebar  

With Sidebar  

BD 37/88 (3 Notional Lanes) 0.270 0.255 

BD 37/88 (2 Notional Lanes) 0.196 0.181 

JKR MTAL (3 Notional Lanes) 0.252 0.238 
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The computed crack widths for 3 notional lanes under BD37/88 and JKR 

MTAL loading criteria without taking side reinforcement into consideration are 

0.270mm and 0.252mm, which exceed the allowable crack width of 0.250mm. 

When side reinforcement is incorporated into the design check, the computed 

crack width under BD 37/88 is 0.255mm which still exceeds the allowable 

limit. However, under JKR MTAL is 0.238mm which is less than the allowable 

limit. 

Under BD 37/88 2 notional lanes criteria, both the design checks with and 

without side reinforcement are 0.181mm and 0.196mm respectively which are 

less than the allowable crack width of 0.250mm.  

The detailed computation of the crack widths are presented below. 
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7.2.3.1 BD 37/88 (3 Notional Lanes) 

* Without Side Reinforcement 
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*With Side Reinforcement T16-175 (Both Sides)  
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7.2.3.2 BD 37/88 (2 Notional Lanes) 
 

* Without Side Reinforcement 
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*With Side Reinforcement T16-175 (Both Sides)  
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7.2.3.3 JKR MTAL (3 Notional Lanes) 
* Without Side Reinforcement 
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*With Side Reinforcement T16-175 (Both Sides)  
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7.3. Strut and Tie Analysis (STM) for Pier P-11A Crosshead  

The STM model is based on BD 37/88 three (3) notional lanes loading criteria 

for Ultimate Limit State under Load Combination (1). 

Summary of maximum bearing force based on BD 37/88 (3 Notional Lanes) 
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Figure 32. P-11A STM Analysis Model 
 

 

 

Figure 33. Pier P-11A Tension and Compression Zone based on ULS1C1 
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Figure 34. P-11A STM Axial Force Diagram (Blue = Tension, Red = 
Compression) 
 

The support for the STM model is modelled based on the centroid of the 

tension reinforcement zone and concrete compression zone as shown in 

Figure 33.  

The tie tension forces obtained from the analysis are checked as follows; 
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The check shows that the top reinforcement and column reinforcement in the 

tension zone provided are sufficient to cater for the tension forces. However, 

the shear links provided is insufficient to resist the tension forces.  

The bottom compression strut forces obtained from the analysis are checked 

as follows; 

 

Based on the check, the concrete stress calculated is 4.51 N/mm2, which is 

less than 0.4fcu; 16.0 N/mm2. Thus, the bottom strut concrete compression 

stress is within the concrete strength limit. 
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The diagonal compression strut is checked as follows; 

 

Figure 35. P-11A diagonal strut check 
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Based on the checking, the diagonal compression strut width is measured to 

be 463 mm. The maximum ultimate compression strut force from the analysis 

is 14,532 kN, which is lower than the calculated capacity of 26,137 kN. 

Therefore, the diagonal compression strut capacity satisfies the ultimate limit 

force from the analysis.  
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7.4. Finite Element Analysis (FEM) for P-11A  

The FEM model was based on BD 37/88 3 notional lanes loading criteria for 

Serviceability Limit State Load Combination 1. 

 
Figure 36. P-11A S11 stress diagram 

 
 

 
Figure 37. P-11A S11 tension stress diagram 

 

Compression 

Tension 

Tension 
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Figure 38. P-11A S22 stress diagram 
 

 

 

Figure 39. P-11A S22 tension stress diagram  
 

Tension 

Compression 

Tension 
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Figure 40. P-11A SMAX stress diagram 
 

 

Figure 41. P-11A SMAX tension stress diagram 

Tension 

Compression 

Tension 
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Figure 42. P-11A SMIN tension stress diagram 
 

Based on Figure 39, it is shown that the S22 tension stress extends 

approximately 2.0m from the top of the pier into the crosshead. Therefore, it 

would be suggested that the pier main reinforcement should be extended up 

for a minimum of 0.8 depth of the crosshead followed by tension anchorage 

length to cater for tension of the reinforcement bars. 

 

 

 

 

 

 

 

 

 

Tension 

Compression 
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7.5. Summary of Design Review for Pier P-11A 
 

(a) The pier column ultimate capacity (ULS) and crack width (SLS) check is 

summarized as below. 

Table 35. P-11A – Summary of pier ULS moment capacity  

 

Table 36. P-11A – Summary of pier SLS crack width 

 

Based on the checking, the existing pier column design satisfied the ULS 

capacity. However, the crack widths computed are more than 0.250mm 

which exceeded the SLS criteria.  

(b) The crosshead ultimate moment capacity (ULS) check is summarized as 

below. 

Table 37. P-11A – Summary of crosshead ULS moment capacity 

 

The checking shows that the existing design of crosshead did not meet the 

ULS moment capacity for BD 37/88 (3 Notional Lanes) and JKR MTAL (3 

Notional Lanes) loading criteria when analyzed without the side 

reinforcement. When side reinforcement is taken into consideration, the 

crosshead moment capacity is adequate for all three (3) loading cases. 
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(c) The crosshead ultimate shear capacity (ULS) check is summarized as 

below. 

Table 38. P-11A – Summary of crosshead ULS shear capacity 
 

 

The checking shows that the existing shear capacity design of the 

crosshead is adequate at ULS.  

 

(d) The crosshead crack width (SLS) check is summarized as below. 

Table 39. P-11A – Summary of crosshead SLS crack width 
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The checking shows that the existing design of the crosshead did not meet 

the SLS crack width criteria of 0.250mm for BD 37/88 (3 Notional Lanes) 

loading criteria. When BD 37/88 (3 Notional Lanes) loading criteria is 

checked against the existing design, the calculated crack width satisfies 

the allowable limit of 0.250mm. However, the crack width calculated under 

JKR MTAL loading criteria only satisfies the 0.250mm limit criteria when 

side reinforcement is taken into consideration. 

(e) The following table shows the comparison of ULS design between 

conventional beam theory and STM. 

Table 40. P-11A – Conventional beam theory vs. STM 

 

Based on the comparison, it is found that the reinforcement required the 

resist the bending moment by using STM method is less than the 

conventional beam theory method. In the other hand, STM design method 

requires more shear links compared to conventional beam theory design. 

(f) Based on Figure (42), the pier column main vertical reinforcement of T32-

150 was terminated near top of crosshead without 90° anchorage bent.  

From Figure (31) of the STM analysis, the vertical ultimate tension of 

10,685kN on the tension tie member (Node 103 to 203) extends from the 

bottom compression strut to the top tension tie. Although, the 

reinforcement provided in the pier column tension zone of 32T32 and 

3T16-150 of crosshead links is sufficient to resist the tension tie force, but 

they don’t have sufficient anchorage length into the nodal zone to satisfy 

STM design philosophy.    
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Figure 43. P-11A as-built detailing 
 

Moreover, from Figure (38) of the FEM analysis, the crosshead S22 

tension stress is found to extend into crosshead about 2.0m from top of 

pier column (i.e. soffit of crosshead). Therefore, it is essential that the main 

column reinforcement should extend further up and followed by a bend for 

another minimum tension anchorage length beyond the tension zone. 

(g) It is found that the conventional method of analysis does not capture the 

tensile stress in the crosshead as compared to STM or FEM analysis. This 

is due to the conventional method assumes the crosshead and pier 

column as frame elements connected at the centroid of the respected 

elements. Therefore, it is recommended to perform STM and FEM 

analysis to investigate and capture the behaviour of deep crosshead.  

 



An Independent Design Check of The Pier at Viaduct on Federal Route FT180/001/40 West Port – 
North Port, Selangor Darul Ehsan. 

Final Report 
 

Private & Confidential 
Prepared by Kumpulan IKRAM Sdn Bhd    
   
   

88 

8. DESIGN REVIEW FOR PIER P-25 (TYPE P1-A) 

From the 3D analysis, the load effects under each load case can be obtained 

for P-25.  

 

8.1. Pier Column Check for Pier P-25 

The member forces for pier column are presented below for various load 

combinations. The design checks for pier column members under ULS and 

SLS are performed.  

 
8.1.1 Analysis Results for Pier P-25 Column 

The maximum design forces at pier column base are tabulated. 

 

8.1.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 41. P-25 pier force – BD 37/88 (3 Notional Lanes) 

 
 
*SW includes 12 nos. precast U (LHS), 14nos. precast M10, 2 nos. precast UM10 
(RHS), diaphragms, crosshead and column 
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Table 42. P-25 pier force load combination – BD 37/88 (3 Notional Lanes) 
 

 
 
 
8.1.2 Sectional Capacity Check (ULS) for P-25 Column 
 

The pier section capacity is calculated based on the following as-built 

information:- 

 Ø3000mm, fcu=40MPa, 120-T32 
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8.1.2.1 BD 37/88 (3 Notional Lanes) 
 

 

 
 

The applied forces lies within the P-M interaction envelopes; hence the 

existing design of Pier P-25 is adequate at ULS. 
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8.1.3 Crack Width Check (SLS) for P-25 Column 

The pier crack width is calculated based on the following parameter; 

Ø3000mm, fcu=40MPa, 120-T32 

 

8.1.3.1 BD 37/88 (3 Notional Lanes) 
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The computed crack width for Pier P-25 (Type P1-A) is summarized as 

follows:- 

 

Table 43. Summary of P-25 SLS crack width check 

Pier Type 

Crack Width (mm) 
3 Notional 

Lanes 
(BD37/88) 

2 Notional 
Lanes 

(BD37/88) 

3 Notional 
Lanes (JKR 

MTAL) 
P1-A (P-25) 0.087 - - 

 

Hence, the existing design of Pier P-25 is less than the allowable crack width 

of 0.25mm. 
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8.2. Crosshead Check for Pier P-25 

The member forces of crosshead are presented below for various load 

combinations. The design checks for crosshead members under ULS and 

SLS are performed based on the following as-built drawing. 

 

Figure 44. P-25 As-built crosshead reinforcement 

 

8.2.1 Analysis Results for Pier P-25 Crosshead 

The maximum design forces for crosshead are tabulated.  

8.2.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 44. P-25 crosshead moment – BD 37/88 (3 Notional Lanes) 

 
 
*SW includes 12 nos. precast U (LHS), 14nos. precast M10, 2 nos. precast UM10 
(RHS), diaphragms and crosshead 
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Table 45. P-25 crosshead moment load combination – BD 37/88 (3 Notional Lanes) 

 
 
Table 46. P-25 crosshead shear @ 2.0m depth – BD 37/88 (3 Notional Lanes) 

 
 
*SW includes 12 nos. precast U (LHS), 14nos. precast M10, 2 nos. precast UM10 
(RHS), diaphragms and crosshead 
 
 
 
Table 47. P-25 crosshead shear @ 2.0m depth load combination – BD 37/88 (3 
Notional Lanes) 
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Table 48. P-25 crosshead shear @ 3.5m depth – BD 37/88 (3 Notional Lanes) 

 
 
*SW includes 12 nos. precast U (LHS), 14nos. precast M10, 2 nos. precast UM10 
(RHS), diaphragms and crosshead 
 
 
Table 49. P-25 crosshead shear @ 3.5m load combination – BD 37/88 (3 Notional 
Lanes) 

 
 
 
 
8.2.2 Section Capacity Check (ULS) for Pier P-25 Crosshead 

The crosshead is checked for its moment and shear capacity under Ultimate 

Limit State (ULS) 

The crosshead section capacity is calculated based on the following as built 

information:-  

Crosshead P-25 (Type P1-A) 

 Width = 3000mm, Depth = 3500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (3 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

8.2.2.1 Ultimate Moment Capacity Check for P-25 Crosshead 
 

The computed crosshead ultimate moment capacity for Pier P-25 (Type P1-

A) is computed and compared with the ULS applied moments.  
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Table 50. Summary of P-25 crosshead ULS moment capacity check 

Loading Criteria 
Ult. Moment Capacity (kN.m) Maximum 

ULS Moment 
(kN.m) 

Capacity 
Ratio Without 

Sidebar  
With Sidebar 

BD 37/88 (3 Notional 
Lanes) 

59,830 65,605 53,530 0.89 

*Capacity ratio is based on Maximum ULS Moment / Ult. Moment 
Capacity (without sidebar)  

 

 

The applied moment lies within the P-M interaction envelope. Hence the 

existing crosshead design for P-25 (Type P1-A) is adequate at ULS. 

The detailed computations of the sectional moment capacity are presented 

below. 
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8.2.2.1.1 BD 37/88 (3 Notional Lanes) 
 

*Without Side Reinforcement 
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* With Side Reinforcement T20-150 (Both Sides) 

 

 
 

 

 



An Independent Design Check of The Pier at Viaduct on Federal Route FT180/001/40 West Port – 
North Port, Selangor Darul Ehsan. 

Final Report 
 

Private & Confidential 
Prepared by Kumpulan IKRAM Sdn Bhd    
   
   

99 

8.2.2.2 Ultimate Shear Capacity Check for P-25 Crosshead 

The crosshead ultimate shear link required for Pier P-25 (Type P1-A) is 

computed and compared to the shear link provided. 

Table 51. Summary of P-25 ULS shear force capacity check @ 2.0m 
depth 

 
 
Table 52. Summary of P-25 ULS shear force capacity check @ 3.5m 
depth 

 
 

Based on the checking, it is found that the shear link provided at the 

2.0m depth crosshead section is marginally insufficient for load case 

ULS1C1 (HA+KEL) and ULS4C1 (SV20).  

However, the shear link provided at the 3.5m depth crosshead section 

is sufficient to resist the ultimate shear force for all the load cases. 

The detailed computations of the sectional shear capacities are 

presented as below. 
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8.2.2.1.1 BD 37/88 (3 Notional Lanes) 
 

*ULS1C1 @ 2.0m Depth 

 
 
 

*ULS2C1 @ 2.0m Depth 
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*ULS3C1 @ 2.0m Depth 

 
 
 

*ULS4C1 @ 2.0m Depth 
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*ULS1C1 @ 3.5m Depth 

 
 
 
 

*ULS2C1 @ 3.5m Depth 
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*ULS3C1 @ 3.5m Depth 

 
 
 

*ULS4C1 @ 3.5m Depth 
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8.2.3 Crack Width Check (SLS) for P-25 Crosshead 

The crosshead crack width is calculated based on the following parameter; 

Crosshead P-25 (Type P1-A) 

 Width = 3000mm, Depth = 3500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (3 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

The computed crosshead crack width for Pier P-25 (Type P1-A) is 

summarized as follows:- 

 

Table 53. Summary of P-25 SLS crack width check 
 

 

 

 
 

The computed crack width is 0.138mm without taking into account side 

reinforcement and 0.115mm with side reinforcement. Hence, the crack width 

is less than the allowable limit of 0.250mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Loading Criteria 
Crack Width (mm) 

Without 
Sidebar  

With Sidebar  

BD 37/88 (3 Notional 
Lanes) 

0.138 0.115 
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8.2.3.1 BD 37/88 (3 Notional Lanes) 
 
* Without Side Reinforcement 
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* With Side Reinforcement T20-150 (Both Sides) 
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8.3. Summary of Design Review for P-25 
 

(a) The pier ultimate capacity (ULS) and crack width (SLS) check is 

summarized as below. 

Table 54. P-25 - Summary of pier ULS moment capacity 

 

Table 55. P-25 - Summary of pier SLS crack width 

 

Based on the checking, the existing pier column design satisfied the ULS 

and SLS criteria.  

(b) The crosshead ultimate moment capacity (ULS) check is summarized as 

below. 

Table 56. P-25 – Summary of crosshead ULS moment capacity 

 

The checking shows that the existing design of the crosshead satisfies the 

ULS moment capacity.  

(c) The crosshead ultimate shear capacity (ULS) check is summarized as 

below. 

Table 57. P-25 – Summary of crosshead ULS shear capacity @ 2.0m depth 
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Table 58. P-25 – Summary of crosshead ULS shear capacity @ 3.5m depth 

 

The checking shows that the existing shear capacity design at 2.0m 

crosshead depth section did not fulfill the ULS requirement for load case 

ULS1C1 (HA+KEL) and ULS4C1 (SV20). In the other hand, the existing 

shear capacity design at 3.5m crosshead depth section satisfies the ULS 

criteria. 

(d) The crosshead crack width (SLS) check is summarized as below. 

Table 59. P-25 – Summary of crosshead SLS crack width 

 

The checking shows that the existing design of the crosshead satisfies the 

SLS crack width criteria of 0.250mm. 
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9. DESIGN REVIEW FOR PIER P-33 (TYPE P1-A) 

From the 3D analysis, the load effects under each load case can be obtained 

for P-33.  

9.1. Pier Column Check for Pier P-33 

The member forces for pier column are presented below for various load 

combinations. The design checks for pier column members under ULS and 

SLS are performed.  

 
9.1.1 Analysis Results for Pier P-33 Column 

The maximum design forces at pier column base are tabulated. 

9.1.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 60. P-33 pier force – BD 37/88 (3 Notional Lanes) 

 
 
*SW includes 14 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms, 
crosshead and column 
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Table 61. P-33 pier force load combination – BD 37/88 (3 Notional Lanes) 

 
 
 
 
9.1.2 Section Capacity Check (ULS) for Pier P-33 Column 

The pier section capacity is calculated based on the following parameter; 

 Ø3000mm, fcu=40MPa, 120-T32 
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9.1.2.1 BD 37/88 (3 Notional Lanes) 

 

 

The applied forces lies within the P-M interaction envelopes; hence the 

existing design of Pier P-11A is adequate at ULS. 
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9.1.3 Crack Width Check (SLS) for Pier P-33 Column 

The pier crack width is calculated based on the following parameter; 

Ø3000mm, fcu=40MPa, 120-T32 

 

9.1.3.1 BD 37/88 (3 Notional Lanes) 
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The computed crack width for Pier P-33 (Type P1-A) is summarized as 

follows; 

Table 62. Summary of P-33 crack width check 

Pier Type 

Crack Width (mm) 
3 Notional 

Lanes 
(BD37/88) 

2 Notional 
Lanes 

(BD37/88) 

3 Notional 
Lanes (JKR 

MTAL) 
P1-A (P-33) 0.100 - - 

 

Hence, the existing design of Pier P-33 is less than the allowable crack width 

of 0.25mm. 

 

9.2. Crosshead Check for Pier P-33 

The member forces of crosshead are presented below for various load 

combinations. The design checks for crosshead members under ULS and 

SLS are performed based on the following as-built drawing. 
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Figure 45. P-33 As-built crosshead reinforcement 

 

9.2.1 Analysis Results for Pier P-33 Crosshead 

The maximum design forces for crosshead are tabulated for various cases. 

 

9.2.1.1 BD 37/88 (3 Notional Lanes) 

 
Table 63. P-33 crosshead moment – BD 37/88 (3 Notional Lanes) 
 

 
 
*SW includes 14 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 
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Table 64. P-33 crosshead moment load combination – BD 37/88 (3 Notional Lanes) 
 

 
 
 
Table 65. P-33 crosshead shear @ 2.0m depth – BD 37/88 (3 Notional Lanes) 

 
*SW includes 14 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 
 
 
Table 66. P-33 crosshead shear @ 2.0m depth load combination – BD 37/88 (3 
Notional Lanes) 

 
 
 
 
 
 
 
 



An Independent Design Check of The Pier at Viaduct on Federal Route FT180/001/40 West Port – 
North Port, Selangor Darul Ehsan. 

Final Report 
 

Private & Confidential 
Prepared by Kumpulan IKRAM Sdn Bhd    
   
   

116

Table 67. P-33 crosshead shear @ 3.5m depth – BD 37/88 (3 Notional Lanes) 

 
*SW includes 14 nos. precast M10, 2 nos. precast UM10 (LHS & RHS), diaphragms 
and crosshead 
 
Table 68. P-33 crosshead shear @ 3.5m depth load combination – BD 37/88 (3 
Notional Lanes) 

 
 
 
9.2.2 Section Capacity Check (ULS) for P-33 Crosshead 

The crosshead section capacity is calculated based on the following 

parameter; 

Crosshead P-33 (Type P1-A) 

 Width = 3000mm, Depth = 3500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (3 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

9.2.2.1 Ultimate Moment Capacity Check for P-33 Crosshead 

 

The computed crosshead ultimate moment capacities for P-33 (Type P1-A) is 

computed and compared with the ULS applied moments. 
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Table 69. Summary of P-33 crosshead ULS moment capacity check 
 

Loading Criteria 
Ult. Moment Capacity (kN.m) Maximum 

ULS Moment 
(kN.m) 

Capacity 
Ratio Without 

Sidebar  
With Sidebar 

BD 37/88 (3 Notional 
Lanes) 

59,830 65,605 49,396 0.83 

*Capacity ratio is based on Maximum ULS Moment / Ult. Moment 
Capacity (without sidebar)  

 

The applied ULS moment is within the P-M interaction envelope. Hence, the 

existing crosshead moment capacity design for P-33 (Type P1-A) is adequate 

at ULS.   

The detailed computations of the sectional moment capacities are presented 

below. 
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9.2.2.1.1 BD 37/88 (3 Notional Lanes) 

*Without Side Reinforcement 
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* With Side Reinforcement T20-150 (Both Sides) 
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9.2.2.2 Ultimate Shear Capacity Check for P-33 Crosshead 

The crosshead ultimate shear link required for Pier P-33 (Type P1-A) is 

computed and compared to the shear link provided. 

Table 70. Summary of P-33 ULS shear capacity check @ 2.0m depth 

 
 
Table 71. Summary of P-33 ULS shear capacity check @ 3.5m depth 

 

Based on the checking, the shear link provided is more than required. 

Hence, the existing crosshead shear design for P-33 (Type P1-A) is 

adequate at ULS. 

The detailed computations of the sectional shear capacities are 

presented as below. 
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9.2.2.2.1 BD 37/88 (3 Notional Lanes)  
 

*ULS1C1 @ 2.0m Depth 

 

 

*ULS2C1 @ 2.0m Depth 
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*ULS3C1 @ 2.0m Depth 

 

 

 

*ULS4C1 @ 2.0m Depth 
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*ULS1C1 @ 3.5m Depth 

 

 
 
 

*ULS2C1 @ 3.5m Depth 
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*ULS3C1 @ 3.5m Depth 

 

 
 
 

*ULS4C1 @ 3.5m Depth 
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9.2.3 Crack Width Check (SLS) for Pier P-33 Crosshead 

The crosshead crack width is calculated based on the following parameter; 

Crosshead P-33 (Type P1-A) 

 Width = 3000mm, Depth = 3500mm, fcu=40MPa 

 Top Reinforcement = T32-150 (3 layers) 

 Bottom Reinforcement = T20 – 150 (1 layer) 

 

The computed crosshead crack width for Pier P-33 (Type P1-A) is 

summarized as follows; 

 

Table 72. Summary of P-33 crosshead SLS crack width check 
 

 

 

 
 
 

The computed crack width is 0.130mm without taking into account side 

reinforcement and 0.110mm with side reinforcement. Hence, the crack width 

is less than the allowable limit of 0.250mm 

 

The detailed computation of the crack widths are presented below. 

 

 

 

 

 

 

 

 

 

 

 

 

Loading Criteria 
Crack Width (mm) 

Without 
Sidebar  

With 
Sidebar  

BD 37/88 (3 Notional Lanes) 0.130 0.110 
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9.2.3.1 BD 37/88 (3 Notional Lanes) 
 

* Without Side Reinforcement 
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* With Side Reinforcement T20-150 (Both Sides) 
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9.3. Strut and Tie Analysis (STM) for Pier P-33 Crosshead  

The STM model was based on BD 37/88 3 notional lanes loading criteria for 

Ultimate Limit State Load Combination 1. 

Summary of maximum bearing force based on BD 37/88 (3 Notional Lanes) 
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Figure 46. P-33 STM Analysis Model 
 

 

 

 

 

Figure 47. P-33 tension and compression zone based on ULS1C1 
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Figure 48. P-33 STM axial force dDiagram (Blue = Tension, Red = 
Compression) 
 

The support for the STM model is modeled based on the centroid of the 

tension reinforcement zone and concrete compression zone as shown in 

Figure 47.  

The tie tension forces obtained from the analysis are checked as follows; 
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The check shows that the reinforcement provided is sufficient to resist the 

tension tie forces. 

The bottom compression strut forces obtained from the analysis are checked 

as follows; 

 

Based on the check, the concrete stress calculated is 4.55 N/mm2, which is 

less than 0.4fcu; 16.0 N/mm2. Thus, the bottom strut concrete compression 

stress is within the strength limit. 
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The diagonal compression strut is checked as follows; 

 

Figure 49. P-33 diagonal strut check 
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Based on the checking, the diagonal compression strut width is measured to 

be 480.6mm. The maximum ultimate compression strut force from the 

analysis is 9,226 kN, which is lower than the calculated capacity of 33,349 kN. 

Therefore, the diagonal compression strut capacity satisfies the ultimate limit 

force from the analysis.  
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9.4. Finite Element Analysis (FEM) for P-33 

The FEM model was based on BD 37/88 3 notional lanes loading criteria for 

Serviceability Limit State Load Combination 1. 

 
Figure 50. P-33 S11 stress diagram  
 

 

 

 
Figure 51. P-33 S11 tension stress  

 

Tension 

Compression 

Tension 
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Figure 52. P-33 S22 stress diagram  
 

 

 

Figure 53. P-33 S22 tension stress diagram  
 

Tension 

Compression 

Tension 
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Figure 54. P-33 SMAX stress diagram  
 

 

Figure 55. P-33 SMAX tension stress diagram  

Tension 

Compression 

Tension 
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Figure 56. P-33 SMIN stress diagram  
 

Based on Figure 53, it is shown that the S22 tension stress extends 

approximately 2.1m from the top of the pier into the crosshead. Therefore, it 

would be suggested that the pier main reinforcement should be extended up 

for a minimum of 0.6 depth of the crosshead followed by the tension 

anchorage length to cater for the tension stresses. 

 

 

 

 

 

 

 

 

 

 

Compression 
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9.5. Summary of Design Review for P-33 
 

(a) The pier ultimate capacity (ULS) and crack width (SLS) check is 

summarized as below. 

Table 73. P-33 – Summary of pier ULS moment capacity 

 

Table 74. P-33 Summary of pier SLS crack width 

 
 

Based on the checking, the existing pier column design satisfied the ULS 

and SLS criteria.  

 

(b) The crosshead ultimate moment capacity (ULS) check is summarized as 

below. 

Table 75. P-33 Summary of crosshead ULS moment capacity 

 

The checking shows that the existing design of crosshead satisfies the 

ULS criteria. 
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(c) The crosshead ultimate shear capacity (ULS) check is summarized as 

below. 

Table 76. P-33 – Summary of crosshead ULS shear capacity 

 

The checking shows that the existing shear capacity design of the 

crosshead is adequate at ULS.  

 

(d) The crosshead crack width (SLS) check is summarized as below. 

Table 77. P-33 – Summary of crosshead SLS crack width 

 

The checking shows that the existing design of the crosshead satisfies the 

SLS criteria of 0.25mm crack width. 
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(e) The following table shows the comparison of ULS design between 

conventional beam theory and STM. 

Table 78. P-33 Conventional beam theory vs. STM 

 

Based on the comparison, it is found that the reinforcement required the 

resist the bending moment by using STM method is less than the 

conventional beam theory method. The required shear link to resist the 

shear force is found to be similar between STM method and conventional 

beam theory method. 

 

(f) Based on Figure (54), the pier column main vertical reinforcement of 

2xT32-150 are terminated slightly over the mid depth of the crosshead 

without 90° anchorage bent.  

From Figure (43) & (45) of the STM analysis, the vertical ultimate tension 

of 7,157kN on the tension tie member (Node 110 to 210) extends from the 

bottom compression strut to the top tension tie. Although, the 

reinforcement provided in the pier column tension zone of 2x30T32 and 

3T16-150 of crosshead links is sufficient to resist the tension tie force, but 

they don’t have sufficient anchorage length into the nodal zone to satisfy 

STM design philosophy.    
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Figure 57. P-33 as-built detailing 
 
 

Moreover, from Figure (50) of the FEM analysis, the crosshead S22 

tension stress is found to extend into crosshead about 2.1m from top of 

pier column (i.e. soffit of crosshead). Therefore, it is essential that the main 

column reinforcement should extend up to the top of crosshead and 

followed by a bend for another minimum tension anchorage length beyond 

the tension zone. 

(g) It is found that the conventional method of analysis does not capture the 

tensile stress in the crosshead as compared to STM or FEM analysis. This 

is due to the conventional method assumes the crosshead and pier 

column as frame elements connected at the centroid of the respected 

elements. Therefore, it is recommended to perform STM and FEM 

analysis to investigate and capture the behaviour of deep crosshead.  
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10. CONCLUSION 

A design review has been carried out for the affected Pier P-11A (Type P1-C), 

P-25 (Type P1-A) and P-33 (Type P1-A). The affected pier and crosshead 

designs are checked based on the available as built drawings. Three (3) 

independent analytical models were established based on BD 37/88, JKR 

SV20 and JKR MTAL traffic live load criteria to determine the maximum 

induced forces acting on the structures.   

The following table summarized the different traffic live load analysis for this 

study. 

Table 79. Summary of traffic live load analysis 

Pier Type 
BD 37/88 

SV20 
JKR MTAL        
(3 Notional 

Lanes) 
3 Notional 

Lanes 
2 Notional 

Lanes 

P1-C (P-11A) √ √ √ √ 

P1-A (P-25) √   √   

P1-A (P-33) √   √   

 

10.1. Pier Column Check 

The pier ultimate capacity (ULS) and crack width (SLS) check is summarized 

as follows:- 

Table 80. Summary of pier ULS moment capacity 
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Table 81. Summary of pier SLS moment capacity 

 

The maximum ultimate load acting on the pier columns are within the ultimate 

capacity of the structure. Therefore, the existing design of the pier columns 

satisfies the ULS criteria.  

The pier column crack width calculated for P-25 and P-33 is less than 

0.25mm, which satisfies the SLS criteria. However, the crack widths for P-11A 

under 3 different load conditions are found to be more than 0.25mm. Hence, 

the existing design of P-11A doesn’t fulfill the SLS criteria.  

Hence, remedial work shall be implemented for all inverted “L” shape pier 

columns in order to enhance the durability of the structure, especially against 

the corrosion of the main pier column reinforcement.    

10.2. Crosshead Check 

 
The crosshead ultimate moment capacity (ULS) check is summarized as 

follows; 

Table 82. Summary of crosshead ULS moment capacity 
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The crosshead ultimate shear capacity (ULS) check is summarized as follows; 

Table 83. Summary of crosshead ULS shear capacity 
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The crosshead crack width (SLS) check is summarized as follows; 

Table 84. Summary of crosshead SLS crack width check 
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The maximum ultimate moment acting on P-25 and P-33 crossheads is within 

the ultimate capacity of the structure. Therefore, the existing design of the 

piers satisfies the ULS moment capacity criteria. In the other hand, the 

maximum ultimate moment acting on P-11A crosshead is only satisfactory 

when side reinforcement is taken into account in the ultimate capacity 

calculation of the crosshead.  

The maximum ultimate shear acting on P-11A and P-33 crossheads is within 

the ultimate capacity of the structure. Therefore, the existing design of the 

piers satisfies the ULS moment capacity criteria. In the other hand, the 

maximum ultimate shear acting on P-25 crosshead exceeded the shear 

capacity of the crosshead for load case ULS1C1 (HA+KEL) and ULS4C1 

(SV20) 

P-11A and P-33 STM indicates that sufficient top reinforcement has been 

provided to resist the crosshead ULS tensile force. The resultant compressive 

stress at the bottom compression strut is found to be less than the strength 

limit and the diagonal strut force is calculated to be less than the capacity. 

The vertical tensile force of P-11A is found to exceed the shear capacity 

calculated from the existing shear link provided. However, the vertical tensile 

force of P-33 is within the shear capacity calculated from the existing shear 

link provided. 
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Crack widths calculated for P-25 and P-33 crosshead are within the allowable 

limit of 0.25mm, which satisfies the SLS criteria. The crack width for P-11A 

only satisfies the allowable limit under BD 37/88 two (2) notional lane criteria. 

When checked against BD 37/88 three (3) notional lane criteria, the crack 

width is found to exceed the allowable 0.25mm limit. Under load combination 

with JKR MTAL, the crack width only satisfies the allowable limit when side 

reinforcement is considered in the crack width calculation. 
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11. APPENDIX A – CRACK WIDTH VERIFICATION 
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Crack Width Verification (BS 5400)  
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12. APPENDIX B – PROPOSED REMEDIAL WORK 

12.1. Pier Type P1-C (Inverted “L” Pier) 

 

12.1.1 Pier Column 

 

Remedial work using flexible coatings are proposed for inverted pier (Type 

P1-C) i.e. P-10A, 11A, 12A, 13B, 14B and 15B (Total 6 nos.) to fulfil the 

Serviceability Limit State (SLS) requirement. 

 

Base on the as-built information, there are 17 nos. of inverted “L” for the 

existing elevated bridge.  Namely,  

7A, 8A, 9A, 10A, 11A, 12A, 13A, 14A  (8 nos.) 

8B, 9B, 10B, 11B, 12B, 13B, 14B, 15B, 16B (9 nos.) 

 

In order to prevent deterioration of structure due to ingress of water and rebar 

corrosion due to the excessive design crack widths, some flexible coatings 

shall be used. All cracks to be sealed and apply two coats of polymer-

modified cementitious waterproofing coating (SIKA Top Seal 109 MY) which 

has good crack bridging capacity up to 1.0mm. This flexible coating shall have 

the ability to accommodate the future cracks induced. However, it has limited 

life span.   

 

 

12.1.2 Crosshead 

 

Carbon fibre plate is proposed to strengthen the region where the main pier 

column reinforcement anchorage length into the crosshead is insufficient. A 

combination of (3 x 3 x 3 layers) + (3 x 3 x 3 layers) + (3 x 3 x 3 layers)  Sika 

CarboDur S1012 is to be applied on each side of the crosshead. The detailed 

calculation for the proposed strengthening work is shown as below. 
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Figure 58. FRP Strengthening for Crosshead Type P1-C (Anchorage) 
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The optimal bond length for the plate is calculated based on “Guide for the 

Design and Construction of Externally Bonded FRP Systems for 

Strengthening Existing Structures” published by the National Research 

Council advisory committee on technical recommendations for constructions, 

2004. 

 

Figure 59. Optimal bond length, le 
 

 

 
 
 

Based on Figure 39, it is shown that tensile stress S22 extends up to 

approximately 0.8 depth of the crosshead. This resulted in approximately 

2000mm depth of tensile zone and 500mm depth of compression zone. 

Therefore, the calculated 385mm bond length is sufficiently bonded in the 

500mm compression zone. The average tensile strength of concrete is to be 

verified by Tensile Pull Off Test on site. 
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6 layers of carbon fibre wrap using SikaWrap – 231C are introduced at the top 

of pier where the bottom of carbon fibre plate is anchored to resist the tensile 

force resulting from the carbon fibre plate.  

 

 

Figure 60. Carbon Fibre Wrap Type P1-C  
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12.2. Pier Type P1-A (“T” Pier) 

 

12.2.1 Pier Column 

 

No strengthening work is required for “T” shaped Pier; P-25 and P-33 (Type 

P1-A). However, it is recommended that a layer of protective coating to be 

applied on the pier columns. As cracks were observed at surface, all cracks to 

be sealed and surfaces shall apply two coats of polymer-modified 

cementitious waterproofing coating (SIKA Top Seal 109 MY) which has good 

crack bridging capacity up to 1.0mm.    

 

12.2.2 Crosshead 

 

Carbon fibre plate is proposed to strengthen the region where the main pier 

column reinforcement anchorage length into the crosshead is insufficient. A 

combination of (3 x 3 x 2 layers) + (3 x 3 x 2 layers) + (3 x 3 x 2 layer) Sika 

CarboDur S1012 is to be applied on each side of the crosshead. The detailed 

calculation for the proposed strengthening work is shown as below. 

 

Figure 61. FRP Strengthening for Crosshead Type P1-A (Anchorage) 
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The optimal bond length for the plate is calculated based on “Guide for the 

Design and Construction of Externally Bonded FRP Systems for 

Strengthening Existing Structures” published by the National Research 

Council advisory committee on technical recommendations for constructions, 

2004. 

 

Figure 62. Optimal bond length, le 
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Based on Figure 53, it is shown that tensile stress S22 extends up to 

approximately 0.6 depth of the crosshead. This resulted in approximately 

2100mm depth of tensile zone and 1400mm depth of compression zone. 

Therefore, the calculated 315mm bond length is sufficiently bonded in the 

1400mm compression zone. The average tensile strength of concrete is to be 

verified by Tensile Pull Off Test on site. 

 

4 layers of carbon fibre wrap using SikaWrap – 231C are introduced at the top 

of pier where the bottom of carbon fibre plate is anchored to resist the tensile 

force resulting from the carbon fibre plate.  

 

 

Figure 63. Carbon Fibre Wrap Type P1-A 
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For the shear strengthening at crosshead depth of 2.0m, nine (9) strips of 

Sika CarboDur S1012 at 500mm spacing is proposed at each face of the 

crosshead. The detailed calculation for the proposed strengthening work is 

shown as below. 

 

 

Figure 64. FRP Strengthening for Crosshead Type P1-A (Shear) 
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