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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

ID DES Type
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 " 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.

2.1

2.2.

2.3.

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.

REFERENCE DOCUMENTS, UNITS and ABBREVIATIONS

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

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

System of Units

The following units are used in the report presentation;

e Length=m

e Tension / Compression Force = kN

e Tension / Compression Stress = N/mm?

e Bending Moment = kN.m

e Shear Force = kN

e Section Ultimate Capacity (Bending) = kN.m
e Section Ultimate Capacity (Axial) = kN

e Crack Width = mm

e Reinforcement Area = mm?
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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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3.1.

3.2.

INFORMATIONS SUPPLIED

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

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

As Built Drawings

Table 2. List of As Built Drawings

ltem Drawing Title Drawing No.

1 Typical Cross Section From CH360 to CH3350 KPERAJRM29653/1/AM13
2 Typical Cross Section From CH720 to CH850 KPKR/JRM29653M1/AM1S
3 General Layout (1) KPEKR/JRM29653M/ST1A
4 General Layout (2) KPEKR/JRM29653/M/ST2A
5 General Layout (3) KPKR/JRM29653/M1/STIA
6 Piles Layout (1) KPERARM29653/M1/5T9

7 Piles Layout (2) KPEKR/J/RM29653/1/ST10
8 Pier Type P1-A — Concrete KPKRARM29653/1/ST17B
9 Pier Type P1-C — Concrete KPER/JRM29653/M1/ST19A
10 |Pier Type P1-A — Reinforcement KPER/JR/M29653/1/5T23
11 |Pier Type P1-C — Reinforcement KPERARM29653/M1/ST25
12 |Precast Prestressed M-Beam KPER/JRM29653/1/ST28A
13 |Deck Slab (1) KPKRARM29653/1/5T32B
14 |Deck Slab (2) KPKR/JRM29653/M1/5T33B
15 |Deck Slab (3) KPKR/JRM29653/1/5T34B
16 |Elastomeric Bearing KPER/JRM29653/M/ST12A
17 |Standard Expansion Joints KPER/JRM29653/M1/ST13A

Private & Confidential

Prepared by Kumpulan IKRAM Sdn Bhd

14



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

Final Report

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.)

R oor | CTOSS- SPAN LENGTH / PRECAST
Pier X head . BEAM TYPE
Type dia. Depth Piling
D | TYPE m) | Son LHS (m) RHS (m)
P- | Inverted 4~ | 28.05m/2~-UM | 28.05m/ 2"-UM
10A | "L P1-C 1 25| 25 | 51500 + 6n-M + 6n-M
P- | Inverted 4- | 28.05m/2-UM | 28.05m / 2"-UM
1A | L P1-C 1 25| 25 | 51500 + 6n-M + 6n-M
P- | Inverted 4- | 28.05m/2-UM | 28.05m / 2"-UM
12A | L P1-C 1 25| 25 | 51500 + 6n-M + 6n-M
P- | Inverted 4- | 28.47m/2-UM | 21.85m / 2n-UM
138 | L P1-C 1 25| 25 | 51500 + 6n-M + 6n-M
P- | Inverted 4- | 21.85m/2-UM | 21.83m/ 2"-UM
148 | L P1-C 1 25| 25 | 51200 + 6n-M + 6n-M
P- | Inverted 4- | 21.83m/2-UM | 21.78m/ 2n-UM
158 | "L P1-C 1 25| 25 | 51200 + 6n-M + 6n-M
wTn 6' n 2805m / 2n'UM
P-25 T PI-A | 30 | 35 | 4> | 3505m /120U om e
— 6- | 28.05m/2~-UM | 28.05m/2n-UM
P-33 T PI-A |30 | 35 | 500 o o

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/m°,
e Precast M10 girder =11.42kN/m
e Precast UM10 girder = 13.58kN/m
e Precast “U” girder = 18.66kN/m (for left span of P25 only)

160mm in-situ deck slab = 3.84kN/m?

4.2.2 Superimposed Dead Load (SDL)

Unit weight of secondary RC element is taken as 24.0kN/m> and premix is
taken as 22.6kN/m°.

e 50mm premix = 1.13kN/m?
e 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:-

HAupL + KEL

e HAypL + 30 units HB (BD 37/88 cl. 6.3)

e 45 units HB (Unguided)

e JKR SV20 (Guided along centerline of carriageway)

e JKR Medium Term Axle Load (MTAL)

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

are as follows:-

8.80m

NiNaaaaail

PIER P—114 (LEFT & RIGHT)

i

17.30m
I 1 l,.-—|_l\ I

nanaanARAAN A

PIER P25 (LEFT)

17.30m

L /I
issaaaaasaasase)

PIER P—25 (RIGHT!

/

17.30m

il
Iladaaaaasassaan

PIER P—33 (LEFT & RIGHT)

Figure 1. Typical section of bridge deck
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Table 4. BD 37/88 (3 Notional Lanes) Vehicular Load Tabulation
. Carriageway | Notional Lane |Loaded Length| ULD (per lane)

Per e | “widtn m) | Width (m) (m) P T I
P1-C (P-11A) .00 2667 260 36.04 13.52 120.0
P1-A (P-25 Left) 785 2617 350 31.03 11.86 120.0
P1-A (P-25 Right) 785 2617 260 36.04 1377 120.0
P1-A (P-33) 785 2617 260 36.04 13.77 120.0

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:-

a

Al ala)
] [0
u.oum

>

0.60m

[@))]
oo
3

I /]

aaeanel

AE 5| G R

PIER P—11A (LEFT & RIGHT)

Figure 2. BD 37/88 (2 Notional Lanes) configuration

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

i Carriageway | Notional Lane |Loaded Length|  ULD (per lane)
Pier Type Width (m) | Width (m) (m) m 1 o | KEEKN)
P1-C (P-11A) 6.80 3.400 280 36.04 10.60 120.0

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
Pier Type C&Té?ﬁ?ﬁ" N (ﬁ?e Loadi‘r’rsengm kﬂbﬂ? (per 'E;?;z KEL (kN)
P1-C (P-11A) 8.00 2.500 28.0 27.00 10.80 100.0

*Remaining 0 5m width loaded with 5.0 kN/m?

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

study.
Table 7. Summary of traffic live load analysis
BD 37/88 JKR MTAL
Pier Type 3 Notional 2 Notional SV20 (3 Notional
Lanes Lanes Lanes)
P1-C (P-
A v v v v
P1-A (P-25) \
P1-A (P-33) \/ N

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;
e 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, f, = 460N/mm2_
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4.4.

4.5.

4.6.

Load Combinations

The applied load factors yn and ys3 for SLS and ULS shall be as follows:-

Table 8. SLS and ULS load factors

Combination 1
No. Load Case Yo Ve3 ULS
SLS ULS
1 SW 1.00 1.15 1.10
2 Deck Slab 1.00 1.15 1.10
3 SDL (Parapet) 1.00 1.20 1.10
4 Premix 1.20 1.75 1.10
5 HA+KEL 1.20 1.50 1.10
) HA+HB30 1.10 1.30 1.10
7 HB45 1.10 1.30 1.10
8 Sv20 1.10 1.30 1.10
9 MTAL 1.20 1.50 1.10

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.

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)

Severe 0.25

Concrete surfaces exposed to:
driving rain Wall and structure supports remote from

the carriageway

or
alternate wetting and dryving Bridge deck soffits

Buried parts of structures
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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 Cross- SPAN LENGTH / PRECAST BEAM H
%SL dia. Sgstdh Piling TYPE
ID TYPE (m) m) LHS (m) RHS (m) (m)
1F(’):A\ Inv"(irfed P1.c | 25 25 ®142—00 28.05rrf13n/_|%/|"-UM + 28.05n;n/_|%/;‘-UM + 1g:|4 EJ
1?;\ Inv'ﬁz_r;[ed P1Cc | 25 25 ®142-00 28.05rrén/_l€/|"-UM + 28.05n%n/_f/;'-UM + 1%4
1F2):A Inv"(irfed P1.c | 25 25 ®142—00 28.05rrf13n/_|%/|"-UM + 28.05n;n/_|%/;‘-UM + 18%4 ZZ(
12;3 Inv'ﬁz_r;[ed P1Cc | 25 25 ®142-00 28.17rrén/_l€/|"-UM + | 21 .85n%n/_f/;'-UM + 1{;%0
12;3 Inv"(irfed P1.c | 25 25 ®142—00 21.85rrf13n/_|%/|"-UM + | 21 .83n;n/_l%/;‘-UM + 181%0 EJ
12;3 Inv'ﬁz_r;[ed P1c | 25 25 ®142-00 21 .83rrén/_l€/|"-UM + | 21 .78n%n/_f/;'-UM + 1;):.35
P25| "™ |P1-A| 30 | 35 @162'00 35.05m / 120-U 28'05T4{,_2|\;|'UM ¥ 8'196 EJ
P33 w P1-A | 3.0 35 ®162-00 28.05r1n4/n_2|\f/'|-UM + 28.05r1n4/n_2|\'/1|-UM + 8.196 EJ
The working capacity of the @1200mm 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)
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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
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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.

17.30m

f
117

:
jadsaasal

4.4m

2.0m

5

"T" PIER P-33
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Figure 9. Pier P-33 (Type P1-A) precast beam section properties
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6.

6.1.

3D ANALYTICAL MODELS

Description of Analytical Model

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;

e P-11A (Type P1-C) — Inverted “L” shape pier
o P-25 (Type P1-A) — “T” shape pier
e P-33 (Type P1-A) — “T” shape pier

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;

e P-11A (Type P1-C) — Inverted “L” shape pier
e P-33 (Type P1-A) — “T” shape pier

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;

e P-11A (Type P1-C) — Inverted “L” shape pier

e 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
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Figure 17. P-11A model — STM Model
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o

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
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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

Load 10

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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— SV20 Moving Load

Figure 28. P-33 Model
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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)

Combination 1
No. Load Case N (kN) [ M (kN.m) Yo Tra
SLS ULS ULS
1 SW 5073 7192 1.00 1.15 1.10
2 Deck Slab 968 1900 1.00 1.15 1.10
3 SDL (Parapet) 549 782 1.00 1.20 1.10
4 Premix 285 559 1.20 1.75 1.10
5 HA+KEL 2574 5493 1.20 1.50 1.10
6 HA+HB30 2488 5225 1.10 1.30 1.10
7 HB45 1551 6140 1.10 1.30 1.10
8 SvVao 3004 5551 1.10 1.30 1.10

*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)

SLS Design to Load Combination 1

Case # |Load Combination N (kN) [ M{kN.m) | Ny (kN) | M, (KN.m)[ M, (kN.m)
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 10020 17137 6931 10545 6592
SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 9667 16292 6931 10545 5747
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 8637 17300 6931 10545 6755
SLS4C1 |(SW+Deck Slab+SDL+Premix) + (SWV20) 10236 16652 6931 10545 6107
ULS Design to Load Combination 1

Case # |Load Combination N (kN) | M (kN.m)
ULST1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 13161 22674
ULS2C1 |{SW+Deck Slab+SDL+Premix) + (HA+HB30) 12471 21081
ULS3C1 |{SW+Deck Slab+SDL+Premix) + (HB45) 11132 22391
ULS4C1 |{SW+Deck Slab+SDL+Premix) + (SV20) 13210 21549

7.1.1.2 BD 37/88 (2 Notional Lanes)

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

Combination 1
No. Load Case N (KN) | M (kN.m) Vi Yea
SLS ULS ULS
1 SW 5073 7192 1.00 1.15 1.10
2 Deck Slab 968 1900 1.00 1.15 1.10
3 SDL (Parapet) 549 782 1.00 1.20 1.10
4 Premix 285 559 1.20 1.75 1.10
5 HA+KEL 2169 4039 1.20 1.50 1.10
6 HA+HB30 2002 4186 1.10 1.30 1.10
7 HB45 1549 5983 1.10 1.30 1.10
8 SV20 3004 5550 1.10 1.30 1.10

*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)

SLS Desigh to [ oad Combination 1

Case # |Load Combination N (kN) | M (kN.m) | Ny (KN} | M, (KN.mi)| M, (kKN.m)

SLS1C1 |[(SW+Deck Slab+SDL+Premix) + (HA+KEL) 9534 15392 6931 10545 4847

SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 9133 151350 6931 10545 4605

SLS3C1 |[(SW+Deck Slab+SDL+Premix) + (HB45) 8635 17127 6931 10545 6582

SLS4CT |(SW+Deck Slab+SDL+Premix) + (SV20) 10236 16649 6931 10545 6105

ULS Design to Load Combination 1

Case # |Load Combination N (kN) | M (kN.m)

ULS1CT [(SW+Deck Slab+SDL+Premix) + (HA+KEL) 12492 20274

ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 1777 19596

ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB43) 11129 22166

ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 13210 21546

7.1.1.3 JKR MTAL (3 Notional Lanes)
Table 15. P-11A pier force — JKR MTAL (3 Notional Lanes)
Combination 1
No. Load Case N (KN) [ M (kN.m) T Y
SLS ULs uLs

1 SwW 5073 7192 1.00 1.15 1.10
2 Deck Slab 968 1900 1.00 1.15 1.10
3 SDL (Parapet) 549 782 1.00 1.20 1.10
4 Premix 285 559 1.20 1.75 1.10
5 MTAL (UDL+KEL) 2572 4788 1.20 1.50 1.10
6 MTAL (5.0kPa) 70 131 1.20 1.50 1.10

*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)

SLS Design to Load Combination 1

Case # |Load Combination

N (kN) | M (kN.m)

N, (kN) | M, (kN.m)

M, (kN.m)

SLS1C1 |(SW+Deck Slab+SDL+Premix) + (MTALY)

10101

16448

6931

10545

5903

ULS Design to Load Combination 1

Case # |Load Combination

N (kN) | M (kN.m)

ULS1C1 |(SW+Deck Slab+SDL+Premix) + (MTAL)

13273

21726

Private & Confidential

Prepared by Kumpulan IKRAM Sdn Bhd

40



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

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)

Combination 2
No. Load Case N (KN) | M (kN.m) Vi Yea
SLS ULS ULS
1 S 5073 7192 1.00 1.15 1.10
2 Deck Slab 968 1900 1.00 1.15 1.10
3 SDL (Parapet) 549 782 1.00 1.20 1.10
4 Premix 285 559 1.20 1.75 1.10
5 HA+KEL 2574 5493 1.00 1.25 1.10
6 HA+HB30 2488 5225 1.00 1.10 1.10
7 HB45 1551 6140 1.00 1.10 1.10
8 sVv20 3004 5551 1.00 1.10 1.10
9 WIND 0 39 1.00 1.10 1.10

*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)

SLS Design to Load Combination 2

Case # |Load Combination N (kN) | M (kN.m)
SLS1C2 |(SW-+Deck Slab+SDL+Premix) + (HA+KEL)
SLS2C2 |(SW+Deck Slab+SDL+Premix) + (HA+HB30)
SLS3C2 |(SW-+Deck Slab+SDL+Premix) + (HB45)
SLS4C2 |(SW+Deck Slab+SDL+Premix) + (SV20)

—

ULS Design to Load Combination 2

Case # |Load Combination N (kN) | M (kN.m)
ULS1C2 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 12453 | 21210
ULS2C2 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) | 11924 | 19979
ULS3C2 |(SW-+Deck Slab+SDL+Premix) + (HB45) 10791 | 21087
ULS4C2 |(SW-+Deck Slab+SDL+Premix) + (SV20) 12549 | 20374

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

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

parameters;
e (#2500mm, f,,=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)
Ultimate Sectionh Capacity BS5400
Design information: PIER P11A TYPE P1 -C (2 Notional Lanes)
fou= 40| Nimm? : Characteristic cube strength at 28 days
E.= 3.10E+07 |khim?® : Modulus of elasticity of concrete; short term
fy= 460 Nimm? : Yeild strength X
Es= 2 00E+08 kN/m? : Modulus of elasticity of rebar o000 -1000 ] 1000 2000
Yeog= 1250.000 mm : Centroid of section .-' '-'
FAg= 4,872,930 mm* : Area of concrete section Ll w
FAs= 40,212 mm* : Area of Rebars * )
FAp= - mm? : Area of prestressing strand 500 4
As/Ag= 0.83 %
Ap/Ag= 0.00 %
Pu,max= 90,360 kN : 0.4fcuAg+0 6Ty As 1000 4
Neutral Axis
Neurtral Axis, ¥n, where L(Fc+Fp+Fs+Pu)=0
- 1500
ZAc= 4800834 mm?® : Area of concrete in compression
Fe= -76,813 kN : Force on concrete
Fs= -2,029 kN : Force on rebars 2000 |
Fp= 0 kN : Force on prestressing strands = =
Errix)= 1.306E-03 : Err¥Yn)= EZ(Fc+Fs+Fp+Pu) '- -'
Couloo®
| Yn= 2389.04 mm | 25
Pu= 85,842 kN : Ultimate Axial Force (+) compression
Mu= 8,274 KN-m G0 : Ultimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
. P, M, 100,000
1 0.00 0 16,658
2 0.06 5365 20,959 90,000
k] 0.12 10,730 | 24664 ~—
4 0.18 16,095 | 27,782 80,000 —
5 0.24 21461 | 30308
6 030 o606 | 32235 ULALLL \
7 0.36 32191 | 335022 L
8 0.42 37.556 | 34155 ST \
9 0.48 42921 | 34279 -
10 053 45206 | 33872 | | £ S0000
11 0.59 53,651 | 32.821 e
12 0.65 59,017 | 31076 | | £ 40000 }
13 0.71 64,382 28,564
14 0.77 69,747 | 25424 30,000 /
15 0.83 75,112 21,362
16 0.89 80,477 16,089 2L /
17 0.95 85,842 8,274 o :5.1
0 ]
=]
E§ € & & & £ mEwmn-
s ¢ @ g 8 8 8
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7.1.2.2 BD 37/88 (2 Notional Lanes)
Ultimate Section Capacity BS5400
Design Information: PIER P11A TYPE P1 -C (2 Notional Lanes)
fou= 40|nwimm? : Characteristic cube strength at 28 days
E.= 3.10E+07 |khim? : Modulus of elasticity of concrete; short term
fy= 460 Nimm? : Yeild strength X
Es= 2.0DE+08 kh/m? : Modulus of elasticity of rebar o000 -1000 0 1000 2000
Ycg= 1250.000 mm : Centroid of section .-" '-.
FAg= 4872930 mm° : Area of concrete section L] .
FAs= 40,212 mm* : Area of Rebars . )
FAp= - mm? : Area of prestrossing strand 500 -
As/Ag= 0.83 %
Ap/Ag= 0.00 %
Pu,max= 90,360 kN : 0. 4fcuAg+0.6TfyAs i
Neutral Axis
Neurtral Axis, ¥Yn, where L(Fc+Fp+Fs+Pu)=0
- 1500
FAc= 4,800,834 mm?® : Area of concrete in compression
Fe= -76,813 kN : Force an concrete
Fs= -9.029 kN : Force an rebars 2000 4
Fp= 0 kN : Force on prestressing strands = =
Errix)= 1.306E-03 » Err{¥n)= E(Fc+Fs+Fp+Pu) '- -
Coul 0t
| Yn= 2289.04 mm | 25
Pu= 85,842 kN : WNtimate Axial Force (+) compression
Mu= 8,274 kN-m G0 : Uitimate Bending Capacity
3000
P-M Graph
| P-M PLOT
e P, M, 100,000
1 0.00 0 16,658
2 0.06 5365 | 2095 80,000
3 0.12 10,730 | 24.664 i
4 0.18 16,095 | 27,782 80,000 —
5 0.24 21461 | 30308
6 0.30 26826 | 32235 TR \
7 0.36 az1g1 | 33522 L
& 042 37,556 34155 ST \
9 0.48 42921 | 34279 —_
10 053 45286 | 33872 || 2 0000
11 0.59 53,651 32821 ';
12 065 seo17 | 3076 | | £ 40000 }
13 0.71 64352 | 28584
14 0.77 69,747 | 25424 30,000 /
15 0.83 75112 | 21,362
16 0.89 o477 | 16,089 L /
17 095 85,842 8,274 e }n‘
D T
[=1
g &8 &8 & & 8 ME_[I(N-ré
['+] = w3y =1 wy g [*r]
— — o o ]
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7.1.2.3 JKR MTAL (3 Notional Lanes)
Ultimate Section Capacity BS5400
Design Information: PIER P11A TYPE P1 -C (JKR MTAL Loading Criteria)
Feu= 40| Nimm* : Characteristic cube strength at 28 days
E.= 3. 10E+07 |kNim * : Modulus of elasticity of concrete; short term
fy= 460 Nimm?* : Yoild strength X
Es= 2.00E+08 kN/m? : Modulus of elasticity of rebar 2000 -1000 o 1000 2000
Ycg= 1250.000 mm : Centroid of section .-' '-'
FAg= 4,872,930 mm? : Area of concrete section Ll w
FAs= 40,212 mm* : Area of Rebars * )
FAp= - mm? : Area of prestressing strand 500 4
As/Ag= 0.83 %
Ap/Ag= 0.00 %
Pu,max= 90,360 kN : 0.4fcuAg+0.6TfyAs 1000 4
Neutral Axis
Neutral Axis, ¥Yn, where ¥{Fc+Fp+Fs+Pu)=0
= 1500 A
FAc= 4800834 mm® : Area of concrete in compression
Fe= -76,813 kN : Force on concrete
Fs= -9.029 kN : Force on rebars 2000 4
Fp= 0 kN : Force on prestressing strands ~
Err(x)= 1.306E-03 : Err{¥n)= E(Fc+Fs+Fp+Pu) '- -'
. .‘t
| Yn= 2389.04 mm 25
Pu= 85,842 kN : Ultimate Axial Force (+) compression
Mu= 8,274 KN-m G0 : Ultimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
Pu/Pumax P, M, 100,000
7 0.00 0 16,658
2 0.06 5,365 20,959 80,000
3 0.12 10,730 24 664 ""---...______
4 0.18 16,085 | 27782 50,000 e —]
A 024 21,467 30,308
6 0.30 26826 | 32235 70,000 \
7 0.36 32,191 | 33522 L
8 0.42 37.556 | 34.155 EIIRL \
9 0.48 42921 | 34279 —-
10 053 45286 | 33872 || 2 0000
11 0.59 53651 | 32821 3
12 065 se017 | 3eme || & 40000 /
13 0.71 64382 | 28564
14 0.77 69,747 | 25424 30,000 /
15 0.83 75,112 | 21,362
16 0.89 60,477 | 16,089 LI //
17 0.95 85,542 8,274 o ":,'
i =
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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
@2500mm, f,,=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

Crack Width (mm)
- 3 Notional 2 Notional 3 Notional
Pier T
'er 1ype Lanes Lanes Lanes (JKR
(BD37/88) (BD37/88) 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

TITTLE :

BD 37/88 (3 Notional Lanes)

Pier P11A Type P1-C SLS1C1 {3 Notional Lanes)

CRACK WIDTH DESIGHN TO B55400-4:1990 (AXIAL & FLEXURAL)

Design Parameters

feu 40 Nimm*
Eg= 3.10E+07 khim®
= 2.00
Eg= 1.55E+07 kN/m*
fy= 460 Nimm*
Es= 2.00E+08 kN/m*
a= 12.90

Noutral Axis (Elastic Analysis)

Noutral Axis, Yn =E(A*Yi)/LA

ZAc= 1,067,112 mm*
ZAs= 518,869 mm®
IA= 1,585,981 mm°
Err(x)= 0.0
Yn= 679.53 mm

RE_TERATE

Crack Width Calculation (BS5 5400, cl. 5.8.8.2)

“cd4.2 2 Crack width check applies only for Load Comibination 1

: Characteristic cube strength at 28 days

: Short term modulus of elasticity of
: Creap coefficient

concrete

: Long term modulus of elasticity of concrete {allowed for creep effect)

: Steel Yield Strength

: Modulus of elasticity of rebar
> Long term rafio Es/EcL

> Arez of concrete
: Transformed area of rebar
: Gross area

:Err{¥n)= E(A'Yi)-¥n*LA

-2000

Section Geometry

x (mm)

0

ol

2000

¥ (mm}

3000 -

Pg= -6937 kN : Permanent Axial Force: {-) compression
Mg= 10545 kN-m : Permanent moment
Mg= 6592 kM-m : Live load moment
M= 17137 kN-m : Applied 5L5 moment
h= 2500 mm : Overall depth of section
C nom= 35 mm : Mominal conerete clear cover as per BS5400, Fart 4 -fable {13)
= 50 mim : Distance from the point considered (x,y) to the surface of the nearest rebar
Em = 2.82E-03 : Average strain at point considersd
E,= -2.82E-04 : Initial strain due to axial load
Egigr, = 0.00E+00 : Sirain due to fension stiffening effect
{1-MgMg) = 3.75E-01
Rebar Location Strain Rebar Stress
x (mmj) - T - - o o W
20 : m | 3535 3388 | §588¢2 8383853
L Ful 1 L 1 1 1 1 1 1 1
P T ‘ﬁ
,no/;- i -, & rebar Cry
o *, .
/& 500 # 50&!- = concrete 580
- - L -
. + e &
L3 + L} i
s 1000 o 1000 4 & 1000 "
t j _ 1 a
g E s g ) .
E L 1500 i = 1500 - E 1500 -
= [ + - ) o
= 4 p o = "
‘. o [}
t. 2000 4 * 2000 4 .- 2000
K o?- '
Sy o \
250y 2500 1 2500
3000 - 3000 - 3000
Location To Nearest Rebar
X y=a' ®r yr 1] 8o £y Eg £ s Em W oy
(mm) {mm) {mm) (mm) (mm) {mm) {mm)
o a 0 66 32 50 =0.00116 |-2.82E-04 [i] =1.44E-03 | uncracked
0 0 i} 0 0 0 -0.00116 | -2.82E-04 0 -1.44E-03 | uncracked
1] o ] o 0 1] -0.00116 | -2.82E-D4 1] -1.44E-03 | uncracked
[i] o ] o 0 [i] -0.001186 | -2.82E-D4 [i] -1.44E-03 | uncracked
1] o 1] o 0 1] -0.00116 | -2.82E-D4 1] -1.44E-03 | uncracked
] 2500 0 2434 32 50 0003104 |-2.82E-04 0.00E+00 2.82E-03 0.416
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7.1.3.2 BD 37/88 (2 Notional Lanes)

TITTLE : Pier P11A Type P1-C SLS1C1 (2 Motional Lanes)

CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"cd4.2.2 Crack width check applies only for Load Combination 1

Dasign Paramaters

feu= 40 Nimm* : Characteristic cube strength at 28 days
E;:= 3.10E+07 kh/m® : Short term modulus of elasticity of concrete
o= 2.00 : Creep coefficient
Egy= 1.55E+07 kh/m? : Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm'* : Steel Yield Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar T
a= 12.90 : Long term rafio Es/EclL gction Geometry
= (mami
-2000 2000
Neutral Axis (Flastic Analysis) ' !
Neutral Axis, Yn =E(A*Yi)/LA
ZAc= 1,067,112 mm* : Area of concrete
IAs= 518,869 mm° : Transformed area of rebar £
ZA= 1,585,981 mm~ : Gross area E
- | - - Y] - Ed
Err{x)= 0.0 RE_MERATE | ° Err(Yn)= I(A*Yil-¥Yn*LA
Yn= 679.53 mm
Crack Width Calculation (BS 5400, ¢, 5.5.8.2) 2000 4
Pg= =637 kM : Permanent Axial Force; {-) compression
Mg= 10545 kN-m : Permanent moment
M= 4847 kMN-m : Live load moment
M= 15392 kN-m : Applied 5LS moment
= 2500 mm : Overall depth of section
C nom= 35 mm : NHominzl concrete clear cover as per BS5400, Part 4 -fable (13)
B = 50 mm : Distance from the point considered (x,y) to the surface of the nearesf rebar
Em = 2.51E-03 : Average strain at point considered
[ -2.82E-04 : Initial strain due to axial load
Egpir = 0.00E+0D0 : Sfrain due to fension sfiffening effect
(1-MgMg) = 0.540350877
Rebar Location Strain Rebar Stress
= (nrm I 2 o =z - ™ om o=
20m mo | 3333 8388 | §58¢8¢8 385835 ¢
L Y .
}v& a rebar '-..
# 5|:-&.. m concrete 500
- o &
L) L &
- L .
Ll 1000 4 4 1000 a
j — ‘ &
E E 4 = ) .
E i = 1500 L E 1500 L
- y > . - .
kil - .
* [ ) a
& 2000 . 2000
Y L}
2500 4 \ 2500
2000 - 3000 - 3000
Location To Nearest Rebar
x y=a' xr yr @ 8. £ Eq € s Em W ey
(mm) (mm) {mm) (mm) (mm) (mm) {mm)
[1] 0 0 66 32 50 =0.00104 | -2.82E-04 o =1.32E-03 | uncracked
0 0 o 0 a 0 -0.00104 | -2.82E-D4 a -1.32E-03 | uncracked
0 0 o 0 a 0 -0.00104 | -2.82E-D4 a -1.32E-03 | uncracked
0 0 o 0 1} 0 -0.00104 | -2.82E-D4 1} -1.32E-03 | uncracked
0 0 o 0 a 0 -0.00104 | -2.82E-D4 a -1.32E-03 | uncracked
[ 2500 0 2434 32 50 0.002788 | -2.82E-04 0.00E+00 2.51E-03 0.370
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7.1.3.3

TITTLE :

JKR MTAL (3 Notional Lanes)

Pier P11A Type P1-C SLS1C1 (JKR MTAL Criteria)

CRACK WIDTH DESIGN TO BS55400-4:1990 (AXIAL & FLEXURAL)

Design Parameters

"cd4.2 2 Crack width check applies only for Load Combination 1

feu= 40 Wmm* : Characteristic cube strength at 28 days
Eg= 3. 10E+07 KkN/m 2 : Shart term modulus of elasticity of concrete
b= 2.00 : Creep coefficient
Eg= 1.55E+07 ki/m?® ! Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm* : Steal Yield Strength
Es= 2.00E+08 ki/m*® : Modulus of elasticity of rebar T
a= 12.90 : Long term ratio Es/EcL ection Geomelry
x {mm)
-2000 2000
Neutral Axis (Flastic Analysis) ! !
Newtral Axis, Yn =E(A*Yil/LA
ZAc= 1,067,112 mm* : Area of concrete
ZAs= 518,869 mm® : Transformed area of rebar =
ZA= 1,585,981 mm® : Gross area E
Err(x)= 0.0 RE_MERATE : Err(Yn)= E(A*Yi)-Yn*IA
Yn= 679.53 mm
Crack Width Calculation (BS 5400, cl. 5.8.8.2) 3000 4
Pg= -6937 kM : Permanent Axial Force; (-) compression
Mg 10545 kMN-m : Permanent moment
M,= 5903 kM-m : Live load moment
Mg 16448 kMN-m : Applied SLS moment
= 2500 mm : Overall depth of section
C nom= 35 mm : Nominal concrefe clear cover as per BS5400, Part 4 -fable (13)
Bz = 50 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= 2.7OE-03 : Average sirain at point considered
£y = -2.82E-D4 :Initial strain due fo axial load
Eqtiry = 0.00E+00 : Strain due to fension sfiffening effect
(i-MgMg) = 4 40E-01
Rebar Location Strain Rebar Stress
x (mm} 2 8 8 Z - o @o ¥
200 o | 5553 8888 | §8 88 858§ g
ey \
\.\&& a rebar ta N
# ﬁlﬂl!-— = concrete 580
- o n
# 3 i
# [ &
| 1000 { 4 1000 A
! g : ‘
E £ 4 E a
E 4 E 1500 & £ 1500 0
= b | = L) - &
L4 & a
- [ | a
vil 2000 a 2000
o -
#
t_!'-'-/ _ \ -
2500 - 2500
2poo 4 3000 4 3000
Location To Nearest Rebar
x y=a" xr yr & & or £q Eg € s Em W
{mm) (mm) {imm) (mm) (mm) (mm) (mm)
0 a 0 66 i 50 =0.00111 |-2.82E-04 o =1.39E-03 | uncracked
0 0 ] 1] a 0 -0.00111 | -2.52E-04 a -1.39E-03 | uncracked
0 0 ] 1] a 0 -0.00111 | -2.52E-04 a -1.39E-03 | uncracked
0 0 ] 1] a 0 -0.00111 | -2.52E-04 a -1.39E-03 | uncracked
0 0 1] 1] 1] 0 -0.00111 | -2.52E-04 1] -1.38E-03 | uncracked
0 2500 0 2434 S 50 0.002979 | -2.82E-04 0.00E+00 2.7T0E-03 0.398
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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.

. 'r_‘j w10=150 AS 'IA._.._......-.._-..........:.........
— (22 LAYERS ) i Yig-07i—-175

ST

= v16-09-150 tv [}

[
{

=t~

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)

M Combination 1

No. Load Case (kI\TEr::) Yo Yo
SLS ULS ULS

1 SW 8324 1.00 1.15 1.10
2 Deck Slab 2142 1.00 1.15 1.10
3 SDL (Parapet) 1168 1.00 1.20 1.10
4 Premix 630 1.20 1.75 1.10
5 HA+KEL 5945 1.20 1.50 1.10
6 HA+HB30 5762 1.10 1.30 1.10
7 HB45 5989 1.10 1.30 1.10
8 SV20 5907 1.10 1.30 1.10

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

Private & Confidential

Prepared by Kumpulan IKRAM Sdn Bhd 49



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

Table 21. P-11A crosshead moment load combination — BD 37/88 (3 Notional Lanes)

SLS Design to Load Combination 1

Case # |Load Combination M (kN.m) | My (kN.m){ M, (kN.m)

SLS1C1 [(SwW+Deck Slab+SDL+Premix) + (HA+KEL) 19525 12391 7134

SLS2C1 [(Sw+Deck Slab+SDL+Premix) + (HA+HB30) 18729 12391 6338

SLS3C1 [(Sw+Deck Slab+SDL+Premix) + (HB45) 18979 12391 6588

SLS4C1 [(SwW+Deck Slab+SDL+Premix) + (SV20) 18889 12391 6498
ULS Design to Load Combination 1

Case # |Load Combination M (kN.m)

ULS1C1 [(SW+Deck Slab+SDL+Premix) + (HA+KEL) 25805

ULS2C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30) 24235

ULS3C1 [(SW+Deck Slab+SDL+Premix) + (HB45) 24560

ULS4C1 [(SW+Deck Slab+SDL+Premix) + (SV20) 24443

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

Combination 1
No. Load Case Vmax (kN) Yo Ve
SLS ULS ULS
1 SW 2352 1.00 1.15 1.10
2 Deck Slab 591 1.00 1.15 1.10
3 SDL (Parapet) 273 1.00 1.20 1.10
4 Premix 174 1.20 1.75 1.10
5 HA+KEL 1713 1.20 1.50 1.10
6 HA+HB30 1685 1.10 1.30 1.10
7 HB45 1476 1.10 1.30 1.10
8 SV20 1970 1.10 1.30 1.10

*StaadPro member 30105

*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)

ULS Design to Load Combination 1

Case # |Load Combination WV (KN)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 7245
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 6828
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 6529
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 7235

ht S e
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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)
M Combination 1
max
No. Load Case (kN.m) Vi Ve
SLS ULS ULS
1 Sw 8324 1.00 1.15 1.10
2 Deck Slab 2142 1.00 1.15 1.10
3 SDL (Parapet) 1168 1.00 1.20 1.10
4 Premix 630 1.20 1.75 1.10
5 HA+KEL 4396 1.20 1.50 1.10
6 HA+HB30 4581 1.10 1.30 1.10
7 HB45 5838 1.10 1.30 1.10
8 SV20 5906 1.10 1.30 1.10

*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)

SLS Design to Load Combination 1

Case # |Load Combination M (kN.m) | M, (kN.m)| M, (kN.m)

SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 17666 12391 275

SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 17431 12391 5039

SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 18814 12391 6422

S5LS4C1 |(SW+Deck Slab+SDL+Premix) + (5V20) 18888 12391 6497
ULS Design to Load Combination 1

Case # |Load Combination M (kN.m)

ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 23249

ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 22547

ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 24345

ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 24442

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

Combination 1
No. Load Case Vmax (kN) Yo Yoy

SLS ULS ULS
1 SWwW 2352 1.00 1.15 1.10
2 Deck Slab 591 1.00 1.15 1.10
3 SDL (Parapet) 273 1.00 1.20 1.10
4 Premix 174 1.20 1.75 1.10
5 HA+KEL 1246 1.20 1.50 1.10
6 HA+HB30 1268 1.10 1.30 1.10
7 HB45 1465 1.10 1.30 1.10
8 SV20 1967 1.10 1.30 1.10

*StaadPro member 30105

*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)

ULS Design to Load Combination 1
Case # [l oad Combination V (KN)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 6475
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 6231
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 6514
ULS4C1T | (SW+Deck Slab+SDL+Premix) + (SV20) 7231

7.2.1.3 JKR MTAL (3 Notional Lanes)

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

Combination 1
No. Load Case {TI‘T er:% Yo Yia

SLS ULs ULS
1 SW 8324 1.00 1.15 1.10
2 Deck Slab 2142 1.00 1.15 1.10
3 SDL (Parapet) 1168 1.00 1.20 1.10
4 Premix 630 1.20 1.75 1.10
5 MTAL (UDL+KEL) 5394 1.20 1.50 1.10
6 MTAL (5.0kPa) 168 1.20 1.50 1.10

*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)
SLS Design fo Load Combination 1

Case # |Load Combination M (kN.m) [ Mg (kN.m})| M, (kN.m}
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (MTAL) 19065 12391 6674

ULS Design to Load Combination 1

Case # |Load Combination M (kN.m)
ULS1C1 [(SW+Deck Slab+SDL+Premix) + (MTAL) 25173
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Table 30. P-11A crosshead shear @ 2.5m depth — JKR MTAL (3 Notional Lanes)

Combination 1
No. Load Case Vmax (KN) Yo Vi3
SLS ULS ULS
1 SW 2352 1.00 1.15 1.10
2 Deck Slab 591 1.00 1.156 1.10
3 SDL (Parapet) 273 1.00 1.20 1.10
4 Premix 174 1.20 1.75 1.10
5 MTAL (UDL+KEL) 1591 1.20 1.50 1.10
6 MTAL (5.0kPa) 39 1.20 1.50 1.10

*StaadPro member 30105

*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)
ULS Design to Load Combination 1

Case # |Load Combination W (kN)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (MTAL) 7107

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)
e Width = 2500mm, Depth = 2500mm, f,,=40MPa
e Top Reinforcement = T32-150 (2 layers)

e 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
Ult. Moment Capacity (kN.m) Maximum
. . . ULS Capacity
Loading Criteria g\./éthgut With Sidebar Moment Ratio
iaepar (kN.m)
BD 37/88 (3 Notional 24,439 26,069 25,805 1.06
Lanes)
BD 37/88 (2 Notional 24,439 26,069 24,442 1.00
Lanes)
JKR MTAL (3 Notional 24,439 26,069 25173 1.03
Lanes)

*Capacity ratio is based on Maximum ULS Moment / UIt.
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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7.2.21.1 BD 37/88 (3 Notional Lanes)
*Without Side Reinforcement
Ultimate Section Capacity BS5400
Design Information: CROSSHEAD P11A TYPE 1-C WITHOUT SIDE BARS (3 Motional Lanes)
feu= 40|Nimm* : Characteristic cube strength at 28 days
E.= 3.10E+07 |khim* : Madulus of alasticity of concreta; short term
fy= 460 N/mm* ! Yeild strength X
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar 2000 -1000 o 1000 2000
Ycg= 1250.000 mm : Centroid of section
FAg= 6,250,000 mm 2 : Area of concrete section
FAs= 32,685 mm* : Area of Rebars
FAp= - mm?® : Area of prestressing strand 500 4
As/Ag= 0.52 %
Ap/Ag= 0.00 %
Pu,max= 110,074 kN : 0. 4fculg+0.67TTyAs wnd
Neutral Axis
Neutral Axis, ¥n, where L(Fc+Fp+Fs+Pu)=0
1500
ZAc= 572,346 mm* : Area of concrete in compression
Fe= -9,158 kN : Force on concrete
Fs= 9,158 kN : Force on rebars 2000 |
Fp= 0 kN : Force on prestressing strands
Errix)= 1.000E-03 : Err{¥n)= E(Fc+Fs+Fp+Pu)
| Yn= 228.94 mm |
Pu= - kN : Ultimate Axial Force (+) compression
Mu= 24,439 KN-m Go : Litimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
PPy max P, M, 426,608
1 0.00 0 24,439
2 0.06 6,536 30,579
L , —d
3 0.12 13,071 | 35650 1
4 0.18 15,607 | 39.654 N
5 0.24 26,142 | 42,589 \\
6 0.30 32,678 | 44457 25500 M
7 0.36 39,214 | 44611 ~
g 042 45,748 43,758
9 0.48 52,285 | 42,155 — o
10 053 sgg21 | 39.418 < R R
11 0.59 65356 | 35445 | | T
12 0.65 71,892 | 30,884 o
13 0.71 78427 | 25785 gaad
14 077 84963 | 20085
15 0.83 51,493 13,728
16 0.89 98,034 6,662 20008
17 0.95 104,570 | -13.061
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* With Side Reinforcement T16-175 (Both Sides)
Ultimate Section Capacity BS5400
Design information: CROSSHEAD P11A TYPE 1 -C (WITH SIDE BARS) 3 Notional Lanes
fou= 40| Nimm ? : Characteristic cube strength at 28 days
E .= 3. 10E+07 |kNim? : Moduius of elasticity of concrete; short term
fy= 460 Nimm* : Yeild strength X
Es= 2.00E+08 kNim 2 : Modulus of elasticity of rebar 2000 -1000 o 1000 2000
Ycg= 1250.000 mm : Centroid of section
FAg= 6,250,000 mm 2 : Area of concrete section
FAs= 37,108 mm* : Area of Rebars
ZAp= - mm? : Area of prestressing strand 500 4
As/Ag= 0.59 %
ApiAg= 0.00 %
Pu,max= 111,437 kN : 0.4fculg+0.6TTyAs e
Neutral Axis
Neurral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
1500 4
ZAc= 670,998 mm° : Area of concrete in compression
Fe= -10,736 kN : Force on concrete
Fs= 10,736 kN : Force on rebars 2000 |
Fp= 0 kN : Force on prastrassing strands
Err(x)= 1.000E-03 ! Erm{Y¥n)= E(Fc+Fs+Fp+Pu)
| Yn= 268.40 mm |
Pu= - kN : Wtimate Axial Force (+) comprassion
Mu= 26,069 KN-m Go : Witimate Bending Capacity
3000 A
P-M Graph
P-M PLOT
PP P, M, 426,568
1 0.00 ] 26,069
2 0.06 6,617 32,021 —_
3 0.12 13,233 | 36914 | eamE—
4 0.18 19,850 | 40,749 \.\
5 0.24 26466 | 43530
6 0.30 33,083 | 45242 an onn S~
7 0.38 39,699 45,242 : ~
8 0.42 46,316 44 331
] 0.48 52932 | 42678 — e
10 0.53 59,545 | 39,889 Z e
11 0.59 66,166 | 35887 5
12 0.65 72782 | 31,306 o
13 0.71 79,395 | 26176 48000
14 0.77 86,015 20442
15 0.83 92632 | 14046
16 0.89 99,248 6,927 20500 L
17 0.95 105,865 | -12.615 /
! au]
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7.2.21.2 BD 37/88 (2 Notional Lanes)
* Without Side Reinforcement
Ultimate Section Capacity BS5400
Design Information: PIER P11A TYPE 1 -C WITHOUT SIDE BARS (2 Notional Lanes)
fey= 40| Nimm 2 : Characteristic cube strength at 28 days
E.= 3.10E+07 |kNim* : Modulus of elasticity of concreta; short term
fy= 460 N/mm* : Yaild strength X
Es= 2.00E+D8 kN/m? : Moduius of elasticity of rebar 2000 -1000 o 1000 2000
Ycg= 1250.000 mm : Centroid of section
IAg= 6,250,000 mm 2 : Area of concrete section
FAs= 32,665 mm? : Area of Rebars
ZAp= - mm? : Area of prestressing strand 500 -
As/Ag= 0.52 %
Ap/Ag= 0.00 %
Pu,max= 110,074 kN : 0.4fcuAg+0.6TTyAs Trrrd
Neutral Axis
Neutral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
> 1500 -
ZAc= 572,346 mm* : Area of concrete in compression
Fe= -0.158 kN : Force on concrete
Fs= 9,158 kN : Force on rebars 2000 4
Fp= 0 kN : Force on prastrassing strands
Erri{x)= 1.000E-D3 : Err{¥n)= E(Fc+Fs+Fp+Pu)
| Yn= 228.94 mm |
Pu= - kN : Uitimate Axial Force (+) comprassion
Mu= 24,439 KN-m Go : Witimate Bending Capacity
3000 A
P-M Graph
P-M PLOT
P u/Pumax P. M, 420.000
] 0.00 0 74,459
2 0.06 6536 30579
: ; —
3 0.12 13071 | 35650 e
4 0.18 19,607 | 39,654 T
5 0.24 26,142 | 42589 \
6 0.30 32678 | 44457 500 M~
7 0.36 39214 | 44611 S~
8 042 45749 | 43758 \
9 0.48 52,285 42,155 E snonnn
10 0.53 58,821 39,418 < ’ ‘
11 0.59 65,356 | 35445 5
12 0.65 71,892 | 30884 o
12 0.71 78427 | 25785 -0.000
14 0.77 84963 | 20085
15 0.83 91,499 13,728
16 0.89 98,034 6,662 20000
17 0.95 104570 | -13.081
: ]
[=1
I 8 £ 8 g
=] = = (=] g
'.'\I] -— — o™ -
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* With Side Reinforcement T16-175 (Both Sides)
Ultimate Section Capacity BS5400
Design Information: PIER P11A TYPE 1 -C {WITH SIDE BARS) 2 Notional Lanes
fou= 40|Nimm?® : Characteristic cube strength at 28 days
E.= 3.10E+07 |kNim® : Modulus of elasticity of concrete; short term
fy= 460 Nimm* : Yeild strength X
Es= 2.00E+08 kN/m® : Modulus of elasticity of rabar 2000 -1000 o 1000 2000
Yeg= 1250.000 mm : Centroid of section
FAg= 6,250,000 mm : : Area of concrete section
JAs= 37,108 mm* : Area of Rebars
FAp= - mm? : Area of prestressing strand 500 4
AsiAg= 0.59 %
ApiAg= 0.00 %
Pu,max= 111,437 kN : 0.4fcuAg+0.67fyAs e
Neutral Axis
Neutral Axis, Yn, where L(Fc+Fp+Fs+Pu)=0
1500 4
ZAc= 670,998 mm* : Area of concrete in compression
Fe= -10,736 kN : Force on concrate
Fs= 10,736 kN : Force on rebars 2000 ]
Fp= 0 kN : Force on prastrassing strands
Err(x)= 1.000E-03 : Err{¥n)= EiFc+Fs+Fp+Pu)
| Yn= 268.40 mm |
Pu= - kN : Ultimate Axial Force (+) comprassion
Mu= 26,069 kN-m 6o : Ultimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
PPy e P I M u 120000
1 0.00 0 26,069
2 0.06 6,677 32,021 —
3 012 15,233 | 36914 Ceesmr—
B ———
4 0.18 19,850 | 40.749 \.\
5 0.24 26,466 | 43,530
6 0.30 33083 | 45242 nog ™~
7 0.36 39,699 45,242 ! ~
8 0.42 46316 | 44.331
9 0.48 52932 | 42678 _
10 0.53 59,549 | 39,889 z EEELL
11 0.59 66,166 | 35887 =
12 0.65 72782 | 31.308 o
13 0.71 79,399 | 26176 40500
14 077 86,015 | 20442
15 0.83 92632 | 14046
16 0.89 99,248 6,927 20000 Lo
17 0.95 105,865 | -12615 //
& =]
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7.2.2.1.3 JKR MTAL (3 Notional Lanes)
* Without Side Reinforcement
Ultimate Section Capacity BS5400
Design Information: PIER P11A TYPE 1 -C WITHOUT SIDE BARS (JKR MTAL CRITERIA)
feu= 40| Nimm : Characteristic cube strength at 28 days
E.= 3. 10E+07 |kniim* : Modulus of elasticity of concrete; short term
fy= 460 Nimm® : Yeild strength X
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar 2000 -1000 o i000 2000
Ycg= 1250000 mm : Centroid of section
FAg= 6,250,000 mm 2 : Area of concrete section
FAs= 32,665 mm?® : Area of Rebars
FAp= - mm? : Area of prestressing strand 500 4
As/Ag= 0.32 %
Ap/Ag= 0.00 %
Pu,max= 110,074 kN 1 0.4fculAg+0.6TIyAs 1000
Neutral Axis
Neutral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
1500 -
ZAc= 572,346 mm* : Area of concrete in compression
Fec= -9.158 kN : Force on concrate
Fs= 9,158 kN : Force on rebars 2000 J
Fp= 0 kN : Force on prastrassing strands
Err(x)= 1.000E-03 : Ernrf¥n)= E(Fc+Fs+Fp+Pu)
| Yn= 228.94 mm |
Pu= - kN : Ultimate Axial Force (+) compression
Mu= 24,439 kN-m Go : Uitimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
Pu/Pumax P, M, 426-800
1 0.00 0 24 439
2 0.06 6,536 30,579
: ; —_—
3 0.12 13,071 35,650 e
4 0.18 19,607 | 39.654 I
5 0.24 26,142 | 42589 \
6 0.30 32,678 | 44457 TRTTT S
7 0.36 39,214 | 44611 ' ~d
8 0.42 45,729 | 43758
9 0.48 52285 | 42155 - T
10 0.53 sgaz1 | 3s418 | | £ SpiAs Ny
11 0.59 65,356 | 35445 5
12 0.65 71,892 | 30884 o
13 0.71 78427 | 25785 S
14 077 84,963 20,085
15 0.83 91,499 13.728
16 0.89 598,034 6,662 25-500
17 0.95 104,570 -13,061
8 <
[=]
g B e 2 E funng
= 5 = = =
('\IJ o -— 2] -
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* With Side Reinforcement T16-175 (Both Sides)
Ultimare Section Capacity BS5400
Design information: PIER P11A TYPE 1 -C (WITH SIDE BARS) JKR MTAL CRITERIA
fou= 40| Nimm ? : Characteristic cube strength at 28 days
E.= 3.10E+07 |kNim? : Modulus of elasticity of concrete; short term
fy= 460 Nmm* : Yaild strength X
Es= 2.00E+D8 kN/m? : Moduius of elasticity of rebar 2000 -1000 o 1000 2000
Ycg= 1250.000 mm : Centroid of section
TAg= 6,250,000 mm 2 : Area of concrete section
FAs= 37,108 mm? : Area of Rebars
IAp= - mm* : Area of prestressing strand 500 3
As/Ag= 0.59 %
Ap/Ag= 0.00 %
Pu,max= 111,437 kN : 0.4fculdg+0.6TTyAs e
Neutral Axis
Neutral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
1500 4
ZAc= 670,998 mm* : Area of concrete in compression
Fe= -10,736 kN : Force on concrete
Fs= 10,736 kN : Force on rebars 2000 ]
Fp= 0 kN : Force on prastrassing strands
Erri{x)= 1.000E-D3 : Err{¥n)= E(Fc+Fs+Fp+Pu)
| Yn= 268.40 mm |
Pu= - kN : Uitimate Axial Force (+) comprossion
Mu= 26,069 kN-m Go : Witimate Bending Capacity
3000 -
P-M Graph
P-M PLOT
Pu/Puma Pu Mu 128,608
1 0.00 ] 26,069
2 0.06 6617 32021 o~
3 0.12 13233 | 38914 e sor—
7 ———
4 0.18 19,850 | 40,749 \\
5 024 26,466 | 43530
6 0.30 33083 | 45242 200 I~
7 0.36 39,699 45,242 ~]
8 0.42 46316 | 44331
9 0.48 52932 42,678 _—
10 0.53 59549 | 39889 | | £ EED
11 0.59 66,166 | 35887 5
12 0.65 727z | 31,306 o
13 0.71 79,399 | 26178 40-500
14 0.77 85015 | 20442
15 0.83 92632 14,046
16 0.89 99,248 6927 20600 L
17 0.95 105,865 | -12.615 /
o L
o -
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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

BD 37/88 (3 Notional Lanes) @ 2.5m Depth

Load Case ASV/SV reqq AsSVISV pray Capacity Ratio
ULS1CA 7.72 8.04 0.96
ULS2C1 .28 8.04 0.90
ULS3C1 6.96 8.04 0.87
ULS4C1 771 8.04 0.96

*Capacity ratio is based on ASVISV .y / ASVISV pry
BD 37/88 (2 Notional Lanes) @ 2.5m Depth

Load Case ASV/SV g ASVISV oy Capacity Ratio
ULS1CA1 6.90 8.04 0.86
ULS2C1 6.64 8.04 0.83
ULS3CA 6.94 8.04 0.86
ULS4C1 7.70 8.04 0.96

*Capacity ratio is based on ASV/SV g4 / ASW/SV o,
JKR MTAL @ 2 .5m Depth

Load Case ASV/ISV roqg AsVISV oy Capacity Ratio

ULS1C1 .57 8.04 0.94

*Capacity ratio is based on ASVISV reqy [ ASVISV proy

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

Element ID = P-11A Crosshead (ULS1C1 - BD 37/88 3 Notional Lanes) @ 2.5m Depth

feu = 40
f = 460
b = 2,500
d = 2,343
Vit = 7,245
% = 1.24
Depth Factor, & = 0.700
As,prov = 27,336
Ve = 0.57
v o> Eeve
Asv’rs\r,req'd = 7.72
As/Sy prov = 8.04
Sufficient!
*ULS2C1

N/mm?

N/mm?
mm
mm

kN
N/mm?

2
mm

2
N/mm

Remarks :

(2 layers of 17T32)
CeVe

(3T16-150)

0.K

= 0.40

Element ID = P-11A Crosshead (ULS2C1 - BD 37/88 3 Notional Lanes) @ 2.5m Depth

feu = 40
fy = 460
b = 2,500
d = 2,343
Vit = 6,828
v = 1.17
Depth Factor, & = 0.700
As = 27,336
Ve = 0.57
v > EsVe
Asv’rsv,req'd = 7.28
As/Sy prov = 8.04
Sufficient!
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N/mm?

N/mm?
mm
mm

kN
N/mm?

2
mm

2
N/mm

Remarks :

(2 layers of 17732

)
GeVe

(3T16-150)

0.K

= 0.40
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*ULS3C1

Element ID = P-11A Crosshead (ULS3C1 - BD 37/88 3 Notional Lanes) @ 2.5m Depth

feu

—h
B

o T

Depth Factor, &

As

Ve

v

Asv"r S\f,req‘d

Asv"’ Sy prov

*ULS4C1

Element ID =

feu

ey

o o

Depth Factor, &

As

Ve

v

Asv"r Sy Jreq'd
Asv"f Sy prov

Private & Confidential

40 N/mm?
460 N/mm?
2,500 mm
2,343 mm
6,529 kN
111 N/mm?
0.700
27,336 mm?
0.57  N/mm?
Esve
6.96
8.04
Sufficient!

40 N/mm?
460  N/mm?
2500 mm
2,343 mm
7,235 kN
124 N/mm?
0.700
27,336 mm?
0.57  N/mm?’
EeVe
7.71
8.04
Sufficient!

Remarks :

(2 layers of 17T32)

£
SsVe

(3T16-150)

P-11A Crosshead (ULS4C1 - SV20) @ 2.5m Depth

Remarks :

(2 layers of 17T32)

(3T16-150)

0.40

O.K
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7.2.2.2.2 BD 37/88 (2 Notional Lanes)

*ULS1C1

Element ID = P-11A Crosshead (ULS1C1 - BD 37/88 2 Notional Lanes) @ 2.5m Depth

feu = 40 NH'I"I‘H'I‘I2
f, = 480 N/mm?
b = 2500 mm
d = 2,343 mm
Vit = 6,475 kN
v o= 111 N/mm? Remarks: 0.K
Depth Factor, & = 0.700
A = 27,336 mm?’ (2 layers of 17T32)
ve = 0.57  N/mm? EVe = 0.40
v > Ve
Asv”sv,req'd = 6.90
Asi/Sy prov = 8.04 (3T16-150)
Sufficient!
*ULS2C1

Element ID = P-11A Crosshead (ULS2C1 - BD 37/88 2 Notional Lanes) @ 2.5m Depth

fcu = 40 I\”I"I‘H'I"I2
f, = 460 N/mm?
b = 2500 mm
d = 2,343 mm
Vit = 6,231 kN
v = 1.06  N/mm? Remarks: O.K
Depth Factor, & = 0.700
As = 27,336 mm? (2 layers of 17732)
ve = 057  N/mm? EoVe = 0.40
v > EeVe
Ag/3, reqd = 6.64
Asi/Sy prov = 8.04 (3T16-150)
Sufficient!
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*ULS3C1

Element ID = P-11A Crosshead (ULS3C1 - BD 37/88 2 Notional Lanes) @ 2.5m Depth

feu = 40

f, = 460
b = 2,500
d = 2,343
Vi = 6,514

v = 1.1
Depth Factor, & = 0.700
As = 27,336

Ve = 0.57

viooo> &V

Ay /3, reqd = 6.94

Asu/Sy prov = 8.04
Sufficient!
*ULS4C1

N/mm?

N/mm?
mm
mm

kN
N/mm?

2
mm

2
N/mm

Remarks :

(2 layers of 17T32)

£
<sVe

(3T16-150)

O.K

= 0.40

Element ID = P-11A Crosshead (ULS4C1 - BD 37/88 2 Notional Lanes) @ 2.5m Depth

feu = 40
f, = 460
b = 2,500
d = 2,343
Vit = 7,231
v = 1.23
Depth Factor, & = 0.700
As = 27,336
Ve = 0.57
v > EsVe
AslSyreqd = 7.70
Astsy prov = 8.04
Sufficient!
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N/mm?

N/mm?
mm
mm

kN
N/mm?

2
mm

2
N/mm

Remarks :

(2 layers of 17732)

£
GsVe

(3T16-150)

O.K

= 0.40
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7.2.2.2.3 JKR MTAL (3 Notional Lanes)

*ULS1C1
Element ID = P-11A Crosshead (ULS1C1 - JKR MTAL 3 Notional Lanes) @ 2.5m Depth

feu = 40 N/mm?
f, = 460 N/mm?
b = 2,500 mm
d = 2,343 mm
Vi = 7,107 kN
v = 121 N/mm? Remarks: 0.K
Depth Factor, & = 0.700
Ag = 27,336  mm?> (2 layers of 17T32)
ve = 057  N/mm? Eeve = 0.40
v > Ve
As/Sy reqd = 7.57
Ag/Sy prov = 8.04 (3T16-150)
Sufficient!

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)
e Width = 2500mm, Depth = 2500mm, f,,=40MPa

e Top Reinforcement = T32-150 (2 layers)
e 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

Crack Width (mm)
Loading Criteria gggg:i 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
TITTLE: Crosshead P11A Type P1-C SLS1C1 (WITHOUT SIDEBAR) 3 Notional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"cd4.22 Crack width check applies only for Load Combination 1
Design Paramaters
foy= 40 Nimm* : Characteristic cube strength at 28 days
E.= 3.10E+07 kN/m* : Short term modulus of elasticity of concrete
= 2.00 : Creep coefficient
Eg= 1.55E+07 kN/m* : Loeng term modulus of elasticity of concrete (alfowed for creep effact)
fy= 460 Nimm* : Steal Yield Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar ST
a= 12.90 : Long term ratio Es/Ecl ection Geometry
x (mm)
-2000 (1] 2000
Noutral Axis (Fiastic Analysis) ! & !
Neutral Axis, Yn =Z(A*Yi)/LA 500
FAc= 1,661,123 mm 2 : Arez of concrete 1000
TAs= 421,744 mm? : Transformed area of rebar =
IA= 2,082,867 mm” : Gross area E 1500 1
Err(x)= 0.0 RE_MERATE | : Err(¥n)= L{A*Yi]-¥n*LA =
2000
¥Yn= G64.45 mm
Y YT
Crack Width Calculation (BS 5400, cl. 5.8.8.2) apop 4
Pyg= @ kM : Permanent Axial Force; |-} compression
Mg 12397 kN-m : Permanent moment
My 7134 kN-m : Live load moment
M= 19525 kN-m : Applied SLS moment
h= 2500 mm : Overall depth of section
C nom= A5 mm : Hominal concrefe clear cover as per BS5400, Part 4 -table (13)
8= 66 mm : Distamce from the point considered (x,y) to the surface of the nearesf rebar
Em = 1.41E-03 : Average sfrain at point considered
£,= 0.00E+00 2 Initial strain due to axial load
Egimy = -4 22E-04 : Strain due to tension stiffening effect
(1-Mgmg) = 4.24E-01
Rebar Location Strain Rebar Stress
= [mim) 2 2 o9 = -~ o @
a0 0 wo | 355 88588 |5 888 8§33
L 0 ] ? L 1 1 ‘I 1 1 1 1
L ]
u a rebar
500 G00m = concrete 500
.
1000 1000 { = 1000 4
— L]
5 £ . 1
g 1500 = 15004 = E 1500 4
P = [ ] =
L ]
2000 200D u 2000
[ ]
‘ &
£00 2500 4 3 2500 *
2000 3000 - 3000 -
Location To Nearest Rebar
x y=a' xr yr @ o [ Eg € sar Em W max
{mm) (mm) {mm) {mm) {mm) {mm) (mm)
0 0 0 79 20 69 -6.62E-04 | 0.00E+00 0.00E+00 -6.62E-04 | uncracked
0 1] 0 1] a 0 -£.62E-04 | 0.00E+0D 0.00E+0D0 -5.62E-04 | uncracked
0 1] 0 1] a 0 -£.62E-04 | 0.00E+0O 0.00E+00 -6.62E-04 | uncracked
0 1] 0 1] a 0 -£.62E-04 | 0.00E+0O 0.00E+00 -6.62E-04 | uncracked
0 1] 0 1] a 0 -£.62E-04 | 0.00E+00 0.00E+0D0 -5.62E-04 | uncracked
0 2500 0 2478 32 66 1.83E-03 | 0.00E+00 =4, 22E-04 1.41E-03 0.270
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*With Side Reinforcement T16-175 (Both Sides)

TITTLE :

Crosshead P11A Type P1-C SLS1C1 (WITH SIDEBAR) 3 Notional Lanes

CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)

Dasign Paramaters

feu=
Eg=

o=
Eu=

fy=
Es =
a=

40 Nimm?

3.10E+07 kN/m*
2.00

1.55E+07 kN/m*

460 Nimm®
2.00E+08 kN/m*
12.90

Neouwtral Axis (Flastic Analysis)

Newutral Axis, Yn =L{A*Yi)/LA

ZAc=
ZAs=
IA=
Err{x)=

Yn=

1,694,808 mm~

478,819 mm”

2,173,627 mm*
0.0

RE_ITERATE

G77.92 mm

Crack Width Calculation {BS 5400, ci. 5.8.8.2)

"cl4.2 2 Crack width check apples only for Load Combination 1

: Characteristic cube strength at 28 days

: Short term moduwlus of elasticity of concrete

: Creap coefficient

: Long term modulus of elasticity of concrete {allowed for creep effect)

: Steeal Yield Strength

2000

: Modulus of elasticity of rebar T
: Long term ratio Es/EclL ection Geometry
x (mmj}
-2000 0
500
: Area of conerete 1000
: Transformed area of rebar T
: Gross area E 1500
| : Err{¥n)= Z{A*Yi)-¥n*LA =
Z000
2000 -

Pg= 0 kM : Permanent Axial Foree; (-) compression
M o= 12397 kN-m : Permanent moment
M= 7134 kN-m : Live load mament
Mg= 19525 kM-m : Applied 5LS moment
h= 2500 mm : Owerall depth of section
C nom= A5 mm : Nominal concrete clear cover as per BS5400, Part 4 -table (13)
By = 66 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= 1.33E-03 : Average sirain at point considered
[ 0.00E+0D : Initial strain due to axial load
Egtmr = -4 3BE-04 : Strain due to tension stiffening effect
{1-MgMg) = 4. 24E-M
Rebar Location Strin Rebar Stress
x [ 2 B o T - ™ @ o=
w T o | 3EEE EETI|3ane .2
-.1: Y
i a rebar &
500 3 500k » concrebe =0t
L
I. .
1000 - 1000 = 1000 { 4
L 8 &
£ . E K g .
E 500 4 E 1500 { E 1500 | .
- ~ A - .
1 Y
2000 4 2000 - [} 2000 1 "
l‘ R
E0o 2500 4 . 2500 ‘
3000 - 3000 - 3000 4
Location To Nearest Rebar
X y=a' iy yr ] 8 o £y £, E gy Em W max
(mm) (rrm) (rim) {mim) {rmm) (mm) (mm)
o 0 a 79 20 63 -6, 58E-04 | 0.00E+00 0.00E+00 -6.58E-04 | uncracked
0 o 1] 0 1] 0 -6.58E-D4 | 0.00E+D0 0.00E+D0 -6.58E-04 | uncracked
0 o 1] 0 1] 0 -6.58E-D4 | 0.00E+D0 0.00E+0D0 -6.58E-04 | uncracked
0 o 1] 0 0 0 -6_58E-04 | 0.00E+00 0.00E+D0 -6.58E-04 | uncracked
0 o 1] 0 a 0 -6.58E-04 | 0.00E+00 0.00E+0D0 -6.58E-04 | uncracked
0 2500 a 2418 32 66 1.77TE-03 | 0.00E+00 -4, JGE-04 1.33E-03 0.255
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7.2.3.2 BD 37/88 (2 Notional Lanes)
* Without Side Reinforcement
TITTLE: Crosshead P11A Type P1-C SLS1CH (WITHOUT SIDEBAR) 2 Motional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
gl 4.2 2 Crack width check applies only for Load Combination 1
Design Parameters
feu 40 Nimm? : Characteristic cube strength at 28 days
E.= 3.10E+07 KN/m” : Short term modulus of elasticity of concrete
b= 2.00 : Creap coefficient
Eg= 1.55E+07 kN/m? : Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm® : Steal Yield Strangth
Es= 2.00E+08 kN/m? : Modulus of elasticity of rebar e
a= 12.80 : Long term ratio Es/Ecl ection Geometry
x (mm}
-2000 [i] 2000
Neutral Axis (Elastic Analysis) ' g !
Neutral Axis, ¥Yn =Z[A*Yi)/LA 500
IAc= 1,661,123 mm* : Area of concretfe 1000
IAs= 421,744 mm? : Transformed area of rebar z
ZA= 2,082,867 mm” : Gross area E 1500
= . - WY =
Err(x)= 0.0 RE_MERATE | ° Err(Yn)= E(A*Yi)-Yn'IA -
Yn= 664.45 mm
Crack Width Calculation (BS 5400, cl. 5.8.8.2) 2ppp 4
Fg= 0 kM : Permanent Axial Force; (-} compression
M= 12397 kN-m : Permanent moment
M o= 5275 kN-m : Live load moment
M= 17666 kN-m : Applied SLS moment
= 2500 mm : Overall depth of section
C nam= 35 mm : Nominal concrete clear cover as per BS5400, Part 4 -fable (13)
g = 86 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= 1.02E-03 : Average strain at point considered
£,= 0.00E+00 : Initial strain due to axial load
Eqtr. = -6.31E-04 : Strain due to fension stiffening effect
(1-MgMg) = 5.T4E-01
Rebar Location Strain Rebar Siress
x (mmj] 2 8 8 Z - o @O W
2000 D 2000 S 9983 _,388+8 $ 888 888§
L g 1 ? L 1 L .: 1 1 1 1
L}
n & rebar
500 4 500 ] u concrete 500
.
1000 4 1000 {= 1000
— L]
3 E . 3
E 1500 - = 1500 = E 1500
- = [ ] e
[
2000 2000 [ ] 2000 4
.‘ '
£00 2500 3 2500 *
3oon 3000 - 3000
Location To Mearest Rebar
x y=a" xr yr ] - [ Eg - Em Wy
(mm) (mm) {imm) {mim) {rmm) () (mm)
a a o 79 20 69 -5.99E-04 | 0.00E+00 0.00E+00 -5.99E-04 | uncracked
0 0 ] 0 1] 0 -5.99E-04 | 0.00E+DQ 0.00E+DD -5.99E-04 | uncracked
0 0 ] 0 1] 0 -5.99E-04 | 0.00E+DQ 0.00E+D0D -5.99E-04 | uncracked
0 0 ] 0 0 0 -5.99E-04 | 0.00E+DO 0_.00DE+00 -5.99E-04 | uncracked
0 0 ] 0 0 0 -5.99E-04 | 0.00E+DO 0_.00E+00 -5.99E-04 | uncracked
[ 2500 0 2418 32 66 1.65E-03 | 0.00E+00 -8, 31E-04 1.02E-03 0.196
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*With Side Reinforcement T16-175 (Both Sides)
TITTLE: Crosshead P11A Type P1-C SLS1C1 (WITH SIDEBAR) 2 Notional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"cd 4.2 2 Crack width check applies only for Load Combination 1
Design Parameaters
feu= 40 Nimm*® : Gharacteristic cube strength at 28 days
E.= 3.10E+07 kN/m* : Short term modulus of elasticity of concrete
b= 2.00 : Creep coefficient
Egy= 1.55E+07 KN/m 2 : Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm* : Steal Yield Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar e
a= 12.90 : Lomg term ratio Es/EcL ection Geometry
x (mmj}
-2000 o 2000
Newtral Axis (Elastic Analysis) ' g !
Newtral Axis, Yn =L[A*Yi)/LA 500
ZAc= 1,694,808 mm° : Area of concrefe 1000
IAs= 478,819 mm* : Transformed area of rebar z
ZA= 2,173,627 mm* : Gross area E 1500
Err(x)= 0.0 RE MERATE | < EF(Yn)= T(A*Y)-Yn'ZA = o
Yh= 877.92 mm
Crack Width Calculation (BS 5400, ¢!, 5.8.8.2) 2900 4
FPg= 0 kM : Permanent Axial Force: [-) compression
M q= 12397 kMN-m : Permanent moment
M= 5275 kM-m : Live load moment
M= 17666 kMN-m : Applied SLS moment
h= 2500 mm : Overall depth of section
C nom= 35 mm : Nominal concrete clear cover as per BS5400, Part 4 -table (13)
g = 86 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= S 48E-04 : Average strain at point considered
£y= 0.00E+00 :Initial strain due to axial load
Eqppy = -6.53E-04 : Sfrain due to tension stiffening effect
{1-MgMg) = S.T4E-01
Rebar Location Strain Rebar Stress
x (mmj 2 2 B I - o o %
0 0 e | SSS55 _ 23888 | §8 88 88 g 3
L a 1 1_ n
L}
4 & rebar &
500 3 5004 = concrete 50t
L -
™ &
1000 + 1000 {u 10004 =«
- L] "
= E L § E e
E 1500 4 E 1500 4 E 1500 - .
£2 = 1 £ i
i a
2000 2000 - ] 2000
!. -
i -
EN0 2500 - a 2500 .
3000 - 3000 - 3000
Location To Nearest Rebar
x y=a' iy yr ] 8 o [ £y - Em W max
{mm) (mm) {rm) {rmm) (rmvm) (mm) (mm)
o a 0 79 20 69 =5.95E-04 | 0.00E+00 0.00E+00 =5.95E-04 | uncracked
0 i] ] 1] a a -5.95E-04 | 0.00E+00 0.00E+00 -5.95E-04 | uncracked
a 1] ] 1] a a -5.95E-04 | 0_.D0DE+00 0.00E+00 -5.95E-04 | uncracked
1] i] ] 1] 0 a -5.95E-04 | 0.00E+00 0.00E+00 -5.95E-04 | uncracked
1] 1] ] 1] a a -5.95E-04 | 0_.DDE+00 0.00E+00 -5.95E-04 | uncracked
[ 2500 0 2478 i 66 1.60E-03 | 0.00E+00 -6.53E-04 3. 48E-04 0.181
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7.2.3.3 JKR MTAL (3 Notional Lanes)
* Without Side Reinforcement
TITTLE: Crosshead P11A Type P1-C SLS1C1 (WITHOUT SIDEBAR) JKR MTAL Criteria
CRACK WIDTH DESIGH TO BS55400-4:1990 (AXIAL & FLEXURAL)
"cl4.2.2 Crack width check applies only for Load Combination 1
Dasign Paramatars
feu= 40 Nimm*® : Charactaeristic cube strength at 28 days
E.= 3.10E+07 kN/m* : Short term modulus of elasticity of concrefe
o= 2.00 : Creap coefficient
Eg= 1.55E+07 kN/m° : Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm* : Steal Yield Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar @
o= 12.90 : Long term rafio Es/Ecl ection Geometry
x [}
-2000 o 2000
Neutral Axis (Elastic Analysis) ! g !
Neutral Axis, Yn =L{A*Yi)/ LA 500 4
ZAc= 1,661,123 mm~ : Area of concrete 1000
IAs= 421,744 mm? : Transformed area of rebar =
ZA= 2,082,867 mm” : Gross area E 1500
= . _ Ry N =
Erri{x)= 0.0 RE MERATE @ ° Err{Ynl= L{A*Yi)-¥Yn*LA
- 2000 -
Yh= 564.45 mm
Crack Width Calculation {(BS 5400, cl. 5.8.8.2) 3000 -
Pg= 0 kN : Permanent Axial Force; (-) compression
Mg= 12397 kN-m : Permanent moment
M ,= 6674 kMN-m : Live load moment
M= 19065 kM-m : Applied 5LS moment
h= 2500 mm : Overall depth of section
C nam= 35 mm : Nominal concrefe clear cover as per B55400, Part 4 -table (13)
Ay = 66 mm : Distance from the point considered (x_y) to the surface of the nearest rebar
Em= 1.32E-03 : Average sfrain at point considered
E,= 0.00E+00 : Initial strain due to axial load
Eximr, = -4 TOE-04 : Strain due to tension stiffening effect
(1-MgMg) = 4 561E-01
Rebar Location Strain Rebar Stress
x (mm) g g g é - ™ o =
-2000 o 200 oo e g g E E § g g '8' P E g E %
L 0 i ?_ L 1 1 il 1 1 1 1
L
5 & rebar
500 5000 uf = concrate 500 4
=
1000 1000 4= 1000
ooy -
-~ E _ —
E E
E 1500 4 i 15001 = E 1500 4
2
k) L] -
]
2000 4 2000 4 - 2000 4
I‘ L]
2600 2001 & 2800 1 :
2000 4 3000 4 3000 -
Location To Mearest Rebar
x y=a' xr yr @ 8. £y s £ amr Em W e
(mm) (mm) {mim) {mm} (mm) {mm) (mm)
0 a 0 79 20 69 =6, 46E-04 | 0.00E+00 0.00E+00 -6, 46E-04 | uncracked
a 1] 1] 1] 1] a -6.46E-04 | 0.00E+D0 0.00E+00 -5 46E-04 | uncracked
0 1] o o 1] 4] -6.46E-04 | 0.00E+DO 0.00E+D0 -6 46E-04 | uncracked
a 1] ] 1] a a -6.46E-04 | 0.00E+D0 0.00E+00 -6 46E-04 | uncracked
a 1] o o 0 0 -6.46E-04 | 0.00E+DO0 0.00E+D0 -6 46E-04 | uncracked
o 2500 0 2418 32 66 1.79E-03 | 0.0GE+DO -4, 7T0E-04 1.32E-03 0.252
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*With Side Reinforcement T16-175 (Both Sides)
TITTLE: Crosshead P11A Type P1-C SLS1C1 (WITH SIDEBAR) JKR MTAL Criteria
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"ci4.22 Crack width check applies only for Load Combination 1
Dasign Paramatars
fou= 40 Nimm?® : Characteristic cube strength at 28 days
Ec= 3.10E+07 kN/m* : Short term modulus of efasticity of concrete
= 2.00 : Creep coefficient
Eg= 1.55E+07 kN/m* s Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 N/mm® : Steel Yield Strengih
Es= 2.00E+08 kN/m?* : Modulus of elasticity of rebar e
a= 12.90 : Long term rafio Es/EcL ection Geometry
x [mmj)
-2000 1] 2000
Noutral Axis [Elastic Analysis) b & !
Neutral Axis, ¥Yn =L(A*Yi)/LA 500
ZAc= 1,694,808 mm* : Area of concrete 1000
ZAs= 478,819 mm~ : Transformed area of rebar T
ZA= 2,173,627 mm® : Gross area E 1500
Err(x)= 0.0 RE_MERATE | ¢ ErM(Yn)= Z(AYD-Yn'IA = o
Yh= 677.92 mm
2505
Crack Width Calculation (8BS 5400, ci. 5.8.8.2) appp 4
Pg= 0 kM : Permanent Axial Force; (-) compression
M 9= 12397 kN-m : Permanent moment
M,= 6674 kN-m : Live load moment
Mg= 19065 kN-m : Applied SLS moment
h= 2500 mm : Overall depth of section
C nom= 25 mm : Neminal concrete clear cover as per BS5400, Part 4 -table (13)
Br = 66 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= 1.24E-03 : Average strain at point considersd
£,= 0.00E+00 : Initial strain due to axial load
Egipy, = -4 36E-04 : Strain due to fension stiffening effect
(1-MgMg) = 4 61E-01
Rebar Location Strain Rebar Stress
x jmm) a2 2 8z - o w9
- : w | 8588 8888 | 5582 38383535
L Tl 1 1_" L 1 1 ll t 1 1 1 1
L
4 & nebar -
500 3 500 = concrete 50h
[ -
] &
1000 4 1000 { = 10004 &
— &
T E [ ] T "
E 1500 4 E 1500 { n E 1500 4 .
= > 1 = L
.. &
2000 2000 [} 2000
Yy -
.‘ &
Eoo 2500 4 o 2500 - *
3000 4 3000 - 3000
Location To Mearest Rebar
x y=a xr ¥r @ - £y £g - Em W max
(mm) (mm) {rmm) {mm) (mm) (mm) (mm)
] 0 a 79 20 69 =6, 43E-04 | 0.00E+00 0.00E+00 «6.43E=04 | uncracked
0 o ] 0 0 0 -6.43E-D4 | 0.00E+D0 0.00E+0D0 -5.43E-04 | uncracked
0 o ] 0 0 0 -6.43E-D4 | 0.00E+D0 0.00E+0D0 -5.43E-04 | uncracked
0 o 1] 0 1] 0 -6.43E-04 | 0.00E+D0 0.00E+0D0 -6.43E-04 | uncracked
0 o ] 0 1] 0 -6.43E-D4 | 0.00E+D0 0.00E+D0 -5.43E-04 | uncracked
0 2500 0 2418 32 66 1.73E-03 | 0.00E+00 -4, 86E-04 1.24E-03 0.238
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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)

Combination 1
No. Load Case Ny (kN) N3 (kN) N; (kN) Ng (kN) Nz (kN) Nz (kN) N7 (kN) Nz (kN) T s
SLS ULS ULS
1 SwW 310 358 449 347 364 370 375 300 1.00 1.15 1.10
2 Deck Slab 124 113 140 115 119 121 121 115 1.00 115 1.10
3 SDL (Parapet) 270 -38 43 38 40 37 14 145 1.00 1.20 1.10
4 Premix 36 a3 41 34 35 36 36 34 1.20 175 1.10
5 HA+KEL 172 386 301 389 358 267 468 232 1.20 1.50 1.10
6 HA+HB30 276 247 279 330 399 358 418 181 110 1.30 1.10
7 HB45 -129 84 119 111 266 324 304 472 1.10 1.30 1.10
8 SV20 115 366 552 560 568 439 390 15 1.10 1.30 1.10
SLS Design to Load Combination 1
Case# |Load Combination Ny (kN) | N (kN) | N5 (kN) | Ny (kN) | No(kN) | N (kN) | N;(kN) | Ng(kN)
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 955 936 1043 1007 995 890 1115 880
SL52C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 1051 744 988 903 1004 964 1014 800
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 606 565 813 662 857 926 888 1120
SLS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) a75 875 1289 1156 1190 1052 982 618
ULS Design to Load Combination 1
Case# |Load Combination Ny (KN) | Na(kN) | Ns(kN) | MNao(kN) | Ne(kN) | Nz (kN) | N;(kN) | N:(kN)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 1260 1246 1378 1341 1323 1178 1487 1165
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 1370 963 1280 1170 1302 1249 1314 1041
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 791 730 1052 858 11 1201 1150 1457
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 1141 1133 1670 1499 1543 1365 1273 804
Mote : N; is located at the tip of the cantilever (furthest from the pier)
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| | — TENSION (TIE)
! i COMPRESSION (STRUT)

. .
Aaa fant

Figure 32. P-11A STM Analysis Model

1780 720 ‘
530 530 ‘ )
1 E I
T T
CENTROID OF TENSION REINFORCEMENT CENTROID OF COMPRESSION ZONE
Area: 154198.030; Area: 1170215.8178
Perimeler: 9708.9862 Perimater: S086.5027
Bounding box: X -1200.0000 --  530.0000 Bounding box: %: 530.0000 1250.0000
¥ —1200.0000 1200.0000 Y. =1132.0778 320777
Centroid: X: =520.3266 Centroid: X: B26.5546
20,0000 Y. 0.0000
Moments of inerlio: X 1.2936E+11 Maments of inertia:  ¥: 3.2896E+11
¥ BEAIGIB1BET.7R42 Y: BA4160E+11
Product of inerfio: XY 7832.4199 Product of inertio:  XY: -34146.0291
Radi of gyration: ¥: 915.9268 Redii of gyration: ¥ 5301948
Yo VR0.4322 Y: B48.0431
Brincipal moments and X-Y directions cbout centroid: Principal moments and X-Y directions about centroid:
I: 45088836221.9011 along [0.0000 1.0000] I 42113726911.6001 clong [0.0000 1.0000]
J: 129365411 along [—1.0000 0.0000] Ji 3289EE+11 glong [-1.0000 0.0000]

Figure 33. Pier P-11A Tension and Compression Zone based on ULS1C1
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M

1L A=
[T
=

T

T
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;

Top Tension Tie (194.105) Check

fy = 460 Mpa

Asprov= 27336 mm? (2 x 17T32 top reinforcement)
Tu= 9,190 kN
Asreq= Tu/0.87f,
= 22964 mm?2

Remarks : As,prov = As,req  O.KI!

Vertical Tension Tie 193.203y Check

fy = 460 Mpa

Asprov= 25728 mm? (32T32 column main reinforcement inside 1780mm tension zone)
14,311 mm? (3T16-150 links in 1780mm tension zone)
40,039 mm?

Tu= 10,685 kN
Asreq= 26,700 mm?
Remarks : As,prov > As;req O.KI!
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Vertical Tension Tie 195505 Check

fy = 460 Mpa

As,prov = 0 mm?
8,040 mm? (3T16-150 links in 1000mm tension zone)
8,040 mm?

Tu= 3,666 kN
Asreq= 9,161 mm
Remarks : As,prov < Asreq FAILED!

2

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;

Bottom Compression Strut ;942055 Check

feu = 40 Mpa
b= 2500 mm (Crosshead width)
d= 680 mm (Crosshead compression zone)

Su= 7,673 kN
o= 4.51 Mpa
Remarks : < 0.4fcu OK

Based on the check, the concrete stress calculated is 4.51 N/mm2, which is
less than 0.4fy; 16.0 N/mm? 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;

103 104
291 —[7«\4—-@
\\ 56.38'
A TENSION (TIE)
N\ ———— COMPRESSION (STRUT)
A

463 5,

N

\

©203 © 204

Figure 35. P-11A diagonal strut check

Diagonal Strut ;403.09 Check based on ACI

Effective Compressive Strength for Node ;;;

Brn= 0.6 (CTT)
f.= 40 Mpa
4640 psi
fee(103) 0.85p,f.
= 2.37 ksi
= 1632 Mpa

Calculate Width of Tie ;53.104

(cube strength)

(eq. A-8)

0= 085
b, = 2,500 mm

98.5 in.

F= 8,937 kN

2,008 k
Wroz-104) = F 1 0(by,)fey

= 10.1 in.

= 2576  mm
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Effective Compressive Strength for Strut ;53504

Bs= 1.00
fe= 40 Mpa
4640 psi

fee(t03209 = 0.85B4f
3.94 ksi
27.20 Mpa

Check Strut ;43.;04 Capacity

Ws(103-204) = 452 mm
17.8 in.

OF ne(103-204) = OfceWe(103-204) By

= 5876 k
= 26,137 kN
O.K!

(cl. A.3.2.1)
(cube strength)
(cylinder strength)

(eq. A-3)

(measured from drawing)

(eq. A-2)

Su= 14,532
kN

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 KkN.

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
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Figure 38. P-11A S22 stress diagram
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Figure 39. P-11A S22 tension stress diagram
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Figure 40. P-11A SMAX stress diagram

Figure 41. P-11A SMAX tension stress diagram
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Figure 42. P-11A SMIN tension stress diagram Compression

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.
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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

Ultimate Moment Capacity (kN.m)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)
P1-C (P-11A) oK oK oK

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

Crack Width (mm)

Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)
P1-C (P-11A) 0.416 0.370 0.398

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

Loading Critera Ult. Moment Capacity (kN.m) Maximum ULS | Capacity
Without Sidebar With Sidebar Moment (kN.m) Ratio
BD 37/88 (3 Notional Lanes) 24 439 26,069 25,805 1.06
BD 37/88 (2 Notional Lanes) 24439 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 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

BD 37/88 (3 Notional Lanes) @ 2.5m Depth

Load Case ASVISV reqq ASVISV oy Capacity Ratio
uULs1C1 772 8.04 0.96
ULS2C1 7.28 8.04 090
ULS3C1 6.96 8.04 0.87
uLs4c1 771 8.04 0.96
*Capacity ratio is based on Asvisv |, [ Asvisv .,
BD 37/88 (2 Notional Lanes) @ 2.5m Depth
Load Case ASVISV aqq ASVISV proy Capacity Ratio
uULs1C1 6.90 8.04 0.86
ULS2C1 6.64 8.04 0.83
ULS3C1 6.94 8.04 0.86
uLs4c1 7.70 8.04 0.96
*Capacity ratio is based on Asvisv g4/ Asvisv o,
JKR MTAL @ 2.5m Depth
Load Case ASVISV aqq ASVISV proy Capacity Ratio
ULS1C1 7.57 8.04 094

*Capacity ratio is based on Asvisv |, [ Asvisv .,

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

3 Notional Lanes (BD 37/88)

Crack Width (mm)

Crosshead Type

Without Sidebar

With Sidebar

P1-C (P-11A)

0.270 0.255

2 Notional Lanes (BD 37/88)

Crack Width (mm)

Crosshead Type

Without Sidebar

With Sidebar

P1-C (P-11A)

0.196 0.181

3 Notional Lanes (JKR MTAL)

Crack Width (mm)

Crosshead Type

Without Sidebar

With Sidebar

0.238

P1-C (P-11A) 0.252
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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

Element Force é;:;:qe'r;ﬁzz?; STM
Bending Moment, As g4 2x17T32 2x15T32
Shear Force, AsViaqg 3T16-150 4T16-150

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.

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.

(9) 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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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)

Combination 1
No. Load Case N (KN) | M (kN.m) i Vi
SLS ULS ULS
1 SW 11789 0 1.00 1.15 1.10
2 Deck Slab 2092 0 1.00 1.15 1.10
3 SDL (Parapet) 1235 0 1.00 1.20 1.10
4 Premix 616 0 1.20 1.75 1.10
5 HA+KEL (1 CARRIAGEWAY) 2558 -11025 1.20 1.50 1.10
6 HA+KEL (2 CARRIAGEWAY) 5115 0 1.20 1.50 1.10
7 HA+HB30 (1 CARRIAGEWAY) 1889 -7833 1.10 1.30 1.10
8 HA+HB30 (2 CARRIAGEWAY) 3973 2380 1.10 1.30 1.10
9 HB45 1588 -9718 1.10 1.30 1.10
10 SV20 3145 -12579 1.10 1.30 1.10

*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)
SLS Design to Load Combination 1
Case# |Load Combination M (kN) | M(kN.m) | Ny (kN) [ M, (kN.m)| M, (kN.m}
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 1 CARRIAGEWAY) 18925 | -13230 | 15856 0 -13230
SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 2 CARRIAGEWAY) 21994 0 15856 0 0
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 1 CARRIAGEWAY) 17934 | -8617 15856 (] 8617
SLS4C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 2 CARRIAGEWAY) 20226 2618 15856 0 2618
SLS5C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 17602 | -10689 | 15856 0 -10689
SLSBC1 |(SW+Deck Slab+SDL+Premix) + (SV20) 18315 | -13837 | 15856 0 -13837

ULS Design fo Load Combination 1

Case# |Load Combination N (KN} | M (kWN.m)
ULS1CT [(SW-+Deck Slab+SDL+Premix) + (HA+KEL 1 CARRIAGEWAY) 24596 | -18191
ULS2C1 |(SW-+Deck Slab+SDL+Premix) + (HA+KEL 2 CARRIAGEWAY) 28817 0
ULS3C1 |(3W-+Deck Slab+SDL+Premix) + (HA+HB30 1 CARRIAGEWAY) 23078 | -11202
ULS4C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30 2 CARRIAGEWAY) 26057 3404
ULSASCT [(SW+Deck Slab+SDL+Premix) + (HB45) 22647 ~13806
ULSECT |(SW-+Deck Slab+SDL+Premix) + (SV20) 24874 | 17988

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

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

information:-

e (33000mm, f,,=40MPa, 120-T32
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8.1.2.1 BD 37/88 (3 Notional Lanes)
Ultimate Sectionh Capacity BS5400
Design Information: PIER TYPE P25 (P1 -A) (3 Notional Lanes)
Feu= 40| Nimm : Characteristic cube strength at 28 days
E.= 3. 10E+07 |khim*® : Modulus of elasticity of concrete; shart term
fy= 460 Némm'* : Yeild strength X
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar 2000 -1000 o {000 2000
Yeg= 1500.000 mm : Centroid of section AL
FAg= 7,017,020 mm 2 : Aroa of concrote section -'..v" ".:t
SAs= 109,378 mm’ : Area of Rebars . .’
FAp= - mm? : Area of prestressing strand . | .
AsiAg= 1.96 % . °
ApiAg= 0.00 % * .
* o000 4 -
Pu,max= 145,983 kN : 0.4fcuAg+0.6TfyAs . »
- L
Neutral Axis * .
L 1500 L]
Neutral Axis, ¥Yn, where EFc+Fp+Fs+Pu)=0 - *
. .
FAc= 6979891 mm? : Area of concrete in compression : 2000 4 :
Fe= -111,678 kN : Force on concrete o -
Fs= -27,005 kN : Force on rebars . .
Fp= 0 kN : Force on prestressing strands .. 200 .'
Err(x)= 1232603 : En(¥n)= ¥(Fc+Fs+Fp+Pu) =g .
.:*.“ .."...
| Yn= 2930.67 mm | Seayet’
3
Pu= 138,683 kN : Uitimate Axial Force (+) comprassion
Mu= 20,386 kN-m Bo : LNtimate Bending Capacity
3500 -
P-M Graph
P-M PLOT
IP.r'rPu.n'a: P u M u HEE-088
1 0.00 ] 47.035
2 0.06 5668 | 54611 T
k] 0.12 17,335 | 61,058 ' ""‘"----..h...._____hh
4 0.18 26003 | 65354 S M—
5 0.24 34671 | 70,509 [ ™
6 0.30 43,338 73,430 \\
7 036 sz006 | 74,988 156086 M,
8 0.42 60,674 | 75521 \
9 0.48 69342 | 75102 | | —~ linies "\
10 0.53 78,009 73,623 £ [
11 0.59 86,677 | 70872 <
12 0.65 95345 | 66,744 & |esess
13 071 104013 | 61,458 ]
14 077 112680 | 55019 T
15 0.83 121,348 | 46,900 ’ 4
16 0.89 130,016 | 36392 AR A /
17 0.05 13,633 | 20,386 26656 — -
z _f/
=]
g § 8 8§ B wiwm
2 = 8 & g B ] =

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;

@3000mm, f,,=40MPa, 120-T32

8.1.3.1 BD 37/88 (3 Notional Lanes)

TITTLE: Pier P25 Type P1-A SLS1C1 (3 Notional Lanes)

CRACK WIDTH DESIGHN TO B55400-4:1990 [(AXIAL & FLEXURAL)
"cl.4.2.2 CTack wigth check apples only for Load Combinaton 1

LDesign Paramelers
fow= 40 N/mm* : Characteristic cube strength at 28 days
E.= L10E+07 kN/m* : Short term modulus of elasticity of concrete
= 2.00 ) : Creep cosfficiont
E,= 155E+07 kNim™ : Long term modwius of elasticity of concrete (allowed for creep effect)
fy= 460 Nimm* : Steel Yiald Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar -
a= 1250 : Long term ratio EsEcL sty
x [mm})
2000 il 2000
! Axis (Flastic A . L . )
Neutral Axis, Yn =E[A*YI/EA
FAc= 1,850,932 mm* : Area of concrefe
ZAs= 1,245,267 mm” : Transformed area of rebar =
IA= 3,096,219 mm® : Gross area H
= . - N w =
Err(x) 0.0 P ] : Err{¥n)= T{A*Yi)-Yn*IA
Yn= 931.50 mm
Crack Width Calculation (BS 5400, cl. 5.8.8.2) =00
P,= =15856 kN : Permanent Axial Force; (-) compression
Mg= 0 kN-m : Permanent moment
M= 13230 kN-m : Live load moment
M,= 13230 kN-m : Applied SLS moment
h= 3000 mm - Overall depth of section
| ip— 35 mm : Nominal concrete clear cover as per BS5400, Part 4 -table {13)
a,= 50 mm : Distance from the point considered (xy) to the surface of the nearest rebar
Em = 5.8TE-D4 : Average strain af point considered
Ey= -3.30E-04 : Initial strain due to axial load
Eogmy, = 0.00E+DO : Strain due fo tension stiffening effect
(1-MgMg) = #DMID!
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Rebar Location Strain Rebar Stress
® (i ¥ O o = - o o oW - - -
g8 2 B 8 g g g8 &8 "
00 X m | 2598888 | §888¢% 888§
P b T
oA p ey & et
Pdiag=il A% 5 5
;‘.. .,&‘. = B concrete .1
,-L’:‘ ooa ‘o.";' 1000 1[ 1000
e 3 ] [
- - ] &
= E: 500 :H 5 1500 & = 1500 { &
[ L]
E e 2 £ . E 3
> *% 2000+ .8 2000 - = 2000{ Y
% MY r
. * & ry &
%2500 +*Y 2500 - 2500
Wy P, o".o,‘
TP gt
il S 3000 3000
2500 2500 - 3500
Location To Nearest Rebar
x y=a' xr yr 6] [ £ Eq € smr Em W ax
{mm) {mrm) {mm) {mm) (mm) (mm) (mmy)
o 0 0 66 32 30 =0.00047 | =3 30E-04 o =T 44E-04 | uncracked
1] 1] ] o 0 0 -0.00041 | -2.30E-04 0 -T.44E-04 | uncracked
a i] ] o 0 1] -0.00041 | -3_30E-D4 1] -T.44E-04 | uncracked
1] 1] ] o 0 0 -0.00041 | -2.30E-04 0 -T.44E-04 | uncracked
a i] ] o 0 1] -0.00041 | -3_30E-04 1] -T.44E-04 | uncracked
0 3000 0 2934 32 50 0.000978 | -3 I0E-04 0.00E+00 5.87E-04 0.087

The computed

follows:-

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

crack width for Pier P-25 (Type P1-A) is summarized as

Crack Width (mm)
- 3 Notional 2 Notional 3 Notional
Pier T
'er Type Lanes Lanes Lanes (JKR
(BD37/88) (BD37/88) 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.

- Y3I-0G-150 AS
3 LAERS ]

L

— Ta0=11—150 ;_v_: r—-— YI5=10~1 m-

-[' ‘r‘!ﬁ 10-150

|
J

|
-

~

‘,,J

e
IB]I]JHE‘ N %L%_&

S y20-08-150

8.2.1 Analysis Results for Pier P-25 Crosshead

ﬂ Y20-08-150 ="

\]

Figure 44. P-25 As-built crosshead reinforcement

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)

M Combination 1

No. Load Case (kl\T?ﬁx) Yo Y3
SLS ULS ULS

1 SW 18509 1.00 1.15 1.10
2 Deck Slab 4325 1.00 1.15 1.10
3 SDL (Parapet) 3014 1.00 1.20 1.10
4 Premix 1273 1.20 1.75 1.10
5 HA+KEL 11041 1.20 1.50 1.10
6 HA+HB30 10191 1.10 1.30 1.10
7 HB45 9913 1.10 1.30 1.10
8 SV20 12675 1.10 1.30 1.10

*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)

SLS Design to Load Combination 1

Case# |Load Combination M (kN.m) | M, (kN.m}| M, (kN.m)

SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 40624 27375 13249

SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 38585 27375 11210

SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 38279 27375 10904

SLS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 41317 27375 13942
ULS Design to Load Combination 1

Case # |Load Combination M (kN.m)

ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 53530

ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 49886

ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 49488

ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 53438

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

Combination 1
No. Load Case Vmax (kN) Yo Y3
SLS ULS ULS
1 SW -2191 1.00 1.15 1.10
2 Deck Slab -535 1.00 1.15 1.10
3 SDL (Parapet) -362 1.00 1.20 1.10
4 Premix -158 1.20 1.75 1.10
5 HA+KEL -1431 1.20 1.50 1.10
6 HA+HB30 -1028 1.10 1.30 1.10
7 HB45 -1412 1.10 1.30 1.10
8 SV20 -1641 1.10 1.30 1.10

*StaadPro member 6208

*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)

ULS Design to Load Combination 1

Case # |Load Combination V (kN)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) -6590
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) -5700
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) -6249
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) -6576
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Table 48. P-25 crosshead shear @ 3.5m depth — BD 37/88 (3 Notional Lanes)

Combination 1
No. Load Case Vmax (kN) o Vi3
SLS ULS ULS
1 SW -3666 1.00 1.15 1.10
2 Deck Slab -809 1.00 1.15 1.10
3 SDL -447 1.00 1.20 1.10
4 Premix -238 1.20 1.75 1.10
5 HA+KEL -1977 1.20 1.50 1.10
6 HA+HB30 -1343 1.10 1.30 1.10
7 HB45 -1502 1.10 1.30 1.10
8 SV20 -2625 1.10 1.30 1.10

*StaadPro member 6213

*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)
ULS Design to Load Combination 1
Case # |Load Combination V (kN)
ULS1C1 [(SW+Deck Slab+SDL+Premix) + (HA+KEL) -9973
ULS2C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30) -8631
ULS3C1 [(SW+Deck Slab+SDL+Premix) + (HB45) -8859
ULS4C1 |[(SW+Deck Slab+SDL+Premix) + (SV20) -10465

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:-

8.2.2.1

Crosshead P-25 (Type P1-A)

e Width = 3000mm, Depth = 3500mm, f,,=40MPa

e Top Reinforcement = T32-150 (3 layers)

e Bottom Reinforcement = T20 — 150 (1 layer)

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
Ult. Moment Capacity (kKN.m) | Maximum Capacit
Loading Criteria Without With Sidebar ULS Moment RF;tio y
Sidebar (KN.m)
BD 37/88 (3 Notional 59,830 65,605 53,530 0.89
Lanes)

*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
Ultimate Section Capacity BS5400
Design Information: CROSSHEAD P25 TYPE P1 -A (WITHOUT SIDEBARS) 3 Nofional Lanes
feu= 40| Wmm? ! Gharacteristic cube strength at 28 days
E.= 3.10E+07 |kNim ® ! Modulus of elasticity of concrete; short term
fy= 460 Nmm? : Yeild strength X
Es= 2 ODE+08 kNdm* : Modulus of elasticity of rebar 2000 -1000 o 1000 2000
Yeg= 1750.000 mm : Gentroid of section
FAg= 10,500,000 mm 2 : Area of concrete section
FAs= 54,538 mm? : Area of Rebars 500 -
ZAp= - mm? : Area of prestressing strand
As/Ag= 0.32 %
ApiAg= 0.00 % +000 4
Pu,max= 184,809 kN : 0.4fculg+0.67fyAs
. 1500 4
Neutral Axis
Neutral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
. 2000 A
ZAc= 1,075.472 mm? : Area of concrete in compression
Fe= -17.208 kN : Force on concrete 2500
Fs= 17,208 kN : Force on rebars i
Fp= 0 kN ! Force on presiressing strands
Err{x)= 1.000E-03 : Em{¥n)= I(Fc+Fs+Fp+Pu) 2000
| Yn= 358.49 mm |
=
Pu= = kN : Ultimate Axial Force (+) compression
Mu= 59,830 kKN-m Go : Ultimate Bending Capacity
4000 -
P-M Graph
P-M PLOT
IPP e P, m, 200,906
1 0.00 0 59,830
2 0.06 10,973 73,845 80,800
3 0.12 21,946 | 85351 .-""""‘E"n'::r-‘--
4 018 32919 | 94349 heee
5 0.24 43892 | 100,838 P M
[ 0.30 54865 | 104628 i T~
7 0.36 65838 | 104,379 o S
8 042 76,811 | 102067 ’ ~
9 0.48 87,784 97,987 — o nnn \
10 0.53 98,757 | sos29 < i \
11 0.59 109730 | 81341 | | T T
12 0.65 120703 | 70,459 @ ’ \
13 0.71 131,676 58,330 50000
14 0.77 142649 | 22807 i /
15 0.83 153,622 23,758 40000
16 0.89 164595 | 13065 ' /
17 0.95 175568 | -38,278 20,000 »
[=]
g & & 20 E R wfem
g § § § € g§ g WghNg
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* With Side Reinforcement T20-150 (Both Sides)
Ultimate Sectioh Capacity BS5400
Design Information: CROSSHEAD P25 TYPE P1 -A (WITH SIDEBARS) 3 Notional Lanes
feu= 40| nimm ® : Characteristic cube strength at 28 days
E.= 3.10E+07 |kNim 2 ! Modulus of elasticity of concrete; short term
fy= 460 Nmm* : Yeiid strength X
Es = 2.D0E+08 kN/m*® : Modulus of elasticity of rebar 2000 -1000 o 1000 2000
Yeg= 1750.000 mm ! Centroid of section
FAg= 10,500,000 mm 2 ! Area of concrote soction
FAs= 66,476 mm” : Area of Rebars 500
FAp= - mm? ! Area of prestressing strand
As/Ag= 063 %
Ap/Ag= 0.00 % 1000 4
Pu,max= 188,488 kN ! 0. 4fculg+0.67fyAs
R 1500 3
Neutral Axis
Neurtral Axis, ¥n, where EL(Fc+Fp+Fs+Pu)=0
= 2000 4
TAc= 1,312,843 mm?* : Area of concrete in compression
Fe= -21,005 kN : Force on concrete 2500
Fs= 21,005 kN : Force on robars b
Fp= 0 kN ! Force on prestressing strands
Err(x)= 1.025E-03 : Em{¥n)= I(Fc+Fs+Fp+Pu) 2000 8
| Yn= 437.61 mm |
il
Pu= - kN ! Uitimate Axial Force (+) compression
Mu= 65,605 KN-m Go ! Uitimate Bending Capacity
4000 -
P-M Graph
P-M PLOT
PPy P, m, 200000
1 0.00 o 635,605
2 0.06 11,191 78,986 -
k] 012 22383 | 89885 P e
4 0.18 33,574 98,332 S ‘"’\
5 0.24 44766 | 104,296 I S
6 0.30 55957 | 107,493 TR s
7 0.36 67,149 | 106,843 ST \
g 042 78,340 | 104,352 ! ™~
9 0.48 89,532 100,087 — nooonn \
10 053 100,723 | 92,887 = ’ N
11 059 111915 | 83218 | | T — N
12 0.65 123106 | 72240 @ \
13 0.71 134,298 60,010 £0.000
14 0.77 145489 | 45369 ' /
15 0.83 156,681 31,157 40000 1
16 0.89 167,872 | 14,273 /
17 0.95 179,064 | -35,889 2n e —
=]
§ § § § % § % M E{KN-n’é
g § 8 & s 8 g gk

Private & Confidential

Prepared by Kumpulan IKRAM Sdn Bhd

98



An Independent Design Check of The Pier at Viaduct on Federal Route FT180/001/40 West Port —

North Port, Selangor Darul Ehsan.

Final Report

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 ) _
Load Case ASVISV oy ASVISV gy Capacity Ratio
ULS1C1 8.46 8.04 1.05
ULS2CA1 719 8.04 0.89
ULS3C1 7.98 8.04 0.99
ULS4C1 8.44 8.04 1.05

*Capacity ratio is based on Asv/sv rega | ASVISV poy

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

depth . _
Load Case ASVISV (oqq Asvisv Capacity Ratio
ULS1C1 7.60 8.04 0.94
ULS2C1 6.57 804 082
ULS3C1 6.74 8.04 0.84
ULS4C1 797 804 0.99

*Capacity ratio is based on Asv/sv regg [ ASVISV proy

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

Element ID = P-25 Crosshead (ULS1C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

n—h
=
|

—h
]

=
|

Depth Factor, & =

As
Ve

v

v

Asw‘r Sy Jreqd

Asv"f Sy prov

40
460

3,000
1,752

6,590
1.25

0.731

48,240
0.72
is\"'c
8.46
8.04

*ULS2C1 @ 2.0m Depth

N/mm?

N/mm?
mm
mm

kN
N/mm?

mm
N/mm?

Not Sufficient!

Remarks :

(3 layers of 20732
VC

gh —

(3T16-150)

oK

= 0.52

Element ID = P-25 Crosshead (ULS2C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

an
=
|

—h
]

=
|

Depth Factor, &

As
Ve

v

v

Asv’{ Sy Jreqd
Asw‘r Sy, prov
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40
460

3,000
1,752

5,700
1.08

0.731

48,240
0.72
asvc
7.19
8.04
Sufficient!

N/mm?

N/mm?
mm
mm

kN
N/mm?

mm
N/mm?

Remarks :

(3 layers of 20T32
VC

gh —

(3T16-150)

oK

= 0.52
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*ULS3C1 @ 2.0m Depth

Element ID = P-25 Crosshead (ULS3C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

fcu = 40 NH'I"I‘H'I’I2
f, = 460  N/mm?
b = 3,000 mm
d = 1,752 mm
Vit = 6,249 kN
v = 119  N/mm? Remarks: 0.K
Depth Factor, & = 0.731
A = 48,240 mm? (3 layers of 20T32)
ve o= 072  N/mm?® EVe = 0.52
v > Eve
As//Sy reqd = 7.98
Asi/Sy prov = 8.04 (3T16-150)
Sufficient!

*ULS4C1 @ 2.0m Depth

Element ID = P-25 Crosshead (UL$4C1 - SV20) @ 2.0m Depth

fcu = 40 N)'I"I‘H'I’I2
f, = 460  N/mm?
b = 3,000 mm
d = 1,752 mm
Vult = 6,576 kN
v = 1.25  N/mm? Remarks : 0.K
Depth Factor, & = 0.731
Asg = 48,240 mm? (3 layers of 20T32)
Ve = 0.72  N/mm? EVe = 0.52
v > G
A8y reqd = 8.44
As/Sy prov = 8.04 (3T16-150)

Not Sufficient!

Private & Confidential

Prepared by Kumpulan IKRAM Sdn Bhd 101



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

Final Report

*ULS1C1 @ 3.5m Depth

Element ID = P-25 Crosshead (ULS1C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

Depth Factor, & =

As

Ve

v

Asv"r Sy Jreqd
Asw‘r Sy, prov

n v nn

40
460

3,000
3,252

9,973
1.02

0.700

48,240
0.58
asvc
7.60
8.04
Sufficient!

*ULS2C1 @ 3.5m Depth

N/mm?

N/mm?
mm
mm

kN
N/mm

mm
N/mm

Remarks :

(3 layers 20T32)

SsVe

(3T16-150)

0.K

= 0.41

Element ID = P-25 Crosshead (ULS2C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

Depth Factor, & =

AS

Ve

v

Asw‘r Sy Jreqd
Asw‘r Sy prov

Private & Confidential

40
480

3,000
3,252

8,631
0.88

0.700

48,240
0.58
EsVe
6.57
8.04
Sufficient!

N/mm?

N/mm?
mm
mm

kN
N/mm?

mm
N/mm?

Remarks :

(3 layers 20T32)

(3T16-150)

oK
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*ULS3C1 @ 3.5m Depth

Element ID = P-25 Crosshead (ULS3C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

feu

—h
3

o T

Depth Factor, &

As

Ve

v

Asv’r Sy Jreqd
Asv"r Sy prov

40 N/mm?
460  N/mm?
3,000 mm
3,262 mm
8,859 kN
0.91  N/mm?
0.700
48,240 mm?
0.58  N/mm?
Esve
6.74
8.04
Sufficient!

*ULS4C1 @ 3.5m Depth

Remarks :

(3 layers 20T32)

|3
SsVe

(3T16-150)

Element ID = P-25 Crosshead (ULS4C1 - SV20) @ 3.5m Depth

feu

—h
-

o T

Depth Factor, &

As

Ve

v

Asw‘r Sy Jreqd
Asv"f Sv prov
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40 N/mm?
460 N/mm?
3,000 mm
3,252 mm
10,465 kN
1.07  N/mm?
0.700
48240 mm?
0.58  N/mm?
EsVe
7.97
8.04
Sufficient!

Remarks :

(3 layers 20T32)

(3T16-150)

0K

= 0.41

O.K

Prepared by Kumpulan IKRAM Sdn Bhd

103



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

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)
e Width = 3000mm, Depth = 3500mm, f,,=40MPa

e 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

Crack Width (mm)
Loading Criteria Wlthout With Sidebar
Sidebar
BD 37/88 (3 Notional 0.138 0.115
Lanes)

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
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8.2.3.1 BD 37/88 (3 Notional Lanes)
* Without Side Reinforcement
TITTLE: Crosshead P25 Type P1-A SLS1CA (WITHOUT SIDEBAR) 3 Notional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
*cd4.2.2 Crack width check applies only for Load Combination 1
Dasign Paramaters
fou= 40 Nimm* : Characteristic cube streangth at 28 days
E.= 3.10E+07 KNim* : Short term modulus of elasticity of concrete
o= 2.00 : Creep coefficient
Eg= 1.55E+07 kMim* : Long term modulus of elasticity of concrete (aliowed for creep effect)
fy= 460 mem? : Steal Yield Strength
Es= 2.00E+08 KkiNVm* : Modulus of elasticity of rebar e
o= 1280 : Long term ratio Es/EcL ection Geometry
x (mm]}
-2000 1] 2000
Neutral Axis (Elastic Analysis) ' & !
500
Noutral Axis, Yn =L(A*Yi)/ZA
1000 4
ZAc= 2,865,904 mm” : Area of concrefe T
TAs= 703,717 mm?* : Transformed area of rebar =
ZA= 3,569,621 mm” : Gross area 5 2000 1
— I . _ YTl Yt =
Err(x)= 0.0 RE ITERATE | * Err(¥Yn)= E{A*Yi)-¥n*IA o=
Ynh= 955.30 mm 2000 4
=00
Crack Width Calculation (BS 5400, cl, 5.8.8.2) 4000 4
Pg= 0 kN : Permanent Axial Force: {-) compression
Mg= 27379 kN-m : Permanent moment
My= 13249 kN-m : Live load moment
M= 40628 kN-m : Applied 5LS moment
= 3500 mm : Overall depth of section
C nom= 35 mm : Nominal concrete clear cover as per B55400, Fart 4 -fable {13)
g = 66 mm : Distance from the point considered (x_y) to the surface of the nearesf rebar
Em= 7.13E-04 : Average sfrain at point considered
= 0.00E+0D :Initial strain due fo axial load
Egtipy = -B 4BE-04 : Strain due to tension stiffening effect
(1-MgMg) = 5.16E-01
Rebar Location Strain Rebar Stress
x (mm] 2 8 8 = - o o %
200 0 oo | 355 ,8888 | § 8 88 88§ g
L 0 ] ? L 1 1 i| 0 1 1 1 1
[
500 - 50 — 500 -
- u concrete
1000 1000 8 1000
1500 - 1500 1%, 1500 -
3 £ . 3
E 2000 - = 2000 E 2000 -
- > . -
L]
2500 25004 . 2500
L]
3000 1 3000 [l 3000 -
a
E n L
25881 smd{ 4 3500 :
4000 - 4000 - 4000 -
Location To Nearest Rebar
x y=a" wr yr 5] 8 or £4 Eg € oy Em W max
{mm) (mm) {mmn) (mm) (mm) (mm) (mm)
0 (1] 0 79 20 69 -5.86E-04 | 0.00E+00 0.00E+00 -5.86E-04 | uncracked
0 0 0 1] 0 0 -5.86E-04 | 0.00E+DO 0.00E+D0 -5.BBE-D4 | uncracked
0 0 0 1] 0 0 -5.86E-04 | 0.00E+DO 0.00E+DO -5.BBE-D4 | uncracked
0 0 0 1] 0 0 -5.86E-04 | 0.00E+DO 0.00E+0DD -5.BEE-D4 | uncracked
0 0 0 1] 0 0 -5.86E-04 | 0.00E+DO 0.00E+0DD -5.BEE-D4 | uncracked
0 3500 0 3478 32 66 1.56E-03 | 0.00E+00 -8.48E-04 7.13E-04 0.138
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* With Side Reinforcement T20-150 (Both Sides)
TITTLE : Crosshead P25 Type P1-A SLS1C1 (WITH SIDEBAR) 3 Notional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"cl4.2.2 Crack width check apples only for Load Combination 1
Dasign Paramatars
fou= 40 Nimm?® : Gharacteristic cube strength at 28 days
Eg= 3.T0E+07 kN/m 2 : Short term moduwlus of elasticity of concrete
= 2.00 : Creop coefficient
Egy= 1.55E+07 kN/m* :Long term modulus of elasticity of concrate (allowed for creep effact)
fy= 460 Nimm?* : Steal Yield Strength
Es= 2.00E+08 kN/m? : Modulus of elasticity of rebar T
a= 1280 : Long term ratio Es/EclL ection Geometry
x [mmj)
-2000 4] 2000
Newtral Axis (Elastic Analysis) ! = !
500
Neutral Axis, Yn =L{A*Yi)/LA
1000
TAc= 2,944,950 mm*~ : Area of concrete v500
IAs= 857,756 mm> : Transformed area of rebar z
A= 3,802,706 mm® : Gross area E 2000
Err{x)= 0.0 RE_[TERATE |z Err(¥Yn)= L(A*Yi)-¥n*LA = e=rnd
Yh= 981.65 mm 3000
2E00
Crack Width Calculation (BS 5400, ci. 5.8.8.2) anon 4
Pg= 0 kM : Permanent Axial Force: (-) comprassion
Mg= 7375 kMN-m : Permanent moment
M= 13249 kMN-m : Live load moment
Mg= 40624 kMN-m : Applied S5LS moment
h= 3500 mm : Owverall depth of section
C nom= 35 mm : Nominal concrete clear cover as per B55400, Part 4 -table (13)
g = 66 mm : Distance from the point considered (x.y) to the surface of the nearest rebar
Em= 5.96E-04 : Average sirain at point considered
E,= 0.00E+0D : Initial strain due to axial load
Egtmr = -B.90E-04 : Strain due to tension stiffening effect
{1-MgMg) = 5. 16E-01
Rebar Location Strain Rebar Siress
x fmm) 2 8 B 5 - o @
2000 : 200t 979 .8848¢8 § 888 _8 8 8 8§
L ful 1 ? L 1 1 .I 0 1 1 1 1
[ | &
500 4 sodk] 4 1 shp
A u concrete .
1000 4 1EIC'Di 1(:'3'0‘4
h -
sog Ji “
1500 4 _ 1500 1% 15001
= E & = =
E E
E 2000 4 E 20001 % = 2000 A,
- = L = .
2500 4 o0 § 2500 “
& -
u &
3000 4 3000 i. 3000 4 “
] Ll
e wod{ 4 3500 - *
4000 - 4000 - 4000 -
Location To Nearest Rebar
x y=a" xr yr @ - £q £y - [ W ax
{mm) (mm) (mm) {mim) (mim) (mum) (mm)
0 a 0 79 20 69 =5.79E-04 | 0.00E+00 0.00E+00 =5.79E-04 | uncracked
0 1] ] 1] 0 0 -5.79E-04 | 0.00E+DQ 0.00E+00 -5.79E-D4 | uncracked
0 1] ] 1] 0 0 -5.79E-04 | 0.00E+00 0.00E+00 -3.79E-04 | uncracked
0 1] ] 1] 0 0 -5.79E-04 | 0.00E+00 0.0DE+00 -5.79E-04 | uncracked
0 1] ] 1] 0 0 -5.79E-04 | 0.00E+DO 0.00E+00 -5.79E-D4 | uncracked
0 3500 0 3478 32 66 1.49E-03 | 0.00E+00 -8.90E-04 5.96E-04 0.115
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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

Ultimate Moment Capacity (kN.m)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)
P1-A (P-25) 0K - -
Table 55. P-25 - Summary of pier SLS crack width
Crack Width (mm)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/38) (JKR MTAL)
P1-A (P-25) 0.087 - -

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

L oading Criteria Ult. Moment Capacity (kN.m) Maximum ULS | Capacity
9 Without Sidebar With Sidebar Moment (KN.m) Ratio
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 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
Load Case ASVISV g ASV/ISV oy Capacity Ratio
ULS1C1 8.46 8.04 1.05
ULS2C1 7.19 8.04 0.89
ULS3C1 7.98 8.04 0.99
ULS4CH 8.44 8.04 1.05

*Capacity ratio is based on AsW/SV gy / ASVISV o,
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Table 58. P-25 — Summary of crosshead ULS shear capacity @ 3.5m depth

Load Case ASV/SV reqg ASV/SV proy Capacity Ratio
ULS1C1 7.60 8.04 0.94
ULS2C1 6.57 8.04 0.82
ULS3C1 6.74 8.04 0.84
ULS4C1 7.97 8.04 0.99

*Capacity ratio is based on ASVISV .y / ASVISV g,

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

3 Notional Lanes (BD 37/88)

Crack Width (mm)

Crosshead Type

Without Sidebar

With Sidebar

P1-A (P-25)

0.138

0.115

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)

Combination 1
No. Load Case N (kN) | M (kN.m) Vi Y3
SLS ULS ULS
1 SwW 10350 -4 1.00 1.15 1.10
2 Deck Slab 1860 -2 1.00 1.15 1.10
3 SDL (Parapet) 1098 -3 1.00 1.20 1.10
4 Premix 547 -1 1.20 1.75 1.10
5 HA+KEL (1 CARRIAGEWAY) 2574 -11595 1.20 1.50 1.10
3 HA+KEL (2 CARRIAGEWAY) 5148 0 1.20 1.50 1.10
7 HA+HB30 (1 CARRIAGEWAY) 1881 -8130 1.10 1.30 1.10
8 HA+HB30 (2 CARRIAGEWAY) 4182 2250 1.10 1.30 1.10
9 HB45 1551 -10063 1.10 1.30 1.10
10 Sv20 3005 -12640 1.10 1.30 1.10

*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)
SLS Design to Load Combination 1
Case# |Load Combination N (kN) [ M (kN.m) | Ng(kN) | Mg (kN.m)| M, (kN.m)
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 1 CARRIAGEWAY) 17053 | -13923 | 13965 9 -13914
SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 2 CARRIAGEW AY) 20142 -9 13965 9 0
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 1 CARRIAGEWAY) 16034 -6952 13965 9 -8943
SLS4C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 2 CARRIAGEWAY) 18565 2466 13965 9 2475
SLS5C1 |(SW+Deck Slab+SDL+Premix) + (HB4E) 15671 -11079 | 13965 9 -11070
SLS6C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 17270 | -13913 | 13965 9 -13904
ULS Design to Load Combination 1
Case# |Load Combination N (kN) [ M (kN.m)
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 1 CARRIAGEWAY) 22195 | -19143
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL 2 CARRIAGEWAY) 26442 -12
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 1 CARRIAGEWAY) 20639 | -11637
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30 2 CARRIAGEWAY) 23929 3208
ULSECT |(SW+Deck Slab+SDL+Premix) + (HB45) 20167 | -14402
ULSBCT |(SW+Deck Slab+SDL+Premix) + (SV20) 22246 | -18087
9.1.2 Section Capacity Check (ULS) for Pier P-33 Column

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

e (33000mm, f,,=40MPa, 120-T32
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9.1.21

BD 37/88 (3 Notional Lanes)

Ultimate Section Capacity B55400

Design Information:

2

Fou= 40| Nimm
E.=| 310E#0T |kiim*
f,= 480 Mimm*
Es=  2.00E+03 kNim®
Yeg= 1500.000 mm
FAg= T.MT020 mm®
EAs= 108,378 mm*
I4p= - mm*®
Asfag= 1.96 %
Apfag= oD %%
Pu.max= 145,283 kN
Neutral Axis

PIER TYPE P23 [P1 -4) {2 Mofional Lanes)

- CharacTensTe cube smengTh at 28 days

- ModUiss of elasociny of CONCrens,; Shoet rerm

- Valld sTengzh
- Modulus of elasocity of rebar

- CENImoid of SeCTion

- Area of CONCrems Secion

- Area of Rebars

- Area of presiressing strand

: D.AfcuAg-D.aTTyAs

MNeurral Axis. ¥n, where E{Fc#FptFs+Pu)=0

-2000

. .
u .
I AL

FAc=  B373E%1 mm” - Area of CONCrers N COmprassion
Fe= 119,678 kN - Force on concrate
Fs= -27 005 kN - Force on rebars .
Fp= o kN - Force on prasmassing swands
Errix)=| 1232203 : Err{¥n)= E{FctFs+Fp+Pu)
| ¥m= 293067 mm |
Pu= 138,683 kN - Ukimare Axial Force (+) compression
Mu= 20,386 kN-m o - UItimate Bendwng Capaciy
3500 -
P Graph
P-M PLOT
PP e P, M, 160,000

1 0.00 ] 47,035
2 0.08 g088 | s4a11
3 0.12 17,335 61,056 . —]
4 0.13 soo03 | omase —
5 0.24 3471 | 70,500 ESLRR .
[ 0.30 43330 | 73430 ‘\""\

7 0.38 52006 | 74,985 100.000 s
8 042 sos74 | 75521 \\
3 0.48 09,342 75102 . [,
10 n.52 rpoo | 73023 | | E 5000
11 0.59 gor7 | roave =
12 0.85 65345 | om7as & 0000
13 0.71 104,013 | 67,456
14 0.77 112,880 | 55,000
i5 0.33 121,385 | 46,900 - 7
16 0.20 130,006 | 28302 4 /
17 0.25 135,083 | 20,38 opon A e s MM -

0 .-"’//
= &8 8 B B E E wE 1Il;|‘-l-r§
L= (= L= (= L= = [=
- o ] - ] ! - =

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;

@3000mm, f,,=40MPa, 120-T32

9.1.3.1 BD 37/88 (3 Notional Lanes)

TITTLE: Pier P33 Type P1-A SLS1C1 (3 Notional Lanes)

CRACK WIDTH DESIGN TO BS55400-4:1990 (AXIAL & FLEXURAL)

"cl4 2.2 Crack width check apples only for Load Combination 1

Desjgn Parameters

fou= 40 Nimm?*
E.= J10E+07 kNim*®

= 2.00
En= 1.55E+07 kNim®
= 460 Nmm*®
Es= 2.00E+08 kNim*

a= 12.90

; Axis (Elastic A .

Neutral Axis, Yn =E[(A®YINIA

2Ac= 1,860,932 mm*
Fhs= 1,245,287 mm°
A= 3,096,219 mm°®
Err{x)= 0.0 RE_TERATE
Yn= 931.50 mm

Crack Width Calculation (BS 5400, ¢l, 5.8.8.2)

Pg= ~13965 kM
M= 9 kN-m
M= 13914 kN-m
M.= 13923 kN-m
h= 3000 mm
C nom= 35 mm
a,= S0 mm
Ep = 6.75E-D4
Ey= -2.91E-04
Egam = 0.DDE+D0
(1-MgMg) = -1.55E+03

Private & Confidential

: Modulus of elasticity of rebar
o Lomg term ratio EsEcl

> Area of concrefe

> Transformed area of rebar
- Gross area

: Err{¥n)= L{A*¥il-Yn*LA

: Steal Yield Strength

: Gharacteristic cube strength at 28 days

: Short term modulus of elasticity of concrete
: Creep coefficient
: Long term moduwlus of elasticity of concrete (allowed for creep effect)

¥ (mmj

-2000

Section Geomatry

X [mm})
o

o

2000

. Permanent Axial Force; {-) compression
- Permanent momert

: Live load moment

- Applied 5LS moment

- Owerall depth of section

- Nominal concrete clear cover as per BS5400, Part 4 -table {13)
: Distance from the point considered (x, ) fo the surface of the nearest rebar
- Average strain af point considered

> Initial strain due to axial load

: Strain due fo tension stiffening effect
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Rebar Location straim Rebar Strazs
T e | BEEE 3E3Eleeae cag
e O ' ' ' . ' ' ' '
.4:::'“' '.':oiii& \ & rear a
.3: 500 4 . % 5“‘ u concrate 5 Al
& Ky y
:‘: 1000 :‘: 1000 k i00a -x
.g IEE 1500 Ea ‘E' 15|:[:-.= = 1500 - ..‘
= .t ra = . £
= -;.. 2000 :;-' 2000 i > 2000 - 1
R &7 | 4
#te2500 1 o 2500 2500
\’g;»..w':;‘ \ \
ot 3000 - 3000 4
3500 3500 - 3500 -
Location To Mearest Rebar
x y=a" *r yr & - £y £q E sar: Em W may
{mm) {mm) {rmim) {mm) {mm) {mm) (mm)
o 1] 0 66 32 50 «0.00043 (-2.97E-04 0 =7.26E-04 | uncracked
0 1] 1] 0 0 0 -0.00043 (-291E-04 0 -T-26E-04 | uncracked
0 ] 1] 0 0 0 -0.00043 (-291E-D4 0 -T-26E-04 | uncracked
0 0 1] 0 0 0 -0.00043 (-291E-D4 0 -7 26E-04 | uncracked
0 1] 1] 0 0 0 -0.00043 (-291E-04 0 -T-26E-04 | uncracked
o 3000 0 2934 32 50 0.000366 (-2.91E-04 0.00E+00 6.75E-04 0. 700
The computed crack width for Pier P-33 (Type P1-A) is summarized as
follows;
Table 62. Summary of P-33 crack width check
Crack Width (mm)
Pier Type 3 Notional 2 Notional 3 Notional
Lanes Lanes Lanes (JKR
(BD37/88) (BD37/88) 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)

M Combination 1

No. Load Case (kl\T?ﬁx) T Vo3
SLS ULS ULS

1 SwW 15939 1.00 1.15 1.10
2 Deck Slab 3834 1.00 1.15 1.10
3 SDL (Parapet) 2636 1.00 1.20 1.10
4 Premix 1128 1.20 1.75 1.10
5 HA+KEL 11353 1.20 1.50 1.10
6 HA+HB30 10336 1.10 1.30 1.10
7 HB45 9875 1.10 1.30 1.10
8 SV20 12393 1.10 1.30 1.10

*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)

SLS Design to Load Combination 1

Case # |Load Combination M (kN.m) | Mg (kN.m) M, (kN.m)

SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL) 37386 23763 13623

SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 35132 23763 11369

SLS3C1 |{(SW+Deck Slab+SDL+Premix) + (HB45) 34626 23763 10863

SLS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 37395 23763 13632
ULS Design to Load Combination 1

Case # |Load Combination M (kN.m)

ULS1C1 |{(SW+Deck Slab+SDL+Premix) + (HA+KEL) 49396

ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30) 45444

ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 44786

ULS4C1 |(SW+Deck Slab+SDL+Premix) + (5V20) 48386

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

Combination 1
No. Load Case Vmax (kN) Yo V3
SLS ULS ULS
1 SW -1959 1.00 1.15 1.10
2 Deck Slab -475 1.00 1.15 1.10
3 SDL (Parapet) -321 1.00 1.20 1.10
4 Premix -140 1.20 1.75 1.10
5 HA+KEL -1457 1.20 1.50 1.10
6 HA+HB30 -1047 1.10 1.30 1.10
7 HB45 -1413 1.10 1.30 1.10
8 SV20 -1608 1.10 1.30 1.10

*StaadPro member 6205
*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)
ULS Design to Load Combination 1

Case # |Load Combination V (kKN)
ULS1C1 |[(SW+Deck Slab+SDL+Premix) + (HA+KEL) -6176
ULS2C1 |[(SW+Deck Slab+SDL+Premix) + (HA+HB30) -5269
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HB45) -5793
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (SV20) -6072
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Table 67. P-33 crosshead shear @ 3.5m depth — BD 37/88 (3 Notional Lanes)

Combination 1
No. Load Case Vmax (kN) o Vi3
SLS ULS ULS
1 SW -3472 1.00 1.15 1.10
2 Deck Slab -810 1.00 1.15 1.10
3 SDL (Parapet) -445 1.00 1.20 1.10
4 Premix -238 1.20 1.75 1.10
5 HA+KEL -2294 1.20 1.50 1.10
6 HA+HB30 -1605 1.10 1.30 1.10
7 HB45 -1569 1.10 1.30 1.10
8 SVv20 -2689 1.10 1.30 1.10

*StaadPro member 6208
*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)
ULS Design to Load Combination 1

Case # |Load Combination V (kN)
ULS1C1 [(SW+Deck Slab+SDL+Premix) + (HA+KEL) -10248
ULS2C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30) -8757
ULS3C1 [(SW+Deck Slab+SDL+Premix) + (HB45) -8706
ULS4C1 [(SW+Deck Slab+SDL+Premix) + (SV20) -10308

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)
e Width = 3000mm, Depth = 3500mm, f,,=40MPa

e Top Reinforcement = T32-150 (3 layers)
e 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

Ult. Moment Capacity (KN.m) | Maximum .

. o " Capacity
Loading Criteria Without With Sidebar ULS Moment Ratio

Sidebar (kN.m)
BD 37/88 (3 Notional 59,830 65,605 49,396 0.83
Lanes)

*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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9.22.1.1 BD 37/88 (3 Notional Lanes)
*Without Side Reinforcement
Ultimate Sectioh Capacity BS5400
Design Information: CROSSHEAD P33 TYPE P1 -A (WITHOUT SIDEBARS) 3 Notional Lanes
fou= 40| Nimm® : Characteristic cube strength at 28 days
E.= 3.10E+07 | kNim * : Modulus of elasticity of concrete; short term
fy= 460 Nimm? : Yeild strength X
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar 2000 0 1000 2000
Yeg= 1750.000 mm : Centroid of section
FAg= 10,500,000 mm 2 : Area of concrete section
FAs= 54,538 mm* : Area of Rebars 500 4
FAp= - mm? : Area of prestressing strand
As/Ag= 0.92 %
Ap/Ag= 0.00 % 1000 4
Pu,max= 184,809 kN ! O.4fcuAg+0.67fyAs
R 1500 4
Neutral Axis
Neuwral Axis, Yn, where E(Fc+Fp+Fs+Pu)=0
> 2000 A
ZAc= 1,075,472 mm* : Area of concrete in compression
Fec= -17.208 kN : Force on concrete o0
Fs= 17,208 kN : Force on rebars |
Fp= a kN : Force on prestressing strands
Err{x)= 1.000E-03 : Em{¥n)= E(Fc+Fs+Fp+Pu) 3000
| Yn= 358.49 mm |
B0
Pu= - kN : Ultimate Axial Force (+) compression
Mu= 59,830 kN-m Go : Uitimate Bending Capacity
4000 4
P-M Graph
P-M PLOT
[P P, m, 200,500
1 0.00 ] 59,830
2 0.06 10,973 73,845 88866
k1 0.12 21,946 | 85,351 ——
4 018 32919 | 94340 T
5 0.24 43802 | 100,838 e -
6 0.30 54865 | 104,628 TR T~
7 0.36 65838 | 104,379 S .
8 042 76,811 | 102,067 ’ ~
9 048 a7, 784 | 97,987 — P .
10 0.53 98,757 | 90,929 = ’ \
11 0.59 109,730 | 81,341 = 20 pea
12 0.65 120703 | 70,459 a ’ \
73 0.71 131,676 58,330 £0.000
4 0.77 142,649 | 44,807 ’ /
15 0.83 153,622 24,758 40000
16 0.89 164595 | 13,065 ’ /
17 0.95 175,568 | -38,278 20 pon »
=
5 8 8§ ° & 8 & 8 ,B..f
g § 8 8 € g MEkNTg
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* With Side Reinforcement T20-150 (Both Sides)
Ultimate Sectioh Capacity BS5400
Design Information: CROSSHEAD P33 TYPE P1 -A (WITH SIDEBARS) 3 Notional Lanes
fou= 40| Nfmm 2 : Characteristic cube strength at 28 days
E.= 3.10E+07 |kNim* : Moduius of elasticity of concrete; short term
fy= 460 Nimm* : Yeild strength X
Es= 2 00E+08 kN/m > : Moduius of elasticity of rebar o000 -1000 o 1000 2000
Ycg= 1750.000 mm : Gentroid of saction
FAg= 10,500,000 mm 2 : Area of concrate section
ZAs= 66,476 mm” : Area of Rebars 500
FAp= - mm? : Area of presiressing strand
As/Ag= 0.62 %
Ap/Ag= 0.00 % 1000 4
Pu,max= 188,488 kN : 0. 4fcuAg+0.6TfyAs
R 1500 J
Neutral Axis
Neutral Axis, Yn, where L(Fc+Fp+Fs+Pu)=0
> 2000
ZAc= 1,312,843 mm* : Area of concrete in compression
Fec= -21.005 kN : Force on concrete 2em0
Fs= 21,005 kN : Force on rebars 1
Fp= 0 kN : Force on prastressing strands
Err(x)= 1.025E-03 : Em{¥n)= L(Fc+Fs+Fp+Pu) 2000 4
| Yn= 437.61 mm |
Ei
Pu= - kM : Uitimate Axial Force (+) compression
Mu= 65,605 KMN-m G : Uitimate Bending Capacity
4000 4
P-M Graph
P-M PLOT
P /P max P. m, 250 000
7 0.00 a 65,605
2 0.06 11,191 75,986 -
3 012 22383 89 885 oo -‘-_-\'-._
4 D& 33,574 98332 R “\\
5 0.24 44766 | 104206 . M
6 0.30 55957 | 107493 T |
7 0.36 67,149 | 106,843 ST \
a D42 78340 | 104352 ’ ~
9 0.48 g9,532 | 1o0007| | = P N
10 053 100,723 | szs87 = ’ N
11 059 111915 | 83216 | | S P iy
12 0.65 123,106 | 72240 a ' \
13 071 134,298 60,010 £0.000
14 0.77 145489 | 46,359 ' /
15 0.83 156,681 31,157 40,000 L
16 0.89 167,872 | 14,273 /
17 0.95 179,064 | -35,889 20000
E //
[=1
g & 8 ﬁi%ﬁ-m@m«%
8 § 8 & ¢ 8 g Moy
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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

Load Case ASVISV [y ASVISV o, Capacity Ratio
ULS1C1 787 8.04 0.98
ULS2C1 6.58 8.04 0.82
ULS3C1 7.87 8.04 0.98
ULS4C1 773 8.04 0.96

*Capacity ratio is based on ASV/SV gy / ASVISV o,

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

Load Case ASVISV reqg ASVISV by Capacity Ratio
ULS1C1 7.81 8.04 0.97
ULS2C1 6.66 8.04 0.83
ULS3C1 6.62 8.04 0.82
ULS4C1 7.85 8.04 0.98

*Capacity ratio is based on ASV/SV g / ASVISV proy

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

Element ID = P-33 Crosshead (ULS1C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

Depth Factor, & =

As

Ve

v

AS\-"‘r Sy Jreqd
Asw"r Sy prov

n v nn

40
460

3,000
1,752

6,176
1.18

0.731

48,240
0.72
asvc
7.87
8.04
Sufficient!

*ULS2C1 @ 2.0m Depth

N/mm?

N/mm?
mm
mm

kN
N/mm?

mm
N/mm?

Remarks :

(3 layers of 20T32

)
GeVe

(3T16-150)

0.K

= 0.52

Element ID = P-33 Crosshead (ULS2C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

Depth Factor, &

As

Ve

v

Asv"f Sy reqd

Asw"r Sv.prov
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v

40
460

3,000
1,752

5,269
1.00

0.731

48,240
0.72
asvc
6.58
8.04
Sufficient!

N/mm?

N/mm?
mm
mm

kN
N/mm?

mm
N/mm?

Remarks :

(3 layers of 20T32

g'i( —
<
o

(3T16-150)

0.K
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*ULS3C1 @ 2.0m Depth

Element ID = P-33 Crosshead (ULS3C1 - BD 37/88 3 Notional Lanes) @ 2.0m Depth

fcu = 40 NH'I"I‘H'I’I2
f, = 460 N/mm?
b = 3,000 mm
d = 1,752  mm
Vo = 5,793 kN
v = 1.10  N/mm? Remarks: 0O.K
Depth Factor, & = 0.731
Ag = 48240 mm? (3 layers of 20T32)
ve o= 0.72  N/mm? EeVe = 052
v > EsVe
As/Sy reqd = 7.33
Asi/Sy prov = 8.04 (3T16-150)
Sufficient!

*ULS4C1 @ 2.0m Depth

Element ID = P-33 Crosshead (ULS4C1 - S§V20) @ 2.0m Depth

fcu = 40 N."I"I‘H'I’I2
f, = 460  N/mm?
b = 3,000 mm
d = 1,752 mm
Ve = 6,072 kN
v = 116 N/mm? Remarks: 0O.K
Depth Factor, & = 0.731
A = 48,240 mm? (3 layers of 20T32)
ve = 072  N/mm? Eve = 0.52
vooo> 0 GV
As/Sy reqd = 773
As//Sy prov = 8.04 (3T16-150)
Sufficient!
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*ULS1C1 @ 3.5m Depth

Element ID = P-33 Crosshead (ULS1C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

fcu = 40 NH'I"I‘H'I’I2
f, = 460 N/mm’
b = 3,000 mm
d = 3,252 mm
Vae = 10,248 kN
v o= 1.05  N/mm? Remarks : 0.K
Depth Factor, & = 0.700
Ag = 48240 mm? (3 layers 20T32)
ve = 058  N/mm? EVe = 0.41
v > GV
Asv’{sv,req'd = 7.81
AgSy prov = 8.04 (3T16-150)
Sufficient!

*ULS2C1 @ 3.5m Depth

Element ID = P-33 Crosshead (ULS2C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

fcu = 40 l'\”l"l‘”'l’l2
f, = 460  N/mm?
b = 3,000 mm
d = 3,252 mm
Vit = 8,757 kN
v = 090  N/mm?2 Remarks: 0.K
Depth Factor, & = 0.700
Ag = 48240 mm? (3 layers 20T32)
ve = 0.58  N/mm? Eve = 0.41
v > EsVe
Asi/Sy reqd = 6.66
Asi/Sy prov = 8.04 (3T16-150)
Sufficient!
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*ULS3C1 @ 3.5m Depth

Element ID = P-33 Crosshead (ULS3C1 - BD 37/88 3 Notional Lanes) @ 3.5m Depth

fw = 40 N/mm?
f, = 460 N/mm?
b = 3,000 mm
d = 3,252 mm
Vi = 8,706 kN
v = 0.89  N/mm? Remarks : 0.K
Depth Factor, &g = 0.700
A = 48240 mm? (3 layers 20T32)
ve o= 0.58  N/mm?’ EVe = 0.41
v > EsVe
AsV/Sy reqid = 6.62
Asv/Sy grov = 8.04 (3T16-150)
Sufficient!

*ULS4C1 @ 3.5m Depth

Element ID = P-33 Crosshead (ULS4C1 - SV20) @ 3.5m Depth

f = 40 N/mm?
f, = 460 N/mm?
b = 3,000 mm
d = 3,252 mm
Vi = 10,308 kN
v = 1.06  N/mm? Remarks: 0O.K
Depth Factor, & = 0.700
Ag = 48240 mm? (3 layers 20T32)
ve o= 0.58  N/mm?® EVe = 0.41
v > EsVe
As//3, reqid = 7.85
As/3y prov = 8.04 (3T16-150)
Sufficient!
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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)

e Width = 3000mm, Depth = 3500mm, f.,=40MPa
e Top Reinforcement = T32-150 (3 layers)
e 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

Crack Width (mm)

Loading Criteria Without With
Sidebar Sidebar

BD 37/88 (3 Notional Lanes) 0.130 0.110

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.
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9.2.3.1 BD 37/88 (3 Notional Lanes)
* Without Side Reinforcement
TITTLE: Crosshead P33 Type P1-A SLS1C1 (WITHOUT SIDEBAR) 3 Motional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"cl.4 2.2 Crack width check apples only for Load Combination 1
Lesign Parameters
Fou= 40 N/mm* : Characteristic cube strength at 28 days
E.= 3.10E+07 kNm® : Short term modulus of elasticity of concrate
b= 2.00 _ : Creep cosfficient
Eqgq= 1.55E+07 kNim~ : Long term modulus of elasticity of concrete (allowed for creep effect)
f,= 460 Nimm* : Steel Yield Strength
Es= 2.00E+08 kN/m* : Modulus of elasticity of rebar
a= 12.90 : Long term ratio E</Ecl Section Gaomstry
X (mm)
-2000 2000
, e e i L .
Neutral Axis, Yn =E{A*Y)I/IA =
1000
FAc= 2,865,904 mm* : Area of concrefe 1500
FAs= 703,717 mm” : Transformed area of rebar g
FA= 3,569,621 mm”® - Gross area E 2000
= " = il - £
Errix) 0.0 p— l : Er{Yn)= I{A*Yi)-¥Yn*LA 250
¥n= 955.30 mm 3000
S
Crack Width Calculation (BS 5400, ¢l 5.8.8.2) ag00
Pg= 0 kN : Permanent Axial Force; {-) compression
M= 23763 kN-m : Permanent moment
M= 13623 kN-m : Live load moment
M, = 37386 KN-m - Applied 5LS moment
h= 3500 mm : Owverall depth of section
C pom= 35 mm : Nominal concrete clear cover as per BS5400, Part 4 -table (13)
a,= 66 mim : Distance from the point considered (x y) fo the surface of the nearest rebar
= 6.75E-04 - Average strain af point considered
Ey= 0.00E+00 > Initial strain due to axial load
Egyer = -T.62E-04 : Strain due fo tension stiffening effect
(1-MgMg) = 4 2TE01
Rebar Location strain Rebar Streas
x (mm) g z T B g2 32
20 : o | 28EE EEEE Qo zosos
8 + RN - : L q
| ]
500 o PES 500
o u concrete
1000 - 1000 § 1000
m
1500 1500 4" 1500
- T L] -
n E
_E_ 2000 E 2000 E 2000
- - -
2500 2500 . 2500
3000 3000 - .! 3000
| ¢ &
= 3500 4 4 3500 ‘
4000 - 4000 - 4D00
Location To Nearest Rebar
x y=a' xr yr %] 8o £y Eq € grie Em [ —
{mm) {rmm) {mi) () (rmm) {mm) ()
[ 0 0 T 20 69 «5.39E-04 | 0LOOE+Q0 |  0.00E+00 «5.33E-04 | uncracked
0 0 ] 0 0 0 -5.39E-04 | 0.00E+00 0.00DE+D0 -5.39E-04 | uncracked
0 0 0 0 0 0 -5.39E-04 | 0.00E+00 0.00E+00 -5.39E-04 | uncracked
0 0 0 0 0 0 -5.39E-04 | 0.00E+00 0.00E+00 -5.39E-04 | uncracked
0 0 ] 0 0 0 -5.39E-04 | 0.00E+00 0.0DE+DD -5.39E-04 | uncracked
[ 2500 0 3418 32 66 1.44E-03 | 0.00E+DD | -T.62E-0M4 6.7 5E-04 0.130
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* With Side Reinforcement T20-150 (Both Sides)
TITTLE : Crosshead P33 Type P1-A SLS1C1 (WITH SIDEEAR) 3 Notional Lanes
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"ol 4.2 2 Crack width check apples only for Load Combination 1
Dosign Parameters
feu= 40 Nimm? : Characteristic cube strength at 28 days
E.= 3.10E+07 kN/m® : Short term modulus of elasticity of concrete
b= 2.00 : Creep coefficient
Eg= 1.55E+07 KN/m 2 : Long term modulus of elasticity of concrete (allowed for creep effect)
fy= 460 N/mm : : Steeal Yield Strength
Es= 2.00E+08 kN/m? : Modulus of elasticity of rebar cr
a= 1280 : Lang term ratio Es/Ecl ection Geometry
x (mmj}
-2000 1] 2000
Nowtral Axis (Flastic Analysis) : & !
500
Newtral Axis, Yn =L(A*Yi)/LA
1000 |
IAc= 2,944 950 mm” : Area of concrefe +500
IAs= 857,756 mm> : Transformed area of rebar z
A= 3,802,706 mm® : Gross area E 2000
= | . - i N =
Err(x)= 0.0 RE MERATE | : Er(Yn)= L(A'Yi)-Yn'IA 2500 |
Yh= 981.65 mm 2000
2500
Crack Width Calculation (BS 5400, ci. 5.8.8.2) 4000 4
Pg= 0 kN : Permanent Axial Force; (-) compression
Mg= 23763 kN-m : Permanent moment
M= 132623 kM-m : Live load moment
M= 37386 kN-m : Applied SLS moment
h= 3500 mm : Overall depth of section
C nom= 35 mm : Nominal concrete clear cover as per B55400, Part 4 -table (13)
g = 66 mm : Distanee from the point considered (x,y) to the surface of the nearesf rebar
Em= 5. 6BE-04 : Average strain at point considered
£p= 0.00E+00 : Initial strain due to axial load
Egtr. = -8.00E-04 : Sfrain due to tension stiffening effect
(1-MgMg) = 4 2TE-01
Rebar Location Strain Rebar Stress
x (mm) 2 2 8 z - o @ 9
200 0 wo | SS55 .8888 | §8 8 2% _ 8§ § 3
n 0 n ? L L L ; n L L L '
[ )
500 ] sodi 4 rebar shp
a u concrate .
1000 4 1000 § 1000 4
:| &
1500 4 _ 1:":'3'-. 1500 ".
- E & = =
E E
H 2000 § E 20001 = 2000{ *
= = & = &
[ § -
2500 + 25001 4 2500 .
r -
L] a
3000 9 3000 & 3000 a
Ll a
- -
acag 3500 - ] 3500 A .
4000 4 4000 - 4000 -
Location To Mearest Rebar
X y=a" xr yr @ 8 o £4 £g - Em W e
(mm) (mm) {mm) (mm) (mm) (mm) {mm)
o 0 0 79 20 63 =5, J3E-04 | 0.00E+00 0.00E+00 «5.33JE=04 | uncracked
0 o] 0 o] 0 0 -5.33E-04 | 0.D0E+DO 0.00E+0D0D -5.33E-D4 | uncracked
0 o] 0 o] 0 0 -5.33E-04 | 0.00E+DO 0.00E+D0D -5.33E-D4 | uncracked
1] o] 0 o] 1] 1] -5.33E-04 | 0.00E+D0 D.00E+0D0 -5.33E-D4 | uncracked
1] o] 0 o] 1] 1] -5.33E-04 | 0.00E+0D0D D.00E+0D0 -5.33E-04 | uncracked
[ 3500 0 3418 32 66 1.37E-03 | 0.00E+00 -8, 00E-04 5.68E-04 0.110
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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)
Comhination 1
MNa. Load Case M (KN) No (KN) M (KN) M. (KN M3 (kM) Mg (KN) My (kM) Mg (kM) Yo Yo
SL3 ULS uLs
1 SW 324 351 365 ar2 387 47 303 398 1.00 115 1.10
2 Deck Slab 144 105 118 118 116 110 99 120 1.00 115 1.10
3 SDL (Parapet) 286 -42 38 45 42 3B 7 104 1.00 1.20 1.10
4 Premix 42 3| 35 a5 34 32 29 35 1.20 1.75 1.10
5 HA+KEL (1) 554 278 265 445 248 23 273 151 1.20 1.50 1.10
6 HA+KEL (2) 419 336 274 458 273 269 315 229 1.20 1.50 1.10
7 HA+HBE30 (1) 492 178 273 182 17 154 208 114 1.10 1.30 1.10
a HA+HBE30 (2) 352 240 283 194 142 193 262 192 1.10 1.30 1.10
9 HB45 7ar 149 326 181 75 ie] 12 36 1.10 1.30 1.10
10 §v20 260 309 543 531 543 319 184 175 1.10 1.30 1.10
Comhination 1
MNo. Load Case Mg (kM) | Noyg (KND | MNyq (KN) | Myz (KN) | Mag (KN) | Nyg (KN) | Nyg (BN) | Nyg (KN) Yo Y
SL3 ULS uLs
1 SW 308 303 347 367 3r2 364 352 324 1.00 115 1.10
2 Deck Slab 120 99 110 116 119 117 108 144 1.00 1.15 1.10
3 3DL (Parapet) 104 w 38 42 45 v -41 236 1.00 1.20 1.10
4 Premix a5 29 32 34 35 34 3 42 1.20 1.75 1.10
5 HA+KEL (1) 77 42 39 25 12 10 58 -135 1.20 1.50 1.10
6 HA+KEL (2) 230 316 257 204 449 256 363 409 1.20 1.50 1.10
7 HA+HBE30 (1) 58 | 35 26 18 15 g -62 1.10 1.30 1.10
a8 HA+HBE30 (2) 207 252 237 275 3T 262 278 451 1.10 1.30 1.10
9 HB45 -5 -13 -5 -5 -7 -9 =16 & 1.10 1.30 1.10
10 §v20 92 45 40 24 10 7 50 -127 1.10 1.30 1.10
SLS Design to Load Combination 1

Case # [Load Combination N, (kN) Nz (kN) [ Nz (kM) | Nas(kN) Ns (KN) Ng (kM) Nz (KN) Mg (KN}
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL)(1) 1470 785 830 1112 8563 810 802 847
SLS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL)(2) 1308 854 891 1127 894 857 852 940
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30){1) 1347 647 862 7iT 6594 703 702 790
SLS4C1 |(SW+Deck Slab+3DL+Premix) + (HA+HB30){2) 1193 714 a73 791 722 746 751 876
SLS5C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 1671 615 a1 7T 648 577 487 704
SLS6C1 |(SW+Deck Slab+SDL+Premix) + (SV20) 1091 790 1159 1161 1163 885 676 858

SLS Design to Load Combination 1 (cont'd)

Case# |Load Combination Mg (KN) | Myg (KN) | Nyg (KN} | Moz (kN) | Nyg (KND [ Nyg (kN) | Nys (kN) [ Nyg (kN)
SLS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL)(1) 758 525 580 506 592 YA 524 643
SLS2C1 |(SW+Deck Slab+3DL+Premix) + (HA+KEL)(2) 940 854 241 919 1116 a66 889 1296
SLS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30){1) 729 512 571 505 547 576 4497 736
SLS4C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30)(2) 203 751 794 869 985 847 TG0 1301
SLS5C1 |(SW+Deck Slab+SDL+Premix) + (HB45) 660 459 528 560 570 550 436 812
SLS6C1 |(SW+Deck Slab+3DL+Premix) + (SV20) 766 524 577 502 588 566 509 665
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ULS Design to Load Combination 1
Case# [Load Combination Ny (KN) | Ny (kM) [ Nz(kN) | Ng(kN) | Ns(kN) | Ng(kN} | N;(kN) | Ng(kN}
ULS1C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL)(1) 1966 1040 1164 1483 1141 1071 1064 1111
ULS2C1 |(SW+Deck Slab+SDL+Premix) + (HA+KEL)(2) 1743 1135 1179 1503 1183 1135 1133 1239
ULS3C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30){1) 1756 836 1118 1007 fiele] 911 a1 1024
ULS4C1 [(SW+Deck Slab+SDL+Premix) + (HA+HB30)(2) 1556 923 1132 1025 935 967 o974 1136
ULS5C1 [(SW+Deck Slab+SDL+Premix) + (HB45) 2178 793 1193 1006 839 74T 630 912
ULS6C1 [(SW+Deck Slab+SDL+Premix) + (3V20) 1424 1022 1503 1506 1509 1147 877 1112
ULS Design to [ oad Combination 1 (cont'd)

Case# |Load Combination Ng (KN) | Nqg (KN} | Ny (KN} | Nyg (KN} | Ng (KN) | Ny (KN) [ Nys (KN) | NG (KN)
ULS1C1 [(SW+Deck Slab+SDL+Premix) + (HA+KEL){1) 989 683 755 773 767 739 680 828
ULS2C1 [(SW+Deck Slab+SDL+Premix) + (HA+KEL){2) 1240 1135 1113 1218 1487 1148 1183 1726
ULS3C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30)(1) G44 663 739 770 773 745 640 962
ULS4C1 |(SW+Deck Slab+SDL+Premix) + (HA+HB30)(2) 1158 973 1028 1126 1277 1098 982 1696
ULS5C1 [(SW+Deck Slab+SDL+Premix) + (HB45) 854 594 683 725 738 11 562 1060
ULS6C1 [(SW+Deck Slab+SDL+Premix) + (SV20) 993 678 747 766 761 733 657 870

Mote N; & Ny is located at the tip of the canfilever (furthest from the pier)

HA+KEL(1) denotes 1 carriageway loaded, HA+KEL(2) denotes 2 carmiageway loaded simultaneously
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Figure 46.
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CENTROID OF TENSION REINFORCEMENT

Areq: 985169.2881
Permeter: 11259.8615
Bounding box: K =1450.0000 --  5B2.5000
¥: —1450.0000 —
Centroid: ¥ —620.3035
Y: 0.0000
Woments of fnerti;: ¥ 1.0884E+12
Y 7A4355E+11

Product of inertio:  XY: 0.0000
Rodii of gyration: ¥ 049,482
Y 8674630

Principal moments and X-Y directions obout cenbroid:

TENSION (TIE)
——————— COMPRESSION (STRUT)

P-33 STM Analysis Model

1450.0000

I: 1.0884E412 along [1,0000 0.0000]
J: 3B3ITEHTT along [0.0000 1,0000]

938

n
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CENTROID OF COMPRESSION ZONE

Area: 18872218085
Perimeter: E340.2731
Bounding bax: ¥ 5625000 --  1500.0000
¥ =1380.5372 1380.5372
Centroid: X: 049.8032
¥: 0.0000

Momenls of imertia: ¥ B.0%48E+11
T 1LA1TEE+12
Product of inertie: XY 0.0000
Radi of gyration: X 6549305
Y GR1.4266
Principal moments and X-Y dirsctions obout centroid:
I+ B.0949E+11 aleng [1.0000 0.0000]
Ji 115266411 aleng [0.0000 1.0000]

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;

Top Tension Tie (199.179p Check

fy = 460 Mpa
Asprov= 48240 mm’ (3 x 20T32 top reinforcement)

Tu= 11,541 kN
Asreq= 28,839 mm?
Remarks : As prov > Asreq O.KI!

Vertical Tension Tie (479.3109p Check

fy = 460 Mpa

Asprov= 48240 mm?2 (2x30T32 column main reinforcement - half column zone)
16,578 mm? (3T16-150 links in 2062mm tension zone)
64,818 mm?

Tu= 7,157 kN
Asreq= 17,884 mm?
Remarks : As.prov > Asreq O.KI
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Vertical Tension Tie (19s5.5905) Check

fy = 460 Mpa

As,prov = 0 mm?
8,040 mm? (3T16-150 links in 1000mm tension zone)
8,040 mm?

Tu= 2,945 kN
Asreq= 7,359 mm?
Remarks : As,prov > As,req  O.KI

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;

Bottom Compression Strut ;3ps.509) Check

feu = 40 Mpa
b= 3,000 mm (Crosshead width)
d= 970 mm (Crosshead compression zone)

Su= 13,244 kN
o= 4.55 Mpa
Remarks : < 0.4fcu O.K

Based on the check, the concrete stress calculated is 4.55 N/mm?, which is
less than 0.4fy; 16.0 N/mm?. Thus, the bottom strut concrete compression

stress is within the strength limit.
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The diagonal compression strut is checked as follows;
109 10__
0— — 277
7
64.99" ;"
f
7 Y, N
/ TENSION (TIE)
81 /) ———— COMPRESSION (STRUT)
ff
/
S
/
/
!
7
/
@
209 210
Figure 49. P-33 diagonal strut check
Diagonal Strut (119.209) Calculation based on ACI
Effective Compressive Strength for Node ;4
B, = 0.6 (CTT)
fi.= 40 Mpa (cube strength)
4640 psi
feaprip =  0.85B,f (eq. A-8)
= 2.37 ksi
= 16.32 Mpa
Calculate Width of Tie ;49.110
b= 0.85 (cl. C.9.3.2.6)
b,= 3,000 mm
118.2 in.
F= 11541 kN
2,594 Kk
Wiroe-110) = F 1 0(by ),
= 10.9 in.
= 2772 mm
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Effective Compressive Strength for Strut ;15309

.=  1.00 (cl. A.3.2.1)
fo= 40 Mpa (cube strength)
4640 psi (cylinder strength)
fee(t10-20090 = 0.85B,f (eq. A-3)
= 3.94 ksi
= 27.20 Mpa

Check Strut ;45.209 Capacity

Wsrr10-2099 = 480.6  mm (measured from drawing)
18.9  in.
OF ns(110-200) = OfceWs(110-200) bw (eq. A-2)
= 7498 k
= 33,349 kN > Su= 9226 kN
O.K!

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.

Tk Tension

340

2.55

1.70

0.85

~0.00

-0.85

-1.70

2,66

A
-5.10 S»

!
Sn_[j_ Sn
I

-5.95

-8.80

age
San

Figure 50. P-33 S11 stress diagram Compression

RN Tension

— Ty
aEifim—

415

a8

3.46

32

.17

242

2.08

1.73

088 Sp2

Sn_[j_ Sn

0,00 1
S22

Figure 51. P-33 S11 tension stress
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Figure 53. P-33 S22 tension stress diagram
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Figure 54. P-33 SMAX stress diagram Compression
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Figure 55. P-33 SMAX tension stress diagram
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Figure 56. P-33 SMIN stress diagram Compression

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.
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9.5. Summary of Design Review for P-33

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

summarized as below.

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

Ultimate Moment Capacity (kN.m)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)
P1-A (P-33) 0K - -

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

Crack Width (mm)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)

P1-A (P-33) 0.100 _ -

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
Ult. Moment Capacity (kN.m)

Maximum ULS | Capacity

Loading Criteria Without Sidebar | With Sidebar | Moment (kN.m) | Ratio

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 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

BD 37/88 (3 Notional Lanes) @ 2.0m Depth

Load Case ASV/ISV 1oqg ASV/ISV oy Capacity Ratio
ULS1C1 7.87 8.04 0.98
ULS2C1 6.58 8.04 0.82
ULS3C1 7.87 8.04 0.98
ULS4C1 7.73 8.04 0.96
*Capacity ratio is based on ASV/SV .4 [ ASV/SV o,
BD 37/88 (3 Notional Lanes) @ 3.5m Depth
Load Case ASVISV eqd ASVISV proy Capacity Ratio
ULS1C1 7.81 8.04 0.97
ULS2C1 6.66 8.04 0.83
ULS3C1 6.62 8.04 0.82
ULS4C1 7.85 8.04 0.98

*Capacity ratio is based on ASV/SV .qq [ ASV/SV oo,

The checking shows that the existing shear capacity

crosshead is adequate at ULS.

design of the

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

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

3 Notional Lanes (BD 37/88)

Crosshead Type Crack Width (mm)

Without Sidebar

With Sidehar

P1-A (P-33)

0.130

0.110

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

Element Force g:g:ﬂe_'rj::zzeri STM
Bending Moment, As qq 3 x20T32 2 x20T32
Shear Force, AsVieqq 3T16-150 3T16-150

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.

(9) 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.

10.1.

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
BD 37/88 JKR MTAL
Pier Type 3 Notional 2 Notional SV20 (3 Notional
Lanes Lanes Lanes)
P1-C (P-11A) v v N N
P1-A (P-25) V V
P1-A (P-33) V V

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

Ultimate Moment Capacity (kN.m)
Pier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR. MTAL)
F1-C (P-11A) oK OK oK
P1-A (P-25) 0K - -
P1-A (P-33) 0K i i
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Table 81. Summary of pier SLS moment capacity

Crack Width (mm)
Fier Type 3 Notional Lanes | 2 Notional Lanes | 3 Notional Lanes
(BD37/88) (BD37/88) (JKR MTAL)
P1-C (P-11A) 0.416 0.370 0.398
P1-A (P-25) 0.087 - -
P1-A (P-33) 0.100 - -

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

Ult Moment Capacity (kN.m) 3 Notional Lanes (BD 37/88)
Crosshead Type .
Without Sidebar |  With Sidebar | M2imum ULS Moment (kN.m)
P1-C (P-11A) 24,439 26,089 25,805
P1-A (P-25) 59,830 65,605 53,530
P1-A (P-33) 59,830 65,605 49,396
Ult Moment Capacity (kN.m) 2 Notional Lanes (BD 37/88)
Crosshead Type .
Without Sidebar |  With Sidebar | M12ximum ULS Moment (kN.m)
P1-C (P-11A) 24,439 26,069 24,442
P1-A (P-25) - - -
P1-A (P-33) - - -
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Ult Moment Capacity (kN.m) JKR MTAL Criteria
Crosshead Type .
Without Sidebar With Sidebar Maximum ULS Moment (kN.m)
P1-C (P-11A) 24,439 26,069 25173
P1-A (P-25) - - -
P1-A (P-33) - - -

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

Table 83. Summary of crosshead ULS shear capacity

P-11A Crosshead ULS Shear Check

BD 37/88 (3 Notional Lanes) @ 2.5m Depth

Load Case ASVISV req ASVISV proy Capacity Ratio
ULS1C1 7.72 8.04 0.96
ULS2C1 7.28 8.04 0.90
ULS3C1 6.96 8.04 0.87
ULS4C1 7.71 8.04 0.96

*Capacity ratio is based on ASV/SV gy / ASVISV o,

BD 37/88 (2 Notional Lanes) @ 2.5m Depth

Load Case ASV/SV royg ASV/ISV oy Capacity Ratio
ULS1C1 6.90 8.04 0.86
ULS2C1 6.64 8.04 0.83
ULS3C1 6.94 8.04 0.86
ULS4CH1 7.70 8.04 0.96

*Capacity ratio is based on ASW/SY wqq [ ASVISV proy

JKR MTAL @ 2.5m Depth

Load Case ASV/SV roqq ASV/SV ooy

Capacity Ratio

ULS1C1 7.57 8.04

0.94

*Capacity ratio is based on ASv/SV gy [ ASVISV o,
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P-25 Crosshead ULS Shear Check

BD 37/88 (3 Notional Lanes) @ 2.0m Depth

Load Case ASVISV nqq ASVISV ;roy Capacity Ratio
ULS1C1 8.46 8.04 1.05
ULS2C1 7.19 8.04 0.89
ULS3C1 7.98 8.04 0.99
ULS4C1 8.44 8.04 1.05
*Capacity ratio is based on AsVISV .qq / ASVISV o1,
BD 37/88 (3 Notional Lanes) @ 3.5m Depth
Load Case ASVISV reqd ASV/SV proy Capacity Ratio
ULS1C1 7.60 8.04 0.94
ULS2C1 6.57 8.04 0.82
ULS3C1 6.74 8.04 0.84
ULS4C1 7.97 8.04 0.99
*Capacity ratio is based on AsVISV g4 [ ASWISV o,
P-33 Crosshead ULS Shear Check
BD 37/88 (3 Notional Lanes) @ 2.0m Depth
Load Case ASV/ISV roqg ASV/SV oy Capacity Ratio
ULS1C1 7.87 8.04 0.98
ULS2C1 6.58 8.04 0.82
ULS3C1 7.87 8.04 0.98
ULS4C1 7.73 8.04 0.96
‘Capaci‘r}f ratio is based on Asvisv reqd I Asvisv prov
BD 37/88 (3 Notional Lanes) @ 3.5m Depth
Load Case ASVISV reqq ASV/SV proy Capacity Ratio
ULS1C1 7.81 8.04 0.97
ULS2C1 6.66 8.04 0.83
ULS3C1 6.62 8.04 0.82
ULS4C1 7.85 8.04 0.98

*Capacity ratio is based on ASVISV eqq / ASVISV o,

The crosshead crack width (SLS) check is summarized as follows;

Table 84. Summary of crosshead SLS crack width check

3 Notional Lanes (BD 37/88)

Crack Width (mm)

Crosshead Type

Without Sidebar With Sidebar
P1-C (P-11A) 0.270 0.255
P1-A (P-25) 0.138 0.115
P1-A (P-33) 0.130 0.110
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2 Notional Lanes (BD 37/88)
Crosshead Type Crack Width (mm)
Without Sidebar With Sidebar
P1-C (P-11A) 0.196 0.181
P1-A (P-25) - -
P1-A (P-33) - -
3 Notional Lanes (JKR MTAL)
Crosshead Type Crack Width (mm)
Without Sidebar With Sidebar
P1-C (P-11A) 0.252 0.238
P1-A (P-25) - -
P1-A (P-33) - -

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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PROJECT :Port Klang Bridge Design Audit
TITTLE : Crack Width Calculation Verification
CRACK WIDTH DESIGN TO BS5400-4:1990 (AXIAL & FLEXURAL)
"ci4.2.2 Crack width check applies only for Load Combination 1
Dasign Paramaters
fog= 40 Nimm*® : Characteristic cube strength at 28 days
E.= 3.10E+07 KN/m™ : Short term modulus of efasticity of concrete
= 2.00 : Creep coefficient
Egy= 1.55E+07 kN/m* s Long term modulus of elasticity of concrate (allowed for creep effect)
fy= 460 Nimm* : Steel Yield Strength
Es= 2.00E+08 kN/m? : Modulus of elasticity of rebar cm
a= 12.80 : Long term ratio Es/EcL ection Geometry
x (mm)
-2000 1] 2000
Noutral Axis (Elastic Analysis) ! # !
Neutral Axis, Yn =Z(A*Yi)/LA 500
FAc= 1,303,899 mm? : Area of concrefe 1000
ZAs= 176,416 mm~ : Transformed area of rebar =
ZA= 1,480,315 mm°” : Gross area E 1500
Err{x)= 0.0 RE_IERATE |z Err(¥n)= L(A*Yi)-¥Yn*IA = -
Yh= 521.56 mm
e
Crack Width Calcuiation (BS 5400, cl. 5.8.8.2) appo 4
Pg= 0 kM : Permanent Axial Force; (-) compression
M 7= 5000 kM-m : Permanent moment
M= 4000 kM-m : Live load moment
Mg= 9000 kM-m : Applied SLS moment
h= 2500 mm : Overall depth of section
C nom= 25 mm : Neminal concrete clear cover as per BS5400, Part 4 -fable (13)
B = 35 mm : Distance from the point considered (x,y) to the surface of the nearest rebar
Em= 1.24E-03 : Average strain at point considered
£,= 0.00E+00 : Initial strain due to axial load
Egtpr = -2 4DE-04 : Strain due to tension stiffening effect
(1-MgMg) = 2.00E-01
Rebar Location £train Rebar Stress
® (mmj B z T H g2 2
o : o | 2888 2888 Jogace_ =535
: | ]
= & rebar
500 500 4 u concrets 500
|
| ]
1000 4 10004 = 1000
— | ]
= E n ‘E'
£ 1500 E 1500] = E 1500
= =
= [ =
]
2000 2000 4 u 2000
| ]
-
a5 2500 4 ] 2500 .
3000 - 3000 - 3000
Location To Mearest Rebar
X y=a" wr T a 8o £y £ € o, Em W ey
{mm) {imm) {mm) {mm) {mim) {mm) (imm)
[ 0 a ] 0 o «1.91E-04 | 0.00E+00 0.00E+00 =3.91E-04 | uncracked
0 i] 0 0 ] 0 -391E-04 | 0.00E+0O D.00E+DO -3.91E-04 | uncracked
0 i] 0 0 ] 0 -391E-04 | 0.00E+0O D.00E+DO -3.91E-04 | uncracked
0 i] 0 0 ] 0 -391E-04 | 0.00E+0O D.00E+DO -3.91E-04 | uncracked
0 1] 0 0 1] 0 -3 91E-04 | 0.00E+0D D.00E+DO -3.91E-04 | uncracked
0 2500 ] 2449 32 35 1.48E-03 | 0.00E+00 =2, 40E-04 1.24E-03 0.131
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Crack Width Verification (BS 5400)
Serviceability Crack Width Calculation
b
«
4 T £e fc | /
X
S (IO 25 NS NA .. T ___________________________________
h | d z
v * 8 0, £ fs
Section Strain Stress
fa= 40 N/mm2 Concrete Charactenstic Strength
fy= 460 Nimm? Steel Specified Charactenistic Strength
E.= 200 kN/mm? Steel Elastic Modulus
by = 2500 mm Breadth of Section
h= 2500 mm Depth of Section
Cnom = 35 mm Concrete Cover
= 32 I Bar Diameter
My = 5000.0 kN.m Permenant Moment
My = 4000.0 kMN.m Live Load Moment
M. = 9000.0 kN.m Applied Service Moment
d= 2449 mm Effective Depth of Tension Reinforcement
A= 13672 mm? Tension Reinforcement Steel Area
e = 12.90 Modular ratio
x= 521.56 I Neutral axis
Ay = 35 mm Dist. to the nearest longitudinal bar
z= 2275 mm Lever arm
f.= 289 MNfrmm? Steel Stress, fo = My (As™2)
f.= 6.07 N/mm? Caoncrete Stress, fo = (f"AN(0.5%b"x)
g, = 1.485E-03 g4 = ([Eg)*((h-x)/{d-x))
3 8bh(a-dc)= 4.699E+10
e = 1.447E-03 e = fJE:
eAs(h-dc)= 3.913E+04
1-(My/Mg)= 0.200
e = [(3.8bih(a’doV(ecAs(h-do)] T(1-(MyMg)107]
= 2402E-04
Em= g1 - [(3.8bh(a-dc)/(esAs(h-do )T 1-(Mg/Mg) 1 0 eq. 25
(but not greater than &)
= 1.245E-03
Wmax = agem [ [1+2(30Crom )/ (h-d.)] eq. 24
= 0.131 mm
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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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g | K — ) PROTECTIVE COATINGS
E i ff_f,;—* SEE DWG: JKR/STH/CR/PCT-01
EEE i SlKA CARBODUR PLATES 51012 ON EACH
ol | SIDE OF CROSSHEAD C/W SIKADUR 30
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' l DETAIL "1"
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INVERTED "L PIER_CROSSHEAD
Figure 58. FRP Strengthening for Crosshead Type P1-C (Anchorage)
Crosshead Anchorage using Sika CarboDur Plate $1012
Width = 100 mm
Thickness = 1.2 mm
¢ Tensile = 0.60
Min. Tensile Strength = 2,800 MPa
Ty = 10,685 kN
As,req = 6,360 mm2
= 53 strips
As,prc-v = 54 strips
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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.
[ =1
L o e ey
F P p
max el
- = 7
- =7 b~
T Af i
-f_f" i
T
- b
Figure 59. Optimal bond length, le
E; = 165,000 MPa (Young modulus of elasticity)
= 312 mm
fetm = 2.0 MPa (average tensile strength of concrete)

[(E r t )2 )°°
385 mm

—
@
1|

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.

DETAIL "1° 2500

3 PLYS OF Ska [~
CARBODUR 51012
OR APPROVED EQUINALENT

3 PLYS OF SIKA
CARBODUR 51012
OR APPROVED EQUNALENT

i
W

3700

EXISTING CROSSHEAD SURFACES
TO BE ROUGHEMED 19T20-001-200 STARTER BARS

C/W HLT RE-500
WRAP WITH & LAYERS OF
SIkAWRAR 2310
WITH SIKADUR 330
ST16-002-150

|

PRE-PACKED CONCRETE !
C/W M&X. 10mm AGGREGATE |
SIZE AND SIKAGROUT-215 i
OR APPROVED EQUIVALENT |
1

|

|

|

Figure 60. Carbon Fibre Wrap Type P1-C

T,= 10,685 kN
Ty2= 5343 kN

Spread angle = 45 degrees
H= 5343 kN

Tensile Strength= 4,900 N/mm2
Thk= 0.127 mm

T,= 420 KkN/m (Recommended by SIKA)
Width of Wrapping= 125 m
Mo. of Layer Required=  5.09 (Use 6 layers)
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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.

500 500 500 500 500 450 300,300,300, 550 | 50 TYR.

1
1

[T]

L=1785

1 x 1 PLY
. '_’LY/II;'

|=2192

1w
[=1905
LY

« 1 PLY
2492

1
L
% 1 PLY /jj

2792

L=
1% 1 PLY
3082

L=

SIKA CARBODUR PLATE 51012 OR
APPROVED EQUIVALENT ON EACH SIDE

OF CROSSHEAD C/W SKADUR 30
STRUCTURAL TWO—PART ADHESIVE B

OR APPROVED EQUIVALEMT

T
He=————————t

4.95m

W | ——

3x2PL‘fSI
3 x 2 PLYS

L

Figure 61. FRP Strengthening for Crosshead Type P1-A (Anchorage)
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Crosshead Anchorage using Sika CarboDur Plate $1012

Width = 100 mm
Thickness = 1.2 mm
¢ Tensile = 0.60
Min. Tensile Strength = 2,800 MPa
Ty = 7,157 kN
Agreqg = 4260 mm?
= 36 strips
As:prov = Lstrips

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.
) F.:_ = Fe
'Fn:ax *’fﬂl - -
- = T
-z 1 b
L f
T
T b
Figure 62. Optimal bond length, le
E; = 165000 MPa (Young modulus of elasticity)
fr = 212 mm
fom = 20 MPa (average tensile strength of concrete)
le = [(Erte(2.fem )™
= 315 mm
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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.

DETAIL "1° 3000
7 1 i
|/ |
\%_ _ v i
1
SIKA | SIKA
CARBODUR ! CARBODUR
51012 | 51012
s !
|
|
| i
H I
| | I |
EXISTING CROSSHEAD SURFACES | | | sg120-001-200
TO BE ROUGHENED | } | STARTER BARS
1 | L| /W HILT RE-500
WRAP WITH 4 LAYERS OF ——— |~~~ T T N '
SIAWRAP 231C WITH SIKADUR 330 | | | |
OR AFPROVED EQUIVALENT | } |
| v |- 11T16-002—150

PRE-FACKED COMCRETE
C/W MAX, 10mm AGGREGATE
SIZE AND SIKAGROUT-213
07 APPROVED EGUIVALENT

Figure 63. Carbon Fibre Wrap Type P1-A
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T,=

T,/2=

Spread angle =
H

Tensile Strength=
Thk=

T~

Width of Wrapping=
No. of Layer Required=

7,157 kN
3578.5 kN

45 degrees
3578.5 kN

4900 N/mm2

0.127 mm
420 kN/m
1.5 m

2.84

(Recommended by SIKA)

(Use 4 layers)

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.

500 | 500 | 500 | 500 , 500 | 500 | 500 | 500 | 450 300 300
2 T T S 1 S ST F S S S—
L=1:':'I.-I|:'_'| 1 !I I| el - 11 - 1 1
il
| |
T N1 |
i« —
i T g T
MNGS I = g —
-0 B - T
—_ = -5 & 5 o
— 7= 00 o
N Il £~y
- _] — -:.; L
i Eo -
= __] ‘_E E
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—_ — T
[ A4
g i
|
I
Figure 64. FRP Strengthening for Crosshead Type P1-A (Shear)
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Crosshead Shear Strengthening using Sika CarboDur Plate 51012

fow = 40 MPa (28 days concrete cube compressive strength)
fe = 32 MPa (28 days concrete cylinder compressive strength)
f, = 460 MPa (vield strength of shear steel)
b, = 3000 mim (width of beam})
h = 2000 mim (depth of beam)
d = 1854 mim (distance to flexural steel)
h. = 10447 mim (distance from tension face to neutral axis)
A, = 48240 mm-* (area of flexural steel)
A, = 1206 mm* (area of shear steel)
Vg o= 5590 kN (ultimate shear force)
Wy = 6275 kN (ultimate shear capacity)

Strenagthening of the section {(Using modified USD approach)

Required & VL = V- heVe- ¢Ve
= 315.0 kN
Product = Sika CarboDur 51012
g = 45 degrees to shear crack
Ei = 165000 MPa
Fuw = 2800 MPa
t = 1.2 mim
£ = 0.004 mm/mim
S = 500 mim
b, = 100 mm (width of laminate strip)
Ly = 100 mim (effective bond length of each FRP anchorage areas;

lesser of the length of FRP reinforcing that extends into
the compression zone of beam and 100mm)
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Required nominal shear strength
VL = 315.0 kM
Check Mominal Shear Strength based on Concrete Bond Strenath
M. = 045
Ve = 091 )"
= 5156 MPa
Ay = h_cotel, (for wrap)
104470 mm=
Ay = (bys h.cotdl, (for laminate strips)
20894 mm=
bV = by c2Vphy (2.3.3)
= 037 .8 kN = 315.0 kM oK
Check Nominal Shear Strength based on Tensile Strength
iy, = 0.45
VL = d2ffhecots (for wrap) (2.3.4)
= 31592 kN = 315.0 kN O.K
b = 0.6
bV = d2f b (bys )h.cota (for laminate strips) (2.3.5)
= 842 4 kN = 315.0 kM O.K
Check Nominal Shear Strength based on Shear Strenagth of Sidakur Epoxy
g = 0.40
fa = 2480 MPa (ultimate shear strength of epoxy resin adhesive)
PV = bLa2Asfrs (2.3.6)
= 20727 kN = 315.0 kN O.K
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PRODUCT DATA SHEET AND RELEVANT INFORMATION
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