Computer Aided

Bridge Engineering

(Detail Design of Pre-Stressed
Concrete |-Girder / Box-Girder
Bridges)

Author: Sandipan Goswami
Design Construction Contract Management in Highway Projects, Kolkata, West Bengal, India.

*see website for full Table of Contents

Nnova

science publishers

415 Oser Avenue, Suite N, Hauppauge, NY 11788 USA
Phone (631) 231-7269 Fax (631) 231-8175

Email: nova.main@novapublishers.com www.novapublishers.com

Engmeermg '

; N (Detail Design of Pre-Stressed Concrete I-Girder / Box-Girder Bridges)

N IS

Hardcover ISBN: 978-1-68507-413-5
eBook ISBN: 978-1-68507-576-7
Retail Price:-$230-Special Price: $184

SAVE 20% with promotion code:
leaflets20



Additional Information

Book Description

The present book belongs to the book series of “Computer Aided Bridge Engineering” for the design of
pre-stressed concrete (PSC), I-girder (I-Beam), and PSCbox-girder bridges. In this volume, the real project
design calculations for a deck-girder superstructure are presented along with the design of an abutment
and pier with pile foundation as the bridge substructure.

About the Editor

Sandipan Goswami completed his graduate studies from the University of Calcutta and post graduate
studies from Indian Institute of Technology in 1985. Over the span of 36 years, he became well known for
his technical contribution to the Academic Institutes and Project Authorities to do preparatory work along
with project planning, Design, Estimating, Funding and implementation for various State and Central
Government projects. He has remained a member of various professional societies and institutions
including the IRC and the Institution of the Engineers. He published the widely appreciated technical
paper on "Project Development — Development of Rural Road Infrastructure, IRC" and many articles in
ResearchGate (Germany) and Academia (USA).

—
o
S
=
c
—
D
q
=
o
D
o
o
:.
o
o
(g>
rTi
=
=1
-
D
D
:.
-
o




i ';“".n‘_,‘ .

e a2

i sl W

Engineering

(Detail Design of Pre-Stressed Concrete I-Girder / Box-Girder Bridges)

@Omputer @
ID Bec Engm“

S (e (il Design of Pre? Strésse&
Concrete -Girder / Box-Girder Bridges)

ﬁ ISBN 978-1-68507-413-5

8168510741

IWemsoy - 3uliaauigul agplig paply Jaindwo)

| Sandipan Goswami

/
science publishers ||‘

www.novapublishers.com




Computer Aided Bridge Engineering

(Detail Design of Pre-Stressed Concrete I-Girder / Box-Girder
Bridges)

CONTENTS

Introduction

Chapter 1 The aim of this work 1
The design in AASHTO LRFD Standard 2
The design in British Standard Eurocode 3
The design in IRC Standard 3
References 4

Chapter 2 Grillage Model Analysis of Bridge Deck and

Girder by microSAP 5
21 General 5
2.2 Overview of Deck-Girder Grillage Model 6
2.3 Grillage Modeling of Slab-on-Girders Bridge 11
2.4 Grillage Modeling of Box-Girder Bridge 14
2.5 Evaluation of Equivalent Elastic Properties 16
2.5.1 Flexural Moment of Inertia, ‘I’ 16
2.5.2 Torsional Inertia, ‘J’ 16

2.6 Application of loads, Analysis, Force Responses and



Interpretations 19

2.6.1 Panels in the Grillage Model 22
2.6.2 Transfer of Loads to the Nodes 24
2.6.2.1 Transfer of Dead Loads 25
2.6.2.2 Transfer of Live Loads 26
2.6.3 Forces developed in a Rectangular Panel (Normal & Skew Bridges) 32
2.6.4 Forces developed in a Triangular Panel (Skew Bridges) 33
2.6.5 Forces developed in a Parallelogram Panel (Skew Bridges) 37
2.6.6 Grillage Analysis and Force Responses 39
2.6.6.1 Analysis of Grillage Model 39
2.6.6.2 Force Responses 42
2.6.7 Interpretation of Results of Grillage Analysis 43
2.6.8 Grillage Model and Analysis for Slab Bridges 44
2.6.9 Grillage Model and Analysis for Bridge Decks with Slab-on-Girders 47
2.6.10 Grillage Model and Analysis for Box-Girder or Cellular Bridges 48

2.7 The Analysis Data for the Deck-Girder Grillage Model 51

2.7.1 Title of the Analysis Data 51
2.7.2  Units for linear measurements and loads of the Analysis Data 51
2.7.3 Joint Co-ordinates of Grillage Model 51
2.74 Elements/Members Connectivity of Grillage Model 51
2.7.5 Section Properties of the Beam Elements/Members 52
2.7.6 Material Properties of the Beam Elements/Members 52
2.7.7 Support at the two nodes/joints of the Beam Elements/Members 52
2.7.8  Applied Loads on the Beam Elements/ members 52
2.7.8.1 Dead Loads and Super Imposed Dead Loads 52
2.7.8.2 AASHTO-LRFD Class Live Loads 53
2.79  Analysis Specifications 54

2.8Computer Applications for the analysis of Bridge

Deck-Girder Grillage model with AASHTO LRFD Live Load
(Web uploaded) 55

The Computer Applications for the analysis of Bridge Deck-Girder Grillage
model with Live Loads as per AASHTO LRFD. BS Eurocode2 BD 37/01 and IRC
112 / IRC 6 are described in detail in the softcopy volume ‘User’s Guide for
Hands on Practice with Computer Applications’ for the book ‘Computer Aided
Bridge Engineering’ is available for download from web site
‘www.roadbridgedesign.com’.

References 56



Chapter 3 Design of PSC I-Girder Bridge
Deck-Girder Superstructure in AASHTO-LRFD

3.1General

3.2 Design of RCC Deck Slab

3.2.1 AASHTO Design Step 4.1 Deck Slab Design

3.2.2 AASHTO Design Step 4.2 Deck thickness

3.2.3 AASHTO Design Step 4.3 Overhang thickness

3.24 AASHTO Design Step 4.4 Concrete parapet

3.2.5 AASHTO Design Step 4.5 Equivalent strip method (54.6.2)

3.2.6 AASHTO Design Step 4.5.1 Design dead load moments

3.2.7 AASHTO Design Step 4.6  Distance from the center of the girder to the
design section for negative moment

3.2.8 AASHTO Design Step 4.7 Determining live load effects

3.2.9 AASHTO Design Step 4.8 Design for positive moment in the deck
3.2.10 AASHTO Design Step 4.9 Design for negative moment at interior girders
3.2.11 AASHTO Design Step 4.10 Design of The Overhang

3.2.12 AASHTO Design Step 4.11 Detailing of overhang reinforcement
3.2.13 AASHTO Design Step 4.12 Longitudinal reinforcement

3.3 Design of PSC I-Girder

3.3.1 Design Step AASHTO-LRFD 5.1

- Live Load Distribution Factors (S 4.6.2.2)

3.3.1.1 Design Step AASHTO-LRFD 5.1.1

Calculate n, the modular ratio between the beam and the deck

3.3.1.2 Design Step AASHTO-LRFD 5.1.2

Calculate CG, the distance between the center of gravity of the non-composite

beam and the deck

3.3.1.3 Design Step AASHTO-LRFD 5.1.3

Calculate ‘Kg’, the longitudinal stiffness parameter

3.3.1.4 Design Step AASHTO-LRFD 5.1.4 Interior girder

Calculate the moment distribution factor for an interior beam
with two or more design lanes loaded

3.3.1.5 Design Step AASHTO-LRFD 5.1.5

Calculate the moment distribution factor for an interior beam

with one design lane loaded

3.3.1.6 Design Step AASHTO-LRFD 5.1.6

Skew correction factor for shearat the obtuse corner

57

57

62

62
64
65
65
67
67

68
69
70
79
83

97
101

104

104

105

106

106

106

107

107



3.3.1.7 Design Step AASHTO-LRFD 5.1.7
Shear distribution factor for an interior beam
with two or more design lanes loaded 108
3.3.1.8 Design Step AASHTO-LRFD 5.1.8

Shear distribution factor for an interior beam

with one design lane loaded 108
3.3.1.9 Design Step AASHTO-LRFD 5.1.9
The service, strength and fatigue limit state moment distribution factor
for the interior girder 109
3.3.1.10 Design Step AASHTO-LRFD 5.1.10 Exterior girder 109
3.3.1.11 Design Step AASHTO-LRFD 5.1.11
Moment distribution factor for an exterior beam with two or more
design lanes 110
3.3.1.12 Design Step AASHTO-LRFD 5.1.12
Moment distribution factor for an exterior beam with one design lane
using the lever rule 110
3.3.1.13 Design Step AASHTO-LRFD 5.1.13
Shear distribution factor for an exterior beam
with two or more design lanes 111
3.3.1.14 Design Step AASHTO-LRFD 5.1.14
Shear distribution factor for an exterior beam with one design lane

loaded using the lever rule 111
3.3.1.15 Design Step AASHTO-LRFD 5.1.15 Additional check for rigidly
connected girders (S 4.6.2.2.2d) 112

3.3.1.16 Design Step AASHTO-LRFD 5.1.16
The service, strength and fatigue limit state moment distribution

factor for the exterior girder 114
3.3.2 Design Step AASHTO-LRFD 5.2 - Dead Load Calculation 116
3.3.3 Design Step AASHTO-LRFD 5.3

Un-factored and Factored Load Effects 119
3.3.3.1 Design Step AASHTO-LRFD 5.3.1 Summary of loads 119
3.3.3.2Design Step AASHTO-LRFD 5.3.2 Analysis of Creep and Shrinkage

Effects 128
3.3.3.2.1 Design Step AASHTO-LRFD 5.3.2.1 Creep effects 128
3.3.3.2.2 Design Step AASHTO-LRFD 5.3.2.2 Shrinkage effects 130
3.3.3.2.3 Design Step AASHTO-LRFD 5.3.2.3 Effect of beam age at the time of

the continuity connection application 131
3.3.4 Design Step AASHTO-LRFD 5.4 - Loss of Pre-stress (S 5.9.5) 131
3.3.4.1 Design Step 5.4.1 General 131
3.3.4.2 Design Step 5.4.2 Calculate the initial stress in the tendons

immediately prior to transfer (55.9.3) 132
3.3.4.3 Design Step 5.4.3 Determine the instantaneous losses (55.9.5.2) 133
3.3.4.4 Design Step 5.4.4 Calculate the pre-stressing stress immediately after

transfer 134
3.3.4.5 Design Step 5.4.5 Calculate the pre-stressing force at transfer 134

3.3.4.6 Design Step 5.4.6 Time-dependent losses after transfer,



refined method (S5.9.5.4) 134

3.3.4.6.1 Design Step 5.4.6.1 Creep coefficients (S5.4.2.3.2) 136
3.3.4.6.2 Design Step 5.4.6.2 Shrinkage Strain (55.4.2.3.3) 138
3.3.4.6.3 Design Step 5.4.6.3 Shrinkage Losses (55.9.5.4.2a, S5.9.5.4.3a, and
55.9.5.4.3d) 140
3.3.4.6.4 Design Step 5.4.6.4 Creep Losses (55.9.5.4.2b and 55.9.5.4.3b) 143
3.3.4.6.5 Design Step 5.4.6.5 Relaxation Losses (55.9.5.4.2c and S5.9.5.4.3c) 145
3.3.4.7 Design Step 5.4.7 Calculate total time dependent loss after transfer 146
3.3.4.8 Design Step 5.4.8 Calculate the final effective pre-stress responses 147
3.3.4.9 Design Step 5.4.9 Calculate jacking stress, fpj 147
3.3.5 Design Step AASHTO-LRFD 5.5 - Stress in Pre-stressing Strands 148
3.3.5.1 Design Step 5.5.1 Stress in pre-stressing strands at nominal flexural
resistance 148
3.3.5.2 Design Step 5.5.2 Transfer and development length 150
3.3.5.3 Design Step 5.5.3 Variation in stress in pre-stressing steel along the
length of the girders 151
3.3.5.4 Design Step 5.5.4 Sample strand stress calculations 156
3.3.6 AASHTO-LRFD Design Step 5.6 - Flexure Design 158
3.3.6.1 AASHTO-LRFD Design Step 5.6.1 Flexural stress at transfer 158
3.3.6.1.1 AASHTO-LRFD Design Step 5.6.1.1Stress limits at transfer 158
3.3.6.1.2 AASHTO-LRFD Design Step 5.6.1.2 Stress calculations at transfer 159
3.3.6.2 AASHTO-LRFD Design Step 5.6.2 Final flexural stress under service

limit state 161
3.3.6.2.1 AASHTO-LRFD Design Step 5.6.2.1Compression and Tension stress

Limits 162

3.3.6.2.2 AASHTO-LRFD Design Step 5.6.2.2
Stresses at service limit state for sections in the negative moment region,
Compressive forces in the concrete, Check force equilibrium and Check
moment equilibrium 165
3.3.6.3 AASHTO-LRFD Design Step 5.6.3 Longitudinal steel at top of girder 173
3.3.6.4 AASHTO-LRFD Design Step 5.6.4 Flexural resistance at the strength
limit state in positive moment region (55.7.3.1) 176
3.3.6.4.1 AASHTO-LRFD Design Step 5.6.4.1Check if section is tension-controlled 179
3.3.6.4.2 AASHTO-LRFD Design Step 5.6.4.2Check minimum required reinforcement
179
3.3.6.5 AASHTO-LRFD Design Step 5.6.5 Continuity connection at
intermediate support 181
3.3.6.5.1 AASHTO-LRFD Design Step 5.6.5.1
Negative moment connection at the Strength limit state, Check moment
capacity versus the maximum applied factored moment at the critical location,

Check service crack control, 181

3.3.6.5.2 AASHTO-LRFD Design Step 5.6.5.2Positive moment connection 186

3.3.6.6 AASHTO-LRFD Design Step 5.6.6 Fatigue in pre-stressed steel (55.5.3) 188

3.3.6.7 AASHTO-LRFD Design Step 5.6.7 Camber (S5.7.3.6) 191
3.3.6.7.1 AASHTO-LRFD Design Step 5.6.7.1

Camber to determine bridge seat elevations 194

3.3.6.7.2 AASHTO-LRFD Design Step 5.6.7.2



Haunch thickness 195
3.3.6.7.3 AASHTO-LRFD Design Step 5.6.7.3

Camber to determine probable sag in bridge 195
3.3.6.8 AASHTO-LRFD Design Step 5.6.8 Optional live load deflection check 196
3.3.7 AASHTO-LRFD Design Step 5.7 - Shear Design (S 5.8) 198
3.3.71 AASHTO-LRFD Design Step 5.7.1 Critical section for shear near the

end support 201
3.3.7.2 AASHTO-LRFD Design Step 5.7.2 Shear analysis for a section in the
positive moment region. Sample Calculations: 202
3.3.7.21 AASHTO-LRFD Design Step 5.7.2.1

Determine the effective depth for shear 202
3.3.7.2.2 AASHTO-LRFD Design Step 5.7.2.2

Minimum required transverse reinforcement 204
3.3.7.2.3 AASHTO-LRFD Design Step 5.7.2.3

Maximum spacing for transverse reinforcement 204
3.3.7.2.4 AASHTO-LRFD Design Step 5.7.2.4Shear strength 205
3.3.7.3 AASHTO-LRFD Design Step 5.7.3 Shear analysis for sections in the
negative moment region 208

3.3.7.3.1 AASHTO-LRFD Design Step 5.7.3.1
Difference in shear analysis in the positive and negative moment regions 209
3.3.7.3.2 AASHTO-LRFD Design Step 5.7.3.2

Determine the effective depth for shear 210
3.3.7.3.3 AASHTO-LRFD Design Step 5.7.3.3Shear stress on concrete 211
3.3.7.3.4 AASHTO-LRFD Design Step 5.7.3.4Minimum required transverse
reinforcement 211
3.3.7.3.5 AASHTO-LRFD Design Step 5.7.3.5Maximum spacing for transverse

reinforcement 212
3.3.7.3.6 AASHTO-LRFD Design Step 5.7.3.6Shear resistance 213

3.3.7.4 AASHTO-LRFD Design Step 5.7.4 Factored splitting resistance(55.10.10.1) 215
3.3.7.5 AASHTO-LRFD Design Step 5.7.5 Confinement reinforcement(55.10.10.2)216
3.3.7.6 Design Step 5.7.6 Force in the longitudinal reinforcement including the

effect of the applied shear (55.8.3.5) 219
3.3.7.7 AASHTO-LRFD Design Step 5.7.7 Horizontal shear between the
beam and slab 220

3.4 Computer Applications for the Design of PSC I-Girder Bridge
Superstructure in AASHTO LRFD (Web uploaded) 224

The Computer Applications for the design of PSC I-Girder Bridge Superstructure in
AASHTO LRFD, BS Eurocode Il and IRC 112/IRC 6are described in detail in the softcopy
volume ‘User’s Guide for Hands on Practice with Computer Applications’ for the book
‘Computer Aided Bridge Engineering’ is available for download from web site
‘www.roadbridgedesign.com’.

References 224

vi



Chapter 4 Design of Bridge Abutments 225

41 General 225
41.1 Integral Abutment AASHTO-LRFD Design Step 7.1 225
41.1.1 General Considerations and Common Practices 225
4.1.1.2 Design Criteria 226
41.1.3 Bridge Length Limits 227
41.1.4 Soil Conditions 227
41.1.5 Skew Angle 227
41.1.6 Horizontal Alignment and Bridge Plan Geometry 228
41.1.7 Vertical Grade 228
4.1.1.8 Girder Types, Maximum Depth and Placement 228
41.1.9 Type and Orientation of Piles 228
4.1.1.10 Consideration of dynamic load allowance in pile design 229
4.1.1.11 Construction sequence 229
3.1.1.12 Negative Moment Connection Between the Integral Abutment and the

Superstructure 230
4.1.1.13 Wing walls 230
41.1.14 Approach slab 230
4.1.1.15 Expansion joints 231
4.1.1.16 Bearing pads 231
41.1.17 AASHTO-LRFD Design Step 7.1.1 Gravity loads 232
4.1.1.18 AASHTO-LRFD Design Step 7.1.2 Pile Cap Design 238
41.1.19 AASHTO-LRFD Design Step 7.1.3 Design of Piles 240
4.1.1.20 AASHTO-LRFD Design Step 7.1.3.1Pile compressive resistance 242
4.1.1.21 AASHTO-LRFD Design Step 7.1.3.2Determine of number of piles 244
4.1.1.22 AASHTO-LRFD Design Step 7.1.3.3Pile spacing 245
41.1.23 AASHTO-LRFD Design Step 7.1.4 Back wall design 245
41.1.24 AASHTO-LRFD Design Step 7.1.5 Wing wall design 262

4.2 Computer Applications for the Design of Bridge Abutment
in AASHTO LRFD (Web uploaded) 268

The Computer Applications for the design of Bridge Abutment in AASHTO LRFD, BS
Eurocode Il and IRC 112/IRC 6are described in detail in the softcopy volume ‘User’s
Guide for Hands on Practice with Computer Applications’ for the book ‘Computer Aided
Bridge Engineering’ is available for download from web site
‘www.roadbridgedesign.com’.

References 268

Vii



Chapter 5 Design of Bridge Piers 269

51 General 269
5.2 Design of Bridge Piers in AASHTO-LRFD 270
521 AASHTO-LRFD Design Step 7.2 INTERMEDIATE PIER DESIGN 270
5.2.2 AASHTO-LRFD Design Step 7.2.2 Pier Cap Design 286

5.2.3 AASHTO-LRFD Design Step 7.2.2.1 - Pier Cap Flexural Resistance (55.7.3.2) 288
5.2.4 AASHTO-LRFD Design Step 7.2.2.2 - Maximum Positive Moment and

Reinforcement 289
5.2.5 AASHTO-LRFD Design Step 7.2.2.3 - Maximum Negative Moment and
Reinforcement 295
5.2.6 AASHTO-LRFD Design Step 7.2.2.4 - Check Minimum Temperature and
Shrinkage Steel 299
5.2.7 AASHTO-LRFD Design Step 7.2.2.5 - Skin Reinforcement 300
5.2.8 AASHTO-LRFD Design Step 7.2.2.6 - Maximum shear 301
5.2.9 AASHTO-LRFD Design Step 7.2.3 - Column design 305
5210 AASHTO-LRFD Design Step 7.2.3.1 - Slenderness effects 309
5.2.11 AASHTO-LRFD Design Step 7.2.3.2 - Transverse Reinforcement for
Compression Members 316
5212 AASHTO-LRFD Design Step 7.2.4 - Footing Design 317
5.2.13 AASHTO-LRFD Design Step 7.2.4.1 - Flexural resistance (55.7.3.2) 325

5.2.14 AASHTO-LRFD Design Step7.2.4.2 - Limits for reinforcement (55.7.3.3) 329
5.2.15 AASHTO-LRFD Design Step 7.2.4.3 Control of Cracking by Distribution

of Reinforcement 331
5.2.16 AASHTO-LRFD Design Step 7.2.4.4 Shear analysis 333
5.2.17 AASHTO-LRFD Design Step 7.2.4.5 Foundation soil bearing resistance at the

Strength Limit State (510.6.3) 339

5.3 Computer Applications for the Design of Bridge Piers
in AASHTO LRFD (Web uploaded) 343

The Computer Applications for the design of Bridge Piers in AASHTO LRFD, BS Eurocode
Il and IRC 112/IRC 6are described in detail in the softcopy volume ‘User’s Guide for
Hands on Practice with Computer Applications’ for the book ‘Computer Aided Bridge
Engineering’ is available for download from web site ‘www.roadbridgedesign.com’.

References 343

viii



Chapter 6 Design of Pre-stressed Post Tension Box Girder

6.1  General
6.2  Basic Concepts of Post Tension
6.3  Material Properties

6.4 Design of Pre-stressed Post Tension Box-Girder Bridge
Service Limit State Design (3.5.5)

Strength Limit State Design (3.5.6.1 Flexural Strength Design Check
Shear Strength Design Check (3.5.6.2)

Longitudinal Design (3.6.1 Design Methodology)

Tendon Layout and Envelope (3.6.2)

6.4.1 Design of Top RCC Deck Slab

6.4.1.1 2-Span Cast-in-Place Post-Tensioned Concrete Box Girder
Bridge [CIPPTCBGB] Design

6.4.1.2 AASHTO [Table 2.5.2.6.3-1] Minimum Requirements
6413 AASHTO CL [5.4.3.1] and [5.4.3.2] Reinforcing Steel
6.414 AASHTO [Table 5.4.4.1-1] and [5.4.4.2] Pre-stressing Strand
6.4.1.5 AASHTO Cl. [5.4.2.1] Concrete

6.41.6 AASHTO Cl. [5.4.2.6] Modulus of Rupture

6.4.1.7 AASHTO Cl. [1.7.12.2] Limit States

6.4.1.8 AASHTO CL. [1.3.3] Ductility

6419 AASHTO Cl [3.4.1] Redundancy

6.4.1.10 AASHTO Cl. [1.3.4] and [1.3.5] Operational Importance
6.4.1.11 DECK DESIGN

6.4.1.12 AASHTO CL [9.7.2.3] Effective Length

6.4.1.13 AASHTO Cl. [9.6.1] Method of Analysis

6.4.1.14 AASHTO Cl. [A4.1] Live Loads

6.4.1.15 AASHTO Cl. [9.5.2] Service I Limit State

6.4.1.16 AASHTO CI. [9.5.2] Allowable Stress

6.4.1.17 Control of Cracking

6.4.1.18 AASHTO CL. [Table 3.4.1-1] Strength I Limit State
6.4.1.19 AASHTO Cl. [5.7.3] and [5.7.3.2.2-1] Flexural Resistance
6.4.1.20 AASHTO Cl. [5.7.3.3.1] Maximum Reinforcing

6.4.1.21 AASHTO Cl. [5.7.3.3.2] Minimum Reinforcing

6.4.1.22 AASHTO Cl. [9.5.3] & [5.5.3.1] Fatigue Limit State
6.4.1.23 AASHTO Cl. [9.7.3.2] Distribution Reinforcement
6.4.1.24 AASHTO Cl. [9.7.1.3] Skewed Decks

6.4.1.25 Negative Moment Design

6.4.1.26 Service Limit State

6.4.1.27 Allowable Stress

6.4.1.28 Control of Cracking

345

346
346
349

350
351
352
352
353
354

355

355
356
359
359
359
360
361
361
361
361
362
362
362
362
363
364
365
366
366
367
367
367
368
368
368
369
369
370



0.4.1.29 AASHTO Cl. [7.12.4.1] Strength I Limit State
6.4.1.30 AASHTO Cl. [5.6.3] Flexural Resistance
6.4.1.31 AASHTO CL. [5.7.3.3.2] Minimum Reinforcing
6.4.1.32 AASHTO CL. [9.5.3] & [5.5.3.1] Fatigue Limit State
6.4.1.33 AASHTO Cl. [C4.6.2.1.6] Shear

6.4.1.34 OVERHANG DESIGN

6.4.1.35 Shear

6.4.1.36  Moment at Face of Barrier

6.4.1.37 Simplitied Method

6.4.1.38 Development Length AASHTO Cl.  [56.11.2]
6.4.1.39 Allowable Stress

6.4.1.40 Control of Cracking

6.4.1.41 Temperature& Shrinkage Reinforcing

6.4.1.42 Superstructure Design - Section Properties
6.4.1.43 Pre-stress Secondary Moment

6.4.1.44 Live Load Distribution

6.4.1.45 Skew Reduction

6.4.1.46 Dynamic Load Allowance

6.4.2 Pre-stress Design

6.4.2.1
6.4.2.2
6.4.2.3
6.4.2.4
6.4.2.5
6.4.2.6
6.4.2.7
6.4.2.8
6.4.2.9
6.4.2.10
6.4.2.11
6.4.2.12
6.4.212.1
6.4.2.12.2
6.4.2.12.3
6.4.2.12.4
6.4.2.12.5
6.4.2.12.6
6.4.2.12.7
6.4.2.12.8
6.4.2.12.9
6.4.2.12.10
6.4.2.12.11

Step 1 - Assume Cable Path

Step 2 - Verify Cable Path AASHTO Cl. [C5.9.1.6]
Step 3 - Calculate Friction Losses AASHTO Cl. [5.9.5]
Step 4 - Calculate Anchor Set Losses

Step 5 - Calculate Pre-stress Losses

Step 6 - Check Allowable Stress in Strands

Step 7 - Verify Initial Concrete Strength

Step 8 - Temporary Tension at Ends AASHTO Cl. [5.9.4.1.2]

Step 9 - Determine Final Concrete Strength
Step 10 - Determine Final Concrete Tension [BPG]
Step 11 - Flexural Design AASHTO Cl. [5.7]

Step 12 - Shear Design (LRFD method) AASHTO Cl. [5.8]

Step 1 - Determine Shear

Step 2 - Determine Analysis Model

Step 3 - Shear Depth, dv

Step 4 - Calculate, Vp

Step 5 - Check Shear Width, bv

Step 6 - Evaluate Shear Stress

Step 7 - Estimate Crack Angle 0

Step 8 - Calculate strain, ex

Step 9 - Calculate Concrete Shear Strength, Vc
Step 10 - Determine Required Vertical Reinforcement, Vs
Step 11 - Longitudinal Reinforcement

371
371
372
372
372
372
377
378
379
380
387
388
388
390
393
393
395
395

398
398
400
402
404
406
413
415
417
418
421
423
432
432
434
435
436
437
438
438
439
442
443
444



6.4.3 Computer Applications for the Design of PSC Box-Girder Bridge
Superstructure in AASHTO LRFD (Web uploaded)
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MEMORANDUM

TO: Sandipan Goswami

FROM: Robert Cullen /é c
AASHTO

DATE: November 19, 2021

RE: Permission Request

This memorandum is in response to your request to reproduce Figure 5.4.2.3.3-1 from AASHTO
LRFD Bridge Design Specifications and include it in your book Computer Aided Bridge Engineering.
You have AASHTO’s permission to use that figure in your work. Please note that this authorization
applies only to the upcoming edition of Computer Aided Bridge Engineering.

In addition, please insert the following attribution or something similar with that AASHTO-
copyrighted figure:

From AASHTO LRFD Bridge Design Specifications, published by the American Association
of State Highway and Transportation Officials, Washington, D.C., U.S.A. Reproduced with
permission.

If you have any questions about this authorization, please do not hesitate to contact me. Thank
you for your interest in AASHTO’s work.

555 12" Street NW | Suite 1000 | Washington, DC 20004 | 202-624-5800 Phone | transportation.org
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