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Seminar Description

This one-day seminar is part of TxDOT research project 0-4751 “Impact of LRFD Specifications on the
Design of Texas Bridges.” The seminar will highlight significant differences in the AASHTO LRFD
Bridge Design Specifications as compared to the AASHTO Standard Specifications for Highway Bridges
with a focus on provisions that affect the design of typical prestressed concrete bridges in Texas and
associated substructure elements. Detailed design examples will focus on the application of the LRFD
specifications to prestressed concrete superstructure and substructure design.

Seminar Agenda 7 ]
Time ' Description i A : - Speaker
' 8:30-9:15  Registration - ) . o '
1 9:15-9:30  Welcome and Introductory Remarks M. Hueste
D. Christiansen
P o I , - S - D. Rosowsky
9:30 - 9:45 - TxXDOT LRFD Implementation R. Ruperto
R R - S - , , , G. Freeby
9:45 - 10:30  Introduction to the AASHTO LRFD Bridge Design . D. Mertz
: { Specifications
'« Introduction to Reliability Theory and Calibration of AASHTO
LRFD Specifications
-« Overview of New Concepts Used in the LRFD Specifications
10:30 - 10:45  Break
1 10:45 - 12:00 | Prestressed Concrete Superstructure Design M. Hueste
| » Critical Differences from Standard Specifications P. Keating
" » Impact of LRFD Specifications on Typical Texas Bridges - - M. Adil
Parametric Study - M. Adnan
12:00 - 1:00 ' Lunch - B ‘ h
1:00 - 1:45  Prestressed Concrete Superstructure Design, cont. M. Hueste

e Application of the LRFD Specifications: Prestressed Concrete = M. Adil
Bridge Girder Design Example

1 1:45-2:30  Substructure Analysis and Design " M. Diaz

' e Critical Differences from Standard Specifications - E. Ingamells
e Impact of LRFD Specifications on Typical Texas Bridges -
Parametric Study

2:30 - 2:45  Break
2:45 - 3:15 —E‘Subs"truct'u?éAnaiiié’i"s”andb?éign; cont. - " M. Diaz
e Application of the LRFD Specifications: Substructure Design = E. Ingamells
i Example
'3:15-3:30  Transitioning to LRFD - Design Issues and " M. Hueste
‘ Recommendations D. Mertz
3:30 - 3:45 - Concluding Remarks, Evaluation Forms, and CEU M. Hueste

. Certificates
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Instructors

Manuel A. Diaz, Ph.D., P.E.

Dr. Diaz is an Assistant Professor at the University of Texas at San Antonio (UTSA). He teaches bridge
design and reinforced concrete. Prior to joining UTSA he worked for 15 years on the design,
inspection, rehabilitation, and management of bridges. He participated in the development and
teaching of FHWA courses on Design and Inspection of Culverts. He has load rated more than 2,000
bridges including most of the bridges in our Nation’s Capital. In addition, he has designed concrete
and steel buildings, and evaluated nuclear plant facilities for compliance with nuclear regulations.
Lately he has been working on blast design of reinforced masonry walls.

Email: mdiaz@utsa.edu Phone: (210) 458-4953

Mary Beth D. Hueste, Ph.D., P.E.

Dr. Hueste is an Assistant Professor in the Civil Engineering Department and an Assistant Research
Engineer with the Texas Transportation Institute (TTI), both at Texas A&M University. She also serves
as the Structures Program Manager for the Constructed Facilities Division of TTI. Dr. Hueste’'s
research is focused on design and evaluation of prestressed concrete bridge structures and earthquake
resistant design of concrete structures. She teaches undergraduate and graduate courses in structural
engineering, including reinforced and prestressed concrete design. Dr. Hueste holds a B.S. degree
from North Dakota State University, a M.S. degree from the University of Kansas, and a Ph.D. degree
from the University of Michigan; all in Civil Engineering. She is a registered professional engineer in
Kansas and Texas.

Email: mhueste@tamu.edu Phone: (979) 845-1940

Peter B. Keating, Ph.D.

Dr. Keating is an Associate Professor in the Civil Engineering Department and an Associate Research
Engineer with the Texas Transportation Institute, both at Texas A&M University. He was awarded his
Bachelor of Science, Bachelor of Arts, Master of Science, and Doctor of Philosophy degrees all from
Lehigh University in Bethlehem, Pennsylvania. Dr. Keating teaches both undergraduate and graduate
courses in structural analysis and design. Dr. Keating's general area of interest is in the fatigue
behavior of welded structures with specific interest in high cycle or extreme-life fatigue and the
deleterious effects of overloads. Dr. Keating co-authored revisions to the fatigue provisions contained
in the specifications of both the American Institute of Steel Construction and the American Association
of State Highway and Transportation Officials.

Email: p-keating@tamu.edu Phone: (979) 845-9969

Dennis R. Mertz, Ph.D., P.E.

Professor Mertz teaches bridge engineering at the University of Delaware, and is the Director of the
University’s Center for Innovative Bridge Engineering (CIBrE). Previous to his appointment to the
University, he was an Associate of the bridge design firm of Modjeski & Masters, Inc. Dennis was the
Co-Principal Investigator of the NCHRP research project which wrote the original edition of the
AASHTO LRFD Bridge Design Specifications. He continues to be active in its further development and
implementation.  All of Professor Mertz’s engineering degrees are from Lehigh University in
Bethlehem, Pennsylvania. He is also a Professional Engineer in the Commonwealth of Pennsylvania.
Email: ztrem@ce.udel.edu Phone: (302) 831-2735
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Graduate Students

Mohammed Adil, B.S.

Mr. Adil was born in Hyderabad, India. He received his Bachelor’s in Civil Engineering from Osmania
University, India. After working as a Structural Engineer for one year in India, he moved to Saudi
Arabia to pursue graduate studies. He worked towards his Master’s in Structural Engineering for one
year at King Fahd University of Petroleum & Minerals (KFUPM) before moving to Texas A&M University.
At Texas A&M University he is enrolled as a Master’'s student in Civil Engineering (structures
emphasis). He has been conducting research with Dr. Mary Beth Hueste and Dr. Peter Keating to
evaluate the impact of the AASHTO LRFD Specifications on prestressed concrete bridges in Texas.
Email: msadil@neo.tamu.edu

Mohsin Adnan, B.S.

Mr. Adnan was born in Peshawar, Pakistan. He studied in NWFP University of Engineering and
Technology, Pakistan, where he received his Bachelor’s degree in Civil Engineering in 2001. He worked
in two different consulting firms as a Design Engineer for two years and as a Lecturer in NWFP
University for four months before moving to Texas A&M University. At Texas A&M University he is
enrolled as a Master’s student in Civil Engineering (structures emphasis). He has been working as a
research assistant with Dr. Mary Beth Hueste and Dr. Peter Keating and his research focused on
evaluating the impact of the AASHTO LRFD Specifications on prestressed concrete bridges in Texas.
Email: mohsinadnan@neo.tamu.edu

Eric R. Ingamells, B.A., B.S., P.E.

Mr. Ingamells is a bridge design engineer for the state of Texas. He is currently pursuing a Master's
degree in Civil Engineering at the University of Texas at San Antonio (UTSA). Prior to his pursuit of
higher education he was engaged for nearly a decade in bridge design, analysis, widening rehab, load-
rating, overloads, and inspection, etc.; while working in the Texas Department of Transportation's
Bridge Division in Austin, Texas.

Email: eingame@dot.state.tx.us
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TxDOT Research Project 0-4751 - Fact Sheet

Research Personnel: Graduate Students:

Mary Beth Hueste (TTI/TAMU) Mohammed Adil (TTI/TAMU)
Peter Keating (TTI/TAMU) Mohsin Adnan (TTI/TAMU)
Manuel Diaz (UTSA) Eric Ingamells (TxDOT/UTSA)
Dennis Mertz (Univ. of Delaware)

IxDOT Personnel:
Rachel Ruperto (Project Director)
David Hohmann (Program Coordinator)

Project Duration: September 2003 - August 2005

Project Summary

The AASHTO Standard Specifications for Highway Bridges will no longer be updated and TxDOT
intends to transition to the use of the AASHTO LRFD Bridge Design Specifications, as required for all
bridges receiving federal funding by 2007. The LRFD Specifications include significant changes for the
design of bridges for both demand and capacity. The purpose of this project is to evaluate the impact
of these provisions on the design of typical Texas bridges.

The project objectives are met through a series of seven tasks: (1) Review literature and current
state of practice, (2) Define prototype Texas bridges, (3) Develop detailed design examples, (4)
Conduct parametric study, (5) Identify and address needs for revised design criteria, (6) Complete
final reports and recommendations, and (7) Plan and conduct seminar.

The TTI research team at Texas A&M University has focused their efforts on bridge girder design. Two
sets of parallel detailed design examples for bridge girders have been developed as instructional
materials for use by TxDOT, using parameters representative of typical bridges in Texas. Type IV and
US54 girders are used in each set of parallel examples, where the first design in a set follows the
Standard Specifications and the second design follows the LRFD Specifications. In addition to the
requirements of the specifications, typical TxDOT design practices are implemented in the examples
when possible.

A parametric study was also conducted to further evaluate the impact of the LRFD design criteria on
typical Texas bridges as compared to the Standard Specifications. Three prestressed concrete girder
types were considered: Type C, Type IV and U54. Additional parameters that were varied include
span lengths, girder spacings, strand diameter, and skew angle. The concrete strength at release and
service were optimized based on TxDOT practice. The parametric study identifies limitations of the
new LRFD criteria and areas within the design most impacted by the transition to the LRFD
Specifications.

Additional research conducted at the University of Texas at San Antonio is focused on typical Texas
bridge substructures. This research will produce a detailed design example demonstrating the
application of the LRFD Specifications to substructure components. A parametric study will
demonstrate the impact of the LRFD Specifications on the design of bridge substructures for typical
Texas bridges.

The results of this study will be disseminated to TxDOT engineers through a seminar in August 2005.
In addition, two project reports containing the detailed examples, details of the parametric study, and
research findings will be available in late 2005. Finally, conference and journal papers will be
developed to disseminate the research findings to the professional community.

Project Contact: For additional information, please contact Dr. Mary Beth Hueste
Email: mhueste@tamu.edu, Phone: 979-845-1940



impact of LRFD Specifications on the Design of Texas Bridges /f-‘
Monday, August 29, 2005

College Station Hilton & Conference Center
801 University Drive East, College Station, Texas

List of Participants
Brian Alcott

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5915
balcott@dot.state.tx.us

Jaime Aparicio

Bridge Inspection Engineer
TxDOT- Austin

Austin, TX

512-416-2579
Japaric@dot.state.tx.us

Madhab Banskota
Transportation Engineer
TxDOT- Mesquite
Mesquite, TX
214-320-6288
Mbansko@dot.state.tx.us

Alanna Bettis
Engineering Assistant
TxDOT- Austin

Austin, TX
512-416-2316
ABetti0O@dot.state.tx.us

Timothy Bradberry

BRG Support Branch Manager
TxDOT- Austin

Austin, TX

512-416-2179
TBradber@dot.state.tx.us

Raphael Campos

Bridge Design Engineer
TxDOT- Austin

Austin, TX

512-416-2190
RCampos@dot.state.tx.us

Tim Chase

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5433
TChase@dot.state.tx.us

Matthew Connelly
Engineering Assistant
TxDOT-Houston
Houston, TX
713-802-5436
MConnel@dot.state.tx.us

Dion Allicock

Bridge Design Engineer
TxDOT- Mesquite
Mesquite, TX
214-319-6424
Dallico@dot.state.tx.us

Reza Badiozzamani
Engineering Assistant
TxDOT- Austin

Austin, TX
512-416-2334
Rbadioz@dot.state.tx.us

Steve Beard

TxDOT- Austin

Austin, TX
512-416-2234
SBeardl@dot.state.tx.us

Mark Bloschock

Special Projects Engineer
TxDOT- Austin

Austin, TX

512-416-2178
MBloscho@dot.state.tx.us

Loyl Bussell

Assistant District Bridge Engineer
TxDOT- Fort Worth

Fort Worth, TX

817-370-6762
LBussel@dot.state.tx.us

Peter Chang

Division Bridge Engineer
FHWA- Texas

Austin, TX

512-536-5920
Peter.Chang@FWHA.dot.gov

Yimkei Cheung

Bridge Engineer

TxDOT- Houston
Houston, TX
713-802-5455
YCheung@dot.state.tx.us

Godfried Duodu
Engineering Assistant
TxDOT- Houston
Houston, TX
713-802-5910
GDuodu@dot.state.tx.us

Toexas i
Transportation
institiste



Impact of LRFD Specifications on the Design of Texas Bridges
Monday, August 29, 2005

College Station Hilton & Conference Center
801 University Drive East, College Station, Texas

Chi-Yen Fan
Engineering Assistant
TxDOT- Houston
Houston, TX
713-802-5918
CFanz@dot.state.tx.us

Zhanfei "Tom" Fan
Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5366
TFan@dot.state.tx.us

Walter Fisher, III
Engineer Specialist
TxDOT- Dallas

Dallas, TX
214-320-6673
WFisher@dot.state.tx.us

Ahmed Gaily

Bridge Designer
TxDOT- Fort Worth
Fort Worth, TX
817-370-6703
agaily@dot.state.tx.us

Jamie Griffin
Engineering Assistant III
TxDOT- Austin

Austin, TX
512-416-2247
JGriff3@dot.state.tx.us

Federico Hernandez
Engineering Assistant
TxDOT- Euless

Euless, TX
817-397-4308
Fhernal@dot.state.tx.us

J. Bryan Hodges

District Bridge Engineer
TxDOT- Tyler

Tyler, TX

903-510-6583
bhodges@dot.state.tx.us

John Holt

Standards Branch Manager
TxDOT- Austin

Austin, TX

512-416-2212
jholt@dot.state.tx.us

Yu-Lin Fan

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5463
YFan@dot.state.tx.us

Jamie Farris

Bridge Engineer
TxDOT- Austin

Austin, TX
512-416-2567
JFarris@dot.state.tx.us

Gregg Freeby

Bridge Design Engineer
TxDOT- Austin

Austin, TX
512-416-2192
gFreeby@dot.state.tx.us

Lewis Gamboa
Transportation Engineer
TxDOT- Austin

Austin, TX
512-416-2216
Ilgamboa@dot.state.tx.us

Laura Hartmann
Engineer

TxDOT- Fort Worth

Fort Worth, TX
817-370-6576
LHartma@dot.state.tx.us

Karen Hicks

Bridge Design Engineer
TxDOT- Fort Worth
Fort Worth, TX
817-370-6761
khicks@dot.state.tx.us

David Hohmann

Director of Bridge Design
TxDOT- Austin

Austin, TX

512-416-2210
dhohmann@dot.state.tx.us

Jon F. Holt

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5230
JHolt1@dot.state.tx.us

fexas )
Transportation
Institute



as .
= Transportation

Impact of LRFD Specifications on the Design of Texas Bridges /- Tex

Monday, August 29, 2005

Al jnstitote

College Station Hilton & Conference Center
801 University Drive East, College Station, Texas

Mark Holt

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5362
mholt@dot.state.tx.us

Brian Huntsinger
District Design Engineer
TxDOT- Brownwood
Brownwood, TX
325-643-0441
Bhuntsl@dot.state.tx.us

Maxine Jacoby
Transportation Engineer
TxDOT- Austin

Austin, TX
512-416-2751

Jon Kilgore

District Bridge Engineer
TxDOT- San Antonio
San Antonio, TX
210-615-5889
JKilgor@dot.state.tx.us

Shyhteh David Lee
Transportation Engineer
TxDOT- Mesquite
Mesquite, TX
214-320-4427
SlLee@dot.state.tx.us

Victoria McCammon
Engineering Assistant
TxDOT- Austin
Austin, TX
512-416-2503

VMccamm@dot.state.tx.us

Kojo Mensah

Assistant District Bridge Engineer

TxDOT- Mesquite
Mesquite, TX
214-320-6672
kmensah@dot.state.tx.us

Brian Mosser

PS & E Review Engineer
TxDOT- Austin

Austin, TX
512-416-2259
bmosser@dot.state.tx.us

Nicholas Horiszny
Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5659
nhorisz@dot.state.tx.us

Mike Hyzak

TxDOT- Austin

Austin, TX
512-416-2184
MHyzak@dot.state.tx.us

Dennis Johnson

Bridge Engineer

TxDOT- Houston
Houston, TX
713-802-5390
djohns2@dot.state.tx.us

Chienhsing Lee

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5454
KLeel@dot.state.tx.us

Bonnie Longley
Transportation Engineer
TxDOT- Austin

Austin, TX
512-832-7376
blongle@dot.state.tx.us

Jorge Madrigal, Jr.
Engineering Assistant
TxDOT- Austin

Austin, TX

512-416-2205
jmadriga@dot.state.tx.us

Brian Merrill

Bridge Construction/Maintenance Engineer
TxDOT- Austin

Austin, TX

512-416-2232

bmerrill@dot.state.tx.us

Ken Mullin

Senior Bridge Project Manager
TxDOT- Austin

Austin, TX

512-416-2237
kmullin@dot.state.tx.us



Impact of LRFD Specifications on the Design of Texas Bridges /}“;ﬁxggpo rtation

Monday, August 29, 2005

"B ipcritiste

College Station Hilton & Conference Center
801 University Drive East, College Station, Texas

Anthony Okafor

District Bridge Engineer
TxDOT- Mesquite
Mesquite, TX
214-320-6171
AQkafor@dot.state.tx.us

Slinil Patel

Bridge Design Engineer
TxDOT- Mesquite
Mesquite, TX
214-320-4428
SPatel@dot.state.tx.us

Michelle Romage

Bridge Design Engineer
TxDOT- Austin

Austin, TX

512-416-2521
mromage@dot.state.tx.us

Sam Sadeghi

Bridge Engineer

TxDOT- Houston
Houston, TX
713-802-5239
hsadegh@dot.state.tx.us

Lance Simmons

District Special Projects/ Bridge Engineer
TxDOT- Atlanta

Atlanta, TX

903-799-1218

LSimm@dot.state.tx.us

Juraj "George" Spakovsky
Engineering Assistant
TxDOT- Houston
Houston, TX
713-802-5360
gspakov@dot.state.tx.us

Mark Steves

Engineer

TxDOT- Austin

Austin, TX
512-416-2265
msteves@dot.state.tx.us

Paul Tannous

Bridge Engineer

TxDOT- Houston
Houston, TX
713-802-5361
ptannou@dot.state.tx.us

Kenneth Ozuna

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5435
kozuna@dot,state.tx.us

Hien Pham

Engineering Assistant
TxDOT- Houston
Houston, TX
713-802-5473
hpham@dot.state.tx.us

Rachel Ruperto
Transportation Engineer
TxDOT- Austin

Austin, TX
512-416-2460
rrupert@dot.state.tx.us

Oliver Salgado
Engineering Assistant
TxDOT- Austin

Austin, TX
512-416-3259
OSalgad@dot.state.tx.us

Nancy Smith

District Bridge Engineer
TxDOT- Lufkin

Lufkin, TX
936-633-4409
nsmith@dot.state.tx.us

Viera Spakovsky

Bridge Engineer

TxDOT- Houston
Houston, TX
713-802-5389
vspakov@dot.state.tx.us

Mark Sturrock

Bridge Engineer

TxDOT- Tyler

Tyler, TX

903-510-9297
msturro@dot,state.tx.us

Lora Teed

Bridge Project Manager
TxDOT- Austin

Austin, TX
512-416-2577
Heed@dot.state.tx.us



Impact of LRFD Specifications on the Design of Texas Bridges /%?po reation

Monday, August 29, 2005

A institite

College Station Hilton & Conference Center
801 University Drive East, College Station, Texas

Johnathan Terrazas
Bridge Design Engineer
TxDOT- Fort Worth

Fort Worth, TX
817-370-6823
JTerraz@dot.state.tx.us

Wiltliam Torres

Engineer Assistant III
TxDOT- Austin

Austin, TX

512-416-2196
WTorres2@dot.state.tx.us

Alfredo Valles

District Bridge Engineer
TxDOT- Fort Worth
Fort Worth, TX
817-370-6704
fvalles@dot.state.tx.us

Chu "Charles" Vu
Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5805
CVu@dot.state.tx.us

Lloyd Wolf

Supervising Bridge Design Engineer
TxDOT- Austin

Austin, TX

512-416-2279
LWolf@dot.state.tx.us

Tom Yarbrough
Research Engineer
TxDOT- Austin

Austin, TX
512-465-7685
tyarbro@dot.state.tx.us

Greg Timmons

Bridge Designer

TxDOT- Fort Worth

Fort Worth, TX
817-370-6578
gtimmon@dot.state.tx.us

Bao-Phuc (Minh) Tran
Transportation Engineer
TxDOT- Fort Worth

Fort Worth, TX
817-399-4313
BTranl@dot.state.tx.us

John Vogel

Bridge Engineer
TxDOT- Houston
Houston, TX
713-802-5235
JVogell@dot.state.tx.us

Charles Walker

TxDOT- Austin

Austin, TX
512-416-2272
CWalker@dot.state.tx.us

Shou-Fang (Jim) Yang
Bridge Design Engineer
TxDOT- Austin

Austin, TX
512-416-2284
JYang@dot.state.tx.us

Yuan Zhao
TxDOT- Austin
Austin, TX
512-416-2632



| Introduction to
the LRFD Bridge Design
Specifications

Dennis Mertz

University of Delaware
Center for Innovative Bridge Engineering

 Texas :
o i Impact of LRFD on TX Bridges
i R |

Design Methods

+ Service Load Design (SLD)

(Allowable Stress Design, ASD; or
Working Stress Design, WSD) )

+ Strength Design Method
(Load Factor Design, LFD)
* Load and Resistance Factor Design (LRFD)

& Texas Impact of LRFD on TX Bridges
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Design Methodology Evolution

Service Load (SLD) S, <0.55F,
(r )DL +(f;),, <0.55F,

(F)ow + () <——F,

1827
1.82(,),, +1.82(f,),, <F,

Load Factor (LFD) L.3(f, )DL +2.17(7, )u.. <F,

Load and Resistance Factor (LRFD) 1_25( f )DL +1.7 5( I)LL <F,

/:i%%% o - Impact of LRFD on TX Bridges

Evolution of Methodologies

« SLD
— Linear elastic stress-strain distribution
-£,<040f
— £, <24 ksi (Grade 60)

* LFD & LRFD

— Non-linear stress-strain (equivalent rectangular
stress block)

— Tension steel yields before concrete crushes >
ductile behavior

= Texas :
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AASHTO Bridge Design Specifications

» Standard Specifications for Highway Bridges, 17th
Edition, 2002

» AASHTO LRFD Bridge Design Specifications,
- Investigation begun in 1986
- Development begun in 1988
- 1st Edition, 1994
- 2nd Edition, 1998
- 3rd Edition, 2004
- Available in US and SI Units

Impact of LRFD on TX Bridges

AASHTO Ballots on LRFD
May 1993

“To adopt the final draft of the NCHRP
12-33 document as the 1993 LRFD
Specifications for Highway Bridge Design and
in 1995 consider phasing out the current
Standard Specifications.”

May 1999

“After the 1999 meeting, discontinue
maintenance of the Standard Specifications

(except to correct errors), and maintain the
LRFD Specifications.”

'“;ex%zcﬁagbg Impact of LRFD on TX Bridges
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AASHTO Recommendation -
LRFD Implementation Plan (2000)

» All new bridges on which States initiate
preliminary engineering after October 1, 2007,
shall be designed by the LRFD Specifications

» States unable to meet these dates will provide
justification and a schedule for completing the
transition to LRFD.

» For modifications to existing structures, States
would have the option of using LRFD
Specifications or the specifications which were
used for the original design.

/ﬁe;,“;mm Impact of LRFD on TX Bridges
B AT institirte

Objective of LRFD

Develop a comprehensive and consistent
Load and Resistance Factor Design
(LRFD) specification that is calibrated to
obtain uniform reliability (a measure of
safety) at the strength limit state for all
materials.

< Toxas :
ot ; Impact of LRFD on TX Bridges
A/ Eg@?&%ﬂaﬂm 9




CALIBRATION

Selection of a set of y’s and
¢’s to approximate a target
level of reliability in an
LRFD-format specification.

. ,.%rgay}fss ortation Impact of LRFD on TX Bridges
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What’s not LRFD?

» New limit states,

* New, more complex live-load distribution
factors,

» New unified-concrete shear design using
modified compression-field theory,

* Strut-and-tie model for concrete, and
* Many other state-of-the-art additions.

5 Texas R
o 2 Impact of LRFD on TX Bridges
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Limit States

Service limit states,
Fatigue-and-fracture limit states,
Strength limit states, and
Extreme-event limit states.

f}’gﬁg ortation Impact of LRFD on TX Bridges
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Only the strength limit states of the LRFD
Specifications are calibrated based upon the
theory of structural reliability, wherein
statistical load and resistance data are required.

The other limit states are based upon the design
criteria of the Standard Specifications.
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f(R,Q)

M&éi%%}}%ﬁaﬁm Impact of LRFD on TX Bridges
THE TARGET RELIABILITY
INDEX BIS A UNIQUE
QUANTITY.

Many different sets of y’s and ¢’s
can be selected to achieve the
unique reliability index B.
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Graphical
definition
of

reliability
index B
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What is an acceptable value for B?

Can we examine human behavior to choose
a target P for bridge design?

oo Texas i
88 Ty ; Impact of LRFD on TX Bridges
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Reliability Indices

§
4
B B B * Ea
< 3
-
R l
2
1
0 o - - —— —
30 GO Qe 2o B
2 § o
Span Length, - 20
/m‘;;’f,’i??ﬁ%”“‘“’" Impact of LRFD on TX Bridges

If load and resistance are normal random
variables,

2 2

and

mean mean

JO‘ -I-GQ

T 1
Impact of LRFD on TX Bridges
/ o] ;Iggnfponamm
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LRFD requires that:
$R=D 7,0,
i

And the nominal design
resistance is defined as:

R, _ Rmean
2

Impact of LRFD on TX Bridges

From the definitions of § and A

2 2
Rmean — mean + ﬂ-J GR + O-Q
but

¢R, > 27,0

o7% Texas :
ransportation
Stittite

Impact of LRFD on TX Bridges
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Finally, solving for
¢ yields

Ay Z 7.9,
Qmean + IB‘JO“R2 + O-Q2

With three “unknowns,” ¢, the y;’s and 3

Q=

ZJexas Impact of LRFD on TX Bridges
o

Load factors can be chosen such that all of the
factored loads have an equal probability of
being exceeded.

In equation form,

71':22(1""”@

where n is a constant for all load
components.

g TOXaS ;
By o Impact of LRFD on TX Bridges
i [
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Load Factors
2.5
2 2
S —DL1
= 1 ~DL3
3 — LL+IM
= 05
0 i T 1
0 2 4 6
n-values
‘Jﬁfg’:?%mm Impact of LRFD on TX Bridges
With the target  and the y’s chosen, the
¢’s to achieve the approximate desired
level of reliability can be determined.
The process 1is repeated until a set of ¥’s
and ¢’s agreeable to the codewriters is
obtained.
M&%%%%‘mm Impact of LRFD on TX Bridges




After much investigation, it was determined
that:

* the total load, Q, can be accurately assumed to
be a normal random variable, and

* the resistance, R, can be accurately assumed to
be a lognormal random variable.

/%,‘;",‘,’ss ortation Impact of LRFD on TX Bridges
. "M insttite

Nowak’s equation D-25 (adapted)

_ Rn/ln(l —n @ [1 _lna —n @]—Qnean
VRV2,0-npF +o5
but
R*= gR = Q%= Y y0

and

RE=R,,(1-nV) =R (1-nV) =R,

p

ortation Impact of LRFD on TX Bridges
£:3
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Thus, the calibration of the LRFD
Specifications became a huge

spreadsheet/bookkeeping iterative problem
(see Nowak’s Appendix F).

T ostation Impact of LRFD on TX Bridges

institite

The calibration represented in the current
edition of the LRFD Specifications was
made in the late 1980°s and early 1990’s.

Today, calibration is done differently. Due
to modern computer resources, calibration 1s
done by simulation, Monte Carlo
Simulation.

e ortation Impact of LRFD on TX Bridges
S institite

15



MONTE CARLO SIMULATION

+“Bins” of data are developed holding values of
distributed loads and resistances.

*Values are extracted randomly, and the LRFD
comparison is made, in other words, is factored
resistance greater than or equal to factored load?

*Many, many such comparisons are made until the
sampling allows the probability of failure, and thus B, to
be determined.

/»{g;gg sfon Impact of LRFD on TX Bridges
" institirte

A further complication is
combinations of load.

In general, extreme load effects, such
as a once-in-75 year live load and a
once-in-75 year wind, have a low

probability of occurring
simultaneously.
Thas is reflected in the LRFD load
combinations table.
( Aﬁ’; :é%i%%”aﬁ”" Impact of LRFD on TX Bridges
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Adaptation of LRFD Table 3.4.1-1

Combinations| DC | LL |wind
Strength| | 1.25|1.75] -
Strength Il | 1.25/1.35| -
Strength lll | 1.25| - 11.40
Strength IV | 1.5 - -
StrengthV [1.2511.35| 0.4

. ,,{g’ff%wmbn Impact of LRFD on TX Bridges
Stithte

S5 in

THE LRFD LIMIT STATES ARE
CALIBRATED BASED UPON PAST
PRACTICE.

The strength limit states are calibrated to
achieve levels of reliability comparable to
the Standard Specifications.

The service, and fatigue-and-fracture limit
states are calibrated to achieve member
proportions comparable to the Standard

Specifications.
< exas :
o - Impact of LRFD on TX Bridges
s [eportton
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Calibration consists of up to three
steps:

 Reliability-based calibration,
* Calibration or comparison to past practice, and
+ Liberal doses of engineering judgment.

% Yexas :
T TS y Impact of LRFD on TX Bridges
P

THE SERVICE LIMIT STATES
GENERALLY GOVERN THE
PROPORTIONS OF
SUPERSTRUCTURE MEMBERS.

Positive-moment regions of steel girders
are governed by the service II load
combination.

Prestressed concrete members are
governed by the service I or III load
combinations.

w Yexas ;
i F ; Impact of LRFD on TX Bridges
../"/“: )?g?gtstﬁgna{mn
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MANY QUESTIONS REMAIN
TO BE ANSWERED.

What is the appropriate [ for bridge design and
evaluation?

Should all bridge components have the same ?
Should all limit states have the same 3?
Is an “analysis factor” needed?

s fexas :
o T 3t Impact of LRFD on TX Bridges
Mm ggg{s&gx‘tzﬁan

New Live-Load Model Evolution
HS 20-44

|

HTL-57
(similar to OHBDC truck)

|

HL-93
(uses HS20 component loads)

\{éﬁ%y&ﬁm Impact of LRFD on TX Bridges
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Design Vehicular Live Loads
Design Truck

T t
8.0KIP 320 KIP 320 Kip

160" ! 140" 10 300"

]

Design Tandem
Two 25.0 KIP axles spaced 4.0 FT apart
Design Lane [oad
Uniformly distributed load of 0.64 KLF

s Texas Impact of LRFD on TX Bridges
i [isperaon |

Application of Design Vehicular LL
LRFD 3.6.1.2.1 and 3.6.13.1
Designation: HL-93
Service and Strength Limit States:

Design Truck OR Design Tandem
AND
Design Lane Load

The design lane load is not interrupted for the design truck

or design tandem. Interruption is needed only where
pattern loadings are used to produce maximum effects.

Impact of LRFD on TX Bridges

/Tifexas rtat
e iransportation
A Inantite
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Application of Design Vehicular Live
Load

LRFD 3.6.1.3.1
Service and Strength Limit States:
Continuous Structures

For negative moment and reactions at interior piers, consider also
the combination of

* 90% of the effect of two design trucks with a minimum of
50 FT between the rear axle of the lead truck and the front
axle of the second truck. The spacing between 32 KIP
axles on each truck shall be 14 FT.

* 90% of the effect of design lane load

Impact of LRFD on TX Bridges

Application of Design Vehicular Live
Load

LRFD 3.6.1.4
Fatigue Limit State:
A Single Design Truck

The design truck shall have a constant spacing of 30 FT
between 32 KIP axles.

<= Toxas ;
G T s Impact of LRFD on TX Bridges
s Tperton
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Dynamic Load Allowance, IM

LRFD 3.6.2.1

— p— e——— e

L' - Component M |
Deck Joints - All Limit States | 75% I

All Other COmponen:trs'
e Fatigue and Fracture 15%
Limit State

o Al Other Limit States 33%

Applied only to the effects of the design truck or tandem —

not to the design lane load
ﬁﬁ%%%,m Impact of LRFD on TX Bridges

Justification for New LL

New “notional” live load model simulates the shear and moment effects of a group
of “exclusion” vehicles currently allowed to routinely travel on highways in various
states.

MOMEN

20 40 60 B0 100 120 140 180
SPAN IN FT

="M POS 0.4 "+ M NEG 0.4L * M SUPPORT '* Mss

Figure 03.6.1.2.1~3 - Moment Ratios - Exclusion Vehicles
to Notiona! Model

o Texas "
8 T 4 Impact of LRFD on TX Bridges
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Comparison of LL Effects
LRFD Notional v/s HS20

The notional model produces live load moments and shears
significantly greater than those caused by the HS20 loading especially
for longer spans.

20 40 60 80 100 120 1480 16D
SPAN IN FT

~—M POS 0.4L + M NEG 0.4L * M SUPPORT = Mas

Figure C3.6.1.2.1-5 - Moment Ratios - Neotional Model to
HS20 (truck or lane} or two 24.0-KIP Axles at 4.0 FT

Effect of New Design Vehicular LL

The total design load is also a function of the load factor, load
modifier, load distribution and dynamic load allowance (impact).
This system of loads and factors was calibrated for the Strength Limit

State to obtain uniform reliability for all materials
However, the Service Limit State usually governs the design of
prestressed concrete members.

A special load combination for the Service Limit State was added to
address this situation.

o Texas i
S Ty ; Impact of LRFD on TX Bridges
MMS g@gﬁ%@ﬁaﬂbﬂ
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Methods of Analysis

Refined Methods
* Classical Force and Displacement Methods
Finite Element Method
Finite Difference Method
Grillage Analogy Method
Others

L4

L]

o

L]

Approximate Methods
* Distribution Factors

i Texas :
Lt ( Impact of LRFD on TX Bridges
A ,?;@Zf f%nzm)n

Approximate Methods of Analysis

LRFD 4.6.2.2.1
General Limitations:

+ Constant deck width

* Number of beams =4 (special provisions for 3 girders)
* Beams are parallel with equal stiffness

* Roadway part of overhang <3 ft

* Curvature in Plan is not less than limit in Article 4.6.1.2
* Cross-section appears in Table 4.6.2.2.1-1

= Texas N
¢ o Impact of LRFD on TX Bridges
i
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Approximate Methods of Analysis
LRFD Table 4.6.2.2.1-1

(S ———— I _ )
,I I(a‘)l‘ 1 e B @ u/,'i"‘*

| | | J ¢ P
(d) ; 1] tension
(e) ()

i Texas T plololo]
A et - L ] ]

Types of Distribution and Correction

Factors

Moment
s+ Section Types
* Interior Beams
« Exterior Beams
» Skewed Supports

- Shear
*» Section Types
* Interior Beams
+ Exterior Beams
+ Obtuse Corners

7 Fexas R 1 :
e 7, 4 mpact of LRFD on TX Bridges
i e
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For Moments — Interior Beams

Table 4.6.2.2.2b-1 Distribution of Live Loads Per Lane for Moment in Interior Beams.

Applicable
Cross-Section
from Table Range of
Type of Beams 4.6.2.2.1-1 Distribution Factors Applicability
Concrete Deck, Filled a, e, k and also | One Design Lane Loaded: 35<85<16.0
Grid, Partially Filled i,j s s\ K - 20< L <240
Grid, or Unfilled Grid if sufficiently | 0.06 +(—) {—) [ li_‘) < <
Deck Composite with connected to 14 L 12.0L1; 45s1, <120
Reinforced Concrete Slab act as a unit Two or More Design Lanes Loaded: N, =24
on Steel or Concrete SYUsY K 0.1 10,000 < K, <
Beams; Concrete T- 0.075+ (-——J (7) (——-5—-7] 7,000,000
Beams, T-and Double T- 95/ \Lj \12.0L¢
Sections use lesser of the values obtained from the Ny=3
equation above with NV, = 3 or the lever rule
/ﬁ‘;%ﬁ;ﬁff ortation Impact of LRFD on TX Bridges
B institite

Longitudinal vs. Transverse Stiffness

K, = nll + Ae,’

g
n = modular ratio with deck concrete as base

I =moment of inertia of beam alone

A = are of beam

e, = distance between deck mid-plane & beam centroid

7 Texas .
st j Impact of LRFD on TX Bridges
e 2
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Live-Load Distribution Factors
For Shear — Interior Beams

Table 4.6.2.2.3a-1 Distribution of Live Load per Lane for Shear in Interior Beams.

Applicable
Cross-Section
Type of from Table One Design Lane Two or More Design Lanes Range of
Superstructure 4.6.2.2.1-1 Loaded Loaded Applicability

Concrete Deck, a, e, k and also S s sV 35<8<160
Filled Grid, i,jif 036+ 2 _(EJ 20<1<240
Partially Filled sufficiently
Grid, or Unfilled connected to 4551, <120
Grid Deck act as a unit N, 24
Composite with
Reinforced
Concrete Slab on
Steel or Concrete
Beams; Concrete Lever Rule Lever Rule Ny=3
T-Beams, T-and
Double T-Sections

o fexas :
o 3 Impact of LRFD on TX Bridges
/ﬂ Transeration

CONCLUSIONS

The reliability-based LRFD design
methodology is not perfect, but it

represents an improvement over the ASD
and LFD methodologies.

LRFD utilizes structural reliability to help
us select improved load and resistance
factors, and it provides a framework for
future improvement.

7w Texas "
s f Impact of LRFD on TX Bridges
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CONCLUSIONS (continued)

Most of the features which designers dislike
about the LRFD Specifications have little, if
anything, to do with the LRFD design
methodology.

5 Texas :
e - Impact of LRFD on TX Bridges
i R
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Overview of Prestressed Concrete
Superstructure Design

Mary Beth Hueste
Peter Keating
Mohammed Adil
Mohsin Adnan

; Tess TxDOT LRFD Seminar
Af: Jranspostation August 29, 2005 — College Station, Texas

Overview
» Outline of LRFD Concrete Section and Changes

- Limit States

— HL-93 Notional Load

— Load Distribution

— Debonding Limits

— Prestress Losses

— Shear Design by MCFT

— Interface Shear Design Provisions

o Parametric Study — Summary of Results

/ﬁ* T ortatio 2
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Outline of LRFD Sections

Introduction

General Design and Location Features
Loads and Load Factors

Structural Analysis and Evaluation
Concrete Structures

Steel Structures

Aluminum Structures

Wood Structures

Decks and Deck Systems
Foundations .
Abutments, Piers and Walls

Buried Structures and Tunnel Liners
Railings

Joints and Bearings

ﬁ o~ 3
o & el
P LB instifite

5.1
5.2
53
54
55
5.6
5.7
5.8
5.9
5.10

Outline of LRFD
Section 5. Concrete Structures

Scope

Definitions

Notation

Material Properties

Limit States

Design Considerations

Design for Flexural and Axial Force Effects
Shear and Torsion

Prestressing and Partial Prestressing
Details of Reinforcement

/g:‘}‘(exas ation 4
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Major Changes

 Parallel Commentary
o Unified Concrete Provisions

o Shear Design
— Modified Compression Field Theory
— Strut-and-Tie Model
— Interface (Horizontal) Shear
— Partial Prestressing

Unified Design Provisions for
Reinforced and Prestressed Concrete

Motivation

« Emphasize common features

» Eliminate duplication

o Unify design procedures

« Promote the notion of “structural concrete”
« Introduce partially prestressed concrete

P Tasmorat 6
ransportation
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Additional Major Changes

Limit States
Distribution Factors

Load Factors and Combinations

Vehicular Live Loads
Dynamic Load Allowance (/M)
Vessel Collision

% Texas
S Transpottation
AA instithte 7

Limit States
General Form of a Limit State Function
O <R [LRFD Eq. 1.3.2.1-1]
where:

R = Factored resistance = ¢R,
Q =Factored load = 2.7, 7, O;
1, = Load modifier = ny ny 7
7; = Load factor, i

O; = Load component, i

¢ = Resistance factor

R, = Nominal resistance

soom Toxas
25 Yransportation
Aigsﬁtf:e 8




Limit States

Load Modifiers 77i = UD 77R 771

1, = Factor relating to ductility [LRFD Art. 1.3.3]
nr = Factor relating to redundancy [LRFD Art. 1.3.4]
n; = Factor relating to importance [LRFD Art. 1.3.5]

M {ﬁaxis oriation
i R 9

Limit States

Load Modifier for Ductility

» The structural system shall be proportioned and detailed to ensure
the development of significant and visible inelastic deformations at
the strength and extreme event limit states before failure.

» Related to structural behavior, not material behavior

For strength limit state:

7p = 1.05 for nonductile components and connections

1p = 1.00 for conventional designs

15> 0.95 for components and connections with additional ductility-
enhancing measures

For all other limit states: 1,=1.00

M %ﬁ; oriation 10
il 08 institine




Limit States

Load Modifier for Redundancy

* Multiple load path and continuous structures should be used.

* Main elements whose failure is expected to cause the collapse of
the bridge shall be designated as failure-critical (non-redundant).

For strength limit state:

Mg > 1.05 for non-redundant members

ng = 1.00 for conventional levels of redundancy
Mg > 0.95 for exceptional levels of redundancy

For all other limit states: n,=1.00

P Jrsportati 1
g T ot
P instithte

Limit States

Load Modifier for Operational Importance
» The owner may declare a bridge or any structural component and
connection thereof to be of operational importance.

For strength limit state:

7,2 1.05 for important bridges

1, = 1.00 for typical bridges

1,> 0.95 for relatively less important bridges

For all other limit states: 1,=1.00

/73; Traneportation
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Limit States

Limit States for Prestressed Concrete Girders
o Strength limit state

o Service limit state

o Fatigue and fracture limit state

o Extreme event limit state

All limit states shall be considered of equal importance
[LRFD Article 1.3.2.1]

Additional Note for Fatigue:

LRFD Art. 5.5.3.1 states that the fatigue limit state need not be
checked for fully prestressed components designed to have
extreme fiber tensile stress due to Service I1I Limit State within
the tensile stress limit specified in Table 5.9.4.2.2-1

M%‘i{fg rrath 1
. B IE: OEEAH0OR
e maniiie 3

Limit States

Strength Limit State

» Increased vehicular live load

» Reduced load factors

e Result: Design effects are similar to Standard Specifications

Service Limit State

o Increased vehicular live load
o Similar stress limits

« Result: Design effects are more restrictive than Standard
designs

« Service III added to address this situation by reducing live
load eftects




Limit States

Strength limit state relates to the local and global, strength and
stability.

Strength I: [LRFD Art. 3.4.1]

« “Basic load combination relating to the normal vehicular use
of the bridge without wind.”

Maximum: Q= 1.25(DC) + 1.50(DW) + 1.75(LL + IM)
Minimum: Q= 0.90(DC) + 0.65(DW) + 1.75(LL + IM)

DC = Dead load of structural components and non-structural attachments.
DW = Dead load of wearing surface and utilities.

LL = Vehicular live load.

IM = Vehicular dynamic load allowance

) Standard Specifications: Q = 1.30D + 2.17(L+I) l

/xﬁ{ﬂ&s it 1
- 2 aon
"l instithie 3

Limit States

Service Limit States restrict the stress, deformation and crack
width under regular serviceability conditions.

Service I: [LRFD Art. 3.4.1]

o “Load combination relating to the normal operational use
of the bridge with a 55 mph wind and all loads taken at
their nominal values.”

o Compression in PC components is investigated using the
following load combination

0 = 1.00(DC + DW) + 1.00(LL + IM)

Standard Specifications: Q = 1.00 D + 1.00(L+I) l

#% Texas
/‘; apsportation -




Limit States

Service III: [LRFD Art. 3.4.1]

+ “Load combination relating only to tension in PC
superstructure components with the objective of crack
control.”

o Tension in PC components is investigated using the
following load combination

0 = 1.00(DC + DW) + 0.80(LL + IM)

Standard Specifications: Q = 1.00 D + 1.00(L+I)

T T oraton 17
" instithe

Allowable Stress Limits

LRFD Art. 5.9.4.2.1
Stage of Loading Type of Stress Allowable Stress Limits
Compressive (Service I) LRFD Standard
Tensile (Service IIT) Jrlorfi(ksi) | A7 or £ (psi)
Initial Loading Stage at Compressive 061 061
Transfer Tensile 0.24.[77 7.5J%0
Intermediate Loading Stage | COmpressive 045£ 041,
at Service Tensile 0.19\/}? 6\/;:'
Compressive 0.6¢, £ 0.6
Final Loading Stage at Additional Compressive 04" 045"
Service Stress Check e
Tensile 0.19/f; 641,

Note:  0.19yf/(ksi) = 6./ (psi)
0.24./ f (ksi) =7.59\/ f.:(psi)
18

o Toxas
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Allowable Stress Limits

LRFD and Standard Specifications allow this larger tensile stress limit at

transfer when additional bonded reinforcement is provided to resist the

total tensile force in the concrete when the tensile stress exceeds

3 ps5 or 200 psi, whichever is smaller.

¢, = areduction factor to account for the fact that the unconfined concrete of the
compression sides of the box girders are expected to creep to failure at a stress
far lower than the nominal strength of the concrete. [LRFD Art. 5.7.4.7.1 ]

f; = concrete strength at service

LA—
[ = concrete strength at release

/rz iied ortation 19
B st

Resistance Factors

Fleure RC | 0.9 | .9 ‘
Flexure — PC 1.00 1.00
Shear —RC 0.85 0.90
Shear - PC 0.90 0.90
Compression 0.70/0.75 0.75
Bearing 0.70 0.70

10



HL-93 Notional Load

o Vehicular live load shall consist of a combination of:
Design Truck OR Design Tandem
PLUS
Design Lane Load
— HL stands for Highway Loading
— 93 stands for the year introduced

o Each design lane shall be occupied by either the
design truck or tandem, coincident with the lane load.

» The loads shall be assumed to occupy 10 ft. transversely
within a design lane.

ﬁ Yt‘g,xas 21
P 1ot -

HL-93 Notional Load

® DeStgn Truck ) Design Truck and Uniform Lane Load
— Same as HS20-44 a2k

— Three axles: & kips, 32 kips and 32
kips, spaced at 14 ft. and 14-30 ft.

e Design Tandem L—14ft.——}<—14-30ft.—'>]
— Pair of 25 kip axles 4 ft. apart.
— Transverse spacing of wheels = 6 fi. Design Tandem and Unfforn Lane Load

25k 25k

o Design Lane Load
— 0.64 kips/ft. in the longitudinal

direction - L—J—m
— Uniformly distributed transversely

over a 10 ft. width

/”g %X%SWR 22
AR Institite

Rk

640 |b/ft.

11



Application of HL-93 Notional Load

Live Load Placement and Formulas

Case Load Configuration Moment (kips-ft) and Loading and Limitations
Shear (kips) Formulas (x and L in feet)
. 7 L-x)-9.33 Truck loading
32 32 8kips M(x)=% L>28 f.; for M(y)
| l l L> 14 1t.; for V(x)
£, [} Vo= 72[(L-x)-9.33] >0
" L 0< (L)< 0333
8 32 32 kins T2(x)[(£L-x)-467 Truck loading
| 32 kips M) = ]—”2 L > 28 fi.; for M(x)
u £ ) 42 . > 1> 28 fi.; for V(x)
A 72[(L-x)-467] x> 144
V= 7 -8 0.333 < (L) < 0.5
0.64 kip/ft, M(x)= Mli_i)
m JUARER HHHH!IIIH& o6 Lane Loading
X 2
x| V(x):E(L ~x)
] L-x-2
25 25kips M(x)= 50(1)(T) For L <40 ft., tandem loading
v governs in comparison to truck
4+ ® vy = SO(L;H) foading
L
/ﬁ ;%xn%wfaﬁ” 23
"l institizte

Application of HL-93 Notional Load

Maximum Moment Calculation for Simple Span Bridges

8 32 32kips

-
OO Ty

i

L2 12

CASE II +ITI

Mm

M

truck =

ax

Altruck + jwlane

M(L—x)—4.671_]12

25 25kips
AHHHHHHHHHHI
‘ 1%, 12
Mo = Mignom + Mgy,

M,

tan dem :50()‘)(

L-x-2
L

_064(x)(L-x)

My =~

where, x is the distance from the left support to the section being considered

- Fovas
S Tran riation
/4; it
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Load Distribution

LRFD allows the designer several methods of analyses and
provides guidelines. [LRFD Art. 4.4 & 4.6.3]

» Refined Methods of Analysis
— Classical Force and Displacement Methods
— Finite Difference Method
— Finite Element Method
— Grillage Analogy Method
-~ Miscellaneous Others

s Approximate Method
— Distribution Factors

i [
N insportation
Pl 25

Load Distribution - Approximate Method of
Analysis [LRFD Art. 4.6.2.2.1]

“Bridges not meeting the requirements of LRFD Art. 4.6.2.2.1
shall be analyzed by refined analysis methods.”

General Limitations:

o Width of deck is constant

» Unless otherwise specified, the number of beams > 4

o Beams are parallel and have approximately the same stiffness

« Unless otherwise specified, the roadway part of the overhang,
d, <3.0 fi.

o Curvature in plan is less than the limit specified in Art. 4.6.1.2

« Cross-section is consistent with those given in Table
4.62.2.1-1

The Standard Specifications do not
/ T impose sych limitations.
‘Ins te




Load Distribution - Approximate Method of
Analysis [LRFD Art. 4.6.2.2.1]

Distribution of Permanent Dead Loads:

o If all the limitations are satisfied (previous slide), the
permanent dead loads can be distributed uniformly among
the beams.

The Standard Specifications do not impose such a
limitation.

/ﬁf}%: tation 27
i A irstitiste

Types of Distribution and Correction Factors

Moment

» Section Types

* Interior Beams

+ Exterior Beams
+ Skewed Supports

Shear
+ Section Types
¢ Interior Beams
* Exterior Beams
* Obtuse Corners

/ﬁ rsxags orsation 28
oy ] ;ns'a‘f te
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Load Distribution

Variable Definitions:

S = Girder spacing, ft.

L = Span length, ft.

d = Girder depth, in.

e = Exterior girder correction factor

d, = Distance from the exterior web of exterior girder to the

interior edge of curb or traffic barrier, ft.

inerior = Cirder distribution factor for interior girder
ooy = Girder distribution factor for exterior girder
K, = Longitudinal stiffness parameter, in.*

t = Depth of the concrete slab, in.

%‘exas - )
ransportation
¥ Institite ?

Load Distribution

LRFD Live Load Distribution Provisions for Concrete Deck on Spread Box Beams

Range of

Category Distribution Factor Formulas Applicability

One Design Lane Loaded:
SN sg 6.0<5<18.0 ()
[3()) [ ‘‘‘‘‘ ) 20< L <140 (ft)

. . - % ig : 1 18<d<65 (in.
Moment in Interior Beams Two or More Design Lanes Loaded: d (in.)

{AS,)M( ,.‘?‘1_]0 135 N, >3
6.3 12.00°
Use Lever Rule 5>18.0 (ft)
One Design Lane Loaded: 0<d,<4.5 (ft)
Lever Rule 6.0<5<i8.0 (ft)
Two or More Design Lanes Loaded:
Moment in Exterior Beams uerior T €% Ginterior
e=097+ A
28.5
Use Lever Rule S§>18.0 (ft)
# Taxas

ransporiation
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Load Distribution

LRFD Live Load Distribution Provisions for Concrete Deck on Spread Box Beams

Range of
Distribution Factor Formulas s
Category Applicability
One Design Lane Loaded : 6.0<S<18.0 (ft)
(5)“"’( d ]"" 20<L<140 (ft)
Shear in Interior Beams 10/ \120L) 1824265 (n)
Two or More Design Lanes Loaded : N,23
S 0.8 d .1
(ﬂ] [12.0L)
Use Lever Rule §>18.0 (ft)
One Design Lane Loaded :
Lever Rule 0<d, <45 (ft)
Two or More Design Lanes Loaded :
Shear in Exterior Beams 8= X Braerir
e=08+ A
10
Use Lever Rule S>18.0 (ft)

The Standard Specifications recommend the use of S/11
as distribution factor, where S is the girder spacing in fi.

/{': o rtation 3T
S et

Load Distribution
LRFD Live Load Distribution Provisions for Concrete Deck on I-Beams
P Range of
Distrib tor F I A
Category istribution Factor Formulas Applicability
One Design Lane Loaded : 35<8<i6.0 (ft)
S\ s\ K o 45<¢t <120 (in)
0.06+| -— = P )
14 L 12.0L8 20<L<240 (ft)
Moment in Interior Beams Two or More Design Lanes Loaded : N,z4
6, o2 o1 10,000<K, <
oors [ SV () (K :
95) \¢L 12.0L2 7,000,000
Use lesser of the values obtained from the N, =3
equation above with &, = 3 or the Lever Ruie i
One Design Lane Loaded : : 5
Lever Rule —10<d, <55 ()
Two or More Design Lanes Loaded :
Moment in Exterior Beams | Sewr = € Sirir
e=0.77+ d,
9.1
Use lesser of the values obtained from the N =3
equation above with V, = 3 or the Lever Rule i
»’-’;[exas atfor 32
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Load Distribution

LRFD Live Load Distribution Provisions for Concrete Deck on I-Beams

P Range of
Category Distribution Factor Formulas RARLE 0L
Applicability
One Design Lane Loaded : 3.5<5<16.0 (ft)
036+ 2; 0 joss ) 21200 (?) )
L . | .5<¢, <12.0 {in.
Shear in Interior Beams Two or More Design Lanes Loaded : N, 24
20
0.36+ S (—‘i]
250 \35
Use Lever Rule N, =3

Shear in Exterior Beams

Lever Rule

& =X &interior

e:0.6+$
10

One Design Lane Loaded :

Two or More Design Lanes Loaded :

-1.0<d, <55 (f)

Use Lever Rule

N, =3

»

The Standard Specifications recommend the use of S/11

5 Toxas as distribution factor, where S is the girder spacing in ft.
M Transportation

ST insttite
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Load Distribution — Skew Correction

LR¥D Table 4.6.2.2.2¢-1 Correction for Moment in Longitudinal
Beams on Skew Supports for Spread Box Beams

Type of Superstructure Any Number of Design Range of Applicability
Lanes Loaded
Concrete Deck on Spread | 1 05.0.25 tan® < 1.0
Box B 0" <8< 60
ox Beams If 0> 60° use 0= 60°

» Reduces the Moment Distribution Factors
[LRFD Table 4.6.2.2.2¢-1}

o Increases the Distribution Factors for Support Shear in Obtuse Corners
[LRFD Table 4.6.2.2.3¢-1]

The Standard Specifications do not take into account the

affects due to skew.

. Aﬁ;&e,\'ﬂs it
TERSOOFIGHON
M@Z Iﬂstitf%e
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Load Distribution - Shear in Obtuse Corner

« Shear in the exterior beam of the obtuse corner should
be adjusted for a skewed bridge
e [LRFD Table A4.6.2.2.3c-1]

— For Spread Box Beams

o Shear correction factor for skew can increase from 1.1 to
1.85

o LRFD limits use of shear correction factor for skew to
girder spacings between 6 ft. and 11.5 ft.

/;" e ortation 35
R natibte

Debonding Limits
LRFD vs. TxDOT Practice

TxDOT Practice
» Debonding limited to 75% per row and 75% per section.

o Maximum debonding length limited to lesser of: 15 ft., 0.2 *
span length, or 1/2 span length minus max. development length

LRFD [Art. 5.11.4.3]

» Debonding limited to 40% per row and 25% per section

» The use of greater percentages of partially debonded strands is
allowed based on the successful past practices.

ﬁ{e’gg oriation 36
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Debonding Limits - LRFD

Additional Details [LRFD Art. 5.11.4.3]

» Debonding length of any strand shall be such that all limit
states are satisfied.

o Not more than 40% of the debonded strands, or four strands,
whichever is greater, shall have the debonding terminated at
any section.

o Decbonded strands shall be symmetrically distributed about the
centerline of the member.

o Pairs of symmetrically debonded strands should have equal
debonded length.

o Exterior strands in each horizontal row shall be fully bonded.

“w Fexas N
o [ 7

Debonding Research

o LRFD derives its debonding limits based on a FDOT study
where a specimen with 40% debonded strands (0.6 in. diameter)
had inadequate shear capacity.

« Barnes, Burns and Kreger (1999) recommended that up to 75%
of the strands can be debonded, if

1. Cracking is prevented in or near the transfer length

2. AASHTO LRFD (1998) rules for terminating the tensile reinforcement
are applied to the bonded length of prestressing strands.

o Abdalla, Ramirez and Lee (1993) recommended limiting
debonding to 67% per section

e In the last two studies,
- None of the specimens failed in shear

— Al the specimen failed in pure flexure, flexure with slip, and bond failure
mechanisms,

P Tetortation 38
. vﬁmsw o
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Prestress Losses

e  Prestress losses for prestressed concrete members are based
on a similar pattern as used in Standard Specifications.
o Divided into two categories
—~  Instantaneous losses
—~  Time-dependent losses
o Instantaneous losses include
—  Loss due to elastic shortening
—  Loss due to relaxation of steel at transfer

o Prestress loss due to relaxation of steel at transfer is not included in the
Standard Specifications

o TxDOT currently includes half the final relaxation loss in the
instantaneous losses

/g;gasm 39
WA institate

Prestress Losses (Cont.)

¢ Similar expression as STD for prestress loss due to elastic
shortening.

o Prestress loss due to relaxation of steel at transfer for
members with low-relaxation strands is given as

_ log(24.00)| £,

N pri = w0 |7 0.55|/, [LRFD Eq. 5.9.5.4.4b-2]
J py
S = Ultimate stress in prestressing steel
fy = Initial stress in tendon at the end of stressing

= Time estimated in days from stressing to transfer

t
Sy = Yield strength of prestressing steel

/ﬁ “’i‘f‘é‘;mas 40
Y
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Prestress Losses (Cont.)

» Two options for estimation of time-dependent losses are

provided

— Approximate Lump-Sum Estimate

— Refined Estimates

e Approximate Lump-sum losses for pretensioned members

stressed after attaining a compressive strength of 3.5 ksi
are applicable if:

— Normal weight concrete is used

— Concrete is steamed or moist cured

— Normal or low-relaxation prestressing strands or bars are used
— Average exposure conditions and temperatures exist at the site.

//";: }“'gaxss fort
PP i

41

Prestress Losses (Cont.)

o LRFD Table 5.9.5.3.1 provides the lump-sum time

P [P
aependent

losses

Table 5.9.5.3-1 Time-Dependent Losses in ksi.

For Wires and Strands with f,, = For Bats with f,, = 145 or
Type of Beam Section Level 235, 250 or 270 ksi 160 ksi
Rectangular Beams, Solid | Upper Bound 29.0+4.0PPR 19.0 + 6.0 PPR
Slab Average 26.0 +4.0 PPR
Box Girder Upper Bound 21.0+4.0PPR 15.0
Average 19.0 +4.0 PPR
-Gi A = 19.0 + 6.0 PPR
et vernge 10 [1.0-0‘15%] +60PPR
Single T, Double T, Upper Bound I: f —6‘0]
i 390 |1.0-0.15=—1 + 60PFR ,_
Sy e 60 310 [1.0-0.15-5—-——f 6;"0] +GOPPR
10 [1.0-0.15£I§9} +60PPR
Average 60

w Yoxas
i sooriation
i [
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Prestress Losses

» Refined estimates yield more accurate results as compared to
Lump-sum method.

« Refined estimates for prestressed concrete members
provided by LRFD are applicable if:
— Span is not greater than 250 ft.
— Normal weight concrete is used

— Compressive strength of concrete is in excess of 3.5 ksi at the time of
prestress.

o Refined estimate of prestress losses in pretensioned members
with low-relaxation strands includes
— Loss due to steel relxation after transfer (similar expression as STD)
— Loss due to concrete shrinkage (similar expression as STD)
— Loss due to concrete creep (similar expression as STD)

/:; ;ﬁaﬁs ortation 43
R it

Shear Design by Modified Compression
Field Theory (MCFT)

o Modified compression field theory

— unified method, applicable to prestressed and
nonprestressed concrete members

— based on equilibrium, compatibility and stress-strain
relationships

— is a rational method, showing the significance of the
parameters involved

— based on variable angle truss analogy (as compared to
the constant 45° truss analogy used by traditional
theories)

— accounts for the tension in the longitudinal
reinforcement due to shear and the stress transfer across
the cracks

jﬁ T ortatio
. Farns; aiion
P st 44
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Shear Design by Modified Compression
Field Theory (MCFT)

— takes into account the shear stress and strain conditions
at the section

— shear strength of concrete is determined using a factor
B, which indicates the ability of diagonally cracked
concrete to transfer tension

— the angle of inclination of diagonal compressive stress,
0 is used to determine the critical section for shear

— if 8 =45° and B = 2 is used, this theory yields same
results as 45° truss analogy.

M #ﬁ;ﬁtasf; ortation 45
f SO
L oo

Shear Design by Modified Compression
Field Theory (MCFT)

o LRFD Specifications provides an extensive commentary
and the mechanics of the MCFT.

[¢ABLEIR RS LN & AQIIINAY VA wiav aYaNoa

« Entirely different design approach as compared to the
Standard Specifications.
« In STD the shear strength of concrete is calculated as the
lesser of
— nominal shear strength provided by concrete when
diagonal cracking results from combined shear and
moment, V.,
— Nominal shear strength provided by concrete when
diagonal cracking results from excessive principal
tensile stress in the web, V_,

w Toas i
v m gggfﬁgﬁanm 46
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Shear Design by Modified Compression
Field Theory (MCFT)

o The LRFD shear design procedure involves the following
steps

V=Vt V4V,

V,=025f'bd,
¥V, = Nominal shear resistance, kips
V.. = Concrete contribution = 0.0316  / f 'b,d,
V, = Vertical component of prestressing steel, kips
V. = Transverse reinforcement contribution

_ 4,f,d,(cotd + cota)sina

s

ﬁ I{ream&i;;gfaﬁm 47
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Shear Design by Modified Compression
Field Theory (MCFT)

= Area of shear reinforcement within a distance s, in.?
= Spacing of stirrups, in.
Yield strength of shear reinforcement, ksi

S N
i

= Angle of inclination of transverse reinforcement to the
longitudinal axis

b, = Effective web width taken as the minimum web width
within the depth d,, in.

d, = Effective shear depth, in.
= Angle of inclination of diagonal compressive stresses

0
= Factor indicating the ability of diagonally cracked
concrete to transmit tension.

% FoNas
S8 Transoortation 48
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Shear Design by Modified Compression
Field Theory (MCFT)

» Critical section for shear

— The critical section for shear shall be taken as greater of
d, or 0.5d, cot 0

— The critical section calculation is a iterative process as 0
1s unknown at the beginning of the design.

— 0 1is assumed (around 23° is a good assumption) and is
updated if needed based on the results.

The critical section of shear is given as 4./2 for
Standard specifications.

/4{%*'%385 grintion 49
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Shear Design by Modified Compression
Field Theory (MCFT)

o Determination of 6 and 3

— The values are interpolated from the Tables provided in
the LRFD using the shear stress and strain values for
the section.

o The shear stress in concrete is given as

_/ﬁ o oriat
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Shear Design by Modified Compression
Field Theory (MCFT)

 Longitudinal Strain in the concrete is calculated as

Case 1: At least minimum transverse reinforcement is
provided

M

“+ 05N, +0.5(V, -V,)cot0 - 4, f,,
[4

g, = <0.001
2UE A, VE,A,)

pps
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Shear Design by Modified Compression
Field Theory (MCFT)

Case 2: Less than minimum transverse reinforcement is
provided

g, = <0.002
(EA+EA)

pps

o
(S8

i e erton
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Shear Design by Modified Compression
Field Theory (MCFT)

Case 3: If the strain is found to be negative from the two
equations presented

M
du+ 0.5N, +0.5(V, -V, )cotd -4, f,,
£, = —
x Z(EcAc + ESAS + EPAPS)
jfexas .
s [iporaton "

Determination of 0 and 8

Table 5.8.3.4.2-1 Values of § and f for Sections with Transverse Reinforcement.

Yu &, X 1,000
K .
<-020.| =-0.i0 | =005 <0 | <0.i25 | =025 | =050 | =075 | <100
<0.075 223 204 21.0 21.8 243 26.6 30.5 337 36.4
6.32 4.75 4.10 3.75 3.24 2.94 2.59 2.38 2.23
<0.100 18.1 204 21.4 225 24.9 27.1 30.8 340 36.7
3.79 3.38 324 3.14 291 2.75 2.50 2.32 2.18
<0.125 19.9 21.9 228 23.7 259 279 314 344 37.0
3.18 2.99 294 2.87 2,74 2.62 242 2.26 2.13
<0.150 21.6 233 242 25.0 26.9 28.8 321 34.9 37.3
2.88 2.79 2.78 272 2.60 2.52 2.36 221 2.08
<0.175 232 247 255 26.2 28.0 29.7 32.7 352 36.8
273 2.66 2.65 2.60 2.52 244 2.28 2.14 1.96
<0.200 247 26.1 26.7 274 29.0 306 32.8 34.5 36.1
2.63 2.59 2.52 2.51 243 237 2.14 1.94 179
<0.225 26.1 273 279 28.5 30.0 308 323 340 357
2.53 245 242 240 2.34 2.14 1.86 1.73 1.64
<0.250 27.5 28,6 29.1 29.7 306 313 32.8 343 358
239 239 233 233 2.12 1.93 1.70 1.58 1.50

£l
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Shear Design by Modified Compression
Field Theory (MCFT)

» Longitudinal Reinforcement Requirement

— LRFD specifies that at each section the tensile capacity
of the longitudinal reinforcement on the flexural tension
side of the member shall be such that

Afvd fyz Mooty (I/— -0.5% —ijcote
d,9 ¢ ¢

There was no such requirement for Standard designs

M’IE&? Flation ’ 55
; FHE
Bl institlte

Interface Shear Design Provisions

s Significant changés as compared to Standard Specifications.

« Formulas based on shear-friction theory replaced the
empirical formulas used in Standard Specifications.

o LRFD Procedure:
Step 1: Compute required horizontal shear per unit length of
girder vV

Vo=lu
h d,
¥V, = Factored vertical shear due to superimposed and live
loads, kips

d, = Distance between the centroid of steel in the tension
side of the beam to the center of the compression block
(center of the deck can be used for simplicity)

Mi@x&s »,
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Interface Shear Design Provisions

Step 2: Calculate the nominal shear resistance at the section
V,=cAd,+ p[Aij; + P,

Note that ¥, has units of kip/in., hence ¥, is calculated on a per in.
basis for consistency of units.

Il

A,, = Area of concrete engaged in shear transfer, in.” (taken on a per in. basis

as b,*1 in., where b, is the width of interface)
A,, = area of shear reinforcement crossing the shear plane, in.?

J, = Yield strength of reinforcement, ksi
P. = Permanent net compressive force normal to the shear plane, kips
¢ = Cohesion factor
i = Friction factor
 Fexas 3
T 57

Interface Shear Design Provisions

For concrete placed against clean, hardened concrete with
surface intentionally roughened to an amplitude of 0.25 in.
c= 0.100 ksi

p = 1.0 for normal weight concrete

For concrete placed against hardened concrete clean and free
of laitance, but not intentionally roughened.

c= 0.075 ksi

uw= 0.6 for normal weight concrete

/ﬁﬁ}%’m riztion
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Interface Shear Design Provisions

 Solve for A ;such that
Vh = (b Vn
o Check for nominal shear resistance
V,<02f'4,,
V,<0.84,
¢ Check for minimum reinforcement area
0.055
4>
f fy

b, = width of interface, in.

/5‘2 T?_’g;;as ortation 59
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Interface Shear Design Provisions

Standard Specifications Provisions
o The shear strength of the section is chosen based on the
following cases:
- V,<80bd, if the surface is clean and intentionally roughened
V, <80 b,d, if minimum ties are provided and surface in not
roughened
-V, <350 b d, if surface is roughened to approximately % in. and
minimum ties are provided (This case almost always governs)

-V, may by increased by (160/,/40,000)b,d for each percent of tie
reinforcement provided in excess of minimum reinforcement.

« Minimum reinforcement area is given as 50b,s/f,

i [ %
S Teonsnortation 6
P intiite
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Parametric Study

Design Codes

AASHTO Standard Specifications, 17% Ed. (2002)
AASHTO LRFD Specifications, 3/ Ed. (2004)

Girder Section

Type C, Type IV and U54

Type C: | 6°-0”, 8°-0” and 8°-8”

Girder Spacing | Type IV: | 6°-07, 8°-0” and 8°-8”
Us4: 8’-6”, 10°-0”, 11°-6”, 14°-0” and 16°-8”

Spans 40 ft. to max. span at 10 ft. intervals for Type C beams

P 90 ft. to max. span at 10 fi. intervals for Type IV and US54 beams
Strand Diameter | 0.5 in. and 0.6 in.
S/ varied from 4000 to 6750 psi
Iz varied from 5000 to 8500 psi

¢ (up to 8750 psi for optimization on longer spans)
Skew Angle 0, 15, 30 and 60 degrees

i Texas
el oriation
A/ ;'Slif 'S

61

Sample Parametric Study Results
Type IV and Type C Girders
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AASHTO Type IV Girder Section
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Maximum Span vs. Girder Spacing
Type IV, 0.5 in. Strands

140

8TD 70
. ...  LEFD Al Skews - 74 . -
LEETS Bt st e A

= s ____X 2 e L]
g1 "~ TLRFD Skew. 13770
3, Skew30} 68, Skewo-74
A i . ]
R i ittt
E . _
S M e S e e e e T — — g e —
P
HS e e e e e e e —
STD 70
LRFD All Skews - 68
110
6 7 8 9

Girder Spacing (ft)

ST~ LRFD Skew 0,15 = LRFD Skew 30 ——LRFD Skew 60

sl AT (SIS

Maximum Span vs. Girder Spacing
Type 1V, 0.6 in. Strands

135
Alf-42
130 s o o o oo o oo o i e e

Maximnm Span (ft.)

110
& 7 9
Crirder Spacang (ft.)
t =G ST ~@-LRFD Skew 0,15 —4—LRFD Skew 30 —#=LRFD Skew 60
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Maximum Span vs. Girder Spacing
Tvpe C. 0.5 in. Strands

100

Maximum Span (ft.

All- 44

75
8 7 .8 8
Girder Spacing {ft.}

lw{s‘/;ﬁwSTD ~@— | RFD Skew 0,15 ~a— LRFD Skew 30 ——LRFD Skew 60

i LOKAS
A T y £
i [ 6s

Maximum Span vs. Girder Spacing
Type C, 0.6 in. Strands

100

ST 34
LRFD All Skews 28

Maxigum Span ()

Girder Spacing {ft.}

~ §T0 ~@~LRFD Skew (.15 —4~LRFD Skew 30 —+~LRFD Skew 60

T Tristitiite o
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Max. Differences in Maximum Span Length
LRFD vs. Standard Designs (Type IV Girders)

Girder Strand Dia. = 0.5 in. Strand Dia. = 0.6 in.
Spacing
(ft.) Difference | % Diff. Difference % Diff.
6 -3.0 ft. -2.21 -5.0 ft. -3.82
8 -4.0 ft. -3.23 -3.0 ft. -2.52
8.67 -3.0 ft. -2.52 2.0 ft 1.74
i Fexas
i ;i",«;';; on 67

Max. Differences in Maximum Span Length
LRFD vs. Standard Designs (Type C Girders)

Girder Strand Dia. = 0.5 in. Strand Dia. = 0.6 in.
Spacing
(ft) Difference Yo DIff, Difference % Diff.
6 3.0 ft. 3.17 4.0 ft. 4.17
8 4.0 ft. 4.60 5.0 ft. 6.00
8.67 5.0 ft. 6.00 4.0 ft. 5.06
wiexas N
i S o
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Observations for Type 1V Girders (LRFD vs. Std.)
Live Load Moment

« Undistributed midspan LL moments increased 48-56%

e Moment DFs decreased 2-30%

— LRFD vyields smaller DFMs for all spans, girder spacing and
skew angles.

— Difference increases with an increase in skew angle, span
length or girder spacing

o Distributed midspan (LL+I) moments increased 4-52%

— LRFD yields greater moments for all spans, girder spacing
and skew angles. The difference is

o Decreasing with increase in skew angle or girder spacing
o Increasing with increase in span length

A
G Franenoriation
P Inoniits 69

Observations for Type 1V Girders (LRFD vs. Std.)
Live Load Shear

e Undistributed LL shears at critical section increased 35-54%

« Shear Distribution Factors increased 9-23%

— LRFD yields larger DFVs for all spans, girder spacing and
skew angles.

— The difference is decreasing with increase in girder spacing

+ Distributed (LLA+I) shears at critical section increased 56-99%

— LRFD vyields significantly greater shears for all spans,
girder spacing and skew angles. The difference is

o Increasing with increase in span length
o Decreasing with increase in girder spacing

M ;t%?ss oriation 70
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Observations for Type IV Girders (LRFD vs. Std.)

Impact Load
e For LRFD: constant at 33% of live load
o For Standard: varies from 19 - 23% of live load
s Tereton 7

Observations for Type 1V Girders (LRFD vs. Std.)
Service Load Design

o Initial prestress loss increased
o 2-17% for 0.5 in. diameter strands
o 0-16% for 0.6 in. diameter strands

« Final prestress loss increased
o 1-17% for 0.5 in. diameter strands
o 1-20% for 0.6 in. diameter strands

o Change in prestress loss due to elastic shortening varies
o =5-14% for 0.5 in. diameter strands
o =5-12% for 0.6 in. diameter strands

s Texas i
M mgﬁoﬁﬁ&fmn 77
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Observations for Type IV Girders (LRFD vs. Std.)
Service Load Design

* Prestress loss due to concrete shrinkage — No effect

+ Change in prestress loss due to creep of concrete varies
o -13-15% for 0.5 in. diameter strands
o -2-30% for 0.6 in. diameter strands

o Prestress loss due to initial steel relaxation (using % final steel
relaxation as initial steel relaxation for STD) increased

o 36-223% for 0.5 in. diameter strands
o 48-168% for 0.6 in. diameter strands

* Prestress loss due to total steel relaxation increased
o 78-168% for 0.5 in. diameter strands
o 94-154% for 0.6 in. diameter strands

5 Feay i
2 Transportation 73
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Observations for Type IV Girders (LRFD vs. Std.)
Service Load Design

» Number of Strands

— LRFD Designs: chainge is -4 to 8 strands (-6% to 13%)
o Skew angles less than 30°:  up to 8 more strands
o Skew angle = 60°: up to 4 fewer strands

— Trend explained
o Distributed Live Load Moment increased
significantly except for 60° skew angles, causing
larger bottom tensile stresses

o Increased prestress losses

~ Tsxas

T A

P "

37



Observations Jor Type IV Girders (LRFD vs. Std.)
Service Load Design

o Concrete Strength

— Required concrete strength at release varies: -6 to 13%
o Trend explained:
— Increase in number of strands

— Increased prestress force causing larger initial stresses at girder
ends.

— Required concrete strength at service varies: -9 to 7%
o Trend explained:
— Difference is 0 for most of the cases (5,000 psi governs)

— For few cases the increase in number of strands causes an increase
in required concrete strength

— Few cases are governed by the concrete strength at release.

% fexas
A; f@z;%g o 7

Observations for Type 1V Girders (LRFD vs. Std.)
Service Load Design

» Span Length
— Smaller span lengths are possible with LRFD designs (up to
4% decrease) for all skew angles except 60°.
— Longer span lengths for 60° skew (up to 2% increase)

— Trends Explained
o Increase in the distributed live load moments

o Larger number of strands, requiring larger concrete
strengths due to increased prestress.

o Increase in initial and final prestress losses

o Live load moments are smaller for 60° skew, resulting in
a slight increase in maximum span lengths

i e
# SEHOF L tOIT 76
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Observations for Type IV Girders (LRFD vs. Std.)

o Flexural Strength Design
— Skew Angles less than 30°: M, increased 1-8%
— Skew Angle = 60°: M, decreased 1-10%

— Trends Explained
o Decrease in the dead load and live load factors

o Small differences show LRFD is calibrated to Standard
Specifications for strength limit state

o Nominal Moment resistance, M,

— Skew Angles less than 30°: M, increased 1-7%
— Skew Angle = 60°: M, decreased 1-6%

— Trends Explained
o Increase in number of strands and concrete strength

=5 Yexas it
; rnsperkation
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Observations for Type 1V Girders (cont.)

s Transverse Shear Design

— Major differences observed in required transverse shear
reinforcement area (4,) using the MCFT (LRFD)

o Type IV: 4, varies -33% to 203%

— Trends Explained:

o Critical section distance from the girder end is
increased resulting in decreased shears, but

o Method for the calculation of shear strength provided
by concrete ¥, is also changed, resulting in mixed
trends.

M TR ortation
AR institite
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Observations for Type 1V Girders (cont.)

« Interface Shear Design

— Interface shear reinforcement area increased 165 to
300%

— Shear reinforcement governed by interface shear design
in many cases.

o Calculations based on shear friction theory yield a
very large interface shear reinforcement area.

1‘{—: {%’85 tion 79
A mstithre

Observations for Type C Girders

» Trends were similar to those for Type IV Girders

/ﬁ ;gfsspoﬁaﬁon
" institute .
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Sample Parametric Study Results
US54 Girders
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Maximum Span vs. Girder Spacing

U54, 0.6 in. Strands

Maximum Span, ft
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Max. Differences in Maximum Span Length
LRFD vs. STD Designs (U54 Girders)

8.5 2.5 ft. to 4 ft. 8 ft. 1ft. to4 fi. 8 ft.
: (2% to 4.5%) (10%) (2% to 5%) (10.5%)
10 1 ft. to 3 ft. 7 ft. 0 ft. to 2 ft. 5 fi.
(1% to 3.5%) (8.5%) (0% to 2.5%) (7%)
115 2 fi. to 4 ft. 8 ft. 2 ft. to 4 fi. 7.
: (2% to 5%) (10%) (2% to 4.5%) (9%)
14 4 ft. to 6 ft. 11 ft. 4 ft. 10 6 ft. 10 ft.
(4% to 6.5%) (12.5%) (4% to 6.5%) (11.5%)
16.67 51t to 7 ft. 11 ft. 6 ft. to 8 ft. 14 fi.
: (5% to 7.5%) (12%) (6% to 8.5%) (14.5%)
'_‘_:‘ijexag L .
i 1paron B4
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Observations for U54 Girders (LRFD vs. STD)
Live Load Moments

Trends

— Undistributed midspan LL moments increased 48-71%

— Moment DFs decreased 23-63%

— Distributed midspan LL. moments changed -40% to +16%

Distributed LL. Moments
— LRFD values are higher

o For all spacings (except 16.67 ft.) with 0° and 15° skew
— LRFD values are lower

o For all spacings with 30°and 60° skew (except 10 ft. with
300 skew)

o Difference increased with an increase in skew angle.

35

Observations for U54 Girders (LRFD vs. STD)
Live Load Shears

Trends

— Undistributed LL shears at critical section increased 35-56%.

— Shear DFs changed -12% to +1%.
— Distributed LL shears at critical section increased 25-56%

Distributed LL Shears
— LRFD values are higher
o Difference increased with increase in girder spacing.

o Skew angle had a negligibly small effect.

A TS Do ration 86
B B Tnstitite
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Observations for U54 Girders (LRFD vs. STD)
namic Load Allowance

o For LRFD: constant at 33% of live load
o For Standard: varies from 19-23% of live load

ransportation
/ mstr(gte 87

Observations for U54 Girders (LRFD vs. STD)
Service Load Design

o Span Length
— LRFD designs resulted in Jonger span lengths (up to 15% increase)
o longer with higher skew angles.

— Longer spans are explained
o For 30° and 60° skew
— Significant reduction in the distributed live load moment
- Reduction in initial and final prestress losses calculation

— For example, for the 60° skew (span length increased up to 15%)
o The distributed live load moment decreased up to 40.2%
o The initial prestress losses decreased up to 19.4%
o The final prestress losses decreased up to 17.9%

" ransportation
.J"xnstm‘;}té e 88
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Observations for U54 Girders (LRFD vs. STD)
Service Load Design

+ Number of Strands
— LRFD Designs: 1 to 18 fewer strands
o Skew angles less than 30°: up to 10 fewer strands

o Skew angle = 60°: up to 18 fewer strands

— Trend explained
o Distributed Live Load Moment decreased significantly
for 30° and 60° skew angles.
o The effect of live load reduction factor
— LRFD Service III Limit State: 0.8
— Standard Service Limit State: 1.0

//‘:%’%m 8
o~ - ] msmttaﬁaa

Observations for U54 Girders (LRFD vs. STD)
Service Load Design

e Concrete Strength
— Required concrete strength at release decreased up to 25%

o Trend explained:
— Decrease in initial prestress losses and number of
strands

— Tensile stress limit increased from 7.5 /), to 7.59 /7

— Required concrete strength at service decreased up to 11%

o Trend explained:

— Compressive stress limit due to sustained loads
increased from 0.4 f/ to 0.45f;

/4‘:‘; onsnortation 90
. ‘In‘w o
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Observations for U54 Girders (LRFD vs. STD)
Service Load Design

o Prestress Losses

— Initial prestress loss changed -23% to +8 %
— Final prestress loss changed -18% to +7 %

— Trend explained:
o Initial relaxation loss decreased up to 192%
o Final relaxation loss decreased up to 216%
o Elastic shortening loss ranged from -7 to 31%
o Creep loss range from -2 to 47%

o Camber: changed -45% to +6%
i iyt 91

Observations for US4 Girders (LRFD vs. STD)
Flexural Strength Design

« Factored Design Moment, M,
— Skew Angles less than 30°: M, decreased 4-17%
— Skew Angle = 60°: M, decreased 19-29%

— LRFD values are lower
o Difference increased with increase in Skew and Girder
Spacing

+ Reduced Nominal Moment Strength, ¢\,
— oM, decreased 3-23%

— Because of decrease in the number of strands in LRFD
designs

“/ﬁ ﬁg?aés Griath
ety 7
Pl IS 92
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Observations for U54 Girders (LRFD vs. STD)
Shear Design

o Transverse Shear Design

— Major differences observed in required transverse shear
reinforcement area (4,) using the MCFT

— A, decreased from 35 - 49%

o Interface Shear Design

— Interface shear reinforcement area increased 148 - 370%.

— Shear reinforcement governed by interface shear design.

ﬁ Tlfgxas fort 93
o ] msr@:e: tati
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Detailed Design Example
Jor
Interior AASHTO Type IV
Prestressed Concrete Bridge Girder

Mary Beth Hueste
Mohammed Adil
= Toxss TxDOT LRFD Seminar
/“g_ Jransportation August 29, 2005 — College Station, Texas

Outline

~J

art |

Design Parameters

Material and Section Properties

Loads, Moments and Shears
« Distribution of Live Load Effects (DFs)
¢ Summary of Changes

art II

o Service Load Limit State Design
o Initial Strand Estimate
o Prestress Losses
o Final Strand Estimate
o Final Concrete Strength Estimate

o Summary of Changes

/ﬁ e ortation 2
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Outline (cont.)

Part JIT

« Fatigue Limit State Design
o Flexural Strength Design

o Summary of Changes

Part IV
o Shear Design

o Transverse Shear Design
o Interface Shear Design

o Summary of Changes

s Tiaaoration 3

Outline (cont.)

Part V

o Camber and Deflections

o Comparison with Standard Specification Results
o Summary of Changes
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Part 1

Design Parameters

Material and Section Properties

Loads, Moments and Shears
Distribution of Live Load Effects (DFs)

o Summary of Changes
Jd;/'&{; i’%ﬁ’?féﬁ%’tgﬁm 5
Design Parameters

« Simple span bridge — 110 fi. ¢/c pier distance

o AASHTO Type IV girder spacing — 8 ft. c/c

o Total bridge width — 46'-0"

» Total roadway width — 44'-0"

« T501 type rails

« Relative humidity (RH) = 60%

» Skew angle — 0 degrees

o AASHTO LRFD Specifications, 3rd Edition, 2004

M ;faﬁass ortation 6
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Design Parameters (cont.)

Total Bridge Width
46-0"
----- - = 12" Nominal Face to Rail .
Totat Roadway Width
| 440"
[ \ .. Wearing Surface Deck
...... - P I
* { / L E J ,_i i Y |
r5 ] | AASHTO || f {
L =.<;_Type v/ N ' 7N
. — Girder — — — ; ;
310" et 5 Spaces @ 8'-0" c/c =40'-0" e

Bridge Cross-Section

f ;’Ij‘e:ga'ss ostation 7
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Y instibte

Design Parameters (cont.)

LJ—L——'E Beam wala B

Ly Naminat Baarlnqs@
e | ] Span Length (c/c piers) = 110-0"
|
e — T — R | ISR R
, [} o t seen Qverall girder length
, L—%JJ—.[ i =110-0"-2(2") = 109'-8"
B e R
T le A"
& Interior denttt | Design Span (c/c of bearing)
=110"-0"-2(8.5") = 108'-7"
Al YERT [GNAL

ERIOR BENT

Girder End Details

/ﬁ Forenortation 8
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Material Properties

e Cast in place (CIP) slab (composite action)
o Thickness, z, = 8.0 in.
o Concrete Strength at 28-days, f’, = 4.0 ksi
o Thickness of asphalt wearing surface, £, = 1.5 in.
o Unit weight of concrete, w, = 0.150 kcf

o Precast girders: AASHTO Type IV
o Concrete Strength at release, f, = 4.0 ksi *
o Concrete Strength at release, /.= 5.0 ksi *

* These values are taken as an initial estimate and will be finalized
based on an optimum design.

P ot 9
- ransporiation
LS inshithie

Material Properties (cont.)

o Pretensioning strands: % in. diameter, seven-wire low
relaxation strands
o Area of one strand = 0.153 in.2
o Ultimate stress, f,, = 270 ksi
o Yield strength, f,,= 0.9 f,, = 243 ksi [LRFD Table 5.4.4.1-1]
o Stress limits for prestressing strands: [LRFD Table 5.9.3-1]
Before transfer, f,; = 0.75 f,, = 202.5 ksi
At service limit state (after all losses)
Jpe <080 £, =194.4 ksi
(This limit is not specified by Standard Specifications)
o Modulus of Elasticity, E, = 28,500 ksi [LRFD Art. 5.4.4.2]

(This value is specified as 28,000 ksi for Standard Specifications)

Mﬁ ?Tg;lass ortation 10
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Material Properties (cont.)

« Nonprestressed reinforcement:
o Yield strength, f, = 60,000 psi
0 Modulus of Elasticity, E, = 29,000 ksi [LRFD Art. 5.4.3.2]

« Unit weight of asphalt wearing surface = 140 pcf
o T501 type barrier weight = 326 plf /side

s Texas
“ask 7, i
A et on "

Section Properties

o Depth of the section, # = 54 in.

o Area of cross section, 4 = 788.4 in.2
o Moment of Inertia, I = 260,403 in.*

« Distance from centroid to extreme top
fiber, y, = 29.25 in.

54 in.
« Distance from centroid to extreme

bottom fiber, y, = 24.75 in.

« Section modulus referenced to extreme
top fiber, S, = 8,902.67 in.?

« Section modulus referenced to extreme

Section Geometry and Strand Pattern bottom fiber, S, = 10,521.33 in.?
for AASHTO Type IV Girder

/5'-' ;r?nassgwtaﬂo n 12
B institite




Composite Section Properties

+ Effective flange width is lesser of: [LRFD Art. 4.6.2.6.1]
o Y% design span length = 325.75 in.
o 12*(Effective slab thickness) + [greater of web thickness (8 in.) or 2
beam top flange width (20 in.)]: 12(8) + %4 (20) = 106 in.
o Average spacing of adjacent girders: 8*%(12 in./ft.) = 96 in. (controls)
This is a slightly different method as compared to the Standard

Specifications where the effective web width is computed, based on
which the effective flange width is determined.

* Modular ratio between the slab and girder concrete, n, is taken as 1 for the
service load calculations following TxDOT practice.

» In this example, the modular ratio is computed based on the actual
concrete strength for use in the flexural strength, shear, and deflection
calculations.

% Texas
"
o [eperttion 13

Composite Section Properties (cont.)

o Transformed flange width = n*(effective flange width)

1*(96) =96 in.

« Transformed flange area = n*(effective flange width) (¢,
= (1)(96) (8) = 768.0 in.?

Transformed I+
Area Vs Ay, |AW,, - y,)* I AW, -y
A (in?) (in.) (in.%) (in.%) (in.%) (in.%)

Girder 788.4 24.75 119,512.9 | 212,231.5 | 260403 | 472,634.5

Slab 768.0 58.00 | 44,544.0 | 217,868.9 | 4096 | 221,964.9

Y 1556.4 64,056.9 694,599.5

/ﬁ‘f‘e@s oriation 14




Composite Section Properties (cont.)

_centroid of composite
section

5r.om

Composite Section Details

‘/‘;" %’g);’as ortation 15
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Composite Section Properties (cont.)
Height of composite section h, =62 in
Area of composite section A4,=1556.4in.2
Moment of inertia of composite section I =694,599.5 in.*
Distance from centroid of composite section to extreme Ve =41.16 in.
bottom fiber of girder
Distance from centroid of composite section to extreme Y, =12.84 in.
top fiber of girder
Distance from centroid of composite section to extreme Y, =20.84 in.
top fiber of slab
Section modulus ref. to extreme bottom fiber of girder S,.=16,876.8 in?
Section modulus ref. to extreme top fiber of girder S, = 54,083.9 in?
Section modulus ref. to extreme top fiber of slab S,=333253in3




Loads

e Non-Composite Dead Loads
o Composite Dead Loads

o Live Load

o Dynamic (Impact) Load

,;):ex‘as o 17
ransportation
msrflgte

Non-Composite Dead Loads

* Girder self weight, w, = 0.821 kips/ft.

» Slab weight

8 in.
12 in/ft.

w, = (0.150 kips/ft.*)(8 ft.)[ )= 0.8 kips/ft.

205 Texas
S Transportation 18
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Composite Dead Loads

Permanent Loads

The permanent loads on the bridge including loads from
railing and wearing surface can be distributed uniformly
among all beams if the following conditions are met
[LRFD Art. 4.6.2.2.1].

(This check is not required by Standard Specifications.)

o
o
0o

Width of deck is constant (0.K.)
Number of beams, N,, is not less than four [N, = 6] (O.K.)

Beams are parallel and have approximately the same stiffness
(O.K)

The roadway part of the overhang, d, < 3.0 ft. [d,= 1"-8"]
(OK)

o Curvature in plan is less than 4° [Curvature = 0°] (O.K.)

Cross section of the bridge is consistent with one of the cross
sections given in LRFD Table 4.6.2.2.1-1 [Type k] (0.K.)

/-","was riath 19
= Transporiation
i inanite

composite Dead Loads (Cont...)

Precast Concrete I or Bulb-Tee Cast-in-place concrete,
Sections precast concrete

(k)

Type k Girder, AASHTO LRFD Specifications

-
= 13
Pl e
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Composite Dead Loads (cont.)

""" w— = 10" Nominal Face of Rail CL

.. S
—]
v

S p— d€= 1'-8"
Tlustration for Computation of d,

d, = Distance from exterior web of exterior girder to the interior
edge of traffic barrier

f Trﬁ;;;sponas sion 21
A instithre

Composite Dead Loads (cont.)

o Weight of T501 rails on each girder

B ( 0.326 kips/ft.
barr 2 T

- =0.109 kips/ft.
6 girders

o Weight of wearing surface distributed to each girder

(0.140 kips/ft.> )(lsij( )
W, = A2 in /M = 0.128 kips/ft.
6 girders

11



Critical Section for Shear

The calculation for the critical section for shear in LRFD
design is based on an iterative process. As an initial guess
the critical section is taken as

(hJ/2) + (1/2 bearing width) = (62/2) + (7/2) =34.5 in. =
2.88 ft. from the centerline of bearing.

The Standard Specifications specify the critical section for shear to be
taken as a distance h /2 which is 2.58 fi. from the face of the support.

‘/‘;: {gxss tion 23
o msg%f'3

Hold Down Point

o The TxDOT Bridge Design Manual recommends the hold
down point for harped strands to be computed as follows.

Distance of hold down point from the midspan is greater of
* (.05 (span length) = 0.05 (108'-7") = 5.43 ft. (controls)
= 5ft

Distance of hold down point from centerline of bearing is

0.5 (108'-7") —5.43 ft. = 48.86 ft.

ﬁ» Foxas
o }fisa‘g Pyt 24
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Dead Load Moments
Moments at distance x from bearing centerline
Loading
Distance from Wearing
the bearing Girder self Barrier surface
centerline, x | weight, M, | Slab weight, | weight, M, | weight, M
(ft.) (k-ft.) M (k-ft.) (k-ft.) (k-ft.)
2.88 124.76 121.56 16.56 19.45
10.86 435.58 424.44 57.83 67.91
21.72 774.40 754.59 102.81 120.73
32.58 1,016.38 990.38 134.94 158.46
4343 1,161.58 1,131.86 154.22 181.10
48.86 1,197.87 1,167.24 159.04 186.76
54.29 1,209.98 1,179.03 160.64 188.64
Resisting Section Precast Section Composite Section

Dead Load Shears
Shears at distance x from bearing centerline
Loading
Distance from Wearing
the bearing Girder self Barrier surface
centerline, x weight, Vg Slab weight, | weight, ¥, weight, V.
(ft.) (kips) Vs (kips) (kips) (kips)
0.00 4457 4343 5.92 6.95
2.88 4221 41.13 5.60 6.58
10.86 35.66 34.75 4.73 5.56
21.72 26.74 26.06 3.55 4.17
32.58 17.83 17.37 2.37 2.78
48.86 4.46 4.34 0.59 0.69
5429 0.00 0.00 0.00 0.00
Resisting Section Precast Section Composite Section
- 4/“;: éegxgz%céﬁaﬁon 26




Live Load

» Design live load for LRFD design shall be taken as HL-93 which
consists of the greater of following two combinations [LRFD Art. 3.6]

o Combination 1: HS20 design truck + Design lane load

o Combination 2: Design tandem + Design lane load
Design tandem consists of a pair of 25 kip axles spaced 4 ft. apart
Design lane load consists of a uniform load of 0.64 kif

The LRED design live load has changed significantly as compared to the
Standard Specifications where the design live load is specified to be taken as
the greater of
— HS20 truck load,
— Lane load (consisting of 0.64 kIf uniform load and a traversing point
load), or

— Tandem load (consisting of a pair of 24 kip axles spaced 4 fi. apart).

% fexas
o
i [emr 27

Live Load (cont.)

T |
HS20-44 8,000 LBS. 32,000 LBS * 32,000 LBSX

T
H815-44 6:000 -LBS, 24,000 LBS, 24,000 LAS.
2
3 | gl

W = COMBINED WEIGHT ON THE FIRST TWO AXLES WHIC
v ciNFOR THE CORRESPONDING H TRU H 1S THE Save
= ABLE SPACING — 14 FEET TO 30 FEET INCLUSIVE. SPACING TO BE
USED IS THAT WHICH PRODUCES MAXIMUM STAESSES.
CLEARANCE AND
OAD LANE WIDTH
100"

20" B0 ot

HS20 Truck Configuration

5 fexas
T ransnortation 28
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Live Load (cont.)

18,000 LBS. FOR MOMENT*
26,000 LBS. FOR SHEAR

UNIFORM LOAD 640 LBS. PER LINEAR FOOT OF LOAD LANE

G,

HS20 Lane Load (for Standard Specifications)

k CONCENTRATED LOAD—
L

UNIFORM LOAD 640 LBS. PER LINEAR FOOT OF LOAD LANE

72,0777 70 2

Lane load (for LRFD Specifications)

Mﬁga&s riat 28
ragsportation
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Dynamic Load Allowance

o LRFD Art. 3.6.2 specifies a dynamic load allowance of
33% to be applied to truck and tandem loading only. The
live load effect including dynamic load effects can be
calculated as

LI+IM = LI(1.33)

The impact load factor is specified by Standard Specifications to
be taken as 50 50

I= = - 0.
L+125 108.583+125
LL+I=LL(1.214)

This value is 35% smaller than the value of impact load
specified by LRFD Specifications

/& Fotsortation 30
P 12
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Live Load Moments

M = Live load moment, k-ft.

x = Distance from the centerline of bearing to the section at
which bending moment or shear force is calculated, ft.

L = Design span length = 108.583 ft.
w = Uniform load per linear foot of load lane = 0.64 kif
T = Tandem load = 50 kips

= Texas 3
i [gperaion 3

Live Load Moments (cont.)

o The maximum live load moments due to HS20 truck load
are evaluated using the following formulas

e Forx/L=0-0.333
T20)[(L - x) - 9.33]

M =
I
e Forx/l.=0333-0.5
vy PO -0)-467

16



« The live load moments due to lane load are evaluated using

Live Load Moments (cont.)

the following formula

M =0.5(w)(x)(L-x)

o The live load moments due to tandem load are evaluated
using the following formula

_T@IL -x) - 2]

M
L
;Texag
*
Live Load Moments (cont.)
. Moments at distance x from bearing centerline
Distance
from the Truck | Truck Load | Tandem | Tandem Load Lane
bearing Load + Impact Load + Impact Load
centerline M, My oy My, My ppam My,
x (ft.) (k-ft.) (k-ft.) (k-ft.) (k-ft.) (k-ft.)
2.88 183.73 244.36 137.30 182.60 97.25
10.86 636.44 846.47 478.62 636.57 339.56
21.72 1,116.52 1,484.98 848.66 1,128.72 603.66
32.57 1,440.25 1,915.53 1,110.12 1,476.46 792.31
43.43 1,629.82 2,167.66 1,263.00 1,679.78 905.49
48.86 1,671.64 2,223.28 1,298.71 1,727.29 933.79
54.29 1,674.37 2,226.92 1,307.29 1,738.69 943.22

ﬁf:%mss ortation
71, ef
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3000

2500+ e G
~ T
E Q000
% A o | e —
= 1500 I
-
500
0.
0 10 20 30 40 50 60
Distance from bearing centerline (ft.)
- STD Live Load Moments *- LRFD-Live Load Moments|
Comparison of Undistributed Live Load Moments
.  Texas
_/“' innspertation 35

Live Load Shears

o The maximum live load shears due to HS20 truck load are
evaluated using the following formulas.

Forx/L=0-0.5
_ 72[(L - x) - 9.33]
L

o The live load shears, V7, due to lane load are evaluated
using the following formula

y

0.32(L - x)*
For x <0.5L V=———————~( )
L
5 Texas

18



Live Load Shears (cont.)

e Thelive load shears, ¥V, due to tandem load are
evaluated using the following formula

TIL -x)-2

- [( ) - 2]
L

s [ption 37

Live Load Shears (cont.)

Distance Shear at distance x from bearing centerline

fromthe | pryck | Truck Load | Tandem | Tandem Load Lane
bearing Load + Impact Load + Impact Load

centerline Vir Viram Vit Vit Vi
(@) | (kips) (kips) (kips) (kips) (kips)
0.00 65.81 87.53 49.08 65.28 34.75
2.88 { 63.91 85.00 47.76 63.51 32.93
10.86 58.61 77.96 44.08 58.63 28.14
21.72 51.41 68.38 39.08 51.98 22.24
32.58 4421 58.80 34.08 4533 17.03
48.86 3341 44 .44 26.58 35.35 10.51
54.29 29.81 39.65 24.08 32.03 8.69

19
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Distribution of Live Load Effects

o The approximate LRFD distribution factors (DFs) may be used
if the following conditions are satisfied [LRFD Art. 4.6.2.2]

Width of deck is constant (0.K.)

0 Number of beams, ,, is not less than four [N, = 6] (O.K.)

o Beams are parallel and have approximately the same stiffness (O.K.)

o The roadway part of the overhang, d, <3.0 ft. [d,= 1'-8"] (O.K.)

0

o

o

Curvature in plan is less than 4° [Curvature = 0°] (O.X.)
Cross section of the bridge is consistent with one of the cross sections
given in LRFD Table 4.6.2.2.1-1 [Type k] (O.K.)
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Distribution of Live Load Effects (Cont...)

Live Load Moment Distribution Factors for Interior Girders

Concrete Deck, Filled a,¢ kand also | One Design Lane Loaded: 35<5<16.8

Grid, Partially Filled 1] S K o1 45<4,<120

Grid, or Unfilled Grid if sufficiently 0.06+(—) (—) [ 2 3 ) 2015240

Deck Composite with connected to 14) \L) \1R20Ly, Ny >4

Reinforced Concrete Slab | actasaunit | Two or More Design Lanes Loaded: 10,000<K, <

on Steel or Concrete s\ SV K 01 7,000,000

Beams; Concrete T- 0.075+ [——] (—) ( £ 3j

Beams, T- and Double T- 95) \L) \120Ls,

Sections use lesser of the values obtained fromthe | Ny =3
equation above with Nj =3 or the lever rule :

7 Texas
A 73
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Distribution of Live Load Effects (Cont...)

Live Load Shear Distribution Factors for Interior Girders
Concrete Deck, 8, ¢, k and also s ' § (sY 35<8 <160
Filled Grid, Ljit | 036+ 0‘“5_[5) W<LSUO
Partially Fifled sufficiently 45<s <120
Grid, or Unfilled connected to R At
Grid Deck act as 2 unit N, 24
Composite with
Reinforced
Concrete Slab on
Steel or Concrete
Beams; Concrete Lever Rule Lever Rule Ny=3
T-Beams, T-and .
Double T-Sections

/ﬁ‘fa""”smﬁm 42




Parameters for DF Calculations

DFM = Distribution factor for moment
S = Girder spacing = 8 ft.

L = Design span length = 108.583 ft.
t, = Slab thickness = 8 in.
N,  =Number of girders in the cross section = 6
n = Modular ratio between slab and girder concrete = 1
I = Moment of inertia of the girder section = 260,403 in.?
A = Area of the girder cross section = 788.4 in.?
e, = Distance between the centroid of the girder and the slab, in.
=(t/2)+y,=(8in./2+29.25in.)=33.25 in.
K, = Longitudinal stiffness parameter, int=n(+ Aegz)
= 1[260,403 + (788.4)(33.25)*] = 1,132,028.5 in.*
i T ortation 43
it B insti

Additional Requirements for Type k Girders

» The following requirements must also be satisfied to use
the approximate LRFD DF formulas for Type k girders

e 3.5t <85<16.0 fi. S=8ft. (OK.)
e 45in.<1,<12.0in. t,= 8 in. (0OK)
e 20 ft. <1 <240 ft. L=108.58 ft. (OK)
. N,>4 N,=6 (OK)

10,000 <K,<7,000,000 K,=1,132,028.5in* (O.K.)

/‘ Stittrte
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Moment Distribution Factors

o One design lane loaded
[LRED Table 4.6.2.2.2b-1 girder cross-section type k]

0.4 0.3 0.1
K
DFM =0.06 + (E-) (E) £ 3
14 L 12.0L¢,

s 8 3 13085 )
DEM =006+ (—j ( j >
14) (108583) |12.00108.583)8)

= 0.445 lanes/girder

/ﬁ ggﬁﬁm 45
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Moment Distribution Factors

o Two or more design lanes loaded
[LRFD Table 4.6.2.2.2b-1 girder cross-section type k]

0.6 02 0.1
K
DFM =0.075 + —S——j (‘-S'—j £ 3
9.5 L 12.0Lz,

sV 8 Y nz0ss
DEM = 0,075+ | — .
95) \108583) |12.0(108.583)®)

= 0.639 lanes/girder
4/‘%’ i%xg%é“;y o 46
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Moment Distribution Factors

« Therefore, the distribution factor for moment,
DFM = 0.639 shall be used.

o The Standard Specifications recommend using a DF of
S/11, where S is the girder spacing in feet. This gives a DF
of 0.727 (13.8% greater).

5 TEXAS
) = Yransportation
A ientte a7

Distributed Live Load Moments

Moments at distance x from bearing centerline
Distance from
the bearing Truck Load + Tandem Load + Lane Load

centerline x Impact M, 1.2/ Impact M 1,04 My,
(ft.) (k-ft.) (k-ft.) (k-ft.)
2.88 156.15 116.68 62.14
10.86 540.89 406.77 216.98
21.72 948.90 721.25 385.74
32.57 1224.02 943.46 506.28
43.43 1385.13 1073.38 578.61
48.86 1420.68 1103.74 596.69
54.29 1423.00 1111.02 602.72

/;‘ Tre:i?ss ortation 48
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Comparison of Distributed Live Load Moments
Including Impact

/4‘ o ortation 49
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Shear Distribution Factors

o One design lane loaded

[Table 4.6.2.2.3a-1 girder cross-section type k]

DFV=036+(~§—]=O36+(w§~j=068
25.0 25.0

o Two or more design lanes loaded
2 2
DFV =02+ —‘?—) - —'-S’—j = O.2+(—§—)-(£) =0.814
12 35 12) \35

Texas
Y T .
A& Insm, e i 50
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Shear Distribution Factors

o Therefore, the distribution factor for shear, DFV = 0.814
shall be used.

o The Standard Specifications recommend using a DF of
S/11, where S is the girder spacing. This gives a DF of
0.727 (10.7% smaller).

i Tsmortation 51
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Distributed Live Load Shears

Distance from Shear at distance x from bearing centerline
the bearing Truck Load + Tandem Load + Lane Load
centerline x Impact V.5, Impact V, 7,15 Vi

(tt) (kips) (kips) (kips)
0.00 71.25 53.13 28.28
2.88 69.19 51.70 26.81
10.86 63.46 47.72 22.91
21.72 55.66 4231 18.10
32.58 47.87 36.89 13.86
48.86 36.17 28.78 8.56
54.29 32.28 26.07 7.07

2w Toxas
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|~ STD Live Load Shears -#- LRFD-Live Load Shears§

Comparison of Distributed Live Load Shears
Including Impact

i Texas
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Load Combinations

o The total factored load effect is taken as:
O=>ni viQi [LRFD Eq. 3.4.1-1]

QO = Factored force effects.
v, = Load factor, a statistically based multiplier applied to force
effects specified by LRFD Table 3.4.1-1.
Q, = Unfactored force effects.
1, = Load modifier, a factor relating to ductility, redundancy and
operational importance.
=1p N 1; = 0.95, for loads for which a maximum value of yi is

appropriate [LRFD Eq. 1.3.2.1-2]

< Toxas
¢ ' 7
/‘ e o
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Load Combinations (Cont.)

Np = A factor relating to ductility
1.00 for all limit states except strength limit state
= 1.00 for design conventional and complying with the LRFD
Specifications is used in this example for strength limit state.
Nz = A factor relating to redundancy
1.00 for all limit states except strength limit state.

1.00 for designs providing conventional level of redundancy to
the structure is used in this example for strength limit state.

n, = A factor relating to operational importance.

1.00 for all limit states except strength limit state.

= 1.00 for typical bridges is used in this example for strength limit
state.

n; =Mp Mr My = 1.00 for service and strength limit states

Il

It

/‘ﬁ Fiansportation 55
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Load Combinations (cont.)

DC  Load effects due to dead loads except wearing surface
weight

DW  Load effects due to wearing surface weight
LL Live load effects
IM  Dynamic load effects

» Strength I: To check ultimate strength [LRFD Table 3.4.1-1]

0=125(DC)+ 1.50(DW) + 1.75(LL + IM)

Standard Specifications specifies load factor design Group I
loading as 1.3(DL) + 2.17(LL + I).

/{:  eportation 56
e g;mziz te
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Load Combinations (cont.)

« Service I: To check compressive stress in prestressed
concrete components

0 =1.0DC + DW) + 1.0(LL + IM)

This is the same as service load design Group I loading
specified by Standard Specifications.

« Service HI: To check tensile stresses in prestressed concrete
members

0=1.0DC + DW) + 0.8(LL + IM)

Standard Specifications does not specify a different load
combination to check tensile stresses.

M %fzf TSportati 57
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Summary of Changes

» Effective flange width calculations have changed

« Specified conditions must be satisfied to uniformly
distribute superimposed dead loads

o Critical Section for shear is no longer /2

« Liveload has changed to HL-93 model, a combination of
truck and lane load (or) tandem and lane load whichever
governs

M‘z ;!%‘2253 oriation 58
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Summary of Changes (cont.)

» Impact load calculations have changed to 33% of live load
for all spans

« Distribution factor is no more S/11. Approximate formulas
provided shall be used as applicable and if not, refined
analysis has to be employed.

« Load combinations have changed

P Trtieportation 59
B8 institite

Part 11
Service Limit Design

o Service Limit State Design
o Initial strand estimate
o Prestress losses
o Final strand estimate
o Final estimate of concrete strengths

« Summary of changes

‘_/»35 T ortation 60
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Service Limit State Design

o Design Steps (based on TxDOT methodology)

— Calculate the tensile stress in the bottom fiber of the girder at
midspan section due to service loads using Service III load
combination.

— Calculate allowable tensile stress limit at service limit state.

— Determine the required precompressive stress in the bottom fiber
of the girder. This is the difference between the bottom fiber stress
due to applied loads and allowable stress limit.

— Establish a preliminary estimate of the required number of strands,
based on assumed initial prestress loss and prestressing strand
eccentricity values.

— Calculate actual strand eccentricity for the determined number of
strands.

= Fexas
B
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Service Limit State Design (Cont.)

—  Check if the bottom fiber stress due to prestressing is greater than
the required precompressive stress, if not update the number of
strands.

— Calculate initial and final prestress losses.

- Calculate the final stress due to prestressing at the bottom fiber of
the girder at midspan. Check if this is greater than the required
precompressive stress, if not update the number of strands . The
number of strands obtained in this step will not be updated any
further and will be the final required number of strands.

— Calculate the initial stress at bottom fiber of the girder at the hold
down points and estimate the required concrete strength at release
using the allowable compression limit at transfer.

G TOXES
o it
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Service Limit State Design (Cont.)

— Refine the prestress losses based on the determined required
concrete strength at transfer (Prestress loss due to elastic
shortening depends on concrete strength at transfer).

— Evaluate the initial stresses at the top and bottom fibers of the
girder at the hold down point and girder ends and update the
required concrete strength at transfer using allowable stress limits.

- Evaluate the final stresses at the top and bottom fiber of the girders
at the midspan and update the required concrete strength at service
using allowable stress limits.

— Repeat the above three steps until the required concrete strength at
transfer and at service are sufficiently converged.

<% Fexas
S T ?

Service Limit State Design (Cont.)

« Once the required concrete strengths are finalized

— Check the initial stresses at the top and bottom fiber of the girder at
girder end, transfer length, hold down point, and midspan

— Check the final stresses at the top and bottom fiber of the girder at
midspan

M };?;azssi)mﬁm 64
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Initial Strand Estimate

o  Tensile stress at bottom fiber of the girder at midspan due to applied
dead and live loads using load combination Service III is given as

_Mpey  Mpee +Mpy +0.8(Mp+ M)
Sy She

Ty

Mpey =Moment due to non-composite dead loads, k-ft.
=M, + M;
M,  =Moment due to girder self-weight = 1,209.98 k-ft.
Mg =Moment due to slab weight = 1,179.03 k-ft.
Mpey =1,209.98 + 1,179.03 = 2,389.01 k-ft.
Mp . =Moment due to composite dead loads except wearing surface load

barr

M,,,, =Moment due to barrier weight = 160.64 k-ft.

i paration 65
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Initial Strand Estimate (Cont.)

Mp,, =Moment due to wearing surface load = 188.64 k-ft.

M, = Distributed moment due to HS 20 truck load including dynamic
load allowance = 1,423.00 k-ft.

M,;, = Distributed moment due to lane load = 602.72 k-ft.

® Substituting the moments and section modulus values in
the equation

f,=4.125ksi

(This value is slightly greater than the tensile stress at the
bottom fiber of the girder, 4.024 ksi, obtained in the
Standard design)

‘; Texas N
X‘/ ngtemam 66
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Initial Strand Estimate (Cont.)

« Allowable tensile stress in fully prestressed concrete members is
specified in LRFD Table 5.9.4.2.2-1.

o For members with bonded prestressing tendons that are subjected to
not worse than moderate corrosion conditions, the allowable tensile
stress at service limit state after losses is given as

Fy= 0.19f!

1= Compressive strength of girder concrete at service = 5 ksi
F,= 0.194/5.0 =0.4248 ksi

(This value is slightly greater than the allowable tensile
stress, 0.4242 ksi, obtained in the Standard design)

% Texss
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Initial Strand Estimate (Cont.)

« Required precompressive stress
Jobreqa. = Bottom tensile stress — Allowable tensile stress at service
=f, — F,=4.125-0.4248 = 3.700 ksi

o The eccentricity of prestressing strands is assumed to be equal to the
distance from the centroid of the girder to the bottom fiber

e.=y,=24.75 . (PSTRS 14 methodology, TxDOT 2004)
o Stress at bottom fiber of the girder due to prestress after losses:
P, P e
ﬂ—req'd =+ + £

A S,

b
P,, = Prestressing force after all losses, kips

A = Area of girder cross-section = 788.4 in.2

S, = Section modulus referenced to the extreme bottom fiber of
the non-composite precast girder = 10,521.33 in.3

/’ﬁ Tr%’;zass ortation 88
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Initial Strand Estimate (Cont.)

« Substituting the corresponding values and solving for P,
e = 1,021.89 kips

o Assuming final losses equal to 20% of the initial prestress, f, ,
prestressing force per strand after losses

P, = (area of strand) (f,; — losses) = 0.153[202.5 — 0.2(202.5)] = 24.78 kips
Number of prestressing strands required = P, /P, = 42

the

Strand eccentricity at midspan after strand arrangement
122 +4+6) + 6(8)
42

Stress at bottom fiber of the girder due to prestressing force
fy=3316 ksi<f; .00 = 3.700 ksi

24.75 -

M@' e ortai 69
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Initial Strand Estimate (Cont.)

o The strands are incremented by two in each step and the stress at the
bottom fiber of the girder due to prestressing is checked until it
exceeds the required precompressive stress.

Number of | Prestressing | Eccentricity at | Stress at Bottom
Strands Force, P, Midspan, e, Fiber of the
Girder f,

(kips) (in.) (kst)
42 1,040.76 20.18 3.316
44 1,090.32 20.02 3.458
46 1,139.88 19.88 3.600
48 1,189.44 19.67 3.723

f Frsortation 70
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Initial Strand Estimate (Cont.)

o 48 strands are used as a preliminary estimate for the number of strands.

The strand arrangement is shown

Number of  Distance from
Strands Bottom Fiber
(in.)

2 10

10 8

12 6

12 4

12 2

Initial Strand Arrangement

/"" e orintinn 71
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Prestress Losses

o The LRFD Specifications specifies the following expressions to be
used for the estimation of instantaneous and final losses

« Instantaneous loss of prestress, Af,, = (Af,zs + A pr))

100(Af s + A prs)

« Percent instantaneous loss, % Af,, =

f §74
Af,gs = Prestress loss due to elastic shortening, ksi
Af,r; = Prestress loss due to steel relaxation before transfer, ksi
Sy = Jacking stress in prestressing strands = 202.5 ksi

/ﬁ ;ﬁaﬁ ortation 72
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Prestress Losses (Cont.)

The TxDOT methodology is used for the evaluation of
instantaneous prestress loss in Standard design, given by the
Jfollowing expression, because Standard Specifications do not
provide the expression to evaluate steel relaxation loss at
transfer.

1
&, = (ES+_CR)

ES = Prestress loss due to elastic shortening, ksi
CR; = Prestress loss due to steel relaxation at service,
ksi

/5"-' Fos ortatio 73
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Prestress Losses (Cont.)

o Time dependent losses: The LRFD Specifications provides
two options for the estimation of time dependent losses
— Lump-sum Estimate
— Refined Estimate (used for the detailed design example)

Time Dependent loss = Af) op + Af,cp + Af p;

Af,sg = Prestress loss due to concrete shrinkage, ksi
Af,ck = Prestress loss due to concrete creep, ksi
Af,r, = Prestress loss due to steel relaxation after transfer, ksi

« Total prestress loss:
Mor= Myops + Mosg T Mycr + Mort T Myrz

T aton s
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Prestress Loss due to Elastic Shortening

o The loss in prestress due to elastic shortening in prestressed members
is given as

E
—E—"—fcgp [LRFD Eq. 5.9.5.2.3a-1]

cf

Af;Es =

The Standard Specifications specify a similar equation for the estimation
of elastic shortening loss. However, note that the value for the modulus of
elasticity of steel was specified as 28,000 ksi by Standard Specifications.
The LRFD Specifications specifies this value as 28,500 ksi.

E

P

E ..

i

Modulus of elasticity of prestressing steel = 28,500 ksi
= Modulus of elasticity of girder concrete at transfer, ksi

33,000(w ) \/]7 [LRFD Eq. 5.4.2.4-1]

i [y 15

Elastic Shortening (Cont.)

w, = Unit weight of concrete (must be between 0.09 and 0.155 kef for
LRFD Eq. 5.4.3.4-1 to be applicable) = 0.150 kcf

f.; = Initial estimate of compressive strength of girder concrete at
release = 4 ksi

E, = [33,00000.150)-5V47 = 3,834.25 ksi

Jegp = Sum of concrete stresses at the center of gravity of the prestressing
steel due to prestressing force at transfer and the self-we1ght of the
member at sectlons of maximum moment, ksi
=£+B ec _ (Mg)ec

A 7 7

A = Area of girder cross-section = 788.4 in.2

I = Moment of inertia of the non-composite section = 260,403 in.*

e, = Eccentricity of the prestressing strands at the midspan = 19.67 in.

M, = Moment due to girder self-weight at midspan = 1,209.98 k-ft.

= Toxas
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Elastic Shortening (Cont.)

o The effective prestress after initial losses is unknown at this point.
Hence, using the TxDOT methodology initial loss is assumed to be 8%
of initial prestress, f,,.

P, = Pretension force after allowing for the 8% initial loss, kips
(number of strands)(area of each strand){0.92(F,)]
48 (0.153)(0.92)(202.5) = 1,368.19 kips

1,368.19 , 1,368.19(19.67)" 1,209.98(12 in./ft.)(19.67)
788.4 260,403 260,403
=2.671 ksi

Il

Il

Jeor =

o Prestress loss due to elastic shortening is

28,500
Afps = | —2—— | (2.671) = 19.854 ksi
Jor {3,834.25}( )

e Trmertai 77
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Prestress Loss due to Concrete Shrinkage

+ The loss is prestress due to concrete shrinkage for pretensioned
concrete members is given as:

A];SR =17-0.15H [LRFD Eq. 5.9.5.4.2-1]
H = Average annual ambient relative humidity = 60%

Afysr = [17 ~ 0.15(60)] = 8.0 ksi

A similar expression is specified by the Standard Specifications for the
estimation of prestress loss due to concrete shrinkage.

l@ }Ig;:ass ortation 78
} | Ifxszité)re

39



Prestress Loss due to Concrete Creep

o The loss in prestress due to creep of concrete is given as:
Mopcr = 12110~ TN 4, 20 [LRFD Eq. 5.9.5.4.3-1]

A similar expression is specified by the Standard Specifications for the
estimation of prestress loss due to concrete creep

Af.q, = Change in concrete stress at the center of gravity of the
prestressing steel due to permanent loads except the dead load
present at the time the prestress force is applied calculated at
the same section as £,

=MS e +MSDL(ybc )
1 1

4
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Creep Loss (Cont.)

M; = Moment due to slab weight at midspan section = 1,179.03 k-ft.
Mg, = Moment due to superimposed dead load
= Mbarr + MDW

M,,,, = Moment due to barrier weight = 160.64 k-ft.
My, = Moment due to wearing surface load = 188.64 k-ft.

My, = 160.64 + 188.64 = 349.28 k-ft.

Vs = Distance from the centroid of the composite section to extreme
bottom fiber of the precast girder =41.157 in.
Yy = Distance from the centroid of the prestressing strands at

midspan to the bottom fiber of the girder
= 24.75-19.67 =5.08 in.

1 = Moment of inertia of the non-composite section = 260,403 in.*
1, = Moment of inertia of composite section = 694,599.5 in.*
i Texas
i i o
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Creep Loss (Cont.)

A = 1,179.03(12in/ft)(19.67) | (349.28)(12in/ft.)(41.157-5.08)
edp 260,403 694,599.5

=1.069 +0.218 = 1.287 ksi

o Prestress loss due to creep of concrete is

M, er = 12(2.671) — 7(1.287) = 23.05 ksi

/‘# 7'7,?35 f 81
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Prestress Loss due to Steel Relaxation

o For pretensioned members with low-relaxation prestressing steel,
initially stressed in excess of 0.5/, , the prestress loss due to steel
relaxation at transfer is given as:

_ log(24.01) { Sy

Moy == -0.55} f,; [LRFD Egq. 5.9.5.4.4b-2]

Py

The Standard Specifications does not specify the expression for the
estimation of prestress loss due to steel relaxation at transfer. However,
TxDOT uses half the final relaxation loss as the initial relaxation loss.

/‘ﬁ‘%;:ss 7t 82
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Steel Relaxation Loss (Cont.)

Af gy = Prestress loss due to relaxation of steel at transfer, ksi

S = Ultimate stress in prestressing steel = 270 ksi
Jy = Initial stress in tendon at the end of stressing
= 0.75f,,=0.75(270) = 202.5 ksi > 0.5f,,, = 135 ksi
t = Time estimated in days from stressing to transfer taken as 1 day
[default value for PSTRS14 design program (TxDOT 2004)]
foy = Yield strength of prestressing steel = 243 ksi

Prestress loss due to initial steel relaxation is

Af,,, = 108RA0M)| 2025 4 551507 5 = 1.08 ksi
s 40 243
‘; Texas .
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Steel Relaxation Loss (Cont.)

« For pretensioned members with low-relaxation strands, the prestress
loss due to relaxation of steel after transfer is given as:
Afor>=30% 0f [20.0 — 0.4 Af pg— 0.2(Afpsp + A cr)
[LRFD Art. 5.9.5.4.4¢c-1]

The Standard Specifications specify a similar equation for the
estimation of prestress loss due to steel relaxation after transfer.

Afyp>=0.3[20.0 - 0.4(19.854) — 0.2(8.0 + 23.05)] = 1.754 ksi

/{5 Texas o
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Instantaneous Loss

« The instantaneous loss of prestress is estimated using the following
expression:

Afg;i = AprS + A.prI
=19.854 + 1.980 = 21.834 ksi

« The percent instantaneous loss is calculated using the following
expression:

100(Af, g5 + A ypy)  100(19.854 +1.980)

Y =
= Lo 202.5
=10.78% > 8% (assumed value of initial prestress loss)
/ﬁ ?zzs}x!?ss oriation 85
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Prestress Losses

o The prestress losses are recalculated using the initial prestress loss
value obtained in the previous trial. This procedure is repeated until
the difference in the initial prestress loss values obtained by two
consecutive trials is less than 0.10%. The following Table
summarizes the results from different trials.

Elastic Concrete | Concrete |Initial Steel | Final Steel | Initial | Initial
Shortening | Shrinkage| Creep | Relaxation | Relaxation | Prestress| Loss

Trial (ksi) (ksi) (ksi) (ksi) (ksi) %kosss (%)
1 19.85 8.0 23.05 1.98 1.75 21.83 | 10.78
2 19.01 8.0 21.68 1.98 1.94 20.99 | 10.37
3 19.13 8.0 21.88 1.98 1.91 21.11 10.42
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Final Strand Estimate

o Total final loss in prestress
AMor= Mops+ Myse T Mocr + Myri + Mira

Af,ps = Prestress loss due to elastic shortening = 19.13 ksi
Afpsr Prestress loss due to concrete shrinkage = 8.0 ksi

Il

M,ck = Prestress loss due to concrete creep = 21.88 ksi
Af,r; = Prestress loss due to steel relaxation at transfer = 1.98 ksi
Af,r; = Prestress loss due to steel relaxation after transfer = 1.91 ksi

Afpr=19.13+8.0 +21.88 + 1.98 + 1.91 = 52.90 ksi

/ﬁ’}rg’*ﬁg’” tation 87
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Final Strand Estimate (Cont.)

« Effective final prestress
Joe =Joi = Mpr=202.5 — 52.901 = 149.60 ksi

o Check for prestressing stress limit at service limit state: f,, <0.8f,,
Jyy = Yield strength of prestressing steel = 243 ksi
Joe = 149.60 ksi < 0.8(243) = 194.4 ksi (OK)

» Effective prestressing force after allowing for final prestress loss
P,, = (number of strands)(area of each strand)(f,)
=48(0.153)(149.60) = 1,098.66 kips

w Texas
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Final Strand Estimate (Cont.)

o Stress at the bottom fiber of the girder due to prestress after losses:

P P e
Sy =TS
A S

b
Eccentricity of prestressing strands, e, = 19.67 in.

Substituting the corresponding values in above equation, the stress at
the bottom fiber of the girder is determined as

fiy =344TKsi<fy,..0 =3.700 ksi

« The strands are incremented by two in each step and the stress at the
bottom fiber of the girder due to prestressing until it exceeds the
required precompressive stress.

Mgem rtati 89
y b Fransporaion
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Final Strand Estimate (Cont.)

Number of Prestressing Eccentricity at Stress at
umber o Force, P, Midspan, e, Bottom Fiber
Strands of the Girder, f;

(kips) (in.) (ksi)
48 1,098.66 19.67 3.447
50 1,144.44 19.47 3.570
52 1,190.22 19.29 3.691
54 1,236.00 19.12 3.813

e 54 — Y in. diameter, 270 ksi low-relaxation strands will be used and
this will not be updated any further.

P dransponation
. r i'_txsfﬂ_i%ﬂ‘
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Final Concrete Strengths

« Total prestress loss at transfer

Ay = (A prs + Moprs)
=19.13+1.98=21.11 ksi

« Effective initial prestress
S =202.5-21.11 = 181.39 ksi

P, = Effective pretension after allowing for the initial prestress loss
= (number of strands)(area of each strand)(f,))
= 54(0.153)(181.39) = 1,498.64 kips

/ 7 {ex‘? ortation 91
’ ran:
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Initial Stress at the Hold Down Point

« The concrete stress at release is updated based on the initial stress at
the bottom fiber of the girder at the hold down point due to effective
initial prestress and self-weight of the girder.

f' = 5 + R ec _ Mg

Y408, S,

Note that PSTRS 14 program uses the design span length for the
evaluation of initial stresses. However, this design example uses the
overall girder length for initial stress calculations assuming that the girder
rests on the ground at transfer for application of self-weight.

o TeXas
2 Transportation
A _Insﬁigte 92
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Initial Stress at the Hold Down Point (Cont.)

M, = Moment due to girder self-weight at the hold down point based on
overall girder length of 109'-8" = 0.5wx(L - x)

w = Self-weight of the girder = 0.821 kips/ft.
L = Overall girder length = 109.67 ft.
x = Distance of hold down point from the end of the girder
= HD + (distance from centerline of bearing to the girder end)
HD = Hold down point distance from centerline of the bearing
= 48.862 ft.
x = 48.862 + 0.542 = 49.404 ft. (refer girder end details)

M, = 0.5(0.821)(49.404)(109.67 - 49.404) = 1,222.22 k-ft.

% Texas
1, tior
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Initial Stress at the Hold Down Point (Cont.)

« Initial concrete stress at bottom fiber of the girder at the hold down
point

Joi

_ 149864 | 149864(19.12) 12222212 in/ft)
788.4 10,521.33 10,521.33

=1.901+2.723 - 1.394 =3.230 ksi

+ Compression stress limit for pretensioned members at transfer is 0.6 fa
[LRFD Art. 5.9.4.1.1]

’ 3,230 .
Therefore, fci,,eqd. = 7 =5,383.33 psi
o Texas
i [ o

47



Refined Losses

o The prestress losses are refined based on the updated number of
strands and concrete strength at release. The same approach as
discussed in the “Prestress Losses” slides is used. The initial estimate
for the initial prestress loss is taken as 10.42%, obtained in the
previous trial.

Trial | Elastic Concrete | Concrete |Initial Steel| Final Steel | Initial | Initial
Shortening | Shrinkage | Creep | Relaxation | Relaxation | Prestress| Loss
Loss
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (%)
18.83 8.0 26.50 1.98 1.67 20.81 | 10.28
2 18.87 8.0 26.57 1.98 1.66 20.85 | 10.30
/‘/‘f T ortation 95
LA institite
L]
Total Initial Prestress Loss
« Total prestress loss at transfer
Ay = A pps + & pr1)
=18.87 +1.98 = 20.85 ksi
« Effective initial prestress
Jpi =202.5-20.85 = 181.65 ksi
P, = Effective pretension after allowing for the initial prestress loss

= (number of strands)(area of each strand)(f,,)
= 54(0.153)(181.65) = 1,500.79 kips -

% Texas
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Total Final Losses

« Total final loss in prestress
Apr = Af;;ES + AfpSR + Af;cn + Af}}u + Af;)RZ

Af,ps = Prestress loss due to elastic shortening = 18.87 ksi

Af,sg = Prestress loss due to concrete shrinkage = 8.0 ksi

Af,ck = Prestress loss due to concrete creep = 26.57 ksi

Af,r; = Prestress loss due to steel relaxation at transfer = 1.98 ksi
Af,r, = Prestress loss due to steel relaxation after transfer = 1.66 ksi

Afpr=18.87 + 8.0 +26.57 + 1.98 + 1.66 = 57.08 ksi

P %%",,?Wm 97
. "l insttite

Effective Final Prestress

« Effective final prestress
Joe =Toi— Mop=202.5-57.08 = 145.42 ksi

»  Check for prestressing stress limit at service limit state: f,, < 0.8/,
J,y = Yield strength of prestressing steel = 243 ksi
Joe = 14542 ksi < 0.8(243) = 194.4 ksi (OK)

« Effective prestressing force after allowing for final prestress loss
P,, = (number of strands)(area of each strand)(f,.)
= 54(0.153)(145.42) = 1,201.46 kips

7 Toxas
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Final Stresses at Midspan

« The required concrete strength at service is updated based on the final
stresses at the top and the bottom fibers of the girder at midspan section.

o The concrete stress at the top fiber of the girder at the midspan section is
investigated for the following three cases using Service I limit state

— Casel: Effective final prestress + Permanent loads
— Case II: Live load + 4 (effective final prestress + permanent loads)
— Case IUI: Effective final prestress + Permanent loads + Live load

o The concrete stress at the bottom fiber of the girder at the midspan
section is investigated using Service IIT limit state (The live loads are
multiplied by 0.8)

Texas

A‘ ?ggtﬁ 2?:2 ( 9

Final Stresses at Midspan (Cont.)

Load Top Fiber |Bottom Fiber Required
Allowable Concrete
(ksi) (ksi) Stress Limit | Strength (psi)
Effective Prestress + '
Permanent Loads 2.241 B 045 /e 4,980
Live Load +
Y5 (Effective Prestress + | 1.570 - 0.40 f; 3,925
Permanent Loads)
Effective Prestress +
Permanent Loads + 2.690 - 0.60 1, 4,483
Live Load
Effective Prestress +
Permanent Loads + - -0418 | 0.19[f 4,840
0.8(Live Load)

/ﬁ asportation 1
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Initial Stresses

o The initial stresses at the top and bottom fiber of the girders is
calculated at the hold down points and girder ends.

o The 10 web strands are harped at the girder end to minimize the initial
stresses at the girder end. (See LRFD detailed example pg. A.2-51 for

detailed discussion)

« Eccentricity at the girder end is calculated as follows

10(2+4+6) + 8(8) + 6(10) + 2(52+50+48+46+44)

e,=24.75—
54
=11.34in.
% Texas
s [Sisperaton 101
e
Initial Stresses (Cont.)
Location Stress | Allowable Required
Stress Concrete
Limit Strength (psi)
Top 1538 0.60 /¢ 547
) Fiber
Hold Down Points Bott

ottom y
Fiber 3.237 0.60 f 5,395
Top ;

| Fiber | 0008 | 0247 1

Girder End Bort

ottom .
Fiber 3.522 0.60 /; 5,870
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Refined Losses

o The concrete strength at release is updated and the prestress losses are
calculated based on the updated concrete strength at release.

Trial Elastic Concrete | Concrete |Initial Steel | Final Steel | Initial | Initial
Shortening | Shrinkage | Creep | Relaxation | Relaxation | Prestress| Loss

Loss
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (%)
1 18.07 T 8.0 26.57 1.98 1.76 20.05 9.90
2 18.17 8.0 26.77 1.98 1.73 20.15 9.95

o Texas
” o
Afns”"- fon 103

Total Initial Prestress Loss

o Total prestress loss at transfer

Af;;i = (AprS +Apr1)
=18.17+ 1.98=20.15ksi

« Effective initial prestress
f;,,. =202.5-20.15=182.35ksi

= Effective pretension after allowing for the initial prestress loss
= (number of strands)(area of each strand)(f,,)
= 54(0.153)(182.35) = 1,506.58 kips

P.

1
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Total Final Losses

o Total final loss in prestress
Afor= Mops+ Myse + Mycr + Myprr + Aorz

Af,es = Prestress loss due to elastic shortening = 18.17 ksi

Af,sg = Prestress loss due to concrete shrinkage = 8.0 ksi

Af,ck = Prestress loss due to concrete creep = 26.77 ksi

Af,r; = Prestress loss due to steel relaxation at transfer = 1.98 ksi
Af,r; = Prestress loss due to steel relaxation after transfer = 1.73 ksi

Af,r=18.17+8.0 +26.77 + 1.98 + 1.73 = 56.70 ksi

= fexas
" Ty 5
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Effective Final Prestress

o Effective final prestress
Joe = Soi = App=202.5 — 56.70 = 145.80 ksi

« Check for prestressing stress limit at service limit state: f,, < 0.8f,,
1,y = Yield strength of prestressing steel = 243 ksi
f,o = 145.80 ksi < 0.8(243) = 194.4 ksi (OK)

« Effective prestressing force after allowing for final prestress loss
P,, = (number of strands)(area of each strand)(f,,)
= 54(0.153)(145.80) = 1,204.60 kips

= Toxas
% Transportation 106
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Final Stresses at Midspan (Cont.)

Load Top Fiber| Bottom | Allowable |Required Concrete
(ksi) | Fiber (ksi) | Stress Limit |  Strength (psi)
Effective Prestress + ,
Permanent Loads 2.238 i 045/c 4,973
Live Load +
Vs (Effective Prestress + | 1.568 - 0.40 1, 3,920
Permanent Loads)
Effective Prestress +
Permanent Loads + 2.687 - 0.601, 4,478
Live Load
Effective Prestress +
Permanent Loads + - -0408 | 0.19,ff 4,611
0.8(Live Load)
“ Texas
P 107
L)
Initial Stresses (Cont.)
Allowable Required
Stress Concrete
Location Stress Limit Strength (psi)
Top 16320 | 060 537
i Fiber
Hold Down Points Bott
ottom y
Fiber 3.255 0.60 f; 5,425
TP\ 0008 | 0247 1
i Fiber ' ' Je
Girder End Bort
ottom .
Fiber 3.535 0.60 /¢ 5,892
ﬁ e — 108
pr ];:st'iwte
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Final Concrete Strengths

» The concrete strengths have sufficiently converged (22 psi
difference). Hence, no more iterations are required.

« Required concrete strength at transfer, £, = 5,892 psi
» Required concrete strength at service
= greater of f;; and 4,973 psi (obtained from final stresses
at midspan)
[ =5,892 psi

o Required number of ¥ in. diameter, 270 ksi low relaxation
strands = 54

/f: {’ea);,as jort 109
R isnihre

Design Summary

o Total initial prestress loss = 9.95%
(STD = 8.94%, LRFD - increase of 11.3%)

o Total final prestress loss = 28.0 %
(STD = 25.2%, LRFD - increase of 11%)

« Number of prestressing strands = 54
(STD = 50 strands, LRFD - increase of 8%)

o Concrete strength at transfer = 5,892 psi
(STD = 5,455 psi, LRFD - increase of 8%)

o Concrete strength at service = 5,892 psi
(STD = 5,583 psi, LRFD - increase of 5.5%)

“i Toxas .
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Strand Arrangement

No.of  Distance from
Strands Bottom Fiber (in.)

NN
&
o

No.of  Distance from
Strands Bottom Fiber (in.)

6 10
8 8
10 6
10 4
10 2
LR | I v
11 spaces @ 2" c/c
2 Texas Strand Arrangement at Girder End
i R i

Strand Arrangement (Cont.)

No. of Distance from Harped
Strands  Bottom Fiber (in.) /_’/-Strands
8 10 -

10 8

12 6

12 4

12 2 :

2" —.—-[ | I_<_ o

11 spaces @ 2" c/c

Strand Arrangement at Midspan

lﬂ/": ’Eféﬁ? ortation 112
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Strand Arrangement (Cont.)

10 harped strands 44 straight strands
centroid of harped 4 . /
e stmngsarp // Half Girder Length ;
54-10" 1 gt
L / 46
i ——_ 7 "1 Girder
‘T“‘“ ——— | depth
[ A —'
‘ 5.5m _f centroid of straight strands 5,(2; of Girder
~-eme e 215" Transfer length
495"

Hold down distance from girder end

Longitudinal Strand Profile

ﬁ%mggmem i 113
S institine

Summary of Stresses at Transfer

o Stresses due to effective initial prestress and self-weight of the

girder:
Location Top of girder Bottom of girder
J; (ksi) Jy (ksi)
Girder end —0.008 +3.535
Transfer length section +0.074 +3.466
Hold down points +0.322 +3.255
Midspan +0.339 +3.241
Tevas 3
s [pon 114
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Summary of Stresses at Service

» Final stresses at the midspan section for the cases described

earlier.
At Midspan Top of slab  Top of Girder  Bottom of girder
£, (ks £, Gksi) £, (s
Case I +0.126 +2.238 -0.409
Case II +0.792 +1.568 -
Case 11T +0.855 +2.688 -
% Texas .
o [ipoton 115

Summary of Changes

o The prestress loss due to initial relaxation of steel is included in the

LRFD Specifications.

» Allowable stress limit for the compressive stress due to the sum of
effective prestress and permanent loads

— STD: 0407,
— LRFD: 0457,

Toxas
g 2
i Tipereton 116
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Part 11

» Fatigue Limit State Design
 Flexural Strength Design
o Composite Section properties
o Check Live Load Moment Distribution Factor
o Design Moment
o Moment Resistance
o Maximum Reinforcement Check
o Minimum Reinforcement Check

o Summary of Changes

/;*.* Trarsporttion 17
A nonite

Fatigue Limit State Design

o The check for the fatigue of the prestressing strands is not
required for fully prestressed components designed to have
extreme fiber tensile stress due to Service 111 limit state
within the specified limit of 0.194/ £ (ksi) = 64/ £ (psi)

=
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Composite Section Properties

« The composite section properties are updated using the
modular ratio based on chosen concrete strength.

o Modular ratio between slab and girder concrete

Ee
n={—

Ecp
. = Modulus of elasticity of slab concrete = 33,000(w,)* | £

5]
I

w, = Unit weight of concrete = 0.150 kcf
fc's = Compressive strength of slab concrete at service = 4.0 ksi
E,. = [33,000(0.150)"5/4] = 3,834.25 ksi

% Texas
" - it
i [ 119

Composite Section Properties (Cont.)

E,, = Modulus of elasticity of girder concrete at service, ksi

33,0000,/ £

f. = Strength of precast girder concrete at service = 5.892 ksi
E, = [33,000(0.150)'4/5.892 ] =4,653.53 ksi

e 3,834.25 _0.824
4,653.53

» Transformed flange width, b= n*(effective flange width)
Effective flange width = 96 in.
b,f= 0.824*(96) = 79.10 in.

o Transformed Flange Area, 4= n*(effective flange width)(z)
t, = Slab thickness = 8 in.
A= 0.824%(96)(8) = 632.83 in.2

/ﬁ‘ 7;?axass ortatinng 120
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Composite Section Properties (Cont.)

A, = Total area of composite section = 1,421.23 in.2

c

I, = Moment of inertia of composite section = 651,886.0 in*

¥y = Distance from the centroid of the composite section to extreme
bottom fiber of the precast girder, in. = 39.56 in.

¥, = Distance from the centroid of the composite section to extreme
top fiber of the precast girder, in. = 54 - 39.56 = 14.44 in.

v, = Distance from the centroid of the composite section to extreme
top fiber of the slab = 62 - 39.56 = 22.44 in.

S,. = Section modulus of composite section referenced to the extreme
bottom fiber of the precast girder, in.?

= Iy, =651,886.0/39.56 = 16,478 .41 in.3

ﬁ' Trfa’ﬁ%gmm* n 121
SR inst

Composite Section Properties (Cont.)

S, = Section modulus of the composite section referenced to the top
fiber of the precast girder, in.3

= ILly,=651,886.0/14.44 =45,144.46 in?

S,. = Section modulus of composite section referenced to the top
fiber of the slab, in.?

= Iy, =651,886.0/22.44 =29,050.18 in3

i Tioxas
. "
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Live Load Moment Distribution Factor

+ Longitudinal stiffness parameter, K, used in the live load moment
distribution factor calculation depends on the modular ratio between
girder and slab concrete.

o Live load moment distribution factor calculated using the assumption
of modular ratio, n = 1 needs to be checked.

K,=n{+4e?)

n = Modular ratio between girder and slab concrete

E, for girder concrete  4,653.53 1214
E, forslabconcrete 383425

: Texas
A; Z;‘gﬂge ) 123

Live Load Moment DF (Cont.)

A = Area of non-composite girder cross section = 788.4 in 2

I =Moment of inertia about the centroid of the non-composite
precast girder = 260,403 in.*

e, = Distance between the centers of gravity of the girder and slab
=(t/2+y)=(8/2+29.25)=33.25in.

K, = (1.214)[260403 + 788.4 (33.25)] = 1,374,282.6 in*

10,000 <K, <7,000,000

10,000 < 1,374,282.6 < 7,000,000 (O.K)
/ﬁrﬂxas ~
L o 124
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Live Load Moment DF (Cont.)

o One design lane loaded
[LRFD Table 4.6.2.2.2b-1 girder cross-section type k]

0.4 03 0.1
K
pru—oos (VST K
14 L 12.0L¢;

04 0.3 0.1
DEM - 0.06+ ( 8 j [ 8 ) 1,374,282.6 :
14 108.583 12.0(108.583)(8)

=0.453 lanes/girder

/" S A— 125
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Moment Distribution Factors

o Two or more design lanes loaded
[LRFD Table 4.6.2.2.2b-1 girder cross-section type k]

0.6 0.2 0.1
K
DFM =0.075 + [—S—] (é‘_j £ 3
9.5 L 12.0Lt,

s\ 8 \2( 1374286 )
DFM=0.075+(—) ( ) 3
05) \108583) |1200108583)®)

= 0.650 lanes/girder
o DFM=0.639 for modular ratio, n= 1, an increase of 1.69%

« Moments need not be updated as the difference is negligible

/ﬁ ;exag o1 128
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Design Moment

Strength I Load Combination is used for flexural strength
design

M,=125(Mpp) + 1.5(Mpy) + 1.75(My; , np)

M,

U

= Factored ultimate moment at the midspan, k-ft.

M- = Moment at the midspan due to dead load of structural
components and non-structural attachments, k-ft.

= Mg + MS + Mbarr

M, = Moment at the midspan due to girder self-weight
=1,209.98 k-ft.

M, = Moment at the midspan due to slab weight = 1,179.03 k-ft.

M., = Moment at the midspan due to barrier weight = 160.64 k-ft.

o Jexas
P ey 127
>
Design Moment (Cont.)
Mpe = 1,209.98+1,179.03 + 160.64 = 2,549.65 k-ft.
Mpy = Moment at the midspan due to wearing surface load
= 188.64 k-ft.

My .ns = Moment at the midspan due to vehicular live load
including dynamic allowance = M, , + M;;

M, = Distributed moment due to HS 20 truck load including
dynamic load allowance = 1,423.00 k-ft.
M;, = Distributed moment due to lane load = 602.72 k-ft.

My, = 1,423.00 + 602.72 = 2,025.72 k-ft.

The factored ultimate bending moment at midspan

M, =1.25(2,549.65) + 1.5(188.64) + 1.75(2,025.72) = 7,015.03 k-ft.

teaxass orfation 128
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Moment Resistance

o« Iff,,>0.5f,, Average stress in the prestressing steel

c
f s f pu 1-k ;}—
P
. = Specified tensile strength of prestressing steel = 270 ksi

= Effective prestress after final losses = f; — Af,

|

= Jacking stress in the prestressing strands = 202.5 ksi

=

R R
|

)

Il

7 = Total final loss in prestress = 56.70 ksi

Joe = 202.5-56.70 = 145.80 ksi > 0.5f,, = 0.5(270) = 135 ksi
Therefore, the equation for f,, shown above is applicable.
s Texas
i R 129
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Moment Resistance (Cont.)

k = 0.28 for low-relaxation prestressing strands

[LRFD Table C5.7.3.1.1-1]
d, = Distance from the extreme compression fiber to the centroid of

the prestressing tendons = s, — y,
h, = Total height of the composite section = 54 + 8 = 62 in.

¥y, = Distance from centroid of the prestressing strands at midspan to
- the bottom fiber of the girder = 5.63 in.

d, = 62-5.63=5637in.

P
¢ = Distance between neutral axis and the compressive face of the

section, in.

A, f, . . |
= assuming rectangular section behavior
! pu
0.85/.B,b +Mps :j ........
p

% Texas
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i i 120




Moment Resistance (Cont.)

A = Area of presiressing steel, in.?
= (number of strands)*(area of each strand)
= (54)(0.153)=8.262 in.?

f! = Compressive strength of deck concrete = 4.0 ksi

B, = Stress factor for compression block ~ [LRFD Art. 5.7.2.2]
=0.85 for <4.0 ksi

b = Effective width of compression flange = 96 in. (based on noii-
transformed section)
€= 5.262Q270) S = 173in <1, =8 in.
0.85(4.0)(0.85)(96) + 0.28(8.262)| ~="-=-
(4.0)(0.85)(96) +0.28( >(56‘37j

The assumption of rectangular section behavior is valid.

G L ortai 131
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Moment Resistance (Cont.)

Note the change in the definition of rectangular section
behavior.

The section can be designed as a rectangular section if
STD  a<t,
LRFD c<t,

a = Depth of equivalent rectangular stress block

¢ = Depth of neutral axis

t, = Depth of compression flange (slab)

% Toxas
o gpertator 132
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Moment Resistance (Cont.)

» Average stress in the prestressing steel

7.73
=270{1-0.28—— [=259.63 ksi
T ( 56.37)

The stress in the prestressing steel is 261.57 ksi for Standard design.
LRFD — decrease of 0.7%

» Nominal flexural resistance for rectangular section behavior

a
Mn=ApsfpS(dp-§j

The above equation is a simplified form of LRFD Equation 5.7.3.2.2-1
when mild tension or compression reinforcement is not provided.

/ﬁ‘%g’;?:w- 133
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Moment Resistance (Cont.)

{
Il

Depth of the equivalent rectangular compression block, in.
B,c =0.85(7.73) = 6.57 in.

1

o« Nominal flexural resistance

M, = (8.262)(259.63)(56.37 - 6%) =113,870.67 k-in. = 9,489.22 k-ft.

o Factored flexural resistance:

M= ¢M, [LRFD Eq. 5.7.3.2.1-1]
¢ = Resistance factor = 1.0 for flexure and tension of prestressed
concrete members [LRFD Art. 5.5.4.2.1]

OM, = (1.0)(9489.22) = 9,489.22 k-ft. > M, = 7,015.03 k-ft. (0.K.)

L portation 134
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Maximum Reinforcement Limit

e LRFD Art. 5.7.3.3.1 specifies that the maximum amount
of the prestressed and non-prestressed reinforcement
should be limited such that

C
d_ <0.42 [LRFD Eq. 5.7.3.3.1-1]
e
¢ = Distance from the extreme compression fiber to the neutral
axis = 7.73 in.

d, = The corresponding effective depth from the extreme fiber to
the centroid of the tensile force in the tensile reinforcement

A d +Af.d
= ";lf"s 2 Asfy f = d,, if mild steel tension reinforcement is
_I,_
Psf ps v y not used
% Texas .
i 125

Maximum Reinforcement Limit

o P 0137<<0.42 (0O.K)
d, 5637

The Standard Specifications define a different expression
to check the maximum reinforcement limit.

_‘/3" T%ass ortation 136
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Minimum Reinforcement Limit

« LRFD Art. 5.7.3.3.2 specifies that at any section of a
flexural component, the amount of prestressed and non-
prestressed tensile reinforcement should be adequate to
develop a factored flexural resistance, M,, at least equal
to the lesser of:

- 1.2 times he cracking moment, M, determined on the

basis of elastic stress distribution and the modulus of
rupture of concrete, f,

- 1.33 times the factored moment required by the
applicable strength load combination.

ﬁ ‘}’g’?ss ortatio 137
o T

Minimum Reinforcement Limit

o  The above requirements are checked at the midspan
section in this design example. Similar calculations can be
performed at any section along the girder span to check
these requirements.

o  The cracking moment, M,

. 18 glven as

M =S (f, + fpe) ~ Mo (ES_ 1} <S.f.

~ [LRFD Egq. 5.7.3.3.2-1]

/ﬁ T ortation 138
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Minimum Reinforcement Limit

e f, =Modulus of rupture, ksi
= (0.24 for normal weight concrete [LRFD Axt. 5.4.2.6]
. [ =Compressive strength of girder concrete at service

=5.892 ksi
e f, =024J5892 =0.582ksi
° f - _Ii)ﬁ_l_f.’le__ec_
P T A S,
« P, =1,204.60 kips

Minimum Reinforcement Limit

=19.12 in.
e« A =7884in2

= 10,521.33 in.3
1,204.60  1,204.60(19.12) =3 717 ksi
788.4 10,521.33

L]
A
it

* fcpe

e M, = Total unfactored dead load moment acting on the non-
composite section = M, + Mg

. M, =1209.98k-ft.
e M, =1,179.03 k-ft.
e M,,=2389.01 k-ft. = 28,668.12 k-in.

Lexas 5
il Y il )
i g 140 )




Minimum Reinforcement Limit

e S, =10,521.33in3

nc

e S. =16,478.41 in.3 (based on updated composite section
properties)

= Texas
Al ¥ i
A’ é’gﬁgﬁgﬁamn 141

Minimum Reinforcement Limit

e  The cracking moment is:

16,478.41

M, = (16,478.41)(0.582 + 3.717) - (28,668.12)[10 133"

1] =4,550.76 k-t.

e S.f,=(16,478.41)(0.582) = 9,590.43 k-in.

. =799.20 k-ft. < 4,550.76 k-ft.
e  Therefore, use M, = 799.20 k-ft.
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Minimum Reinforcement Limit

o 1.2M,=1.2(799.20) = 959.04 k-ft.

e  Factored moment required by Strength I load combination
at midspan M, =17,015.03 k-ft.

e 133 M,=1.33(7,015.03 k-ft.) = 9,330 k-ft.

e Since, 1.2 M, <133 M, the 1.2M_, requirement controls.
e M, =948922k-ft>>12M, =959.04 (OK.)

= Texas
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Summary of Changes

o Maximum reinforcement limit is changed.

exas
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o Shear Design
o Transverse Shear Design
o Interface Shear Design

o Summary of Changes
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Transverse Shear Design

« LRFD Art. 5.8 specifies shear requirements.

o LRFD Art. 5.8.2.4 specifies — the transverse shear
reinforcement is required if:

V,>056(V,+V),) [LRFD Art. 5.8.2.4-1]
V, = Total factored shear force at the section, kips
V. Nominal shear resistance of the concrete, kips
V, = Component of the effective prestressing force in the
direction of the applied shear, kips
¢ = Resistance factor = 0.90 for shear in prestressed

concrete members [LRFD Art. 5.5.4.2.1]
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Transverse Shear Design (Cont.)

e Critical Section for shear

— Greater of 0.5d cotf or d,
d, = Effective shear depth, in.

= (d, - a/2), but not less than the greater of
0.9d, or (0.72h) [LRFD Art. 5.8.2.9]

d, = Corresponding effective depth from the extreme
compression fiber to the centroid of the tensile
force in the tensile reinforcement = 56.45 in.

[LRFD Art. 5.7.3.3.1]
a = Depth of compression block = 6.57 in.

> Texas
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Transverse Shear Design (Cont.)

— Effective shear depth
d,=56.45-0.5(6.57) = 53.17 in. (controls)
>0.9d,=0.9(56.45) = 50.80 in. (O.K)
> 0.72h = 0.72(62) = 44.64 in. (O.K)
Therefore d, = 53.17 in.
— 0 = Angle of inclination of the diagonal compressive
stresses.
o calculated using an iterative process.
o as an initial estimate take 6 = 23°

% Yexas
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Transverse Shear Design (Cont.)

o The critical section near the supports is greater of:
- d,=53.17in. and

— 0.5d cot 6 =0.5(53.17)(cot 23°) = 62.63 in. from the
face of the support  (controls)

o Add half the bearing width (3.5 in., standard pad size for
prestressed girders is 7" x 22") to get the distance of the
critical section from the centerline of bearing.

- x=62.63+3.5=66.13 in. = 5.51 ft. (0.051L) from the
centerline of bearing where L is the design span length.

< Texas P
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Transverse Shear Design (Cont.)

o Moments and Shears at Critical section for shear

Girder Self- . Wearing | Live Load +
Load Weight Slab | Barrier Surface Impact
Moment 23354 | 22756 | 3129 | 3584 | 40791
(k-ft.)
Shear (kips) 40.04 39.02 5.36 6.15 92.76
Strength I
Load Factors 1.25 1.25 1.25 1.50 1.75

— Factored shear, V, = 277.08 kips
— Factored Moment, M, = 1383.09 k-ft.
>V,d,=1227.69 k-ft. (O.K.)
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Transverse Shear Design (Cont.)

« The contribution of the concrete to the nominal
shear resistance is given as:

V. =0.0316 B /b, d, [LRFD Eq. 5.8.3.3-3]

B = A factor indicating the ability of diagonally cracked
concrete to transmit tension

b, = Effective web width taken as the minimum web
width within the depth d, = 8 in.
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Determination of 0 and

« Longitudinal strain in the flexural tension reinforcement,
assuming minimum transverse reinforcement is provided

'Aju +0.5N, +0.5(V, -V, )cotd - A, £,
g, = — FATEAD <0.001
il et iy pips
N, = Applied factored normal force at the specified section,
0.051L = 0 kips
f» = For pretensioned members, this taken as the stress in strands

when the concrete is cast around them, which is the jacking
stress f,; LRFD = 202.5 ksi [LRFD C5.8.3.4.2]

A . = Area of straight prestressing strands = 44(0.153) = 6.732 in.2

ps
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Determination of 0 and p

— Angle of the harped strands to the horizontal

Y=tanl| 2 120072r1ad.
49 4(12in/ft.)

V,= (force per strand)(number of harped strands)(sin ¥)
=22.82(10)(sin 0.0072) = 16.42 kips

1383'0593( 1127i‘“'/ ), 0.5(277.08 - 16.42) cot23° - 44(0.153)202.5
Ex 2[28000(0.0) +28500(44)(0.153) ]
g, =—0.00194 (negative value, LRFD Eq 5.8.3.4.2-3 needs to be
used)
Determination of @ and p
M, 0.5 0.5(v, -V 6-A
7 +0.5N, +0.5(V, - p)cot - psfpo
g, = —~
* AEA, +EA +EA,)

A, = Area of concrete on the flexural tension side below
hJ2 =473 in.?

&, =-0.000155

= Texas
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Determination of 0@ and

e Shear stress in concrete

. - V, -9V, 277.08-0.9(16.42) _ 0.685
Y ¢bd, 0.9(8.0)(53.17)

« Interpolate from the table for the obtained values
of strain and stress

~ 9=2047°<23°
-~ B=3.20
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Table 5.8.3.4.2-1 Values of 8 and § for Sections with Transverse Reinforcement.

Yu £, X 1,000
I 7
<-0.20 | <-0.10 <-0.05 <0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>