~& =B PDH-Pro.com
PDH-PRO

Bridge Design - Concrete Design Theory

Course Number: CE-02-403
PDH: 3

Approved for: AK, AL, AR, DE, FL, GA, IA, ID, IL, IN, KS,
KY, LA, MD, ME, MI, MN, MO, MS, MT, NC, ND, NE, NH, NJ,
NM, NV, NY, OH, OK, OR, PA, SC, SD, TN, TX, UT, VA, VT,
WI, WV, and WY

State Board Approvals

Florida Provider # 0009553 License #868

Indiana Continuing Education Provider #CE21800088

Maryland Approved Provider of Continuing Professional Competency
New Jersey Professional Competency Approval #24GP00025600
North Carolina Approved Sponsor #S-0695

NYSED Sponsor #274

How Our Written Courses Work

This document is the course text. You may review this material at your leisure
before or after you purchase the course.

After the course has been purchased, review the technical material and then
complete the quiz at your convenience.

A Certificate of Completion is available once you pass the exam (70% or greater).
If a passing grade is not obtained, you may take the quiz as many times as
necessary until a passing grade is obtained).

If you have any questions or technical difficulties, please call (508) 298-4787 or
email us at admin@PDH Pro.com.

PDH-PRO

Continuing Education for Enginaers

396 Washington Street, Suite 159, Wellesley, MA 02481
Telephone — (508) 298-4787 www.PDH-Pro.com




Bridge Design - Concrete Design Theory

Module 1: Concrete Design Theory

Learning Objectives
By the end of this section, you will be able to:

¢ Identify the fundamental limit states and structural material requirements for concrete bridge
design according to AASHTO LRFD and California Amendments.

e Calculate the factored flexural and shear resistance of reinforced and prestressed concrete
components using unified design provisions.

e Evaluate reinforcement limits for flexural, shear, and compression members to ensure adequate
ductility and strength.

Executive Summary: Modern California bridge design relies on a unified Load and Resistance Factor
Design (LRFD) approach for both reinforced and prestressed concrete, accounting for approximately
90% of the state's highway structures. This methodology prioritizes limit state design—specifically
Service, Strength, Extreme Event, and Fatigue —incorporating rational models such as Modified
Compression Field Theory for shear and strain-compatibility for flexure to ensure structural integrity and
durability.

Introduction

Concrete's dominance in California highway structures is due to its versatility in shape, cost-
effectiveness, durability, and fire resistance. Design standards have transitioned from Allowable Stress
Design (ASD) to the current AASHTO LRFD Bridge Design Specifications.

Key advancements in current practice include:
¢ Unified design provisions for both reinforced and prestressed concrete.
¢ Modified Compression Field Theory (MCFT) for shear and torsion analysis.
e Strut and Tie modeling for disturbed regions and deep beams.

e Revised techniques for estimating prestress losses and end zone analysis.

Structural Materials

Concrete Fundamentals
Compressive strength f_ is the primary design property.
e Conventionally Reinforced: Typically uses f. = 3.6 ksi.

e Prestressed Concrete: Requires a minimum f. = 4.0 ksi per AASHTO, with California specifying
a minimum of 3.6 ksi.
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Reinforcing Steel
Main reinforcing bars in California must be deformed.
e Standard: ASTM A 706/A 706M low-alloy steel (Grade 60).
e Minor Structures: ASTM A 615/A 615M (Grade 40 or 60) may be used where specified.

e Plain Bars: Reserved for spirals or hoops.

Prestressing Steel

Caltrans designs utilize high-tensile strength steel, specifically low-relaxation strands (0.5 in. or 0.6 in.
diameter) conforming to ASTM A 416 Grade 270. High-strength bars (ASTM A 722 Type Il) are also
utilized.

Design Limit States
Components must satisfy four primary limit state groups:

Limit State | Focus Areas Specific Load Combinations
Service Stresses, dgformaﬂons, cracking, Service I, Ill, and IV.

and deflection.

Axial, flexural, shear strength
St th SR ’ St th | (HL-93) through St th V.

rens and stability. rength | ) ugh >treng
Extreme .. . .
Ecent Earthquake and collision forces. Loads are not considered simultaneously.
. . Not required for fully prestressed members or deck
Fatigue Reinforcement stress ranges. . .
slabs on multi-girder bridges.

Flexure Design

Strength Limit States: Design Requirement

Equation 1.4-1:

Where:

e Mu = Factored moment at the section (kip-in.)
e Mn = Nominal flexural resistance (kip-in.)

e ¢ = Resistance reduction factor

e Mr = Factored flexural resistance (kip-in.)
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Section Behavior Categories

LRFD distinguishes sections based on the Net Tensile Strain (NTS) in the extreme tension steel:

e Compression-Controlled: NTS <= 0.002. These sections behave like columns and require

ties/spirals. ¢ = 0.75.

e Tension-Controlled: NTS >=0.005. ¢ is 1.0 (precast prestressed), 0.95 (CIP prestressed), or 0.90

(non-prestressed).

e Transition Region: 0.002 < NTS < 0.005. ¢ is determined via linear interpolation.

1. Safety Constraint: Caltrans Amendments require that reinforced concrete sections in flexure be

designed for NTS >=0.004 to ensure the section does not fail in a brittle compression-controlled mode.

120

Precast Prestressed Members ¢ = 0.75 + 83.33(g — 0.002)

Cast-In-Place or Spliced Post
Tensioned Prestressed Members

T e || $=0.75+66.67(¢, —0.002)

080

> s Non Prestressed Members

$=0.75+50.00(, —0.002)

070

060

Compression Transition L Tension
Controlied Controlled
050
0.c01 0.002 0.003 0.004 0.005 0.006 0.007
& t

Figure 1.4-1: Resistance Factor Variation for Grade 60 Reinforcement and Prestressing Steel

Nominal Flexural Resistance

Standard assumptions include plane sections remaining plane, concrete tensile strength being
neglected, and a maximum usable strain of 0.003 for unconfined concrete.

Equivalent Stress Block: An equivalent rectangular stress block of 0.85 X f is used.

e a=pic

e 0.65<p, =1.05—0.05f < 0.85
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Figure 1.4-2: Stress and Strain Distribution of T-Beam Section in Flexure (shown with mild reinforcement
only)

Equation 1.4-2 (Nominal Resistance for Flanged Sections):

My, = Apsfos (dy — %) + Af; (ds - g) — af (a5 - %) +0.85£/(b — b,)hy <% - %)

Where:

Aps, As, A's = Areas of prestressing, tensile mild, and compressive mild steel (in.2)

fps, fs, f's = Stress in prestressing, tensile mild, and compressive mild steel (ksi)

dp, ds, d's = Distance from compression face to centroid of respective steel (in.)

b, bw = Compression face width and web width (in.)

hf = Flange thickness (in.)

Service Limit States: Stress and Cracking

Elastic behavior is assumed for stress and deflection checks. For normal weight concrete (wc = 0.145
kcf):

Equation 1.4-3 (Modulus of Elasticity):
E. =1,820- (f))°®
Where:

e Ec=Modulus of elasticity (ksi)
e f'c = Specified compressive strength (ksi)
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Table 1.4-1 Stress Limits for Concrete

Bridge Design - Concrete Design Theory

Condition

Stress

Location

Allowable Stress

Temporary
Stress before
loss

Tensile

In area other than Precompressed
Tensile Zone and without bonded
tendons or reinforcement

In area with bonded tendons or
reinforcement sufficient to resist
the tensile force in the concrete
computed assuming an uncracked
section, where reinforcement is
proportioned using a stress of 0.5£,
not to exceed 30 ksi

0.0948 /£, <0.2
(ksi)

024 \[£; (ksi)

Compression

All locations

0.6 f.

Final Stress
after loss at
service load

Tensile

In the Precompressed Tensile

Zone, assuming uneracked section:

» Components with bonded
tendons or reinforcement,
and/or are located in Caltrans”
Environment Areas I and IT

» Components with bonded
tendons or reinforcement,
and/or are located in Caltrans’
Environment Area 1T

» Components with unbonded
tendons

0.19 [ (lesi)
0.0048 \[ /2" (ki)

Compression

All locations due to:

= Permanent loads and effective
prestress loads

« Allload combmations

0.45 f.

0.6 f.

Permanent
loads only

Tensile

Precompressed Tensile Zone with
bonded prestressing tendons or
reinforcement

Shear Design

Sectional Method vs. Strut and Tie

e Sectional Method: Based on MCFT; applicable to undisturbed regions where plane sections

remain plane.

e Strut and Tie Method: Required for "disturbed regions" (e.g., bent caps with span/depth < 4,

pile caps, anchorage zones).
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