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Purpose

This manual documents policy on bridge design in Texas. It assists Texas bridge designers in apply-
ing provisions documented in the AASHTO LRFD Bridge Design Specifications, to which
designers should adhere unless directed otherwise by this document.

Changes

Revisions to manual to conform to the 7th Edition of the AASHTO LRFD Bridge Design Specifi-
cations with Interims. Generally, revisions to manual to update information in Chapter 2 regarding
vehicular collision force; add information in Chapter 3 regarding Spliced Precast Girders; add
information for Spread Slab Beams; revised deck design and detailing; revised minimum number
of I-girders per span; added straight strand with debonding designs for pretensioned I-girders;
revised prestress losses; added information in Chapter 4 regarding Columns for Single Column
Bents or Piers; added grades higher than grade 60 reinforcement; added limits for service load
cracking in straddle bent caps; removed 22 ksi limit for dead load stress; minor revisions in various
chapters to reference current editions of publications; minor editorial revisions.

Supersedes

This revision supersedes version 2013-1.

Contact
For more information about any portion of this manual, please contact the Design Section of the
Bridge Division.

Archives

Past Manual notices are available in a PDF archive.
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Chapter 1 — About this Manual Section 1 — Introduction

Section 1 — Introduction

Implementation

Load and Resistance Factor Design (LRFD) is a design methodology that makes use of load and
resistance factors based on the known variability of applied loads and material properties. In 1994,
the American Association of State Highway and Transportation Officials (AASHTO) published the
first AASHTO Load and Resistance Factor Bridge Design Specifications. The Federal Highway
Administration (FHWA) mandated the use of LRFD for all bridges for which the Texas Department
of Transportation (TXDOT) initiated preliminary engineering after October 2007.

Purpose

This manual documents policy on bridge design in Texas. It assists Texas bridge designers in apply-
ing provisions documented in the AASHTO LRFD Bridge Design Specifications, 2014, 7th
Edition with Interims, which designers should adhere to unless directed otherwise by
this document. Recommendations and examples are available on the TXDOT website.

All Articles, Equations, and Tables referenced in this manual are from the current AASHTO LRFD
Bridge Design Specifications, unless noted otherwise.
Updates

Updates to this manual are summarized in the following table.
Manual Revision History

Version Publication Date Summary of Changes
2005-1 July 2005 New manual
2005-2 September 2005 Revision adding information on deck slabs on slab beams, double-

tee beams, and box beams. Also added information on prestressed
slab beams, prestressed concrete double-tee beams, prestressed con-
crete box beams, and cast-in-place concrete slab and girder spans
(pan forms).

2006-1 June 2006 Revision adding information on cast-in-place concrete spans,
straight plate girders, and curved plate girders.

2006-2 July 2006 Revision adding information in Chapter 3 on prestressed concrete U
beams (types U40 and U54) and on concrete deck slabs on U beams
(types U40 and U54), and making minor adjustments to references in
the Chapter 3 section on geometric constraints for steel-reinforced
elastomeric bearings and to the Chapter 4 sections on design criteria
for abutments and design criteria for inverted tee reinforced concrete
bent caps.
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Manual Revision History

Version Publication Date Summary of Changes

2007-1 April 2007 Revisions to the design criteria for concrete deck slabs on stringers,
cast-in-place concrete slab spans, rectangular reinforced concrete
bent caps and inverted tee reinforced concrete bent caps. Revisions
to the structural analysis of prestressed concrete | beams, U beams,
slab beams and box beams (Types B20, B28, B34 and B40). Revi-
sions to the geometric constraints for abutment and rectangular
reinforced concrete bent caps. Revisions to the design recommenda-
tions for widenings.

2008-1 April 2008 Revisions to manual to conform with the 4th Edition of the AASHTO
LRFD Bridge Design Specifications. Adds information in Chapter 5
for strut-and-tie design method. Revision to requirements for foun-
dation load calculations. Revision to interface shear transfer
requirements for prestressed beams. Clarifies policy on live load dis-
tribution factors for beam design. Revision to policy on debonding
design. Corrects inverted tee design formulas.

2009-1 May 2009 Revisions to the manual to revise policy on foundation load calcula-
tions; revises policy on live load deflection check; revises policy on
use of empirical design method for slab design; updates prestressed
concrete design criteria; revises debonding limits for prestressed
concrete design; adds requirements for considering corrosion protec-
tion measures; clarifies policy on bearing pad design; revises policy
on calculating live load distribution factors for double-tee beams;
and corrects minor editorial errors.

2010-1 September 2010 Revisions to the manual to revise policy on concrete deck slabs on
stringers, minimum shear reinforcing for inverted tee bent caps and
steel-reinforced elastomeric bearings.

2011-1 December 2011 Revisions to manual to update information in Chapter 2 regarding
earthquake effects; add information in Chapter 3 regarding Concrete
Deck Slabs on Spread Box Beams (X-Beams) and Prestressed Con-
crete Spread Box Beams (X-Beams); minor revisions in various
chapters to reference current editions of publications.

2013-1 March 2013 Revisions to manual to conform to the 6th Edition of the AASHTO
LRFD Bridge Design Specifications. Generally, revisions to manual
to update information in Chapter 2 regarding vehicular collision
force; add information in Chapter 3 regarding Segmental Spans; add
upper limits on pretensioned girder concrete strength; add minimum
number of beams in a roadway width; add overlay information for
Decked Slab Beams; revise material grades and flange width for
plate girders; add information in Chapter 4 regarding Post-tensioned
Concrete Bent Caps; add minimum drilled shaft sizes; minor revi-
sions in various chapters to reference current editions of
publications; minor editorial revisions.
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Manual Revision History

Version Publication Date Summary of Changes

2015-1 October 2015 |Revisions to manual to conform to the 7th Edi-
tion of the AASHTO LRFD Bridge Design
Specifications with Interims. Generally, revi-
sions to manual to update information in
Chapter 2 regarding vehicular collision force;
add information in Chapter 3 regarding Spliced
Precast Girders; add information for Spread
Slab Beams; revised deck design and detailing;
revised minimum number of I-girders per span;
added straight strand with debonding designs
for pretensioned I-girders; revised prestress
losses; added information in Chapter 4 regard-
ing Columns for Single Column Bents or Piers;
added grades higher than grade 60 reinforce-
ment; added limits for service load cracking
in straddle bent caps; removed 22 ksi limit
for dead load stress; minor revisions in vari-
ous chapters to reference current editions of
publications; minor editorial revisions.

Organization

The information in this manual is organized as follows:

o Chapter 1, About this Manual. Introductory information on the purpose and organization of the
manual.

o Chapter 2, Limit States and Loads. General information on limit states and on load factors.

o Chapter 3, Superstructure Design. Policy on LRFD design of specific bridge superstructure
components.

o Chapter 4, Substructure Design. Policy on LRFD design of specific bridge substructure
components.

o Chapter 5, Other Designs. Design guidelines for bridge widenings, steel-reinforced elasto-
meric bearings for pretensioned concrete beams, and strut-and-tie method. This chapter also
addresses corrosion protection measures.

Feedback

Direct any questions or comments on the content of the manual to the Director of the Bridge Divi-
sion, Texas Department of Transportation.

Bridge Design Manual - LRFD 1-4 TxDOT 10/2015



Chapter 2 — Limit States and Loads

Contents:
Section 1 — Limit States

Section 2 — Loads

Bridge Design Manual - LRFD 2-1 TxDOT 10/2015



Chapter 2 — Limit States and Loads Section 1 — Limit States

Section 1 — Limit States

Limit States

Classify all bridge designs as typical bridges when applying the operational importance factor, n,,
to strength limit states. Use n, = 1.0 for all limit states. See Article 1.3.5.

Provisions under Extreme Event | need not be considered except for regions near Big Bend as
noted in the subsequent section on Earthquake Effects

Provisions under Extreme Event Il must be considered only when vehicular collision or vessel col-
lision evaluation is required.

For typical multi-column bridges, determine design loads for foundations at Service I Load
Combination. Determine foundation loads for single column bents
and other non-typical substructures using Service I and Service IV
Load Combinations. For Service IV Load Combination, include the vertical
wind pressure as specified in Article 3.8.2. For foundation loads on typical multi-column bents and
abutments, use the multiple presence factor, m, per Article 3.6.1.1.2. Distribute the live load equally
to all supporting foundations, assuming all lanes are loaded. Do not apply the Dynamic
Load Allowance (IM) to the live load in determining foundation
loads when the foundation elements are entirely below ground
level.

Follow the procedures described in the TXDOT Geotechnical Manual to determine the size and
length of foundations. Minimum foundation sizes for some superstructure
types are listed in Chapter 4.

Check live load deflection using Articles 2.5.2.6.2 and 3.6.1.3.2. Ensure that the calculated deflec-
tion does not exceed Span/800 using a live load distribution factor equal to number of lanes divided
by number of girders. If the bridge has pedestrian sidewalks, the deflection limit is Span/1000.
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Chapter 2 — Limit States and Loads Section 2 — Loads

Section 2 — Loads

Live Loads

Use HL93 design live load as described in Article 3.6.1.2 unless design for a special vehicle is
specified or warranted.

Design widenings for existing structures using HL93. Rate existing structures using Load Fac-
tor Rating per the current AASHTO Manual for Bridge Evaluation and
HS20 loading. Show load rating and design loads on the bridge plan, for example, HS20 (Existing)
HL93 (New).

Do not use the reduction in the multiple presence factor (m) based on Average Daily Truck Traffic
(ADTT) on the bridge as suggested in the Article 3.6.1.1.2, Multiple Presence of Live Load.

For simple-span bridges, do not apply the provisions for two design trucks as described in Article
3.6.1.3.1.

Disregard recommendations to investigate negative moment and reactions at interior supports for
pairs of the design tandem provided in the commentary to Article 3.6.1.3.1, Application of Design
Vehicular Live Loads.

Braking Force

Take the braking force, BR, as 5% of the design truck plus lane load or 5% of the design tandem
plus lane load. See Article 3.6.4.

Vehicular Collision Force

See Avrticle 3.6.5.

Abutments and retaining walls—Due to the soil behind abutments and retaining walls, the collision
force in Article 3.6.5 need not be considered.

Bents—Do not investigate bents and piers for collision if the annual frequency for a bridge bent or
pier to be hit by a vehicle, AFpg, is less than 0.001 using Equation C3.6.5.1-1. This applies
only to the final condition after all construction is completed,
not during construction phases with temporary traffic conditions.
This applies when the roadway adjacent to the column is a bridge
deck. Ifthe bent or pier needs to be investigated for collision and the design choice is to redirect
or absorb the collision load, the protection must meet at least one of the following requirements:
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Chapter 2 — Limit States and Loads Section 2 — Loads

& Protect with a structurally independent, ground-mounted 54-in. tall single slope concrete bar-
rier (or other 54-in. tall, Test Level 5 approved barrier equivalent) if within 10 ft. from
component.

& Protect with a 42-in. tall single slope concrete barrier (or 42-in tall, Test Level 5 approved bar-
rier equivalent) if more than 10 ft. from component.

If the design choice is to provide structural resistance, design for the 600-kip equivalent static load
as described in this Article. Validate that the structure provides adequate resistance for the Extreme
Event Limit State. Analyze using Extreme Event Il Load Combination. Only design the
column to withstand the collision force in shear, not flexure, and
do not consider the transfer of this force to the other elements
such as bent caps, footings, piles, or drilled shafts. Use a 0.9
load factor for all dead loads and no live load for the axial com-
pression used for shear design. Conservatively, the shear capacity
can be determined with a B of 2.0 and 6 of 45 degrees, with no
applied vertical load, for non-prestressed sections as per Article
5.8.3.4.1. Bents with three or more columns that provide suffi-
cient redundancy may use two shear planes to distribute the
collision force. Use of adeflection wall between the columns can be used if necessary. The
Bridge Division can provide sample details for deflection walls for some bent and pier types.

Bents with two or fewer columns or bents with a lack of redundancy,
such as straddle bents, require special consideration. For these,
consider only one shear plane for the resistance of the collision
force. Generally single-column bents have sufficient mass and will meet the requirements of
Article 3.6.5. No further analysis is required for columns with a gross cross-sectional area no less
than 40 sq. ft., a least dimension of no less than 5 ft. and column transverse reinforcement is com-
posed of at least No. 4 ties at 12-in maximum spacing or a No. 4 spiral at 9-in maximum pitch.

For structures with a clear distance of 25 ft. or less from the center
line of a railway track, meet the requirements of American Railway Engineering and Maintenance-
of-Way Association (AREMA) or the governing railroad company.

Earthquake Effects

Except as noted below, bridges and structures in Texas do not require analysis for seismic loading
due to the low seismic hazard as shown in Article 3.10.2.

The TxDOT Bridge Standards and conventional bridge configurations have been evaluated for seis-
mic effects and do not require further analysis.

For conventional structures with superstructure unit lengths or interior bent "H™ heights outside of
the limits stated in the TXDOT Bridge Standards and which are located in Brewster, Presidio, Jeff
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Davis, Culberson, Hudspeth and EIl Paso counties, check Minimum Support Length Requirements
outlined in Article 4.7.4.4.

Non-conventional or exotic bridges do not require seismic evaluation, except those located in
Brewster, Presidio, Jeff Davis, Culberson, Hudspeth and El Paso counties. In these locations, eval-
uate the structure for earthquake effects as required by Article 3.10. Contact the TxDOT Bridge
Division for guidance.

Vessel Collision

TxDOT requires that all bridges crossing waterways with documented commercial vessel traffic
comply with Article 3.14. For widening of existing structures, at least maintain the current strength
of the structure relative to possible vessel impact, and increase the resistance of the structure where
indicated if possible. Consult the TXDOT Bridge Division for assistance interpreting and applying
these design requirements.
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Chapter 3 — Superstructure Design Section 1 — Overview

Section 1 — Overview

Introduction

This chapter documents policy on Load and Resistance Factor Design (LRFD) of specific bridge
superstructure components.
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Chapter 3 — Superstructure Design Section 2 — Concrete Deck Slabs on I-Girders,
U-Beams, Spread Box Beams, Spread

Section 2 — Concrete Deck Slabs on 1-Girders, U-Beams, Spread Box
Beams, Spread Slab Beams, Steel Plate Girders and Steel Tub
Girders

Materials

Use Class S concrete ( fo=4.0 ksi). If the deck will be subjected regularly to de-icing agents based
on district policy, use Class S (HPC) concrete.

Use Grade 60 reinforcing steel. Use uncoated reinforcing steel unless the deck will be subjected
regularly to de-icing agents based on district policy, in which case use epoxy-coated reinforcing
steel.

Optional reinforcements allowed:

¢ Glass Fiber Reinforced Polymer (GFRP) bars are allowed as a sub-
stitute for epoxy coated Grade 60 reinforcing steel. The design
for GFRP reinforcement in bridge decks must adhere to the AASHTO
LRFD Guide Specifications for GFRP-Reinforced Concrete Bridge
Decks and Traffic Railings.

¢ Deformed welded wire reinforcement (WWR) meeting the require-
ments of ASTM Al064 is allowed as a substitute for uncoated
Grade 60 reinforcing steel.

¢ Dual coated reinforcing steel meeting the requirements of ASTM
Al1055 is allowed as a substitute for epoxy coated reinforcing
steel.

¢ Low carbon/chromium reinforcing steel meeting the requirements
of ASTM A1035 Gr 100 is allowed as a substitute for epoxy coated
reinforcing steel.

Geometric Constraints

TxDOT standard deck slab is 8.5 in. deep. Use of thinner concrete
decks is not permitted.

Cover to reinforcing bars is 2.5 in. clear to the top mat and 1.25
in. clear to the bottom mat. Cover to bar ends is 2 in.

Maximum overhang is 3.33 ft. beyond the design section for negative
moment specified in AASHTO LRFD Article 4.6.2.1.6, but not more
than 1.3 times the girder depth.
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Chapter 3 — Superstructure Design Section 2 — Concrete Deck Slabs on I-Girders,

U-Beams, Spread Box Beams, Spread

Minimum overhang is 0.5 ft. from top beam or flange edge except for
spread slab and box beams, which have a 0 ft. minimum overhang.

Design Criteria

Where applicable, use the Empirical Design of AASHTO LRFD Article
9.7.2 with the following exceptions:

*

Top mat reinforcement is No. 4 bars at 9 in. maximum spacing
(0.27 sg in/ft) in both transverse and longitudinal direction.
Place longitudinal bars closest to the top slab surface. In the
overhangs, place No. 5 bars extending 2 ft. minimum past fascia
girder web centerline between each transverse No. 4 bar.

Bottom mat reinforcement is No. 4 bars at 9 in. maximum spacing
(0.27 sq in/ft) in both transverse and longitudinal directions.
Place transverse bars closest to the bottom slab surface.

Slab regions adjacent to expansion joints are reinforced as
shown on the standard drawings depicting thickened slab end
details. No additional reinforcement in end regions, including
those skewed over 25 degrees, is needed in these cases. These
standard drawings are:

e IGTS for Tx Girders

e UBTS for U-beams

e SGTS for Steel I-beams and Plate Girders

e XBTS for Spread Box Beams

e Cross-frames or diaphragms are not needed at supports for

any prestressed concrete beam or girder.

Do not provide supplemental reinforcement over the webs of U-
beams or steel tub girders.

The deck does not need to be fully cast-in-place and can utilize
stay-in-place concrete formwork such as prestressed deck panels
shown on standard drawing PCP.

The overhang need not extend past the exterior girder more than
6 in. beyond the flange edge (0 in. for spread slab or box
beams) . An overhang is not required for girders and beams for
the temporary condition of having a stage or phase construction
joint located on top of their flange

Use the provisions of Article 9.7.3 where the provisions listed
above for empirical deck use are not met. The minimum amount of
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Chapter 3 — Superstructure Design Section 2 — Concrete Deck Slabs on I-Girders,
U-Beams, Spread Box Beams, Spread

longitudinal reinforcement in the top mat is No. 4 bars at 9 in.
maximum spacing for these deck designs.

Overhang strength for extreme events, Article 9.5.5, is satisfied
through TxDOT’s rail crash testing
Detailing

Place main reinforcing steel parallel to the skew up to 15 degree
skews. Place reinforcing steel perpendicular to beams for skews
more than 15 degrees, and use corner breaks.
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Adjacent-Framed Beams (Slab Beams,

Section 3— Concrete Deck Slabs on Adjacent-Framed Beams (Slab

Materials

Beams, Double-Tee Beams, and Box Beams)

Use Class S concrete ( f, = 4.0 ksi). If the slab will be subjected regularly to de-icing agents based
on district policy, use Class S (HPC) concrete.

Use Grade 60 reinforcing steel. Use uncoated reinforcing steel unless the slab will be subjected reg-
ularly to de-icing agents based on district policy, in which case use epoxy-coated reinforcing steel.

Optional reinforcements allowed:

*

Glass Fiber Reinforced Polymer (GFRP) bars are allowed as a sub-
stitute for epoxy coated reinforcing steel. The design for GFRP
reinforcement in bridge decks must adhere to the AASHTO LRFD
Guide Specifications for GFRP-Reinforced Concrete Bridge Decks
and Traffic Railings.

Deformed welded wire reinforcement (WWR) meeting the require-
ments of ASTM Al064 is allowed as a substitute for uncoated
Grade 60 reinforcing steel.

Dual coated reinforcing steel meeting the requirements of ASTM
A1055 is allowed as a substitute for epoxy coated reinforcing
steel.

Low carbon/chromium reinforcing steel meeting the requirements
of ASTM A1035 Gr 100 is allowed as a substitute for epoxy coated
reinforcing steel.

Geometric Constraints

TxDOT standard composite concrete slabs are 5 in. thick, minimum.

Use 2.5-in. top clear cover.

Design Criteria

For transverse reinforcement, use #5 bars spaced at 6 in. maximum.

For longitudinal reinforcement, use #4 bars spaced at 12 in. maximum,
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Adjacent-Framed Beams (Slab Beams,

Detailing

Place transverse reinforcement parallel to the skew for skews up to
30 degrees.

Use controlled joints at bent centerlines when the slab is continuous over bents.
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| Section 4 — Pretensioned Concrete 1 Girders

Materials

Use Class H concrete with a minimum f;; = 4.0 ksi and f. = 5.0 ksi and a maximum f, = 6.0 ksi
and f,=8.5 ksi.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Geometric Constraints

The minimum number of I-girders in any roadway width is four if the span is over a
lower roadway and the vertical clearance is less than 20 feet. Oth-
erwise, a minimum of three I-girders per span may be used.

Intermediate diaphragms are not required for structural performance. Do not use intermediate dia-
phragms unless required for erection stability of gi rder sizes extended beyond their
normal span limits.

Structural Analysis

‘ Girder designs must meet the following requirements:

¢ Distribute the weight of one railing to no more than three girders, applied to the composite
Cross section.

o Use section properties given on the standard drawings.

o Composite section properties may be calculated assuming the gi rder and slab to have the
same modulus of elasticity (for girders with f, <8.5 ksi). Do not include haunch concrete
placed on top of the girder when determining section properties. Section properties based
on final girder and slab modulus of elasticity may also be used, however, this design
assumption must be noted on the plans.

¢ Live load distribution factors must conform to Article 4.6.2.2.2 for flexural moment and Arti-
cle 4.6.2.2.3 for shear, except as noted below:

e Forexterior girder design with a slab cantilever length equal to or less than one-half of
the adjacent interior girder spacing, treat the exterior girder as if it were an interior
girder to determine the live load distribution factor for the interior girder. The slab
cantilever length is defined as the distance from the center line of the exterior girder to
the edge of the slab.

Bridge Design Manual - LRFD 3-8 TxDOT 10/2015



Chapter 3 — Superstructure Design Section 4 — Pretensioned Concrete 1 Girders

e Forexterior girder design with a slab cantilever length exceeding one-half of the adja-
cent interior girder spacing, use the lever rule with the multiple presence factor of 1.0
for single lane to determine the live load distribution.

The live load used to design the exterior beam must never be less than the live load used to
design an interior beam of comparable length.

Do not use the special analysis based on conventional approximation for loads on piles per
Acrticle C4.6.2.2.2d, unless the effectiveness of diaphragms on the lateral distribution of truck
loads is investigated.

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

When prestressed concrete deck panels or stay-in-place metal forms are allowed, design the
beam using the basic slab thickness.

Design Criteria

Standard girder designs must meet the following requirements:

*

Add and drape strands in the order shown on the standard drawing
IGND.

Straight strand designs with and without debonding are permit-
ted provided stress and other limits noted below are satisfied.

Debonded strands must conform to Article 5.11.4.3 except as
noted below:

e The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

e Not more than 75 percent of the debonded strands, or 10
strands, whichever is greater, shall have the debonding ter-
minated at any section, where section is defined as an
increment (e.g. 3 feet, 6 feet, 9 feet).

Use hold-down points shown on the standard drawing IGD.

Strand stress after seating of chucks is limited to O.75fpu for
low-relaxation strands.

Initial tension stress up to O.24\/ﬁ' (ksi) is allowed for all
standard TxDOT I-girder sections.

Initial compression stress up to O.65f§ (ksi) is allowed.
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& Final stress at the bottom of gi rder ends need not be checked except when straight debonded
strands are used or when the effect of the transfer length of the prestressing strand is consid-
ered in the analysis.

¢ Final tension stress up to 0.19\/K' (ksi) is allowed.

¢ The required final concrete strength ( ') is typically based on compressive stresses, which
. - . C
must not exceed the following limits:

e 0.60 £ for stresses due to total load plus effective prestress.
e 0.45 g for stresses due to effective prestress plus permanent (dead) loads.

e 0.40 f for stresses due to Fatigue I live loads plus one-half of the sum of stresses due to
prestress and permanent (dead) loads.

¢ Tension stress up to O.24\/ﬂ' is allowed for checking concrete
stresses during deck and diaphragm placement.

¢ Use an effective strand stress after release of OJS%U—A&ES

¢ Keep the end position of depressed strands as low as possible so that the position of the strands
does not control the release strength. Release strength can be controlled by end conditions
when the depressed strands have been raised to their highest possible position.

& Do not use the simplified procedure for determining shear resistance as allowed by Article
5.8.3.4.3. Use the General Procedure as provided by Article 5.8.3.4.2. Do not use provisions of
Appendix B5 of the AASHTO LRFD Bridge Design Specifications.

¢ Calculate required stirrup spacing for #4 Grade 60 bars according to the Article 5.8. Change
stirrup spacing as shown on standard drawing IGD for I girders only ifanal-
ysis indicates the inadequacy of the standard design.

& Replace Equation 5.8.4.2-1 with the following:
V. :Vulelab
ul IgbVI

whereQq,,;, is the first moment of the area of the slab with respect to the neutral axis of the
composite section.

Take b,;, width of the interface, equal to the beam top flange width. Do not reduce b, ; to
account for prestressed concrete panel bedding strips.

¢ Determine interface shear transfer in accordance with Article 5.8.4. Take cohesion and friction
factors as provided in Article 5.8.4.3 as follows:

c=0.28 ksi
p =10
K, =03
K, = 1.8 ksi
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¢ Replace Equation 5.4.2.3.2-2 with the following:
ks =1.45-0.13 (V/S)>0.0

o Compute deflections due to slab weight and composite dead loads assuming the girder and
slab to have the same modulus of elasticity. Assume E_= 5,000 ksi for girders with f <
8.5 ksi. Show predicted slab deflections on the plans although field experience indicates actual
deflections are generally less than predicted. Use the deflection due to slab weight only times
0.8 for calculating haunch depth.

¢ TxDOT standard I girders reinforced as shown on the IGD standard
drawings are adequate for the requirements of Article 5.10.10.

¢ A calculated positive (upward) camber is required after application of all permanent (dead)
loads.
Use the following equations to determine prestress losses:

¢ Total prestress losses, Apr = Apr5+AfpSR+AprR+Apr

e FElastic shortening,

E e2) Mge
] - 1 _
Afpes = £ fogp Where foqp = 0'7fpuAps(A + —IP—J —I"—E
ci g g g
e Shrinkage loss, Afp = Ep(f%%;#i)44*10_5
: Ci
e Creep loss, Af = Ol(égg:ii)(Eﬂ)ﬁ + 0.6Af,y)
" TUPCR 48+f /\Ey/ " °9P cd?r

M., e
where Aﬂm = —(—%QJQ

9

2f . /f
e Relaxation loss, Af =-—m(jl—055)
PR K, foy

Use of AASHTO LRFD Bridge Design Specifications 2004, 3rd E., Arti-
cle 5.9.5, Loss of Prestress, is also allowed (available from the
Bridge Division). Other methods to determine prestress losses are
not allowed.
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Materials

Section 5 — Pretensioned Concrete U Beams

Use Class H concrete with a minimum f; = 4.0 ksi and f,=5.0 ksi and a maximum f_ = 6.0 ksi
and f, =8.5ksi.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Do not increase section properties of the beam to account for the transformed area of strands or
mild steel.

Geometric Constraints

The maximum skew angle for U-beam bridges is 45 degrees.

Structural Analysis

Beam designs must meet the following requirements:

*

Distribute 2/3 of the rail dead load to the exterior beam and 1/3 of the rail dead load to the adja-
cent interior beam applied to the composite cross section.

Each U beam has two interior diaphragms at a maximum average thickness of 13 in. They are
located as close as 10 ft. from midspan of the beam. Account for each diaphragm as a 2-kip
load for U40 beams and as a 3-kip load for U54 beams applied to the non-composite cross
section.

Use section properties given on the standard drawings.

Calculate composite section properties assuming the beam and slab to have the same modulus
of elasticity (for beams with f, < 8.5 ksi). Do not include haunch concrete placed on top of the
beam when determining section properties. Section properties based on final beam and slab
modulus of elasticity may also be used, however, this design assumption must be noted on the
plans.

Live load distribution factors for interior beams must conform to Article 4.6.2.2.2 for flexural
moment and Article 4.6.2.2.3 for shear.

Live load distribution factors for exterior beams must conform to Article 4.6.2.2.2 for flexural
moment and Article 4.6.2.2.3 for shear, with the following exceptions:

e When using the lever rule, multiply the result of the lever
rule by 0.9 to account for better live load distribution

Bridge Design Manual - LRFD 3-12 TxDOT 10/2015



Chapter 3 — Superstructure Design

Section 5 — Pretensioned Concrete U Beams

arising from the beneficial torsional stiffness of the box
girder system.

When the clear roadway width is greater than or equal to 20.0 ft., use a distribution factor
for two or more design lanes loaded only. Do not design for one lane loaded.

When the clear roadway width is less than 20.0 ft., design for one lane loaded with a mul-
tiple presence factor of 1.0.

The live load used to design the exterior beam must never be less than the live load used to
design an interior beam of comparable length.

For bridges with less than three girders in the cross section, assume the live load distribution
factors for flexural moment and shear are equal to the number of lanes divided by the number
of girders. Determine the number of lanes as required by Article 3.6.1.1.1.

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

Design Criteria

Standard beam designs must meet the following requirements:

*

Stresses at the ends of the beam are controlled with the use of debonding. Draped strands are
not permitted in U beams.

Debonded strands must conform to Article 5.11.43 except as noted below:

Debond no more than 75 percent of the total number of strands.
Debond no more than 75 percent of the number of strands in that row.
The maximum debonding length is the lesser of:

The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

Not more than 75 percent of the debonded strands, or 10 strands, whichever is greater,
shall have the debonding terminated at any section, where section is defined as an incre-
ment (e.g. 3 feet, 6 feet, 9 feet).

Grouping of U-beam designs are at the discretion of the designer. However, no exterior U
beam may have less carrying capacity than that of an interior U beam of equal length. If the
designer chooses to group beams, a general rule is to group beams with no more than a four-
strand difference.

See Section 4, Pretensioned I Girders for other design
criteria.
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Chapter 3 — Superstructure Design Section 5 — Pretensioned Concrete U Beams

Detailing

Detail span sheets for a cast-in-place slab with prestressed concrete panels.
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Materials

Section 6 — Pretensioned Concrete Slab Beams

Use Class H concrete with a minimum f,; = 4.0 ksi and f; = 5.0 ksi and a maximum f_ = 6.0 ksi
and f_=8.5 ksi.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

1pu

Geometric Constraints

The maximum skew angle for slab beam bridges is 30 degrees without
modification to standard drawings.

The minimum gap between adjacent slab beams is 0.5 in. and the maximum gap is 3.31 in. A pref-
erable gap range is 1 in. to 1.5 in.

A 5-in. minimum thickness composite concrete slab is required.

Structural Analysis

Beam designs must meet the following requirements:

*

Distribute the weight of one railing to no more than three beams, applied to the composite
Cross section.

Use section properties given on the pretensioned concrete slab beam standard drawings.

Composite section properties may be calculated assuming the beam and slab overlay have the
same modulus of elasticity (for beams with f < 8.5 ksi). Do not include haunch concrete
placed on top of the beam when determining section properties. Section properties based on
final beam and slab modulus of elasticity may also be used, however, this design assumption
must be noted on the plans.

Live load distribution factors for all beams, both moment and shear, must conform to Table
4.6.2.2.2b-1, using cross section (g), if the beams are connected only enough to prevent rela-
tive vertical displacement at their interfaces. This is called S/D distribution.

Do not apply the skew correction factors for moment as suggested in Article 4.6.2.2.2e nor for
shear as suggested in Article 4.6.2.2.3c.

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.
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Design Criteria

Standard beam designs must meet the following requirements:

*

*

*

Add strands in the order shown on the PSBND standard drawing.
Debond strands in 3-ft. increments at beam ends if necessary to control stresses at release.

Debonded strands must conform to Article 5.11.43 except as noted below:
e Debond no more than 75 percent of the total number of strands.
e Debond no more than 75 percent of the number of strands in that row.

e The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

e Not more than 75 percent of the debonded strands, or 10 strands, whichever is greater,
shall have the debonding terminated at any section, where section is defined as an incre-
ment (e.g. 3 feet, 6 feet, 9 feet).

Calculate required stirrup spacing for #4 Grade 60 bars according to Article 5.8. Change stir-
rup spacing as shown on relevant standard drawings only if analysis indicates inadequacy of
the standard design.

TxDOT standard slab beams satisfy Article 5.8.4 and Article 5.10.10.

Compute deflections due to slab weight and composite dead loads assuming the beam and slab
to have the same modulus of elasticity. Assume E, = 5,000 ksi for beams with f, < 8.5 ksi.
Show predicted slab deflections on the plans even though field experience indicates actual
deflections are generally less than predicted. Use the deflection due to slab weight only times
0.8 for calculating haunch depth.

See Section 4, Pretensioned Concrete I Girders for other design
criteria.
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Chapter 3 — Superstructure Design Section 7 — Pretensioned Concrete

Spread Slab Beams

Materials

Section 7— Pretensioned Concrete Spread Slab Beams

Use Class H concrete with a minimum f,; = 4.0 ksi and f; = 5.0 ksi and a maximum f_ = 6.0 ksi
and f_=8.5 ksi.

Use prestressing strand with a specified tensile strength, fpu of 270 Ksi.

Geometric Constraints

The maximum skew angle for spread slab beam bridges is 30 degrees
without modification to standard drawings.

Target slab overhangs at 0 ft. past beam edge. Minimal overhangs to
accommodate roadway curvature are acceptable.

Structural Analysis

Beams designs must meet the following requirements:

L 2

Distribute the weight of one railing to no more than three beams, applied to the com-
posite cross section.

Use section properties given on the pretensioned concrete decked slab beam standard
drawings.

Composite section properties may be calculated assuming the
beam and composite slab have the same modulus of elasticity (for
beams with f; < 8.5 ksi). When determining section properties,
do not include haunch concrete placed on top of the beam. Sec-
tion properties based on final beam and slab modulus of
elasticity may also be used, however, this design assumption
must be noted on the plans.

Live load distribution factors for shear and moment are avail-
able from the Bridge Division.

The live load used to design the exterior beam must never be
less than the live load used to design an interior beam.

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.
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¢ When prestressed concrete deck panels or stay-in-place metal
forms are allowed, design the beam using the basic slab
thickness.

Design Criteria

Standard beam designs must meet the following requirements:

& Add and debond strands in the order shown on the DSBND standard
drawings.

& Debond strands in 3-ft. increments at beam ends if necessary to control stresses at release.

& Debonded strands must conform to Article 5.11.43 except as noted below:
e Debond no more than 75 percent of the total number of strands.
e Debond no more than 75 percent of the number of strands in that row.

e The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

e Not more than 75 percent of the debonded strands, or 10 strands, whichever is greater,
shall have the debonding terminated at any section, where section is defined as an incre-
ment (e.g. 3 feet, 6 feet, 9 feet).

& Calculate required stirrup spacing for #4 Grade 60 bars according to the Article 5.8. Change
| stirrup spacing as shown on relevant standard drawings, only if analysis indicates
the inadequacy of the standard design.

e TxDOT standard slab beams satisfy Article 5.8.4 and Article 5.10.10.

¢ Compute deflections due to slab weight and composite dead loads
assuming the beam and slab to have the same modulus of elastic-
ity. Assume Ec = 5,000 ksi for beams with f; < 8.5 ksi. Show
predicted slab deflections on the plans even though field expe-
rience indicates actual deflections are generally less than
predicted. Use the deflection due to slab weight only times 0.8
for calculating haunch depth.

e SeeSection 4, Pretensioned Concrete I Girders for other design criteria

Detailing

Modify standard drawings for slab beams by extending composite
steel (Bars H) above the top of the beams to reflect use of 8.5 in.
thick decks. The standard drawings base their composite steel
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Chapter 3 — Superstructure Design Section 7 — Pretensioned Concrete
Spread Slab Beams

extension on use of 5 in. thick decks required for adjacently
framed slab beams.

Bridge Design Manual - LRFD 3-19 TxDOT 10/2015



Chapter 3 — Superstructure Design Section 8 — Pretensioned Concrete Decked Slab

Beams

Materials

Section 8 — Pretensioned Concrete Decked Slab Beams

Use Class H concrete with a minimum f_, = 4.0 ksi and f, = 5.0 ksi and a maximum f; = 6.0 ksi
and f_=8.5 ksi.

Use non-shrink cementitious grout for shear keys.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Geometric Constraints

The maximum skew angle for decked slab beam bridges is 30 degrees.

Use a 2-in. minimum thickness asphaltic concrete pavement (ACP) overlay for most roadways. A
two-course surface treatment, or no wearing surface, may be used for low-volume roadways
at the District’s discretion.

Structural Analysis

Beam designs must meet the following requirements:

*

*

Distribute the weight of one railing to no more than three beams.

Use section properties provided on the pretensioned concrete double-tee beam standard
drawings.

Live load distribution factors for all beams--both moment and shear--must conform to Table
4.6.2.2b-1, using cross section (j) if beams are connected only enough to prevent relative verti-
cal displacement at their interfaces. Use K = 2.0 when determining the live load distribution
factor.

Use S/10 as maximum limit on live load distribution.
Do not apply the skew correction factor for moment as suggested in Article 4.6.2.2.2e.

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

Design Criteria

Standard beam designs must meet the following requirements:
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Beams

¢ Add and debond strands in the order shown on the DSBND standard drawings.
¢ Debond strands in 3-ft. increments at beam ends if necessary to control stresses at release.
e Debond no more than 75 percent of the strands per row or per section.

e The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

¢ Calculate required stirrup spacing for #4 Grade 60 bars according to the Article 5.8. Change
stirrup spacing as shown on the DSBD standard drawing, only if analysis indicates the inade-
quacy of the standard design.

& Standard decked slab beams satisfy Article 5.8.4 and Article 5.10.10.

¢ Connect adjacent beams with lateral connectors, shown on standard drawing DSBD, spaced at
5 ft. maximum, with the first lateral connectors set 1 ft. from bent centerlines. See span stan-
dard drawings for completion of lateral connection details.

¢ SeeSection 4, Pretensioned Concrete I Girders, forother design criteria.
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Beams

Materials

Section 9 — Pretensioned Concrete Double-Tee Beams

Use Class H concrete with a minimum f_, = 4.0 ksi and f, = 5.0 ksi and a maximum f; = 6.0 ksi
and f_=8.5 ksi.

Use non-shrink cementitious grout for shear keys.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Geometric Constraints

The maximum skew angle for decked slab beam bridges is 30 degrees.

A 5-in. minimum thickness composite concrete slab or 2-in. minimum thickness asphaltic concrete
pavement (ACP) overlay is required.

Six-ft. wide beams are required for fascia positions when beams are not topped with a 5-in. slab.

Structural Analysis

Beam designs must meet the following requirements:

*

L 2

Distribute the weight of one railing to no more than three beams.

Use section properties provided on the pretensioned concrete double-tee beam standard
drawings.

Composite section properties may be calculated assuming the beam and composite concrete
slab overlay have the same modulus of elasticity (for beams with f, < 8.5 ksi). When deter-
mining section properties, do not include haunch concrete placed on top of the beam. Section
properties based on final beam and slab modulus of elasticity may also be used, however, this
design assumption must be noted on the plans.

Regardless of topping, live load distribution factors for all beams, both interior as well as exte-
rior, and both moment and shear, must conform to Table 4.6.2.2.2b-1, using cross section (i) if
beams are connected only enough to prevent relative vertical displacement at their interfaces.
Use K = 2.2 when determining the live load distribution factor. Use S/10 as maximum limit on
live load distribution.

Do not apply the skew correction factors for moment as suggested in Article 4.6.2.2.2e nor for
shear as suggested in Article 4.6.2.2.3c.

Bridge Design Manual - LRFD 3-22 TxDOT 10/2015



Chapter 3 — Superstructure Design Section 9 — Pretensioned Concrete Double-Tee

Beams

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

Design Criteria

Standard beam designs must meet the following requirements:

*

Add strands on a 2-in. grid system by filling row “2” and working up. In HT beams, fill inner
two positions then outer two positions of each web, in each row. Strands in row “2” are to
remain straight, except inner position of HT beams which may be depressed.

Use hold-down points placed symmetrically 5 ft. from centerline of beam.

Keep the end position of depressed strands as low as possible so that the position of the strands
does not control the release strength. Release strength is occasionally controlled by end condi-
tions when the depressed strands have been raised to their highest possible position.

Calculate required stirrup spacing for #3 Grade 60 bars according to the Article 5.8. TXDOT
standard double-tee beams satisfy Article 5.8.4.

For double-tee beams with a composite concrete slab overlay, compute deflections due to slab
weight and composite dead loads assuming the beam and slab to have the same modulus of
elasticity. Assume E. = 5,000 ksi for beams with f, < 8.5 ksi. Show predicted slab deflections
on the plans even though field experience indicates that actual deflections are generally less
than predicted. Use the deflection due to slab weight only times 0.8 for calculating haunch
depth.

TxDOT standard double-tee beams satisfy Article 5.10.10.

Connect adjacent beams with 1-in. diameter by 11 in. long, smooth lateral connector rods
spaced at 5 ft. maximum, with the first lateral connectors set 5 ft. from bent centerlines.

See Section 4, Pretensioned Concrete I Girders, for other
design criteria.
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Chapter 3 — Superstructure Design Section 10 — Pretensioned Concrete Box Beams

Section 10 — Pretensioned Concrete Box Beams

Materials

Use Class H concrete with a minimum of f; = 4.0 ksi and f, = 5.0 ksi and a maximum f; = 6.0
ksi and fo=8.5 ksi.

Use Class S concrete ( f, = 4.0 ksi) for shear keys.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Geometric Constraints

The maximum skew angle for box beam bridges is 30 degrees without modification to
standard drawings.

The minimum gap between adjacent box beams in 1 in. and the maximum gap is 2 in.

A 5-in. minimum thickness composite concrete slab overlay is
required. A 2-in. minimum thickness asphaltic concrete pavement
(ACP) overlay can be used in lieu of the concrete deck for low-vol-
ume roadways at the discretion of the District.

Structural Analysis

Beam designs must meet the following requirements:
+ Distribute the weight of one railing to no more than three beams.
& Use section properties given on the pretensioned concrete box beam standard drawings.

o Composite section properties may be calculated assuming the beam and composite concrete
slab overlay have the same modulus of elasticity (for beams with f, < 8.5 ksi). When deter-
mining section properties, do not include haunch concrete placed on top of the beam. Section
properties based on final beam and slab modulus of elasticity may also be used, however, this
design assumption must be noted on the plans.

¢ Live load distribution factors must conform to Article 4.6.2.2.2 and Article 4.6.2.2.3. Use:
e Cross section (f) with bridges having a composite concrete slab

e Cross section (g) with bridges having ACP applied directly to tops of beams, assuming
beams are sufficiently connected to act as a unit.

o Do not apply the skew correction factor for moment as suggested in Article 4.6.2.2.2e.
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Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

Design Criteria

Standard beam designs must meet the following requirements:

*

Add and debond strands in the order shown on the BBND standard
drawings.

Debond strands in 3-ft. increments at beam ends if necessary to control stresses at release.

Debonded strands must conform to Article 5.11.43 except as noted below:
e Debond no more than 75 percent of the total number of strands.
e Debond no more than 75 percent of the number of strands in that row.

e The maximum debonding length is the lesser of: (a) one-half
the span length minus the maximum development length; (b)
0.2 times the beam length; or (c) 15 ft.

e Not more than 75 percent of the debonded strands, or 10 strands, whichever is greater,
shall have the debonding terminated at any section, where section is defined as an incre-
ment (e.g. 3 feet, 6 feet, 9 feet).

Calculate required stirrup spacing for #4 Grade 60 bars according to Article 5.8. Change stir-
rup spacing as shown on relevant standard drawings only if analysis indicates the inadequacy
of the standard design.

TxDOT standard box beams satisfy Article 5.8.4 and Article 5.10.10.

For box beams with a composite concrete slab overlay, compute deflections due to slab weight
and composite dead loads assuming the beam and slab to have the same modulus of elasticity.
Assume E, = 5,000 ksi for beams with f; < 8.5 ksi. Show predicted slab deflections on the
plans even though field experience indicates actual deflections are generally less than pre-
dicted. Use the deflection due to slab weight only times 0.8 for calculating haunch depth.

Use shear keys for all box beam bridges. Do not consider composite action between beams and
shear keys in computing live load distribution factors, nor for strength, stress or deflection
calculations.

Transverse post-tensioning is required for box beam bridges topped with an ACP overlay
applied directly to the tops of beams. Space tendons at 10 ft. maximum with the first tendons
set 10 ft. from bent centerlines. Post-tensioning details are provided on standard drawing
BBCDO, available from the Bridge Division on request.
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& See Section 4, Pretensioned Concrete I Girders, for other
design criteria.
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Chapter 3 — Superstructure Design Section 11 — Pretensioned Concrete Spread Box
Beams (X-Beams)

Section 11 — Pretensioned Concrete Spread Box Beams (X-Beams)

Materials

Use Class H concrete with a minimum of f;; = 4.0 ksi and f; = 5.0 ksi and a maximum f_=6.0
ksiand f.=8.5ksi.

Use prestressing strand with a specified tensile strength, f,, of 270 ksi.

Geometric Constraints

The maximum skew angle for X-beam bridges is 30 degrees without modification to
standard drawings.

Structural Analysis

Beam designs must meet the following requirements:

¢ Distribute the weight of one railing to no more than three beams, applied to the composite
Ccross section.

o Use section properties given on the pretensioned concrete X-beam standard drawings.

o Composite section properties may be calculated assuming the beam and composite slab have
the same modulus of elasticity (for beams with f. < 8.5 ksi). When determining section prop-
erties, do not include haunch concrete placed on top of the beam. Section properties based on
final beam and slab modulus of elasticity may also be used, however, this design assumption
must be noted on the plans.

¢ Live load distribution factors for interior beams must conform to Article 4.6.2.2.2 for flexural
moment and Article 4.6.2.2.3 for shear.

¢ Live load distribution factors for exterior beams must conform to Article 4.6.2.2.2 for flexural
moment and Article 4.6.2.2.3 for shear, with the following exceptions:

e When using the lever rule, multiply the result of the lever rule by 0.9 to account for bet -
ter live load distribution arising from the beneficial
torsional stiffness of the box girder system.

e When the clear roadway width is greater than or equal to 20.0 ft., use a distribution factor
for two or more design lanes loaded only. Do not design for one lane loaded.

e When the clear roadway width is less than 20.0 ft., design for one lane loaded with a mul-
tiple presence factor of 1.0.

& The live load used to design the exterior beam must never be less than the live load used to
design an interior beam.
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Beams (X-Beams)

*

*

Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
girders, including the multiple presence factor per Article
3.6.1.1.2.

When prestressed concrete deck panels or stay-in-place metal forms are allowed, design the
beam using the basic slab thickness.

Design Criteria

Standard beam designs must meet the following requirements:

*

*

*

Add and debond strands in the order shown on the XBND standard drawings.
Debond strands in 3-ft. increments at beam ends if necessary to control stresses at release.

Debonded strands must conform to Article 5.11.4.3 except as noted below:
e Debond no more than 75 percent of the total number of strands.

e Debond no more than 75 percent of the number of strands in that row.
¢ The maximum debonding length is the lesser of:

a. one-half the span length minus the maximum development
length;

b. 0.2 times the beam length;
C. 15 feet.

e Not more than 75 percent of the debonded strands, or 10 strands, whichever is greater,
shall have the debonding terminated at any section, where section is defined as an incre-
ment (e.g. 3 feet, 6 feet, 9 feet).

Calculate required stirrup spacing for #4 Grade 60 bars according to the Article 5.8. Change
stirrup spacing as shown on relevant standard drawings, only if analysis indicates the inade-
quacy of the standard design.

TxDOT standard X-beams satisfy Article 5.8.4 and Article 5.10.10.

Compute deflections due to slab weight and composite dead loads assuming the beam and slab
to have the same modulus of elasticity. Assume E = 5,000 ksi for beams with f, < 8.5 ksi.
Show predicted slab deflections on the plans even though field experience indicates actual
deflections are generally less than predicted. Use the deflection due to slab weight only times
0.8 for calculating haunch depth.

See Section 4, Pretensioned Concrete I Girders, for for other
design criteria.
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Chapter 3 — Superstructure Design Section 12 — Cast-in-Place Concrete Slab and Girder
Spans (Pan Forms)

Section 12 — Cast-in-Place Concrete Slab and Girder Spans (Pan Forms)

Materials

Use Class S concrete ( f, = 4.0 ksi). If the superstructure will be subjected regularly to de-
icing agents or could come into contact with saltwater spray, use Class$S
(HPC) concrete.

Use Grade 60 reinforcing steel. Use uncoated reinforcing steel unless the deck will be subjected
regularly to de-icing agents based on district policy, in which case use epoxy-coated reinforcing
steel.

Geometric Constraints

The only skew angles and span lengths available for pan form spans are provided on relevant stan-
dard drawings. Forming systems currently in use do not provide for alternative skews or span
length.

Limit slab overhangs to a maximum of 13.75 inches measured from face of stem to edge of slab.

Structural Analysis

None required.

Design Criteria

None required. Pan form spans are predesigned and shown on standard drawings.
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Section 13 — Cast-in-Place Concrete Slab Spans

Materials

Use Class S concrete ( f, = 4.0 ksi). If the slab will be subjected regularly to de-icing agents or
could come into contact with saltwater spray, use Class S (HPC) concrete.

Use Grade 60 reinforcing steel. Use uncoated reinforcing steel unless the slab will be subjected reg-
ularly to de-icing agents based on district policy, in which case use epoxy-coated reinforcing steel.

Geometric Constraints

The maximum skew angle for slab span bridges is 30 degrees. Use shear keys 2 in. deep by 6 in.
wide, parallel to traffic, with skewed spans. Form shear keys into the top of substructure caps in the
middle of the caps. See relevant standard drawings for shear key details.

Break slab corners 1.5 ft. with skews more than 15 degrees.
Minimum slab depths from Table 2.5.2.6.3-1 are guidelines but are not required.
Use a top clear cover of 2.5 in. Use 1.25-in. bottom clear cover.

Limit span lengths to approximately 25 ft. for simple spans and end spans of continuous units.
Limit interior spans of continuous units to approximately 30 ft.

Structural Analysis

Distribute the weight of all railing and sidewalks over the entire slab width if the slab is no wider
than 32 ft. Otherwise, distribute railing load over 16 ft.

Design using 1-ft. wide strips. Take bearing centerline at cap quarter points. For interior supports of
continuous spans, assume bearing centerline coincides with cap centerline.

Apply both the axle loads and lane loads of the HL-93 live load in accordance with Article 3.6.1.3.3
for spans more than 15 ft.

Distribute live load in accordance with Article 4.6.2.3 using Equation 4.6.2.3-2. Use Equation
4.6.2.3-3 to reduce force effects with skewed bridges.

For longitudinal edge beams, required by Articles 5.14.4.1 and 9.7.1.4, apply one line of wheels
plus the tributary portion of the lane load to the reduced strip width specified in Article 4.6.2.1.4b.
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Design Criteria
Shear design is not required when spans are designed in accordance with Article 4.6.2.3.

The longitudinal edge beam cannot have less flexural reinforcement than interior slab regions. Do
not consider the additional flexural capacity of concrete barrier rails, parapets, or sidewalks in lon-
gitudinal edge beam design.

Provide bottom transverse distribution reinforcement. Use Equation 5.14.4.1-1 to determine the
required amount.

Provide #4 reinforcing bars at 12-in. maximum spacing for shrinkage and temperature reinforce-
ment required to satisfy Article 5.10.8.

Assume Class 1 exposure condition when checking distribution of reinforcement for crack control
except for top flexural reinforcement in continuous spans, in which case assume Class 2 exposure
condition.
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Section 14 — Straight Plate Girders

Materials

Use A 709 Grade 50W or HPS 70W steel for unpainted bridges. Use A 709 Grade 50 steel for
painted bridges. Use A 709 Grade HPS 70W steel for painted bridges if it is economical or other-
wise beneficial to do so.

Use 0.875-in. or 1-in. diameter bolts for bolted connections.

For bridges in the Amarillo District only, specify tension compo-
nents to meet Zone 2 tension component impact test requirements.

Geometric Constraints
Minimum flange width is 0.20D, where D=web depth, but not less than 15 in.
Minimum flange thickness is 0.75 in.
Minimum web thickness is 0.50 in.

Minimum stiffener thickness used to connect cross frames or diaphragms to girder is 0.50 in.

Structural Analysis

Girder designs must meet the following requirements:

+ Distribute the weight of one railing to no more than three girders, applied to the composite
Cross section.

& Assume no slab haunch when determining composite section properties.

¢ Live load distribution factors must conform to Article 4.6.2.2.2 for flexural moment and Arti-
cle 4.6.2.2.3 for shear, except as follows:

e For exterior girder design with a slab cantilever equal to or less than half the adjacent
girder interior spacing, use the live load distribution factor for the interior girder. The slab
cantilever is the distance from the centerline of the exterior girder to the edge of the slab.

e For exterior girder design with a slab cantilever length greater than half the adjacent inte-
rior girder spacing, use the lever rule with the multiple presence factor of 1.0 for single
lane to determine the live load distribution. The live load used to design the exterior girder
must never be less than the live load used to design an interior girder.

¢ Do not take the live load distribution factor for moment or
shear as less than the number of lanes divided by the number of
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girders, including the multiple presence factor per Article
3.6.1.1.2.

When checking the Fatigue and Fracture Limit State, remove the 1.2 multiple presence factor
from the one-design-lane-loaded empirical live load distribution factors.

Use only one lane of live load in the structure model when checking the Fatigue and Fracture
Limit State.

Design Criteria

Standard girder designs must meet the following requirements:

*

Regarding Article 6.7.2, do not specify girders to be out-of-plumb in the steel-dead-load-only
or theoretical-no-load condition if field-welded diaphragm/cross-frame
connections are used. Diaphragms and cross-frames have traditionally been field-
welded to plumb girders without problems to date. If dia-
phragms/cross-frames are to be field-bolted to the girder,
consult with a steel bridge girder fabricator on an appropriate
load condition for detailing cross-frame/diaphragm fit. Ifanalysis
indicates that girders will be significantly beyond plumb after slab concrete is placed, contact
the Director of the Bridge Division for guidance.

Diaphragm and cross-frame designs must meet the following requirements:
e The maximum spacing is 30 ft. if all limit states requirements are met.

e Provide diaphragms/cross-frames at all end bearings. At least two interior bearings at a
bent must have a diaphragm/cross-frame intersecting them.

e Setinterior diaphragms/cross-frames parallel to skew up to 20 degrees. Set per-
pendicular to girders beyond 20 degrees.

e Check the limiting slenderness ratio of cross-frame members using bracing compression
member criteria provided in Article 6.9.3.

e Lean-on bracing design, as described in Cross-Frame and Diaphragm Behavior for Steel
Bridges with Skewed Supports, Helwig and Wang, Research Report 1772-1, 2003, is
permissible.

Girder designs must meet the following requirements:

*

4
*
4

Use composite design and place shear connectors the full girder length.
Do not use longitudinal stiffeners unless web depth exceeds 120 in.
Use short-term modular ratio equal to 8 and long-term modular ratio equal to 24.

Provide longitudinal slab reinforcement in accordance with Article 6.10.1.7.
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Assume the composite slab is effective in negative bending regions for Deflection check,
Fatigue and Fracture Limit State, and Service Limit State.

At flange splices, extend thicker flanges beyond the theoretical flange splice location by a
length equal to the flange width but not more than 2 ft.

Include an assumed stay-in-place formwork weight of 15 psf in
design.

Specify continuous placement of bridge deck where possible, and
staged placement only if required. If staged placement is spec-
ified, base girder design on the worst case effect of staged and
continuous placement. Base dead load deflection and camber on
an analysis for continuous placement, even if staged placement
is specified in the plans.

For stud connector designs, minimum longitudinal stud connector spacing is limited to 4d,
where d is the stud connector diameter.

Bolted field splices must meet the following requirements:

*

*

*

Use ASTM F3125 Grade A325 bolts.Use galvanized Grade A325 bolts
for painted structures. Use Grade A490 bolts only if the connection cannot be
designed with A325 bolts. Do not specify galvanized Grade A490 bolts
for any structure.

Assume Class A surface conditions. Class B surface conditions may be used only when slip
controls the number of required bolts. Always note the surface condition assumed for design in
the plans.

Add at least 0.125 in., and preferably 0.25 in., to minimum edge distances shown in Table
6.13.2.6.6-1.

Do not extend and develop fill plates equal to or thicker than 0.25 in. Instead, reduce bolt shear
strength with Equation 6.13.6.1.5-1.
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Section 15 — Curved Plate Girders

Materials

Use A 709 Grade 50W or HPS 70W steel for unpainted bridges. Use A 709 Grade 50 steel for
painted bridges. Use A 709 Grade HPS 70W steel for painted bridges if it is economical or other-
wise beneficial to do so.

Use 0.875-in. or 1-in. diameter bolts for bolted connections.

For bridges in the Amarillo District only, specify tension compo-

nents to meet Zone 2 tension component impact test requirements.
Geometric Constraints

Minimum flange width is 0.25D, where D=web depth, but not less than 15 in.

Minimum flange thickness is 1 in.

Minimum web thickness is 0.50 in.

Minimum stiffener thickness used to connect cross frames or diaphragms to girder is 0.50 in.

Structural Analysis

Girder designs must meet the following requirements:

+ Distribute the weight of one railing to no more than three girders, applied to the composite
Cross section.

& Assume no slab haunch when determining composite section properties.

o A grid analysis or other refined analysis is required for curved girders. Curved girders satisfy-
ing Article 4.6.1.2.4b are excluded from this requirement. Use a single-lane-loaded multiple
presence factor of 1.0.

o Use only one lane of live load in the structure model when checking the Fatigue and Fracture
Limit State.

Design Criteria

Girder designs must meet the following requirements:

Bridge Design Manual - LRFD 3-35 TxDOT 10/2015



Chapter 3 — Superstructure Design Section 15 — Curved Plate Girders

Regarding Article 6.7.2, do not specify girders to be out-of-
plumb in the steel-dead-load-only or theoretical-no-load condi-
tion if field-welded diaphragm/cross-frame connections are
used. Diaphragms and cross-frames have traditionally been
field-welded to plumb girders without problems to date. If dia-
phragms/cross-frames are to be field-bolted to the girder,
consult with a steel bridge girder fabricator on an appropriate
load condition for detailing cross-frame/diaphragm fit. If
analysis indicates that girders will be significantly beyond
plumb after slab concrete is placed, contact the Director of the
Bridge Division for guidance.

Diaphragm and cross-frame designs must meet the following requirements:
e The maximum spacing is 20 ft. with curved girders if all limit states requirements are met.
e Provide diaphragms/cross-frames at all end bearings.

e Place interior diaphragms/cross-frames radial to girders. Do not use staggered placement
of diaphragms/cross frames.

Check the limiting slenderness ratio of cross-frame members using main compression member
criteria provided in Article 6.9.3.

Diaphragm and cross-frame members are primary members. Verify their adequacy for the
Strength Limit State and other applicable limit states.

Girder designs must meet the following requirements:

*

* & o o

Use composite design and place shear connectors the full girder length.

Do not use longitudinal stiffeners unless web depth exceeds 120 in.

Use short-term modular ratio equal to 8 and long-term modular ratio equal to 24.
Provide longitudinal slab reinforcement in accordance with Article 6.10.1.7.

Assume the composite slab is effective in negative bending regions for Deflection check,
Fatigue and Fracture Limit State, and Service Limit State.

At flange splices, extend thicker flanges beyond the theoretical flange splice location by a
length equal to the flange width but not more than 2 ft.

Include an assumed stay-in-place formwork weight of 15 psf in
design.

Specify continuous placement of bridge deck where possible, and
staged placement only if required. If staged placement is spec-
ified, base girder design on the worst case effect of staged and
continuous placement. Base dead load deflection and camber on

Bridge Design Manual - LRFD 3-36 TxDOT 10/2015



Chapter 3 — Superstructure Design Section 15 — Curved Plate Girders

an analysis for continuous placement, even if staged placement
is specified in the plans.

& For stud connector designs, minimum longitudinal stud connector spacing is limited to 4d,
where d is the stud connector diameter.

Bolted field splices must meet the following requirements:

¢ UseASTM F3125 Grade A325 bolts.Use galvanized Grade A325 bolts
for painted structures. Use Grade A490 bolts only if the connection cannot be
designed with A325 bolts. Do not specify galvanized Grade A490 bolts
for any structure.

& Assume Class A surface conditions. Class B surface conditions may be used only when slip
controls the number of required bolts. Always note the surface condition assumed for design in
the plans.

¢ Add at least 0.125 in., and preferably 0.25 in., to minimum edge distances shown in Table
6.13.2.6.6-1.

¢ Do not extend and develop fill plates equal to or thicker than 0.25 in. Instead, reduce bolt shear
strength with Equation 6.13.6.1.5-1.
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Section 16 — Segmental Spans

Materials
Use TxDOT Class H concrete with a minimum f. = 5.0 ksi, and Grade 60 reinforcing steel.
Use 0.6-in., low-relaxation prestressing strand with a specified tensile strength, fou of 270 ksi.

Use duct as specified in Item 426, "Post-Tensioning" of the Texas Standard Specifications.

Geometric Constraints

Use minimum cross-section dimensions as specified in Article 5.14.2.3.

Structural Analysis

Analyze segmental spans in accordance with Article 4.6.2. Analysis must consider time-dependent
construction methods; short- and long-term post-tensioning, creep, and shrinkage effects; and sec-
ondary force effects due to post-tensioning.

Base live load reactions per lane on the combined effect of the truck loading added to the lane
loading.

Round prestress losses to 1 ksi.

Design Criteria

Check limit states using the Strength I, Strength 111, Strength 1V, Service I, and Service 111 load
combinations.

In addition to the limit states and loads specified in Chapter 2 and above, apply the construction
loads and combinations in Article 5.14.2. Check the cantilever for overturning during erection as
specified in Article 5.14.2.4.4.

Satisfy all stress limits for prestressing tendons and concrete as required in Articles 5.9.3 and 5.9.4.
Use limits for severe corrosive conditions in areas of the state where de-icing agents are frequently
used.

For all considerations other than preliminary design, determine prestress losses as specified in Arti-
cle 5.9.5, including consideration of the time-dependent construction method and schedule shown
in the contract documents.
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Check principal stress in webs as required in Article 5.8.5.
Check shear and torsion as required in Article 5.8.6.

Determine tie back reinforcement behind anchorages as required in Article 5.10.9.3.4b. Minimize
the amount of tie back reinforcing steel penetrating through segment bulkheads by adjusting the
location of anchorages or using hooks for development.

Overhang strength for extreme events, described in Article 9.5.5, is satisfied through TxDOT’s rail
crash testing.

Calculate prestress losses for creep, shrinkage, elastic shorten-
ing and relaxation as prescribed in Section 4, Pretensioned
Concrete I Girders, or by analysis software that has concrete time-
dependent capabilities to capture the effect of creep and
shrinkage.

Detailing

Provide 2 in. clear cover to reinforcing steel for entire cross section. Add 1 in. grinding allowance
to top slab. Also, increase top slab clear cover to 2.5 in. in areas of state where de-icing agents are
frequently used.

Include shear keys in webs of precast and cast-in-place segmental spans. Space shear keys 1 ft. 6 in.
along centerline of web.

Provide a minimum 5 ft. tangent length of tendon from the anchorage head before introducing any
curvature. Determine minimum radius of curvature for individual duct sizes based on published
values from suppliers.

Include extra longitudinal reinforcement above a horizontal construction joint to mitigate cracking
from restraint shrinkage.

Include extra longitudinal reinforcement above a doorway opening or other significant cross-sec-
tion change, to mitigate cracking from differential shrinkage.

Include provisional post-tensioning ducts as required in Article 5.14.2.3.8. Provisional anchorage
hardware is not required, but allowance for future placement of hardware must be considered.
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Section 17— Spliced Precast Girders

Materials

Use Class H (HPC) concrete for girder elements:
¢ Precast Elements:
e Minimum f_ =4.0ksi, Maximum f; = 6.0 ksi
e Minimum f, =5.0 ksi, Maximum f. = 10.0 ksi
¢ Cast in Place Elements:
e Maximum f, =6.0 ksi

Use Class S concrete for cast in place deck (or Class S (HPC) if de-icing chemicals are routinely
used at the site):

o Maximum f, =4.0 ksi

Use prestressing strand with specified tensile strength, 1‘pu of 270 ksi.

¢ Use 0.6 in low-relaxation strands for pretensioning strands.

& Use 0.6 in low-relaxation strands for post-tensioning tendons.

Provide post tension system in accordance with Item 426, “Post Tensioning” of the TxDOT Stan-
dard Specifications, with the following exceptions:

¢ Non-Severe Corrosive Environments:
e Galvanized or plastic duct can be used
e Meet requirements for Protection Level 1B
e Do not use tape-sealed connections
o Severe Corrosive Environments:
e Use plastic duct only
e Meet requirements for Protection Level 2

All stressed tendons in the finished structure must be grouted. All tendons that are stressed at the
precast yard must be grouted prior to transport.

Geometric Constraints

The minimum numbers of girders in any roadway width is as follows:
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*

*

I-Section: 3 girders. If the span is over a lower roadway and the vertical clearance is less than
20 ft., a minimum of 4 girders are required.

U-Section: 2 girders.

Structural Analysis

Girder designs must meet the following requirements:

*

*

Use section properties given on the TXDOT website:
e |-Section: http://ftp.dot.state.tx.us/pub/txdot-info/brg/long-span-i-girders.pdf

e U-Section: http://ftp.dot.state.tx.us/pub/txdot-info/brg/long-span-u-girders.pdf Web width
of these sections may be varied to optimize the sections in meeting design requirements.

Distribute the weight of one railing to no more than three girders.

Haunch concrete placed on top of the girder may be considered when determining composite
section properties.

Composite section properties can be calculated assuming either constant modulus of elasticity
for the girders and slab, or transforming the sections based upon their respective modulus.
Determine respective modulus in accordance with AASHTO LRFD Bridge Design Specifica-
tions, Article 5.4.2.4, based upon unit weight of 0.150 kcf and ..

Live load distribution can be determined from one of the following methods:

e Must conform to AASHTO LRFD Bridge Design Specifications, Article 4.6.2.2.2 for
flexure moment and Article 4.6.2.2.3 for shear when used in conjunction with a line girder
analysis.

e As determined by use of the lever rule when the span/girder arrangement is out of the
applicable range of Articles 4.6.2.2.2 and 4.6.2.2.3 when used in conjunction with a line
girder analysis.

e Asdistributed by the model when used in conjunction with a grillage, finite element, or
other refined model. The model must capture the effects of the complete unit and transfer
loads in an acceptable fashion.

When prestressed concrete deck panels or stay-in-place metal forms are allowed, design the
girder using the basic slab thickness.

Analysis must consider the effects of the following:

*

L 4
L 4
L 4

Staged construction
Addition and removal of temporary supports
Locked in forces

Staged post tensioning
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Secondary forces due to post tensioning
Torsion due to horizontally curved alignments

Superstructure / Substructure interaction

* & o o

Temperature variation

Design Criteria

Provide a minimum of two tendons per web.
Use diaphragms at all bearing locations.
Intermediate diaphragm use is not mandatory.

The precast sections must meet the following requirements for transportation:
& Prestressed Sections:
e Factor the self-weight load by 1.33
e Strand stress after seating of chucks is not greater than 0.75fpu for low-relaxation strands
e Use the concrete release strength (f ;) for the following stress limitations:
Tensile stress < 0.24,ff"; (ksi)
Compressive stress < 0.6 f'; (ksi)
e Do not drape pretensioning strands. Debond the strands as needed.
& Non-Prestressed Sections:
e Factor the self-weight load by 1.33

e Design the section as a reinforced concrete member, subject to the provisions in AASHTO
LRFD Bridge Design Specifications, Article 5.7.3.4. Use the concrete release strength
(f'.;) in place of the concrete final strength (f'.)

e Limit the stress in the reinforcing steel to 36 ksi

The precast sections must meet the following requirements during construction stages:
& Factor the self-weight load by 1.0
< Include loads to represent weight of form work for splices and strong backs (if applicable)

& Use the final concrete strength (f ') for the following stress limitations:
Tensile stress < 0.24, ff" (ksi)
Compressive stress < 0.6 f ', (ksi)

The girder must meet the following requirements in the final (service) condition.
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+ Use associated final concrete strengths (f'.) for the precast sections and cast in place splices

o Use effective prestress force after all short and long term losses. Losses can be determined by
hand as outlined in Section 4, Pretensioned Concrete | Beams and | Girders, or by analysis
software that has concrete time dependent capabilities to capture the effect of creep and
shrinkage.

o Compressive stress limitations:
Service | Loading < 0.6 f',

Effective Prestressing and Permanent (Dead) Loading < 0.45 f ',

¢ Tensile stress limitations:
e Service Il Loading

Non-Severe Corrosive Environment < 0.19 ,/f"; (ksi)

Severe Corrosive Environment < 0.09 ,/f*, (ksi)
e Effective Prestressing and Permanent (Dead) Loading — No tension allowed

& Principal Tensile stress at Neutral Axis of Web
Service I11 Loading < 0.110 ,ff"; (ksi)
All post tensioning must be done prior to placement of the deck.

The composite deck is not a prestressed element and is not held to the stress limitations listed
above.

The deck must meet the following requirements:

¢ Design Load includes effects due to the following:
e Pouring sequence
e Superimposed loads applied to composite section of Service I11. Exclude the effects of
creep and shrinkage of deck concrete.
¢ Longitudinal steel must meet the following requirements:
e Tensile stress in deck concrete is less than (0.9)(0.24) ﬁ (ksi), use No. 4 bars at 9-in
spacing

e Tensile stress in deck concrete is greater than (0.9)(0.24) Jrc (ksi), deck reinforcement
must equal or exceed 1% of the gross deck cross-sectional area (do not use bars larger than
No. 6):

Design shear based upon Strength | Loading for the final condition and in accordance with Article
5.8.3.3 of the AASHTO LRFD Bridge Design Specifications. Use the General Procedure as pro-
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vided by Article 5.8.3.4.2. Do not use provisions of Article 5.8.3.4.3 or Appendix B of the
AASHTO LRFD Bridge Design Specifications. The effective web width must be reduced by 25%
of the outer diameter of the splice coupler.

Design ultimate moment based upon Strength 1 Loading for the final condition.

Refer to Section 4, Pretensioned Concrete | Beams and | Girders for interface shear design of the
deck to girder flange interface.

Show predicted slab deflections should be shown on the plans. Compute deflections using the
same composite sections (constant modulus for girder and deck, or transformed sections) used in
the analysis. Denote on plans the assumed modulus (if constant is used) or the assumed values of
f'. of the individual elements.

Included in plans the assumed construction sequence that includes the following:

& Order of construction

Shore tower locations

Shore tower loads

Lifting / support points of precast members

Girder elevation points

* & 6 o o

Post tensioning sequence
Require contractor to provide a temporary bracing plan of the girders.

Require contractor to provide shoring and erection plan.

Detailing

Provide 2-in. clear cover to reinforcing steel for entire cross section. Also, increase top slab clear
cover to 2.5 in. in areas of state where de-icing agents are frequently used.

Provide a minimum tangent length, dependent on duct size and type, of tendon from the anchorage
head before introducing any curvature. Determine minimum radius of curvature for individual duct
sizes based on published values from suppliers.

Reference Item 426 “Post Tensioning” in the General Notes for all post tensioning, grouting mate-
rials, and construction. Note exceptions if Protection Level 1B is used in the design (galvanized
duct allowed)
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Section 1 — Overview

Introduction

This chapter documents policy on Load and Resistance Factor Design (LRFD) of specific
bridge substructure components.
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Section 2 — Foundations

Guidance

Design foundations in accordance with requirements outlined in the TXDOT Geotechnical Manual.

Design foundations to be in compression under Service I Load Combi-
nation. Exceptions are permitted only where additional foundation
elements and/or repositioning foundation elements cannot prevent
tension in the foundation elements under Service I Load
Combination.
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Section 3 — Abutments

Materials

| Use Class C concrete (fé= 3.6 ksi), and Grade 60 reinforcing steel.
Higher strengths may be required in special cases.

Geometric Constraints

For abutments supporting Tx62 or Tx70 girders, use a cap width of at least 4.00 ft. and 42 in.
diameter drilled shafts as a minimum. Forall other TxGirder types, use a cap width
ofat least 3.50 ft. and 36 in. diameter drilled shafts as a
minimum.

For abutments supporting Type IV beams or U beams, use a cap width of at least 3.25 ft. and 36 in.
| diameter drilled shafts as a minimum. For all other structure types refer to the
bridge standard drawings for recommended cap widths.

Design Criteria

Use the following design practice for standard type “stub” abutments with backwalls:

& Position the backwall, wing wall lengths, wing wall support, and various other standardized
items as shown in the Bridge Detailing Guide, or applicable bridge standard drawings.

¢ Minimum reinforcement for cap, backwall, and wing wall rein-
forcing needs is shown in the Bridge Detailing Guide. Structural
analysis is not required for abutments within the geometric constraints noted in the Bridge

| Detailing Guide.

¢ Calculate the horizontal forces using 40 pcf equivalent fluid pressure at the bottom of the cap.
If no approach slab is used, include a surcharge of A, =kyh,,, where k=0.25, s =120 pcf.
For abutments with d < 5 ft. take h,, = 4.0 ft. For all other abutments see Table 3.11.6.4-1.

Retaining type abutments in questionable soils may justify a more rigorous analysis.

¢ Provisions of Article 5.7.3.4 need not be satisfied. Limit spacing of primary flexural reinforc-
ing bars to no more than 18 in.

For pile foundations, use battered pairs of piling for all abutments that are not otherwise restrained
from horizontal movement or otherwise consistent with standard abutment

designs/details shown on standard drawings. Examples of sufficient restraint are
slab spans and pan form spans that are doweled into the abutment, and abutments within a mechan-
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ically stabilized fill. Never use battered piling adjacent to MSE walls because of the difficulty of
installing the backfill.

Maximum spacing of drilled shafts or pile groups:

& TxGirders less than or equal to 40 in. in depth - 13.50 ft.

& TxGirders greater than 40 in. in depth - 11.00 ft.

& All other beam types less than or equal to 40 in. in depth - 16.00 ft.
& All other beam types greater than 40 in. in depth - 12.50 ft.

Drilled shaft loads may be calculated as the total vertical load on the cap divided equally among the
cap shafts. Wing wall shaft or pile load is usually taken as 10 tons per shaft or pile.

Calculate pile loads as the total vertical load on the cap divided equally among the cap pilings. For
abutments with battered piling, add the horizontal force specified above to the vertical load. The
back pile is not allowed to go into tension due to the lateral
load, considering dead load and soil pressure only unless the addi-
tion of further foundation elements or other mitigation efforts
fail to eliminate the presence of tension.
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Section 4 — Rectangular Reinforced Concrete Bent Caps

Materials

Use TXDOT Class C concrete ( f, = 3.6 ksi) and Grade 60 reinforcing steel. Higher concrete
strengths may be required in special cases.

Higher reinforcing steel grades may be used provided their use sat-
isfies requirements in AASHTO.

Geometric Constraints
Cap depth can not be less than cap width unless the cap is widened
for the purposes of:
¢ meeting minimum support length per Article 4.7.4.4, or

¢ accommodating a cap to column connection when one or both ele-
ments are precast, or

¢ satisfying vertical clearance needs to a lower roadway.

For bents supporting Tx62 or Tx70 girders, use a cap width of at least 4.00 ft. and 42 in. columns
and drilled shafts as a minimum. For all other TxGirder types, use
a cap width of at least 3.50 ft. and 36 in. drilled shafts as a
minimum.

For bents supporting U40 or U54 beams, use a cap width of at least
3.25 ft. and 36 in. columns and drilled shafts as a minimum.

For all other structure types refer to the bridge standard drawings for minimum cap widths.

Structural Analysis

In lieu of a more detailed analysis, it is permissible to analyze trestle pile and multiple-
column caps as simply supported beams on knife-edge supports at the center of piling or columns.
If the columniswider than 4 f£t., consider a model that takes the stiffness of the column
into consideration.

Distribute the live load to the beams assuming the slab hinged at each beam except the outside
beam.

Base live load reactions per lane on the combined effect of the truck loading added to the lane
loading.
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Design Criteria

Check limit states using the Strength | and Service | load combinations. Check distribution of rein-
forcement as required in Article 5.7.3.4 using Class 1 exposure for moderate exposure conditions
and Class 2 exposure in areas where de-icing agents are frequently used or where contact
with salt spray is possible. Limittensile stress in steel reinforcement, fi under Ser-
vice | load combination to 0.6 fy.

Check Article 5.7.3.3.2 for minimum reinforcement.

For reinforced concrete straddle bents, the calculated shear,
using the Service I Load Combination, shall be less than the web
cracking load as given by the following equation:

Vcr[6.5 - 3(%)}ﬁc' b,,d. but not greater than 5,/f : b,,d or less than 2,/f : b, d. Note that f ;

| in these equations is in units of psi, not ksi.

For multi-column bent caps, take design negative moments at the center line of the column. For
hammerhead bents and multi-column bent caps with columns 4 ft. wide or wider, take design nega-
tive moments at the effective face of the column.

Do not use the simplified procedures for determining shear resistance allowed by Article 5.8.3.4.1
nor 5.8.3.4.3. Use the General Procedure as provided by Article 5.8.3.4.2.

Minimize the number of stirrup spacing changes.

Except for hammerhead bents, shear need not be considered in cantilever regions unless the dis-
tance from center of load to effective face of column exceeds 1.2d. Provide stirrups at 6-in.
max imum spacing.

For typical multi-column bent caps supporting multiple beams, strut-and-tie modeling provi-
sions of Articles 5.6.3 need not be considered. For bent caps supporting girders on high load
multi rotational bearings or girders with large reaction forces that are defined as deep com-
ponents according to Article 5.2, use the strut-and-tie design.

Detailing

Use #5 stirrups except as noted, witha4-in. minimum and a 12-in. maximum spacing. Do
not use stirrups larger than #6. Use double stirrups if required spacing is less than 4 in. If tor-
sional resistance is explicitly addressed in the design, ensure
the stirrup detailing is consistent with AASHTO requirements.
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For flexural reinforcement, use #11 bars. Smaller bars can be used to satisfy development require-
ments. Do not mix bar sizes.

Use longitudinal skin reinforcement in accordance with Equation 5.7.3.4-2 in caps deeper than 3 ft.
Caps 3 ft. and less should have two #5 bars, as a minimum, equally spaced in each side face.
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Section 5 — Inverted Tee Reinforced Concrete Bent Caps

Materials

Use TXDOT Class C concrete ( f, = 3.6 ksi) and Grade 60 reinforcing steel. Higher concrete
strengths may be required in special cases.

Higher reinforcing steel grades may be used provided their use sat-
isfies requirements in AASHTO.

Geometric Constraints

Make inverted tee dimensions the same for all bents supporting the same girder
depth on the project.

Keep the top of stem at least 2.5 in. below the bottom of the slab; see standard drawing IGMS.

Structural Analysis

| In lieu of a more detailed analysis, it is permissible to analyze mul-
tiple-column caps as simply supported beams on knife-edge supports at the center of piling or
| columns. If the columniswider than 4 ft., consider a model that takes the stiffness of the

column into consideration.

Distribute the live load to the beams assuming the slab hinged at each beam except the outside
beam.

Design Criteria

Check limit states using the Strength | and Service | load combinations. Check distribution of rein-
forcement as required in Article 5.7.3.4 using Class 1 exposure for moderate exposure conditions
and Class 2 exposure for areas where de-icing agents are frequently used or where contact
with salt water spray is possible.

Check Article 5.7.3.3.2 for minimum reinforcement.

For reinforced concrete straddle bents, the calculated shear,
using the Service I Load Combination, shall be less than the web
cracking load as given by the following equation:

Vcr[6.5 - 3(%)}ﬁc' b,,d. but not greater than 5,/f : b,,d or less than 2, /f : b, d. Note that f;
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Caps

in these equations is in units of psi, not ksi.

For multi-column bent caps, take design negative moments at the center line of the column. For
hammerhead bents and multi-column bent caps with columns 4 ft. wide or wider, take design nega-
tive moments at the effective face of the column.

Minimize the number of stirrup spacing changes.

The punching shear resistance and hanger reinforcement provided at fascia girders must
equal or exceed the factored punching shear demand and hanger reinforcement
requirements of the adjacent interior girder.

When designing for beam ledge punching shear, replace Article 5.13.2.5.4 with the following:

*

*

Use dy, not dg, in all ledge punching shear calculations.

The truncated pyramids assumed as failure surfaces for punching shear, as illustrated in Fig-
ure 5.13.2.5.4-1, shall not overlap. Therefore, 0.5b, +a, must be greater than

0.5L +d, toprevent longitudinal overlap. S must be greater than 2d . +W to prevent trans-
verse overlap. If overlap does not occur with the minimum corbel
depth, df , needed to satisfy punching shear resistance require-
ments, the corbel depth can be increased without further
concern with overlap.

Normal punching shear resistance, Va, kip, shall be taken as:
e Atinterior pads: V, = 0.125\/f7C'6N +2L+2d, )d .

e Atexterior pads V. =0.125 / f, (0,5/\/ +L+d, +C)df , except shall not be taken greater
than o 125/t (W +2L+2d, )d, -

e The distance between the bearing pad and corbel face may be
included in the punching shear perimeter in the above
equations.

e Adjust the above equations as appropriate if round bearings
are used.

Replace Equation 5.13.2.5.5-1 with the following:

Ahr(g f
V, =————=
S

y)
W +3a,), with f, not taken larger than 60 ksi.

Replace the following sentence in Article 5.13.2.5.5: “The edge distance between the exterior
bearing pad and the end of the inverted T-beam shall not be less than d," with the following:
"The edge distance between the exterior bearing pad and the end of the inverted T-beam shall
not be less than 12 inches.”
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Detailing

Provide extra vertical reinforcing across the end surfaces of the stem to resist cracking. Single
#6 bars, anchored at each end with hooks and with spacing equiva-
lent to the cap shear and hanger reinforcement, are considered
adequate for this purpose for conventional inverted tee cap ends.
Do not weld bars together for development of ledge reinforcing. Use anchorage hooks to develop
ledge reinforcing.

Use stirrups with a 12-in. maximum spacing. If torsional resistance is explic-
itly addressed in the design, ensure the stirrup detailing is
consistent with AASHTO requirements.

Use longitudinal skin reinforcement in accordance with Equation 5.7.3.4-2 in. caps deeper than 3
ft. Caps 3 ft. and less need at least two#5bars, as a minimum, equally spaced in each
side face.
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Section 6 — Columns for Multi-Column Bents

Materials

| Use TxDOT Class C concrete ( f, = 3.6 ksi) and Grade 60 reinforcing steel. Higher
concrete or steel strengths may be required in special cases.

Higher reinforcing steel grades may be used, provided their use
satisfies requirements in AASHTO.

| Geometric Constraints

The minimum size column and drilled shaft for grade separation
structures is 36-in diameter unless a larger size is noted else-
where. Column and drilled shaft sizes smaller than 36-in diameter
are permissible for widenings only for similitude.

Structural Analysis

Analysis and design is not required for round columns supporting
multi-column bents when the following conditions are met:

¢ Column spacing does not exceed 18 ft.

¢ Column height, measured from bottom of the cap to top of drilled
shaft or footing, does not exceed 12 times the column diameter
(measured in feet). Example: 36’ height limit for a 3-ft diame-
ter column. For drilled shaft foundations in stream crossings,
the bottom of the column is to be taken at the bottom of the
scour envelope.

¢ Columns are reinforced with the minimum amount of reinforce-
ment, both longitudinally and laterally, as prescribed in
AASHTO.

¢ Columns meet these size requirements based on superstructure
type:
e Slab spans, 24 in.
e Pan form spans, 24 in.
e Slab beam and spread slab beam spans, 24 in.

e Box beam and spread box beam spans, 36 in.

e Types Tx28 through Tx54 girder spans, 36 in.
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e Types Tx62 and Tx70 girder spans, 42 in.
e U40 and U54 beam spans, 36 in.

e For other beam types, compare drilled shaft load to what
would be expected using one of the preceding superstruc-
tures, and use a column diameter as appropriate.

If these conditions are not met, column design and analysis,
including second order effects and stiffness reduction from
cracked concerete, is required.

Design Criteria

For columns subjected to bending under unfactored dead load, sat-
isfy the minimum reinforcement requirements of Article 5.7.3.4,
using an exposure factor consistent with the site and other bridge
elements.

Detailing

For non-contact lap splices between the column and its foundation,
meet the requirements of Article 5.11.5.2.1.
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Section 7— Columns for Single Column Bents or Piers

Materials
Use TxDOT Class C concrete (f; = 3.6 ksi) and Grade 60 reinforcing
steel. Higher concrete strengths may be used if needed in special
cases.

Mass concrete may be needed depending on the size of the column.
Higher reinforcing steel grades may be used provided their use sat-
isfies requirements in AASHTO.

Geometric Constraints

Consider using hollow pier sections where appropriate. Hollow
piers subject to the column collision load must be protected from
the collision consistent with the protection requirements else-
where in this manual.

Structural Analysis

Account for second-order effects, with the structural model
accounting for reduced stiffness from a cracked section.

Deflections from an analysis need to be consistent with boundary
conditions of the actual structure.
Design Criteria

For columns subjected to bending under unfactored dead load, sat-
isfy the minimum reinforcement requirements of Article 5.7.3.4,
using an exposure factor consistent with the site and other bridge
elements.

Detailing

For non-contact lap splices between the column and its foundation,
meet the requirements of Article 5.11.5.2.1.
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Section 8 — Post-Tensioned Concrete Bent Caps

Materials

Use TxDOT Class H concrete with a minimum f. = 5.0 ksi, and Grade 60 reinforcing steel.
Higher steel grades may be used if needed in special cases.

Use 0.5-in. or 0.6-in. low-relaxation prestressing strand with a specified tensile strength, fou of
270 ksi or high-strength steel bars meeting ASTM A722.All tendons and
bars must be bonded.

Use duct as specified in Item 426, “Post-Tensioning,” of the Texas Standard Specifications.

Geometric Constraints
Criteria in this section are not intended for C-shaped bents or through-girder bents.
Cap depth cannot be less than cap width unless the cap is widened
for the purposes of:
¢ meeting minimum support length per Article 4.7.4.4, or

¢ accommodating a cap-to-column connection when one or both ele-
ments are precast, or

¢ satisfying vertical clearance needs to a lower roadway.

See Section 6 for minimum cap widths, and column and drilled shaft
dimensions based on beam or girder type.

Structural Analysis

Column-to-cap connection details must reflect assumptions of fixity made for post-tensioned cap
design. Column stiffness and secondary force effects due to post-tensioning must be considered.

Distribute the live load to the beams assuming the slab hinged at each beam except the outside
beam.

Base live load reactions per lane on the combined effect of the truck loading added to the lane
loading.
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Design Criteria

Round losses to 1 ksi. Determine prestress losses from elastic shortening, creep,
shrinkage, and relaxation asprescribed for prestressed concrete in Chap-
ter 3, Section 4, Pretensioned Concrete I Girders.

Use a minimum of 4 tendons in a cap.

Satisfy all stress limits for prestressing tendons and concrete as specified in Articles 5.9.3 and 5.9.4.
Use limits for severe corrosive conditions in areas where de-icing agents are frequently used or
where contact with salt water spray is possible.

Check limit states using the Strength | load combination and the Service | load combination for
both tension and compression stress.

For multi-column bent caps, take design negative moments at the center line of the column. For
hammerhead bents and multi-column bent caps with columns 4 ft. or wider, take design negative
moments at the effective face of the column.

Do not use the simplified procedure for determining shear resistance allowed by Article 5.8.3.4.3.
Use the General Procedure as provided by Article 5.8.3.4.2.

Minimize the number of stirrup spacing changes.

For typical multi-column bent caps supporting multiple beams,
strut-and-tie modeling provisions of Articles 5.6.3 need not be
considered. For bent caps supporting girders on high load multi
rotational bearings or girders with large reaction forces that are
defined as deep components according to Article 5.2, use the strut-
and-tie design.

Detailing

Use #5 stirrups, except as noted, witha4-in. minimum and a 12-in. maximum spacing. Do
not use stirrups larger than #6. Use double stirrups if required spacing is less than4 in. If tor-
sional resistance is explicitly addressed in the design, ensure
the stirrup detailing is consistent with AASHTO requirements.

Provide a minimum 5ft. tangent length of tendon from the anchorage head before introducing any
curvature. Determine minimum radius of curvature of duct based on published values from suppli-
ers for individual duct sizes.

Use minimum duct spacing according to Article 5.10.3.3.
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Provide elevation and plan views showing the profile of centerline of ducts.

Provide a separate elevation view, or table of dimensions, for the centroid of the tendon group.
Show location and magnitude of final post-tensioning force at critical section.

Provide the stressing and erection sequence on the plans, including form removal and girder place-
ment. Bottom cap forms must stay in place until after first tendons are stressed.

Include the following information on the cap detail sheets:

*

* & 6 o o

Assumed coefficient of friction and wobble coefficient for duct
Assumed anchor set

Assumed and maximum allowed eccentricity between duct and tendon
Assumed long term losses

Stressing and dead ends of tendon

Jacking force =0.77 x f_ X A, = XX kips

Provide alternate reinforcing steel details where a known conflict between duct and typical rein-
forcing steel will occur. Include notes indicating all other adjustments to reinforcing steel must be
made as directed by the Engineer of Record.
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Section 1 — Widenings

Design Recommendations

Design guidelines for various elements of new bridges may also be applied to bridge widenings.
Complete a load rating and condition survey before plans are started. Ratings must conform to the
current edition of the American Association of State Highway and
Transportation Officials (AASHTO) Manual for Bridge Evaluation
using Load Factor Rating unless otherwise directed by TxDOT. Refer
to the Bridge Project Development Manual for additional require-
ments for load ratings and condition surveys.

Design widened portions for HL93 loading using the AASHTO LRFD Bridge Design
Specifications.

Show load rating and design loads on the bridge plan, for example, HS20 (Existing) and HL93
(Widening).
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Section 2 — Steel-Reinforced Elastomeric Bearings for Pretensioned Concrete I-
Girders
Materials
Use 50-durometer neoprene for steel-reinforced elastomeric bearings.

Use a shear modulus range of 95 to 175 psi for design, using the least favorable value for the design
check.

Make steel shims 0.105 in. thick.

Do not use adhesives between bearings and other components.

Geometric Constraints

See standard drawings for standard pad details. Note the bearings shown on stan-
dard drawing IGEB may not be applicable for skews over 60 degrees.

Tapered bearings may be used if the taper does not exceed 0.050 ft./ft.

Use 1/4-in. exterior pad layers. If using 1/4-in. interior pad layers, disregard the requirements in
Article 14.7.6.1, specifying exterior layers no thicker than 70% of internal layers.
Structural Analysis

Assume a temperature change of 70 degrees Fahrenheit after erection when calculating thermal
movement in one direction (not total). Take T, = 10 degrees F and T, = 80 degrees F. For the
panhandle region use T, = 10 degrees F and T, = 115 degrees F, for a total temperature change
of 105 degrees F. Optionally, the temperature ranges in Article 3.12.2.2
may be used if appropriate.

Do not include shrinkage, creep, and elastic shortening when determining maximum movement,
which will be accommodated through infrequent slip.

Use appropriate shear live load distribution, modified for skew.
Use the critical DL condition (the lightest predicted DL) when checking against slip.
Use Load Combination Service | for all gravity loads.

Ignore limiton S ?/n in Article 14.7.6.1.
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for Pretensioned Concrete I-Girders

Design Criteria

Follow Design Method A in Article 14.7.6, with the following exceptions:

*

*

Detailing

DL compressive stress limit is the lesser of 1.20 ksi and 1.2 GS.

Total compressive stress limit is the lesser of 1.50 ksi and 1.5 GS. This limit can be exceeded
up to 15% at the engineer’s discretion.

For rotation check, disregard Article 14.7.6.3.5.

6(0.8L)
Rotation is acceptable if the total compressive deflection equals or exceeds 2, where L
is the pad length defined in AASHTO LRFD Bridge Design Specifications, and 6 is the total
rotation. Estimate compressive deflection using Figure C14.7.6.3.3-1.

Calculate total rotation for dead and live load plus 0.005 radians for construction uncertainties
as required by Article 14.4.2.1. Take maximum

4A
live load rotation as ———————, where i is midspan LL deflection.
SpanLength

Check bearing pad slip as follows:

(0.2—Gr)x DL xh,
<
s(alow) — (G x A)
where:

A

Gr = beam grade in ft./ft.

DL = lightest unfactored predicted dead load (kips)

h, = total elastomer thickness (in.)

G = shear modulus of elastomer at 0 degrees F, typical 0.175 ksi
A = plan arc of elastomer (sg. in.)

A
S(allow)
Use hy, instead of total pad height when checking stability as required in Article 14.7.6.3.6.

= maximum total allowable shear deformation (in.)

Use standard drawing IGEB for guidance on detailing custom bearing pad designs.
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Chapter 5 — Other Designs Section 3 — Strut-and-Tie Method

Section 3 — Strut-and-Tie Method

Geometric Constraints

The angle between compression struts and tension ties must be greater than 26 degrees.

Structural Analysis

Do not use Strut and Tie Modeling for standard girders and bent caps. Strut and Tie Modeling is
appropriate to use when designing footings, dapped beam ends, post-tensioning anchorage zones,
deviation diaphragms, bents that use high load bearings, and other special designs.

Place nodes at applied loads and reactions. More nodes can be added as long as the tension ties are
located where reinforcement is normally placed. In general, nodes need to be
located at the center of the tension ties and compression struts. If there is sufficient concrete in the
incoming member the strut can be considered within both members, such as in the case with a col-
umn and a footing, and the nodes can be placed where the two members meet.

A 3 dimensional truss can be broken into multiple 2 dimensional trusses to be analyzed. When ana-
lyzing the 2 dimensional trusses, use the same reactions as the 3 dimensional truss, but recalculate
the applied loads so equilibrium is satisfied.

Design Criteria

When designing broad members that are uniformly loaded on one end and discretely loaded on the
other end, use Article 5.10.9.4.

Development length for the tension tie reinforcement must be in accordance with Articles 5.6.3.4.2
and 5.11.2.

Nodal geometry is needed to analyze the capacity of a strut and the capacity of the node itself; how-
ever, if the node is significantly large, such as with a column and a footing, no nodal analysis is
needed. If nodal analysis is needed, use Article 5.6.3.5.

Replace Article 5.6.3.3.3 with the following:

& For struts with reinforcement satisfying Section 5.6.3.6:

b 0.85tané |, . 1
= \/T W, sing but not greater than the minimum of

1. Brown, Michael et al. "Design for Shear in Reinforced Concrete Using Strut-and-Tie Models," Report No. FHWA/TX-
06-0-4371-2, Appendix A, Equation A-7.
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Chapter 5 — Other Designs Section 3 — Strut-and-Tie Method

| and 0.85
0.85—=

w,sin@
& For struts without reinforcement satisfying Section 5.6.3.6:

_0.85tano |,
V= 3F w_sin @ but not greater than the minimum of

0.85 W l"in 7 and 0.85
The nominal capacity of a strut shall be taken as: P, =v f_A,
where:

P, = nominal capacity of a strut (kip)

v = efficiency factor

f. = specified compressive strength (ksi)
A = cross-sectional area of the strut at the face of the node (in?)

6 = angle between the compressive strut and the adjoining tie (deg)

|, = length of the node adjoining the strut. For CCC and CCT nodesl,, = |, and for CTT nodes
I, = I, from Figure 5.6.3.3.2-1.

w, = width of the strut at the face of the node (Figure 5.6.3.3.2-1)

Replace Figure 5.6.3.3.2-1b "(b) Strut anchored by bearing and reinforcement™ with the following
figure:
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Chapter 5 — Other Designs Section 3 — Strut-and-Tie Method

w_=1,51N9 +h _cose

Figure 5-1. Strut Anchored by Bearing and Reinforcement (CCT node)

Replace Figure 5.6.3.3.2-1 "(a) x-x" (cross section) with the following figure:

= bd, = bd, =6
cross-section

[y
ECL\-._:r

Figure 5-2. CTT node and abutting strut width limitations

Replace Article 5.6.3.6 with the following:

& Structures and components or regions thereof, except for slabs and footings, which have been
designed in accordance with the provisions of Article 5.6.3, and using the efficiency factor
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Chapter 5 — Other Designs Section 3 — Strut-and-Tie Method

associated with reinforced struts (Equation A-7) shall contain crack control reinforcement in
an orthogonal grid. Horizontal reinforcement alone shall be used. The spacing of the bars in the
strut reinforcement shall not exceed 12.0 in.

o The amount of reinforcement within a strut shall be calculated as?:

R

Where:
P =equivalent reinforcement perpendicular to the strut axis

Aqy = total of horizontal reinforcement in a strut within spacing sH(in?)

b = width of the member (in)

Sy = spacing of horizontal reinforcement (in)

A,y = total area of vertical reinforcement in a strut within a spacing, sV (in2)
sy = spacing of vertical reinforcement (in)

o The minimum amount of reinforcement in a strut shall be taken as?:

P
o= ~— >(0.003
pJ_,mln 2 fyblm

Where:

P, = factored load in a strut (kip)

fy = yield strength of the reinforcement within a strut (ksi)

b = width of the member transverse to the plane of the strut-and-tie model
| = length of the strut

m = slope of the angle of compression dispersion (Figure 5-3)

1. Brown, Michael et al. "Design for Shear in Reinforced Concrete Using Strut-and-Tie Models," Report No. FHWA/TX-
06-0-4371-2, Appendix A, Equation A-14.

2. Brown, Michael et al. "Design for Shear in Reinforced Concrete Using Strut-and-Tie Models,” Report No. FHWA/T X-
06-0-4371-2, Appendix A, Equation A-15.
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[

— &
bq;" - bmix

‘ ‘
b,=—2hb  +— 1
¢ &

Figure 5-3. Dispersion of compression in a bottle-shaped strut (View is perpendicular to the plane
of the dispersion of compression)
Guidelines

The tension tie reinforcement must be close enough to the drilled shaft to be considered in the truss
analysis. Therefore, the tension tie reinforcement must be within a 45 degree distribution angle (i.e.
no more than d. away from the member on either side).

Use strut bearing lengths proportional to the amount of load carried by the strut at a node.

Conservatively assume the width of a strut in a CCC node, hg, as the height of the compression
block.
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Chapter 5 — Other Designs Section 4 — Corrosion Protection

Section 4 — Corrosion Protection

Guidance

In areas of the state where de-icing agents are frequently used during winter storms, it is recom-
mended that additional corrosion protection measures be incorporated into the bridge design and
details. Consult the bridge information on TxDOT’s web page for statewide and district specific

recommendations.
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