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Executive Summary

This report documents the results of research conducted to support the development of design
guidance and standard details for Simple for Dead Load, Continuous for Live Load (SDCL) steel
superstructures for use in Missouri. SDCL steel bridges are intended to behave primarily as
simple spans during construction-stage dead loading and as continuous structures for
superimposed dead load and live load after the concrete deck and intermediate diaphragm
region have hardened. This approach can reduce fabrication and construction complexity by
eliminating or reducing bolted field splices, while still providing the structural and serviceability
benefits of continuity in the completed bridge.

The overall objective of the research was to evaluate the behavior of SDCL steel bridges and
provide technical support for the proposed inclusion of SDCL steel superstructure guidance in
MoDOT’s Engineering Policy Guide (EPG). The research included a literature review, field testing
of Bridge A9513 during deck placement and controlled live-load testing, development and
calibration of three-dimensional finite element models, degree-of-continuity calculations,
parametric analyses of representative bridge configurations, and development of proposed
design recommendations and standard details.

Summary of Research

A literature review was conducted to evaluate previous research, current design practices, and
available transportation-agency guidance related to SDCL steel bridges. The review showed that
SDCL steel bridges have been studied and implemented by several agencies, but formal
implementation-ready design provisions remain limited. Oregon was the only state identified
with a dedicated published SDCL detail for concrete intermediate diaphragm connections.
Missouri has documented SDCL implementation through bridge replacement programs, while
several other states either mention SDCL or related simple-made-continuous concepts, provide
related continuity guidance, or address similar details through retrofit or prefabricated bridge
applications.

Bridge A9513 on Route PP over the Middle Fork Little Chariton River in Chariton County,
Missouri, was selected as the test bridge for this study. The bridge was instrumented during
construction to measure strains and deflections during the concrete deck pour. This
construction-stage testing was used to evaluate whether the bridge behaved as a simple-span
system during deck placement, as intended by the SDCL concept. After the bridge was
completed, controlled live-load testing was performed using loaded dump trucks placed at
selected locations to produce positive and negative moment effects near the instrumented
intermediate bent.

Three-dimensional finite element models were developed to interpret the measured bridge
response. Separate dead-load and live-load models were created because the structural
conditions during deck placement and after completion were different. The dead-load model
represented the non-composite construction stage, including wet concrete loading,
temperature effects, reduced early-age diaphragm stiffness, support conditions, and contact
behavior at the intermediate bents. The live-load model represented the completed bridge



after the deck and diaphragm had cured and continuity had developed at the intermediate
supports.

The calibrated models were used to evaluate the degree of continuity (DOC) developed during
construction-stage dead loading and live loading. The construction-stage DOC was evaluated
using deflection-based comparisons between calibrated, free, and fixed bridge models. The live-
load DOC was evaluated using curvature- and deflection-based comparisons for selected truck
positions. These calculations provided a quantitative measure of how closely the bridge
response approached the simple-span and fully continuous limits.

A parametric study was then conducted to evaluate SDCL behavior beyond the specific
geometry of Bridge A9513. Four bridge configurations were considered: a Base Bridge, a Skew
Angle Bridge, a Plate Girder Bridge, and an Unbalanced Span Bridge. The Base Bridge
corresponds to Bridge A9513 and uses rolled-shaped girders. The remaining configurations
were generated by varying specific geometric or structural features of this baseline
configuration. Each configuration was analyzed under factored superimposed dead loads and
five factored AASHTO HL-93 truck loads and lane live-load cases, with fixed and pinned
diaphragm configurations and with and without a bond breaker plate. This resulted in 96
parametric finite element models. The analyses were used to evaluate deck reinforcement
stresses, compression block stresses, force transfer at the intermediate bents, and live-load
DOC for different bridge geometries and diaphragm details.

The main outcome of this research was the development of proposed SDCL steel bridge design
guidelines and standard details for inclusion in MoDOT’s EPG. The proposed guidance defines
the SDCL design concept, identifies limits of applicability, and outlines the staged-analysis
approach needed to represent simple-span behavior during girder and deck dead load,
continuous behavior for superimposed dead loads, and live load. The guidance also provides
design procedures for the intermediate bent continuity connection, including deck
reinforcement and compression block design, and includes standard details for the concrete
diaphragm, bond breaker plate, pinned and fixed diaphragm configurations, bearings, shear
connectors, bracing, girder haunches, and camber or dead-load deflection considerations.
These guidelines are intended to provide MoDOT with a practical framework for consistent
design, detailing, review, and implementation of SDCL steel superstructures.

Summary of Conclusions

The literature review showed that the primary technical issue in SDCL steel bridge design is the
local force-transfer mechanism at the intermediate support. Previous experimental and
numerical studies found that negative flexural resistance is provided mainly by the longitudinal
slab reinforcement in tension, the bottom connection plate or steel block in compression, and
the compressed concrete core in the diaphragm. The literature also showed that the
assumption of simple-span behavior during deck placement is reasonable but not exact because
partially cast diaphragms and reinforcement can provide some continuity before the deck
hardens.

The field testing of Bridge A9513 confirmed that measurable continuity developed during
construction-stage dead loading. The bridge did not behave as a purely simple-span system



during the deck pour. The deflection-based dead-load DOC was approximately 42% for the
center span and approximately 23% for each of the end spans. The high DOC value on the
center span was attributed primarily to the relatively deep partially cast diaphragm at the
intermediate bent as well as the lack of a bond breaker plate. These findings indicate that
construction-stage continuity can be significant and should not be assumed negligible for all
SDCL diaphragm details.

The bridge developed a high level of continuity under live loading. The live-load DOC was
approximately 92% on average, based on curvature- and deflection-based estimates. The live-
load results also showed that the calibrated finite element model could reproduce the
measured bridge response for multiple truck positions without recalibration, indicating that the
model captured the global stiffness, load distribution, and continuity behavior of the completed
bridge.

The parametric analysis showed that the proposed SDCL continuity details provided substantial
live-load continuity for the range of bridge geometries considered. For the Base Bridge, Plate
Girder Bridge, and Unbalanced Span Bridge, fixed diaphragm configurations produced DOC
values of approximately 91% to 95%, while pinned diaphragm configurations produced DOC
values of approximately 83% to 88%. The Skew Angle Bridge produced lower DOC values of
approximately 79% to 82% and was less sensitive to diaphragm configuration, indicating that
skew can have a stronger influence on effective live-load continuity than diaphragm restraint
for the configuration considered.

In the parametric models, the continuity connection demands remained well below the
available reinforcement and compression block capacities when the bridges were loaded with
factored AASHTO live-load combinations. The maximum average deck reinforcement load
factored stresses were less than 50% of the 60 ksi (kilopounds per square inch) reinforcement
yield strength, and the maximum average compression block stresses were less than 12% of the
50 ksi compression block steel yield strength. These results indicate that the deck
reinforcement and compression block details evaluated in this study were adequately
proportioned for the factored dead-load and live-load demands considered.

The bond breaker plate had only a minor influence on live-load continuity in the completed
bridge models. This result is expected because live-load continuity after bridge completion is
developed primarily through the force couple between the deck reinforcement in tension and
the compression blocks in compression. The bond breaker plate is therefore more important
for controlling construction-stage diaphragm restraint and cracking than for changing the
completed live-load response.

Summary of Recommendations

The research team recommends that MoDOT develop SDCL steel bridge guidance as a distinct
topic within the EPG. SDCL steel bridges have a staged construction sequence and force-
transfer mechanism that differ from conventional simple-span and continuous steel girder
bridges. Therefore, the guidance should clearly define the intended simple-for-dead-load and
continuous-for-live-load behavior, the applicable bridge types, staged-analysis requirements,
and standard details for the intermediate support region.




The research team recommends that staged analysis be required for SDCL steel bridges. Girder
self-weight and deck dead load should be evaluated using the construction-stage simple-span
condition before continuity is established. Superimposed dead load and live load should be
evaluated using the completed continuous system after the deck and diaphragm concrete have
hardened.

The results also indicate that low construction-stage DOC values should not be assumed for all
SDCL diaphragm configurations. The expected construction-stage continuity should be related
to the specific diaphragm detail, including the presence or absence of a bond breaker plate, the
degree of diaphragm restraint, and the height of the diaphragm cast before deck placement.
For bridges without a bond breaker plate or with relatively deep partially cast diaphragms, a
higher construction-stage DOC, on the order of 40%, may be more representative based on the
results of this study. For bridges with pinned diaphragms and a bond breaker plate, a
construction-stage DOC of approximately 25% may be assumed. For design using conventional
software, it is conservative to ignore these effects since the stress quickly reverse at the time of
casting the deck and minimally offset the stresses at controlling points. It would also have
minimal impact on deflections during casting of the deck.

Pinned diaphragm configurations and bond breaker plates are recommended when the intent is
to reduce unintended dead-load continuity during deck placement. However, the results
indicate that these details can still allow the completed SDCL system to develop substantial live-
load continuity after the deck and diaphragm region have hardened.

Finally, the research team recommends that future MoDOT SDCL guidance emphasizes the
intermediate support region as the critical design detail. The deck reinforcement, compression
block, girder end plate, diaphragm, construction joint, bond breaker plate, bearings, and
support restraint all contribute to the continuity mechanism. The proposed standard details
and design recommendations developed in this study provide a practical basis for
implementation, but additional field monitoring of SDCL bridges with different diaphragm
details, skew angles, and span arrangements would help refine the guidance as MoDOT gains
additional experience with this bridge type.



Chapter 1. Introduction

Simple for Dead Load, Continuous for Live Load (SDCL) steel superstructures provide an
alternative design approach for multi-span steel bridges. In this system, the girders are
designed to behave primarily as simple spans during construction-stage dead loading, while
continuity is developed over the intermediate supports after the deck and diaphragm concrete
have hardened. This approach can reduce fabrication complexity by eliminating or reducing the
need for bolted field splices, while still providing the benefits of live-load continuity in the
completed structure. For Missouri bridges, SDCL steel superstructures may offer cost and
constructability advantages in situations where conventional continuous steel superstructures
are less economical or less competitive with concrete alternatives. However, these potential
benefits cannot be fully realized without clear design guidance, standard details, and practical
recommendations for implementation within MoDOT practice.

The primary motivation for this research was to support the development of guidance and
standard details for SDCL steel superstructures for inclusion in Section 751.14 of MoDOT'’s
Engineering Policy Guide (EPG). The needed guidance includes recommended span
configurations, design procedures for cases not explicitly addressed by the AASHTO LRFD Bridge
Design Specifications, standard details for intermediate and end bents, and practical design aids
for evaluating SDCL steel girders.

As part of this study, Bridge A9513 on Route PP over the Middle Fork Little Chariton River in
Chariton County, Missouri, was selected as the test bridge. The bridge was evaluated
experimentally during construction and after completion to assess the development of
continuity in the SDCL system. Construction-stage dead-load testing was performed during the
concrete deck pour, when the bridge was expected to behave primarily as a simple-span
system. Live-load testing was then conducted after the deck and diaphragm had cured, when
the completed bridge was expected to behave as a continuous structure. The experimental
program included strain and displacement measurements using strain transducers, linear
variable differential transformers, and a string potentiometer.

The experimental data were used to support the development and calibration of three-
dimensional finite element models of the test bridge. These models were used to interpret the
measured bridge response, evaluate the degree of continuity during construction and under
live loading, and investigate the influence of support and diaphragm behavior on the measured
response. After calibration, additional finite element models were developed for a parametric
study to evaluate the behavior of several SDCL bridge configurations, diaphragm details, bond
breaker plate configurations, and HL-93 truck and lane live load cases. The current report
includes experimental testing, finite element model development and calibration, degree-of-
continuity calculations, parametric analyses, and design recommendations.



1.1 Objectives

The Missouri Highway and Transportation Commission contracted Horner & Shifrin to research
and study Simple for Dead Load, Continuous for Live Load steel superstructures. The ultimate
goal of this research is to support the development of guidance for this type of steel
superstructure in MoDOT’s Engineering Policy Guide. Horner & Shifrin contracted with the
University of Missouri—Columbia to develop finite element models of the test bridge,
instrument the test bridge, collect data during construction, conduct live-load testing, calibrate
the finite element models using the measured field response, and develop additional
parametric models to evaluate the influence of selected bridge and connection parameters.

The specific objectives of this study were to:

e Evaluate the construction-stage and live-load behavior of an SDCL steel bridge using
field instrumentation and controlled load testing;

e Develop and calibrate finite element models capable of representing the measured
response of the test bridge during construction-stage dead loading and live loading;

e Quantify the degree of continuity developed by the SDCL system during deck placement
and in the completed bridge condition;

e Evaluate the effects of diaphragm type, bond breaker plate configuration, bridge
geometry, and live-load placement on force transfer at the intermediate supports;

Develop design guidance, standard details, and practical recommendations for implementing
SDCL steel superstructures in MoDOT practice.

1.2 Research Tasks

The research was completed through a series of coordinated tasks. First, a literature review was
conducted to summarize prior research, current design practices, and available guidance from
other transportation agencies related to SDCL steel bridge systems. This task provided
background on the development of SDCL details, the expected load-transfer mechanisms at
intermediate supports, and modeling approaches used in previous analytical and experimental
studies.

Second, an experimental testing program was conducted on Bridge A9513. The bridge was
instrumented during construction to measure strains and deflections during deck placement. A
separate live-load test was performed after completion of the bridge using loaded dump trucks
positioned at selected locations near an intermediate bent. These tests provided field data for
evaluating construction-stage behavior, completed-bridge response, and the development of
continuity in the SDCL system.

Third, three-dimensional finite element models of the test bridge were developed. Separate
models were created for the dead-load and live-load stages to reflect the different structural
conditions present during construction and after completion. The models included steel girders,
concrete deck, diaphragms, end plates, compression blocks, bent caps, piles, barriers, contact



interfaces, support conditions, and relevant construction-stage loading effects. The models
were calibrated using measured strains and deflections from the field tests.

Fourth, the calibrated models were used to evaluate the degree of continuity of the test bridge.
The measured and predicted bridge responses were compared with idealized simple-span and
fully continuous limits to assess how much continuity developed during deck placement and
under live loading.

Fifth, a parametric analysis was conducted using additional finite element models. The
parametric study considered multiple bridge configurations, including the base bridge, a
skewed bridge, a plate girder bridge, and an unbalanced span bridge. For each configuration,
different diaphragm types, bond breaker plate configurations, and HL-93 load cases were
evaluated to investigate force transfer through the deck reinforcement and compression block
region at the intermediate supports.

Finally, the results from the literature review, field testing, finite element calibration, degree-of-
continuity assessment, and parametric analysis were synthesized to develop design guidelines
for SDCL steel superstructures for inclusion in Section 751.14 of MoDOT’s EPG.

1.3 Report Overview

The report is organized as follows. Chapter 2 presents background information on SDCL steel
bridge systems, including a literature review of previous experimental, analytical, and numerical
studies. Chapter 3 describes the experimental testing program conducted on Bridge A9513,
including the bridge design, instrumentation layout, construction-stage dead-load testing, live-
load testing, and measured field response. Chapter 4 presents the finite element modeling
approach used for the test bridge, including model assumptions, material properties, contact
definitions, support conditions, model calibration, and degree-of-continuity calculations.
Chapter 5 presents the parametric analysis results, including the bridge configurations,
diaphragm details, bond breaker plate configurations, superimposed dead load and HL-93 live-
load cases, and resulting force demands in the deck reinforcement and compression block
region. Chapter 6 provides design recommendations based on the findings of the study.
Chapter 7 summarizes the main conclusions of the research and identifies the principal findings
relevant to implementation of SDCL steel superstructures in MoDOT practice.



Chapter 2. Background

2.1 Overview

The modern use of SDCL steel bridges developed from efforts to make short- and medium-span
steel bridges more economical and easier to construct. In conventional continuous steel
bridges, girders are typically fabricated and erected with field splices or other continuity details
that allow the structure to behave continuously throughout construction and service. In
contrast, the SDCL concept allows steel girders to be erected as simple spans for girder self-
weight and deck placement, while continuity is developed later through the hardened deck,
intermediate diaphragm, slab reinforcement, and bottom compression connection. This
approach reduces the need for bolted field splices and simplifies erection while still allowing
the completed bridge to benefit from live-load continuity.

SDCL steel bridges are being considered in Missouri because they may provide a practical
alternative for routine multi-span bridge replacements. For many short- and medium-span
bridges, steel superstructures can be less competitive when fabrication, field splices, erection
complexity, and long-term maintenance are considered. SDCL details can improve the
competitiveness of steel by simplifying girder fabrication, reducing or eliminating intermediate
deck joints, improving durability, and reducing inspection and maintenance concerns associated
with bolted field splices and expansion joints. These advantages are particularly relevant for
bridge replacement programs where economy, constructability, standardization, and long-term
performance are important.

Missouri has already implemented SDCL steel bridge concepts in recent bridge replacement
projects, including the FARM Bridge Program [1] and the Northwest Bridge Bundle [2]. These
projects demonstrate that SDCL steel bridges are no longer only a research concept, but an
emerging practical alternative for MoDOT bridge applications. However, broader
implementation requires more than successful project-level use. It also requires consistent
design assumptions, standard details, and clear guidance for evaluating staged behavior,
diaphragm restraint, continuity development, and force transfer at intermediate supports.

A key challenge is that SDCL bridges do not behave exactly like either simple-span or fully
continuous steel bridges. During deck placement, the bridge is intended to behave primarily as
a simple-span system, but partial diaphragm casting, reinforcement, and level of restraint can
still introduce unintended continuity. After the deck and diaphragm have hardened, the
completed bridge must develop sufficient continuity through a local force-transfer mechanism
involving the deck reinforcement in tension and the compression block or bottom connection
region in compression. Because this behavior depends strongly on construction sequence and
local detailing, conventional continuous-girder design assumptions may not fully capture the
response of the system.

Although previous research has established the basic SDCL force-transfer mechanism, there
remains limited field data documenting how these bridges behave during construction and



under live loading. In addition, limited information is available on how diaphragm type, bond
breaker plates, skew, span arrangement, and girder type influence the degree of continuity and
the demands in the deck reinforcement and compression block region. This lack of
experimental data, calibrated numerical models, and MoDOT-specific design guidance provides
the motivation for the present research. The study was therefore conducted to evaluate the
behavior of an instrumented SDCL bridge in Missouri, develop calibrated finite element models,
extend the results through parametric analyses, and support the development of practical SDCL
guidance for inclusion in MoDOT’s Engineering Policy Guide.

2.2 Use of SDCL Steel Bridges in the U.S.

Horner & Shifrin and the University of Missouri-Columbia reviewed guidance and research
materials from all 50 states to determine the extent to which state transportation agencies
have adopted, studied, or addressed SDCL steel bridge systems. The main findings from this
review are summarized as follows:

e Oregon has dedicated details for SDCL concrete intermediate diaphragm connections.

e New York and Massachusetts have details for making bridges continuous over piers,
although these are not specifically framed as SDCL steel bridge provisions.

e (California, Colorado, Delaware, New Jersey, Texas, and West Virginia mention SDCL or
related simple-made-continuous concepts but generally do not provide dedicated SDCL
details compared to Oregon.

e Nebraska, New Mexico, Pennsylvania, and Tennessee do not include explicit SDCL details
in their current guidelines, but research articles, reports, or case studies have
documented SDCL-related applications in those states.

e Florida and Virginia include guidance that restrict or does not allow multiple simple spans
with continuous decks in their structural guidelines.

The following sections provide a more detailed overview of the outcomes from this literature
survey. As discussed next, SDCL steel bridges have been studied and implemented by several
transportation agencies, but the available information is not organized around a single national
standard. The core research basis comes from Nebraska, where the concept was developed for
steel spans erected as simple spans for non-composite dead-load effects and made continuous
for live load and superimposed dead load after completion of the deck and pier-region
connection. Colorado later extended this work toward economical steel detailing and
diaphragm alternatives, while more recent ABC-UTC and TxDOT research has expanded the
concept toward prefabricated construction, UHPC connections, accelerated bridge
construction, and seismic applications. Overall, the survey shows a broad implementation
landscape, with some states providing dedicated details, some recognizing or encouraging the
concept, some addressing related continuity or retrofit applications, and others restricting
similar multi-span simple steel configurations [1], [3]-[20].

2.2.1 U.S. Department of Transportation Practices
This section summarizes DOT practices and related state-level research on SDCL steel bridges.
The reviewed sources include explicit SDCL implementation details, DOT-sponsored research



programs, owner manual recognition, retrofit provisions, and prefabricated-unit continuity
guidance.

Missouri

Missouri is one of the strongest current implementation examples of SDCL steel bridge systems.
MoDOT documented use of SDCL steel design methodology in the FARM Bridge Program [1] for
bridge replacements at 25 locations, Northwest Bridge Bundle [2] with 25 locations, at least 5
built using design-bid-build, and several currently in design. The documented expected benefits
included lower initial cost, reduced life-cycle cost, easier inspection, reduced maintenance,
reduced uplift in unbalanced spans, reduced negative moments at intermediate bents,
simplified fabrication, elimination of bolted field splices, and shallower beam depths.

Oregon

Oregon has reported some owner-standardized SDCL detailing. ODOT explicitly recognizes SDCL
systems in its Bridge Design Manual and provides DET3620, a dedicated standard detail sheet
for SDCL details. The value of the Oregon material is that it translates the SDCL concept into an
owner-usable detail with a concrete diaphragm and link-slab-style continuity region [12], [13].
The SDCL concrete diaphragm details shown in DET3620 are similar to the details used in
Missouri on the FARM Bridge Program [1].

Nebraska

Nebraska is the foundational state in modern steel SDCL research practice. Early Nebraska
Department of Roads and NaBRO reports identified SDCL as a way to make steel bridges more
competitive with prestressed concrete for short- to medium-span rural bridges. The 2001 and
2003 documents developed the primary motivation for the concept: eliminating bolted field
splices and expansion joints where possible, simplifying fabrication and erection, and designing
steel girders for simple-span dead-load effects while relying on the completed deck and pier
region to provide continuity for subsequent loading [3], [4].

The 2005 two-volume Nebraska work remains the most important dedicated transportation-
agency research source on steel SDCL bridges. Volume 1 synthesized analytical studies and
design recommendations, while Volume 2 documented the experimental program. These
reports treated SDCL not as a generic continuous-bridge assumption, but as a connection-
design problem in which the intermediate support region must be strong, stiff, constructible,
and compatible with staged behavior [5], [6].

The Nebraska research also showed that span arrangement matters. Unbalanced spans can
produce bottom-flange tension, force reversals, or local pier-region demands that are not
captured by assuming ordinary continuous-composite behavior in all stages [5], [6].

Colorado

Colorado contributed to the literature through CDOT-sponsored research and Mountain Plains
Consortium reports focused on innovative and economical steel bridge alternatives. The
Colorado work documented simple-made-continuous steel bridges as a strategy for improving
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the competitiveness of steel bridges by reducing bolted field splices and improving construction
economy [7], [8], [21].

The most distinctive Colorado contribution is the evaluation of steel diaphragm continuity
schemes. Much of the earlier SDCL literature assumed concrete diaphragms or concrete-filled
pier regions, while the Colorado studies explored how steel diaphragm details might provide
continuity while improving fabrication and construction sequencing [7], [8].

The current CDOT bridge manual recognizes simple-made-continuous steel structures primarily
through references to industry practice and previous research rather than through a highly
prescriptive standard detail [8], [22].

Texas

Texas represents the most current DOT-sponsored research trajectory identified in this review.
The 2025 TxDOT report developed and evaluated a prefabricated steel accelerated bridge
construction unit intended to behave as simply supported for dead load and continuous for live
load. Unlike earlier research that focused primarily on feasibility, the Texas work emphasizes a
connection that is relatively easy to fabricate, quick to assemble, safe to construct, cost-
effective, durable, and compatible with prefabrication [11].

The TxDOT work is important because it reframes SDCL as part of the current ABC and
prefabricated bridge-unit landscape. In this context, the continuity detail must satisfy structural
demands while also accommodating construction tolerances, closure operations, inspection
access, and rapid assembly. TxDOT bridge design guidance also acknowledges SDCL steel bridge
design, placing Texas among the states with both manual recognition and recent
implementation-oriented research [11], [18], [19].

Florida

Florida appears in the reviewed literature in two different ways. First, FDOT/FIU research on
UHPC slab-beam bridge joint connections includes a simple-for-dead, continuous-for-live
connection. Although the report is not a conventional steel-girder SDCL design guide, it is
relevant because it treats the continuity region as a material-and-detailing problem and
demonstrates how UHPC may improve joint durability, development length, and prefabricated
connection behavior [23].

Second, Florida’s owner guidance includes restrictive language for units composed of multiple
simple-span steel girders with continuous decks. This does not negate the relevance of the
FDOT/FIU research, but it shows that owner acceptance of SDCL-like systems depends strongly
on the clarity of the force path and confidence in the detailing, load rating, fatigue
performance, and service behavior of the completed bridge [24].

California
California’s steel plate girder design practice mentions SDCL steel bridge systems, but the
reviewed material indicates that the concept is treated as a case-by-case option rather than as
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a broadly standardized detail. This places California in the category of states that recognize the
idea but do not provide the same owner-level SDCL detail found in Oregon [14].

Delaware

Delaware’s Bridge Design Manual recommends simple-made-continuous multi-span steel
bridge units as a structure-type selection concept. The Delaware material is important because
it treats simple-made-continuous steel bridges as a desirable configuration at the bridge-
selection stage, even though the reviewed source does not provide a detailed SDCL pier
connection comparable to ODOT DET3620 [15].

New Jersey

New Jersey’s design manual encourages project-by-project consideration of SDCL systems to
reduce joints over bridge piers. This aligns with one of the central motivations for SDCL bridges:
improving durability and lowering maintenance by reducing or eliminating deck joints at
intermediate supports. The New Jersey material is not a full design procedure, but it is a useful
example of an owner position that encourages the concept while leaving detailed design
responsibility to the project engineer [16].

Tennessee

Tennessee’s current steel girder guidance includes a rolled-girder made-continuous option.
Although this is not the same as a full SDCL steel superstructure standard detail, it belongs in
the broader family of simple-span steel bridges made continuous through detailing at the pier
[25].

West Virginia

West Virginia’s structure directives do not appear to provide a dedicated SDCL detail in the
reviewed sources, but they reinforce the broader owner emphasis on economic comparison of
bridge alternatives. This matters because the argument for SDCL is often economic and
constructability-driven. The main purpose of the concept is to reduce splices, reduce joints,
simplify erection, and improve life-cycle performance [26].

New Mexico

The literature survey identified New Mexico as a state where the reviewed guidelines did not
clearly include SDCL details. The New Mexico Bridge Procedures and Design Guide remains part
of the source base because it was included in the expanded state review and helps document
that explicit SDCL provisions are not uniformly available across state DOT guidance [27].

New York

New York’s contribution is strongest on retrofit guidance. The NYSDOT bridge manual
distinguishes full continuity from continuous-for-live-load retrofit and emphasizes fatigue, deck
replacement sequence, construction staging, and the validity of assumptions after retrofit. This
is highly relevant because many agencies maintain inventories of simple-span steel bridges for
which continuity retrofits may be attractive during deck replacement [17], [28].
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Massachusetts

Massachusetts contributes related prefabricated bridge unit continuity details. The MassDOT
LRFD Bridge Manual and associated details address continuity over piers for prefabricated
bridge units, including negative-moment reinforcement, diaphragm details, and flexural
compression transfer. These documents are not direct steel SDCL standards in the same sense
as ODOT DET3620, but they address the same fundamental continuity-couple problem [29]-
[31].

Pennsylvania

Pennsylvania did not surface in the literature survey as a state with clear SDCL provisions in the
design manual, but the I-476 bridge over the Schuylkill River retrofit case study is relevant to
the broader simple-span-made-continuous literature. The case study documents a retrofit
scheme for making existing simple steel spans continuous [32], [33].

Virginia

Virginia provides one of the clearest restrictive signals in the reviewed state guidance. The
VDOT structural-steel guidance does not allow multi-span bridges composed of simple steel
spans. This position is important because it indicates that SDCL-like configurations are not
universally accepted as default practice [20].

2.2.2 Federal, National, and Agency-Adjacent Practices

The Federal Highway Administration (FHWA) prefabricated bridge connection report is not an
SDCL-only document, but it places SDCL-related details within the broader national movement
toward prefabricated bridge elements and systems. In ABC practice, the connection often
governs the success of the system. Therefore, SDCL steel bridges fit naturally within the
national connection-detail literature [34].

ABC-UTC research broadens the SDCL literature beyond conventional non-seismic bridge
replacement. The 2016 Phase | work examined the extension of the steel SDCL system to
seismic areas and identified the importance of bottom-flange continuity, dowel bars, tie bars,
ductility, and integral system behavior under seismic demands. The 2019 shake-table study
then moved the literature toward dynamic system validation for bridge systems with ABC
connections, including a two-span steel girder system with simple-for-dead, continuous-for-live
behavior and a UHPC-filled pier joint [9], [10].

NCHRP and NSBA/AISC resources document national practice and practitioner-level
implementation of SDCL steel bridges. These sources are not substitutes for DOT design
provisions, but they help connect state implementation to broader industry experience and to
the recurring bridge-owner goals of eliminating joints, simplifying erection, improving
durability, and improving the competitiveness of steel bridges [35]-[38].

The 2024 ABC-UTC UHPC connection record and 2025 design-resource material indicate that
SDCL remains active in the research and training ecosystem. The current trend is toward details
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that are not only structurally adequate, but also compatible with prefabrication, durable,
inspectable, and suitable for owner adoption [38], [39].

2.2.3 Summary of State DOT Adoption of SDCL Steel Bridges

The adoption of SDCL steel bridges across state DOTs varies broadly across the United States. At
one end, Oregon has explicit SDCL manual language and a dedicated detail sheet. Missouri has
documented implementation through the FARM Bridge Design Build project and Northwest
Bridge Bundle Design Build project. Nebraska, Colorado, and Texas provide the strongest DOT-
sponsored research lineage, with Nebraska supplying the foundational basis, Colorado adding
alternative steel detail research, and Texas providing a current prefabricated steel ABC
implementation study [1], [3], [5], [8], [11]-[13].

A second group of states recognizes SDCL steel systems without providing a full owner-standard
detail. California, Delaware, New Jersey, Tennessee, and Texas include language that
acknowledges or encourages the concept in steel-girder or structure-type guidance. These
states show that the concept has reached owner manuals, but they also demonstrate that
manual recognition alone does not equal implementation-ready guidance [14]-[16], [18], [19],
[25].

A third group contributes related continuity practice rather than direct new-construction SDCL
provisions. New York provides retrofit guidance that distinguishes full continuity from
continuous-for-live-load retrofit and emphasizes fatigue, construction sequence, and load-
rating assumptions. Massachusetts provides prefabricated bridge unit continuity details that
are relevant to the continuity-couple mechanism. Pennsylvania contributes a retrofit case
study. These sources are valuable because they focus attention on staged behavior, existing
steel members, negative-moment continuity, and force transfer over piers [17], [28]-[31], [33].

A fourth group shows caution or restriction. Florida restricts units composed of multiple simple-
span steel girders with continuous decks, even though FDOT/FIU research contributes related
UHPC continuity work. Virginia does not allow multi-span bridges composed of steel simple
spans. These restrictions should not be interpreted as proof that SDCL is invalid. Rather, they
show that agencies are reluctant to permit configurations where the distinction between
simple-span construction, continuous deck behavior, and verified live-load continuity is not
clearly specified [20], [23], [24].

Table 2-1 provides a compact summary of the findings from the literature survey, which

determines the extent to which state transportation agencies have adopted, studied, or
addressed SDCL systems throughout the country.
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Table 2-1. Summary of state DOT adoption and of SDCL steel bridge systems

State / agency

Observed position

Relevance to SDCL practice

Key refs.

Oregon

Explicit SDCL manual
language and detail
sheet

Dedicated concrete diaphragm/link-slab style
details

[12], [13]

Missouri FARM Bridge Design 25 locations documented in innovation showcase  [1]
Build
Northwest Bridge 25 locations
Bundle Design Build
Design-Bid Build 5 Locations

Nebraska Foundational research NaBRO/Nebraska Department of Roads reports [3]-[6]
state form primary technical basis

Colorado Research and manual CDOT-sponsored research on SMC steel bridges [7], [8], [21],
recognition and steel diaphragm details [22]

Texas Manual recognition 2025 TxDOT report on prefabricated steel ABC [11], [18],
plus recent research unit continuous for live load [19]

California Concept mentioned Case-by-case SDCL discussion in steel plate girder [14]

practice

Delaware Concept recommended Manual recommends simple-made-continuous [15]
for selection multi-span steel bridge units

New Jersey Concept encouraged Manual encourages SDCL to reduce joints over [16]
project-by-project piers

New York Retrofit guidance Manual distinguishes full continuity and [17], [28]

continuous-for-live-load retrofits

Massachusetts Related prefabricated Negative-moment and diaphragm details for PBUs  [29]-[31]
unit continuity details

Pennsylvania Retrofit case-study Manual itself did not surface SDCL; I-476 retrofit [32], [33]
relevance case study is relevant

Florida Restrictive manual Manual restricts continuous decks over multiple [23], [24]
language; related UHPC  simple-span steel girders; FDOT UHPC research
research includes SDCL connection

Virginia Restrictive manual Manual does not allow multi-span steel simple [20]
language spans

Tennessee Made-continuous Rolled-girder made-continuous option in SDG-6 [25]
option in current steel
girder guidance

West Virginia General economic Structure directives advise considering span-by- [26]
recognition span economics

2.3  Numerical and Experimental Studies

The primary source of previous work in SDCL has been numerical modeling with some
experimental studies. Numerical modeling has been central to the development, validation,
and refinement of SDCL steel bridge systems. Because the defining feature of SDCL bridges is
the delayed development of continuity at interior supports, finite element modeling has been
used primarily to evaluate force transfer in the diaphragm region, quantify the degree of
continuity during construction, assess ultimate connection capacity, and support simplified
design provisions. The literature shows a progression from detailed nonlinear models of
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laboratory connection specimens, to field-validated bridge models, and finally to models for
seismic and ultrahigh-performance concrete (UHPC) connection details [40]—[43].

The foundational numerical studies on SDCL steel bridges were conducted as part of a research
program led by the University of Nebraska-Lincoln. Farimani et al. [42] developed nonlinear
finite element models of connection details that had previously been evaluated experimentally
[4], [5], [41], including bottom-flange-continuous, bare-end, end-plate, and modular connection
types (see Figure 2-1). These models were used to interpret internal mechanisms that could not
be fully inferred from instrumentation alone. The finite element models included the steel
girders, concrete slab, concrete diaphragm, bearing pads, reinforcement, stiffeners, shear
studs, and connection plates. In the broader research program, ANSYS and ABAQUS models
were used with nonlinear steel and concrete constitutive models, including multilinear steel
hardening calibrated from coupon tests and concrete damage/cracking formulations capable of
representing crushing, cracking, and stress redistribution in the diaphragm region [5], [41], [42].

Figure 2-1. SDCL connection types: (a) type 1 (flange-continuous), (b) type 2 (bare-end), (c)
type 3 (end-plate), and (d) type 4 (modular) (adapted from [42]).

A major contribution of these models was the identification of the dominant components that
resist negative moments at the pier. The numerical results showed that the main contributors
to ultimate negative flexural resistance are the slab reinforcement in tension, the bottom
connection plate or steel block in compression, and the compressed concrete core in the
diaphragm [42]. Other components, such as concrete tension, diaphragm hoops, and concrete
outside the core region, made smaller contributions and were neglected in simplified design
calculations. The models also showed that plane-section behavior is not valid inside the
concrete diaphragm, although strain distributions become more nearly linear away from the
pier centerline. This finding is important for practical design because it supports the use of
idealized stress distributions while recognizing the highly nonlinear local behavior near the pier.

The numerical work also clarified the importance of the bottom-flange compression-transfer
mechanism. Connection details that provide a direct steel-to-steel compression path through
welded bottom flanges, end plates, or steel blocks tend to produce more desirable and ductile
behavior. Details without a clear compression-transfer mechanism rely more heavily on
concrete bearing and are more susceptible to concrete crushing in the diaphragm. Therefore,
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SDCL connection performance cannot be evaluated only from global moment demand; the local
load path through the diaphragm, reinforcement, girder-end detail, and bearing region must
also be represented accurately [5], [42].

The main outcomes from the Nebraska research program were analysis and design
recommendations for SDCL steel bridge systems. Among the connection types tested, details
that included a bottom-flange compression-transfer mechanism were found to provide the
largest load capacities [40], [42]. Of the four connection types discussed previously, the
modular Type 4 connection was recommended for ABC applications of SDCL bridge systems
because it combines favorable structural performance with improved constructability (see
Figure 2-2) [40].

Figure 2-2. SDCL continuity connection detail recommended for ABC applications [40].

Field studies expanded the role of numerical modeling from connection-level behavior to
system-level bridge response. Yakel and Azizinamini [43] monitored three demonstration SDCL
bridges during construction and service and compared measured strains and deflections with
predicted simple-span and fully continuous responses. These studies showed that the
assumption of simple-span behavior during deck casting is reasonable but not exact. The
partially cast diaphragm and reinforcement can provide some continuity before the deck
hardens, which affects strains, deflections, camber predictions, and the interpretation of field
data. Azizinamini [40] suggests assuming 25% continuity in the dead load configuration.

Experimental work also considered the use of a bond breaker plate. This is a vertical plate
made of thin sheet metal cast in the concrete diaphragm to control cracking in the diaphragm
during pouring of the deck (see Figure 2-3). Azizinamini [40] recommends use of the plate to
control cracking and limit the development of dead load continuity.
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(a) (b)
Figure 2-3 (a) Bond breaker plate, (b) uncontrolled cracking in diaphragm [40] .

A related line of research studied SDCL steel bridge systems with steel diaphragms instead of
concrete diaphragms. Johnson and Atadero [44] used ABAQUS modeling and full-scale testing
to study an alternative detail in which continuity is developed through slab reinforcement in
tension and steel diaphragm or sole-plate mechanisms in compression. Although this system
differs from the conventional concrete-diaphragm SDCL detail, it provides useful modeling
guidance: finite element results are highly sensitive to material characterization, contact and
constraint definitions, and validation against full-scale experiments. The study also highlighted
potential constructability and inspection advantages of steel-diaphragm systems because the
girder ends remain exposed.

More recent studies extended SDCL modeling to seismic applications. Taghinezhadbilondy et al.
[9] and Sadeghnejad et al. [45] used detailed nonlinear finite element analysis to develop and
verify connection details suitable for high seismic regions (see Figure 2-4). The new SDCL
connection design for seismic areas was a modification of the connection Type 4 discussed
previously, with the main difference being the presence of tie bars and shear studs on the
compression flanges. These new elements in the connection are meant to provide strength and
ductility to the connection during a seismic event where positive bending moments can occur
at the pier locations. In designing the new connection, representative loading configurations
were used to examine gravity, vertical seismic, and longitudinal reversal demands. These
models helped identify critical force demands and the roles of tie bars, dowel bars, steel blocks,
end stiffeners, and live-load continuity reinforcement. The seismic studies indicated that SDCL
connections in high seismic regions should be treated as capacity-protected elements: the
superstructure and connection region should remain essentially elastic while inelastic demand
is directed to designated plastic hinge regions in the columns [9], [45].
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Figure 2-4. SDCL connection detail for seismic areas [45].

The most recent numerical developments involve UHPC diaphragms for SDCL bridges.
Khodayari et al. [46] proposed replacing portions of the normal-strength concrete diaphragm
with UHPC to simplify connection details, improve durability, and increase construction
tolerances. Their ANSYS models used coupled damage-plasticity microplane material
formulations for normal-strength concrete and UHPC. After validation against previous SDCL
connection experiments and UHPC-encased member tests, the models were used in parametric
studies of girder-end gap, seat height, and simplified reinforcement layouts. The results
suggested that UHPC can simplify the girder-end detail, reduce reinforcement congestion, and
potentially eliminate bottom-flange continuity for selected nonseismic applications [46].

Overall, the literature indicates that finite element modeling of SDCL steel bridges is most
useful when treated as a calibrated interpretive tool rather than a stand-alone design method.
Detailed nonlinear models are needed to understand local force transfer, concrete cracking and
crushing, steel yielding, contact behavior, and construction-stage continuity. However, most
studies ultimately use these models to support simplified design equations, detailing
recommendations, or interpretation of field data. For MoDOT applications, the most relevant
modeling considerations are partial diaphragm continuity during deck casting, realistic girder-
diaphragm contact assumptions, bottom-flange compression transfer, validation against field
strain and deflection data, and sensitivity studies that quantify how connection stiffness affects
degree of continuity, camber, moment redistribution, and local demands at intermediate
supports.
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2.4 Summary

The use of SDCL steel bridges in other states and in previous research was investigated to
identify design provisions, implementation practices, and technical findings relevant to future
MoDOT guidance. The review showed that SDCL steel bridges have been studied and
implemented by several transportation agencies, but formal design provisions remain limited.
Oregon was the only state identified with a dedicated published SDCL detail for concrete
intermediate diaphragm connections. Several other states either mention SDCL or related
simple-made-continuous concepts, provide guidance for continuity over piers, or address
related retrofit and prefabricated-unit details. However, most states do not provide
implementation-ready SDCL design provisions, and some states restrict similar multi-span
simple steel configurations with continuous decks.

Previous research has focused mainly on numerical studies because the strain distribution and
force-transfer mechanism in the diaphragm region are complex, although limited experimental
and field studies are also available. The literature found that the main contributors to ultimate
negative flexural resistance are the slab reinforcement in tension, the bottom connection plate
or steel block in compression, and the compressed concrete core in the diaphragm. These
findings show that SDCL design should focus on the local continuity mechanism at the
intermediate support, not only on global negative moment demand. The literature also
indicates that the assumption of simple-span behavior during deck casting is reasonable but not
exact because the partially cast diaphragm and reinforcement can provide some continuity
before the deck hardens. The main outcomes from previous experimental and numerical
studies have been recommended SDCL details at the intermediate diaphragm regions. The
recommended SDCL steel bridge detail at the diaphragm regions is shown in Figure 2-2. This
detail includes a steel end block to transfer compressive forces at the bottom of the connection
together with longitudinal reinforcement in the deck to carry tensile forces resulting from
negative moments at the intermediate pier locations.
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Chapter 3. Experimental Testing

Bridge A9513 on Rt. PP over Middle Fork Little Chariton River in Chariton County was tested to
verify the FE model because it was scheduled for replacement as an SDCL steel bridge.
Experimental testing was divided into two stages: dead load testing and live load testing. Dead
load testing was conducted during the concrete deck pour, at which time the bridge behaved
theoretically as a simply supported system. Live load testing was performed after the
completion of primary construction work and curing of the deck, at which point the bridge
acted as a continuous structure. Live load testing was completed by positioning dump trucks at
various locations around one of the concrete diaphragms to assess the fixity of the joint. Since
the bridge is symmetrical, Spans 2-3 and 3-4 were tested, as shown in Figure 3-1. The testing
instrumentation included Linear Variable Differential Transformers (LVDTs), Strain Transducers
(STs), and a string potentiometer (SPOT) or string pot.

A Elev, 646,4 — ) F RN
Y, % Grade ’/

@ Span 2-3 ©)
GEMERAL ELEVATION

Figure 3-1. Elevation schematic and photo of bridge A9513, span 2-3 and 3-4 were tested.

3.1 Bridge Design

Bridge A9513 was designed using the SDCL concept. This type of bridge design is used to
improve continuity across spans in a multi-span bridge. In this design approach, a concrete
diaphragm is constructed at intermediate bents to provide continuity throughout a simple span
bridge without using bolted field splices. The system relies on strain compatibility between the
concrete deck, steel girders, and continuity reinforcement to transfer forces at the supports.
Figure 3-2 illustrates the construction sequence for an intermediate bent connection. After the
wide flange girders are set on the bearing pads (see Figure 3-3), a concrete diaphragm is
partially poured between the girders to begin establishing continuity (see Figure 3-4). The
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remainder of the diaphragm is filled during the deck placement. The continuity reinforcement
and dowel bars are not shown in the diagram.

Figure 3-2. SDCL intermediate diaphragm construction sequence: Girders set on bearing pads
(left), partial diaphragm pour (middle), and final diaphragm/deck placement (right).

Figure 3-3 Steel girders on bent cap before first diaphragm pour.
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Figure 3-4. Concrete diaphragm at bent no. 3 before the concrete deck pour.

3.2 Experimental Testing

Experimental testing was conducted to evaluate the structural behavior of Bridge A9513 during
both the construction stage and the completed bridge condition. Two testing programs were
performed. The first program measured the bridge response during deck placement to assess
construction-stage behavior under dead load. The second program consisted of controlled live-
load testing with loaded dump trucks to evaluate the structural response after continuity had
developed. The instrumentation, testing procedures, and loading configurations used in each
program are described in the following sections.

3.2.1 Dead Load Testing

The dead load testing took place on the day the concrete deck was poured. The
instrumentation for the dead load test included six strain transducers (STs) to measure strain in
the steel girders, two linear variable displacement transducers (LVDTs), and a string pot (SPOT)
to measure deflections. The accuracy of the STs was about 10 pg, and the accuracy of the
LVDTs was about 0.005 in.

The instrumentation locations for the dead load test are shown in Figure 3-5 and Figure 3-6.
The STs were placed beneath the top and bottom flanges of an interior girder on both sides of
the concrete diaphragm at bent no. 3, as well as at midspan of span 3-4. The placement of the
STs on the girder is shown in Figure 3-7. One LVDT was positioned at midspan of span 3-4 while
the other was placed 62 in. to the right of intermediate bent no.3. The LVDT near bent no. 3
was installed as close to the concrete diaphragm as the slope of the hill and temporary shoring
allowed. Both LVDTs were placed on an interior girder for dead load testing. The string pot was
installed at the midspan of Span 2-3, as shown in Figure 3-9. Since Span 2-3 crosses the Middle
Fork Little Chariton River at a height of about 14 ft over the creek, an LVDT could not be
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installed at that location. The string pot was also not able to be directly under the girder and
was placed about 4ft out-of-plane of the girder. Data from the string pot was corrected for the
angle of measurement.

Figure 3-5. Elevation view of instrumentation locations for dead load testing.

Figure 3-6. Plan view of instrumentation locations on the substructure for dead load testing.
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Figure 3-7. Strain transducer placement on girders.

Figure 3-8. Picture of ST and LVDT placement for dead load testing.
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Figure 3-9. String pot placement at midspan for dead load testing.

Before the concrete pour began, a baseline measurement was recorded on all devices, and
several concrete cylinders were made from the deck material. The concrete cylinders were later
tested for compressive strength, and the results were used for the deck strength in the FE
model. The deck pour began on end bent no. 4 and worked across the bridge (Figure 3-10).
Measurements were recorded during the concrete pour for spans 3-4 and 2-3. Measurements
were not collected during the pour of Span 1-2 as its weight was not expected to significantly
affect the strain or displacement of the concrete diaphragm at intermediate bent no. 3.

On the day of the dead load testing, the ambient temperature was approximately 40°F while

the concrete temperature was near 70°F. This temperature difference was investigated in the
FE model, as it may have influenced the deformation of the steel members.
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Figure 3-10 Deck pour starting at bent 4.

3.2.2 Live Load Testing

Instrumentation for the live load test consisted of eight STs, four LVDTs, and one string pot.
Instruments were placed in some of the same locations on the substructure as the dead load
test, shown above. The live load testing also included two more LVDTs positioned on the
exterior girder at midspan of span 3-4, and 9 in. right of intermediate bent no. 3. The location of
the LVDTs can be seen in Figure 3-11 and Figure 3-12. The two additional STs were installed on
the concrete deck for the live load test, as shown in Figure 3-13 and Figure 3-14. The new STs
were positioned above the webs of an exterior and an interior girder.

Figure 3-11. LVDT locations for live load testing.
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Figure 3-12. Plan view of instrumentation locations on the substructure for live load testing.

Figure 3-13. Plan view of ST locations on the superstructure for live load testing.

Figure 3-14. ST placement on bridge deck for live load testing.
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The live load testing was conducted using two dump trucks. The dump trucks were positioned
at six locations to measure bridge strain and deflection under live load and provide sufficient
data to validate the FE model. Table 3-1 shows the axle load distribution for the two dump
trucks and Figure 3-15 illustrates the truck dimensions. The axle weight and dimensions were
used to accurately model the dump truck live load in the FE model.

Table 3-1. Truck weight per axle.

Truck 1 Truck 2
Loaded Front Axle 21,500 Ib 16,840 Ib
Loaded Rear Axle 52,800 Ib 57,180 Ib

Figure 3-15. Truck dimensions.

The six truck locations used during the live load testing include the following: (1) One truck at
midspan of span 3-4, (2) Both trucks at midspan of span 3-4, (3) One truck at midspan of span 3-
4 and the other truck at midspan of Span 2-3, (4) Both trucks at midspan of Span 2-3 in different
lanes, (5) One truck at midspan of span 2-3, (6) Both trucks in the same lane of Span 2-3. The six
truck locations are shown in Figure 3-16 and Figure 3-17 demonstrates truck placement during
testing. Trucks were positioned at midspan to produce large deflections and strain responses,
and to evaluate the fixity of the concrete diaphragm under maximum moment conditions. The

trucks were only positioned on Spans 2-3 and 3-4 due to the instrumentation placement around
intermediate bent no. 3.
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Figure 3-16. Truck locations for live load testing.
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Figure 3-17. Truck loading during live load testing.

A baseline measurement was made before the trucks moved onto the bridge. Then strain and
displacement measurements were recorded for each truck position shown above. The exact
location of each truck was also noted throughout testing for the FE model.

3.3 Experimental Results

This section presents the experimental results obtained from the dead-load testing performed
during deck placement and the live-load testing conducted using controlled truck loading. The
measured strains and deflections are used to characterize the behavior of Bridge A9513 under
dead and live loading and to establish the experimental data used for FE model calibration.

3.3.1 Dead load test results

Data for dead load testing was recorded continuously from the start of the pour at about 11:16
am until about the completion of Span 2-3 at about 1:30pm. Figure 3-18 shows the
displacement results with time. Key points of the pour progress are highlighted in the figure.
The steplike pattern in the deflection vs. time data is due to pauses during the pour as there
was waiting while more concrete was delivered. During the pour of span 3-4 the center Span 2-
3 moves upward with a maximum deflection of about 0.1 in. This shows some continuity
between the spans as the load in span 3-4 is causing deflections in Span 2-3. The deflections of
span 3-4 reach their maximum downward deflection around the completion of the pour for
that span with a deflection of about 0.13 in near the support (LVDT 1) and 0.35 in at the
midspan (LVDT 2). These deflections decrease as Span 2-3 is poured. Span 2-3 reaches its
maximum deflection of about 0.82 in. when that span pour is completed.
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Figure 3-18. Displacement results from dead load testing.

The results of the strain data are shown in Figure 3-19. In the figure tension is positive and
compression is negative. At the completion of span 3-4 the greatest strains are at the midspan
of span 3-4 (ST6 and ST5) indicating positive bending at midspan as expected. ST3 and ST1
show compressive strain throughout the pour as would be expected from the negative moment
developed near the support. The value of the strain (around -90 pe at completion of span 3-4 in
ST3) shows the result of the continuity near the support and likely the compression (about 3
ksi) that would be present in the steel end blocks. ST4 and ST2 at the top flanges show initially
tension strain that transitions to compression strain during the pour. The strain is less as the
top flange was not cast in the concrete diaphragm before pouring. In addition, the
temperature of the concrete was about 70 degrees F while the girders were near 40 degrees on
the day of the pour. The warm concrete on the cold steel may have affected the strain readings
at the top flanges.
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Figure 3-19. Strain results during dead load testing.

3.3.2 Live Load Test Results

The strain results from live load testing are given in Table 3-2, whereas the displacement results
are shown in Table 3-3. Positive strains indicate tension and positive displacements indicate
upward movement. Additional figures are drawn and compared to the FE model results in
Chapter 4. Overall, the results of the live load testing show the expected strains and
displacements as the trucks moved across the bridge. The largest strains were measured in ST7
which was located at the bottom of the exterior girder near the support with the largest strain
(-116 pe) occurring in truck position 3 when trucks were in both spans, as expected as this
would be when the greatest negative moment would occur. The largest displacement (0.17 in.
downward) occurred at the midspan of Span 2-3 at truck position 4 when both trucks were
centered on that span, as expected. At the same truck position (i.e., truck position 4) LVDTs 2
and 4 (at the midspan of Span 3-4) moved upward about 0.03 in. demonstrating the continuity
across the bent.
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Table 3-2. Strain results from live load testing

Truck Strain (p€)
Position ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 ST10
1 -28.9 -3.4 -16.8 -5.8 47.3 11.5 -47.5 -6.6 6.7 22.3
1a -31.9 -3.7 -16.3 -7.5 69.7 14.8 -48.2 -9.5 5.3 20.4
2 -54.1 -5.0 -18.4 -11.5 115.9 30.6 -43.3 -10.4 1.9 22.6
3 -97.7 -10.7 -21.9 -13.2 60.9 13.1  -1164 -23.1 18.2 30.4
4 -96.7 -12.2 -20.0 -8.6 -22.3 -3.1 -98.1 -15.2 10.4 28.7
5 -66.8 -7.9 -7.8 -4.5 -12.2 -1.6 -64.4 -10.4 33.6 82.9
6 -73.9 -11.9 -11.8 -8.4 -17.5 -4.3 -80.5 -15.8 234.0 50.4

Table 3-3. Displacement results from live load testing

Truck Displacement (in)
Position LVDT1 LVDT2 LvVvDT3 LVDT4 SPOT
1 -0.029 -0.073 -0.017 -0.073 0.003
1a -0.032 -0.081 -0.020 -0.079 0.012
2 -0.056 -0.137 -0.026 -0.107 0.012
3 -0.026 -0.071 -0.024 -0.070 -0.029
4 0.0199 0.0341 0.0015 0.0312 -0.1739
5 0.0092 0.0169 -0.0034 0.0159 -0.0447
6 0.0091 0.0202 -0.0076 0.0183 -0.0692

3.4 Concrete Material Test Results

Concrete cylinders were cast during the dead load testing and tested following ASTM C39 and
ASTM C469 the day after the live load test (52 days). The results, shown in Figure 3-20, show a
compressive strength of about 4850 psi and elastic modulus 4250 ksi of at the time of live load
testing.
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Figure 3-20. Concrete compressive stress strain results.
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3.5 Summary

The field testing of the bridge under dead (concrete self-weight) and live load went well and
produced expected results. During the dead load testing, displacement measurements showed
an upward movement in Span 2-3 during pour of Span 3-4, indicating some continuity in the
dead load condition. A compressive strain of around -90 pe at completion of span 3-4 in ST3
shows continuity near the support and likely the compression (about 3 ksi) that would be
present in the steel end blocks. The maximum deflection of Span 2-3 was 0.86 in., which was in
line with what was expected.

The live load testing also demonstrated continuity with a maximum downward deflection in
Span 2-3 of 0.17 in. and upward deflection in Span 3-4 of approximately 0.03 in. when the
trucks were centered in Span 2-3. The highest strain readings were about 116 g, or 5% of
yield. The small amount of deflection and strain under a heavy truck load also demonstrates
the efficiency of the design.
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Chapter 4. Finite Element Modeling

This chapter describes the FE models developed to evaluate the behavior of Bridge A9513
discussed in the previous chapter. The purpose of numerical modeling is to provide a reliable
tool for interpreting experimental measurements, evaluating the degree of continuity
developed at the intermediate bents, and establishing a numerical testbed suitable for
conducting parametric analyses that support the design recommendation for MoDOT’s
Engineering Policy Guide (EPG).

Two FE models were developed in ANSYS Mechanical using bridge geometry, support
conditions, construction sequence, and loading configurations associated with the experimental
program. The first model, referred to here as the dead-load model, represented the
construction-stage dead-load condition during deck placement, when the steel girders carried
the wet concrete deck load before composite action fully developed. The second model,
referred to here as the live-load model, represented the completed bridge under live-load
testing, after the deck and continuity diaphragms had hardened and the bridge was expected to
exhibit continuous behavior under live loading.

The remainder of this chapter discusses the specific geometry of Bridge A9513 as well as details
of the dead-load and live-load models alongside the specific calibration procedures employed
for each model. The chapter then discusses the dead-load and live-load model results and
finalizes with a discussion of the degree of continuity that Bridge A9513 experienced during
construction and after completion.

4.1 Description of the Test Bridge and 3D Computer-Aided Design (CAD)
Modeling

Bridge A9513 is a three-span, non-skewed steel girder bridge with span lengths of 45 ft, 56 ft,
and 45 ft, as shown in Figure 4-1. The bridge superstructure consists of four steel girders
supporting a reinforced concrete deck. The girder spacing is 6 ft 10 in. on center across the
bridge width, as shown in Figure 4-2. The end spans use W24x84 girders, while the middle span
uses W24x94 girders. The girder layout and girder-end details are shown in Figure 4-3.
Continuity between adjacent spans is provided through concrete diaphragms at the
intermediate bents, along with girder-end connection details that allow the bridge to behave as
simple for non-composite dead load and continuous for live load. The slab section and
diaphragm details near the intermediate bents are shown in Figure 4-4.
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Figure 4-1. General elevation of Bridge A9513 showing 45 ft—56 ft—45 ft span arrangement.

Figure 4-2. Bridge cross section showing four girders and girder spacing.

Figure 4-3. Girders and girder-end details at intermediate bents.
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Figure 4-4. Slab section near intermediate bent (top), diaphragm detail (middle), and SDCL
connection detail above girders (bottom).

The finite element models were developed from the construction drawings shown in Figure 4-1
through Figure 4-4 (additional construction drawing details are provided in Appendix A). These
drawings were used to create three-dimensional CAD models of the bridge, including the steel
girders, reinforced concrete deck, concrete barriers, intermediate diaphragms, girder-end
details, bent caps, and pile-supported foundations. Several geometric simplifications were
introduced to facilitate meshing and improve computational efficiency. Secondary features,
small fillets, and minor geometric irregularities were omitted from the CAD models. In addition,
the deck was modeled without the 2% cross slope shown in Figure 4-2. This simplification was
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considered acceptable because the cross slope was not expected to significantly affect the
primary response mechanisms of interest, including force transfer at the intermediate bents
and the degree of continuity developed by the bridge. The completed, simplified CAD model
used to construct the finite element models is shown in Figure 4-5.

(b)

(@) (c)
Figure 4-5. Details of the 3D CAD drawings used to construct the ANSYS models of the test
bridge: (a) three-dimensional view, (b) side view, and (c) front view.

In the FE models, particular attention was given to the regions near the intermediate bents
because these locations govern moment transfer and continuity behavior in the SDCL system.
Details of the components modeled at the intermediate bent locations are summarized in
Figure 4-6. The main components included compression blocks, end plates, concrete
diaphragm, concrete cap, and H-piles. These components were modeled explicitly to capture
the force-transfer mechanisms at the interior bents with sufficient accuracy.

Figure 4-6. Intermediate bent detail summarizing the main components considered in the FE
model of the test bridge.
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4.2 Finite Element Modeling Approach, Scope, and Assumptions

This section describes the finite element modeling approach used for the dead-load and live-
load models. It summarizes the main modeling assumptions, model geometries, material
properties, contact definitions used to represent interactions between components, as well as
calibration strategies and key limitations of each model.

4.2.1 General Finite Element Modeling Assumptions

The modeling approach was selected to balance accuracy and practicality. The objective was
not to reproduce every local detail of the bridge, but rather to represent the structural features
that most strongly influence the measured strains, curvatures, deflections, load distribution,
and moment continuity. Particular attention was given to the regions near the intermediate
bents, where force-transfer mechanisms and local stiffness conditions have a direct influence
on the global bridge response. Secondary geometric features that were not expected to
significantly affect the overall behavior were simplified to facilitate model development and
meshing.

All materials in the models were assumed to behave as linear elastic. This assumption was
considered appropriate because the goal was to simulate the bridge response during dead-load
and live-load testing, for which damage was not expected to occur. The models were calibrated
to match the experimental responses from these two tests and then used to evaluate whether
the bridge behaved primarily as a simply supported system during construction and whether
continuity developed after completion.

Considering these assumptions, the results from the models are most appropriate for
interpreting global response quantities such as strains, curvatures, deflections, load
distribution, support behavior, and degree of continuity. The models are not intended to serve
as detailed local strength or damage models of the connection region, as they were not used to
predict local cracking, crushing, yielding, or ultimate failure of the diaphragm or connection
components. This distinction is important when interpreting the numerical results.

4.2.2 Dead-Load and Live-Load Model Geometries

The dead-load and live-load models were developed in ANSYS Mechanical. General views of the
dead-load and live-load models are shown in Figure 4-7. The dead-load model did not consider
the deck or concrete barriers, whereas the live-load model included all components discussed
before.
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(a)

(b)

Figure 4-7. General view of the ANSYS models: (a) dead-load model and (b) live-load model.

Figure 4-8 provides a detailed view of the main components included in the live-load model
near the intermediate bents. The top-left figure shows the bent cap region, including the cap
reinforcement and shear key. The top-right figure provides a closer view of the intermediate
bent region, showing the girder-end details, compression blocks, end plates, bearing pads, and
deck reinforcement around the diaphragm. The bottom figure shows a more global perspective
of the model, including adjacent spans, concrete barriers, deck, girders, bent cap, and H-piles.
As shown in the bottom figure, the expansion joints in the barrier curbs were modeled
explicitly. Together, these views illustrate the level of geometric detail used in the live-load
model to represent the components controlling force transfer, support restraint, and continuity
behavior at the intermediate bents.
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Figure 4-8. Detailed view of the live-load model: (a) intermediate bent reinforcement, (b)
girder placement and deck reinforcement, and (c) overall view of the intermediate bent.

4.2.3 Material Properties

As discussed before, all materials were modeled as linear elastic. Table 4-1 summarizes the
material properties used in the FE models. Material strengths and elastic properties were
selected based on the bridge design specifications and construction records. Structural steel
components, including the girders, diaphragms, end plates, compression blocks, and HP piles,
were modeled using ASTM A709 Grade 50 steel. Reinforcing steel was modeled using ASTM
A615 Grade 60 properties. Separate concrete properties were assigned to the superstructure
and substructure to reflect the different concrete classes used in construction. The compressive
concrete strength for the superstructure was 5.6 ksi, which resulted in a Young’s modulus of
approximately 4265 ksi, closely matching the Young’s modulus of 4250 ksi measured
experimentally in Section 3.4. The neoprene bearing pads and tire loading surfaces were

42



assigned appropriate elastic properties to represent their stiffness characteristics and influence
on load transfer.

Table 4-1. Material properties used for the different components of the test bridge model.

Material Specification Property Value (ksi)

i Yield Strength, 50
St.ructural Steel (Girders, ASTM A709 Grade 50 gth, £y
Diaphragms, Plates, etc.) Modulus of Elasticity, E 29,000
Yield Strength, f, 50
Structural Steel HP Piles ASTM A709 Grade 50
Modulus of Elasticity, E 29,000
Yield Strength, f, 60

Reinforcing Steel ASTM A615 Grade 60
Modulus of Elasticity, E 29,000

Class B-1 Concrete

(Superstructure) MoDOT Class B-1 Compressive Strength, f, 5.6
Class B Concrete . /
(Substructure) MoDOT Class B Compressive Strength, f; 3.0
Neoprene Bearing Pad — Modulus of Elasticity, E 7.2
Tire Loading Area — Modulus of Elasticity, E 1.45

4.2.4 Contact Definitions and Support Conditions

Contact definitions were used to represent the expected load transfer between structural
components. Interfaces where full composite action or effective connection was expected were
modeled as bonded. These interfaces included the girder-to-deck surfaces, cap beam-to-
diaphragm surfaces, and barrier-to-deck surfaces. Other interfaces near the diaphragm and
construction joints were modeled to permit limited relative movement while still transferring
compressive and shear forces. This approach allowed the bridge to develop continuity through
the diaphragm region without artificially forcing all components to act as a fully monolithic
system. Specific details regarding the contact definitions used in the dead-load and live-load
models are provided later in this chapter.

The intermediate bents were modeled with pile-supported foundations. The upper portion of
the piles was represented as part of the bent system, while the lower portion was supported by
elastic foundation springs to approximate soil flexibility. The end bents were restrained to
represent the support conditions indicated in the construction drawings. This simplified
foundation representation is aimed to capture the influence of support flexibility on the bridge-
level response while avoiding the complexity of detailed nonlinear soil-pile interaction. Specific
details on how the foundations were modeled for the dead-load and live-load models are
discussed later in this chapter.

4.2.5 Model Calibration Strategy and Limitations

Both the dead-load and live-load finite element models were calibrated using the experimental
results presented in the previous chapter. The purpose of the calibration process was to
improve the reliability of the models by adjusting various model parameters within reasonable
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physical limits until matching the results from both the dead-load and live-load tests. As
discussed later in this chapter, separate calibration strategies were used for the dead-load and
live-load models because each model represented a different stage of bridge behavior and was
influenced by different sources of uncertainty.

Some differences between measured and predicted responses are unavoidable. Potential
sources of discrepancy include temperature effects, construction tolerances, uncertainty in
material properties, local cracking, truck placement tolerances, boundary-condition
uncertainty, foundation flexibility, and measurement noise. These sources of uncertainty
should be considered when interpreting point-by-point comparisons between numerical and
experimental results. Consequently, the calibrated models should be viewed as tools for
understanding the global bridge behavior and continuity mechanisms, rather than as exact
representations of every local response or connection detail.

4.3 Dead-Load Model

The dead-load model was developed to simulate the bridge during deck placement. The rest of
this section provides details of the dead-load model and the calibration process employed to
obtain the numerical results discussed later in this chapter.

4.3.1 Contact Definitions at Intermediate Bents

Because the partially cast diaphragms could introduce restraint at the intermediate bents, they
were explicitly represented in the dead-load model. Particular attention was given to the
contact definitions in these regions because the interfaces between the girders, diaphragm,
compression blocks, bent cap, and supporting piles controlled the force-transfer mechanisms
during deck placement.

The contact conditions used at the intermediate bents in the dead-load model are shown in
Figure 4-9. Bonded contacts were used for interfaces that were expected to behave as fully
connected components. These included the welded steel end-plate assembly at the girder ends
(A), the connection between the steel compression blocks and the end plates (E), the interface
between the concrete diaphragm and the concrete bent cap (C), and the connection between
the bent cap and the supporting H-piles (F). These bonded contacts prevent relative motion
between the connected components and allow full force transfer across the corresponding
interfaces.

The interfaces between the partially embedded steel girders and the cast-in-place concrete
diaphragm were modeled using frictional contact with a coefficient of friction of 0.95 (B). This
definition allows load transfer through bearing and friction while still permitting limited relative
movement if the contact stresses exceed the frictional resistance. In contrast, the interface
between the opposing compression blocks was modeled using frictionless contact (D). This
assumption allows the compression blocks to transfer compressive forces through direct
contact while allowing sliding or separation.
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Figure 4-9. Contact definitions at intermediate bents for the dead-load model.

4.3.2 Support Conditions and Foundation Modeling

The support conditions and elastic foundation definition used in the dead-load model are
summarized in Figure 4-10. The end bents were fixed to the ground, as this resembled what
was observed in the construction drawings. At the intermediate bents, the and H-piles were
modeled explicitly to represent the support flexibility provided by the pile-supported
foundation system.

To account for soil-structure interaction in a simplified manner, an elastic foundation was
assigned along the lower portion of the intermediate-bent piles. The upper portion of each pile,
approximately 8 ft below the bent cap, was modeled without elastic support to represent the
exposed pile length. Below this region, the piles were supported by an elastic foundation with a
stiffness of 100 pci over a depth of approximately 37 ft. The base of each pile was restrained to
provide overall stability of the foundation model. The same boundary conditions and elastic
foundation definition were used for the live-load models.

Figure 4-10. Boundary conditions and intermediate bent support representation used for the
finite element models.

4.3.3 Dead Load Modeling
The weight of the fresh concrete deck was applied to the girders as equivalent pressure loads
on the top flanges of the girders, as shown in Figure 4-11. Different pressure values were
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assigned to interior and exterior girders based on tributary deck width. The applied pressure on
interior girders was approximately 6.7 psi, while the applied pressure on exterior girders was
approximately 4.8 psi. Only spans 2-3 and 3-4 were loaded to match the experimental program.

Figure 4-11. Dead-load model showing equivalent wet concrete pressure loads on girders.

4.3.4 Modeling of Temperature Effects During Concrete Pouring

Temperature effects were also considered in the dead-load model because it was suspected
that the strains measured during deck placement were influenced not only by mechanical
loading, but also by thermal effects from the warmer wet concrete. On the day of the deck
pour, the ambient air temperature was approximately 40°F, while the temperature of the wet
concrete was approximately 70°F. This temperature difference may have induced thermal
strains at the top flanges of the steel girders.

As a result, the measured strains during deck pour were assumed to represent the combined
effects of dead-load-induced mechanical strain and thermally induced strain. To account for
this behavior, a temperature boundary condition was applied to the top flange of the steel
girders in the dead-load model, as shown in Figure 4-12. The magnitude of this temperature
load was treated as a calibration parameter. During calibration, different temperature values
were applied to the girder top flanges, and the resulting total strains from the numerical model
were compared directly with the field measurements.

Figure 4-12. Dead-load model showing temperature boundary conditions applied on the top
surface of the girders.
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4.3.5 Modeling of Diaphragm Concrete

Another important consideration in the dead-load model was the condition of the partial-depth
concrete diaphragms during deck placement. At the time of the deck pour, the diaphragm
concrete had not yet reached its full design stiffness. In addition, preliminary dead-load
analyses suggested that cracking may have developed in the diaphragm region during wet
concrete placement. This was indicated by relatively large tensile strains in the upper portion of
the diaphragm, which exceeded 100 pe (the typical cracking strain of concrete).

To represent the reduced stiffness associated with early-age concrete behavior and possible
cracking, the highlighted diaphragm regions near the girder ends in Figure 4-13 were assigned a
reduced Young’s modulus. This approach was not intended to explicitly model crack initiation
or propagation. Rather, it was used as a practical means of accounting for the loss of effective
stiffness in the diaphragm region during deck placement. Together with the top flange
temperature, this reduced modulus of elasticity was treated as another calibration parameter.

Figure 4-13. Regions within the partially-cast diaphragm where the concrete elastic modulus
was reduced to account for possible concrete cracking.

4.3.6 Calibration Process

The dead-load model was calibrated using measurements collected during the dead-load
testing. The calibration considered several parameters that could influence the construction-
stage response, including the boundary conditions, contact behavior among the deck, girders,
concrete diaphragms, compression blocks, and end plates, the embedded length of the pile
foundations, and the elastic foundation stiffness used to represent the supporting soil.

The calibration also considered the effects of girder temperature and diaphragm stiffness
discussed previously. The girder top-flange temperature was varied from 40°F (AT = O°F relative
to ambient temperature), to 70°F (AT = 30°F relative to ambient temperature). The elastic
modulus in the highlighted regions of Figure 4-13 was varied between 5% and 10% of the fully
cured concrete modulus.

The final calibrated dead-load model used the contact definitions shown in Figure 4-9, the
support boundary conditions and pile embedment length shown in Figure 4-10, a top-flange
temperature value of 54°F (i.e., AT = 14°F), and a diaphragm stiffness near the girder ends equal
to 5% of the design concrete stiffness. This combination produced the closest agreement
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between the numerical predictions and the measured strains and deflections obtained during
deck placement. The results from the calibrated dead-load model are discussed in detail next.

4.4 Results From the Calibrated Dead-Load Model

The comparison between strains predicted by the calibrated model and those measured
experimentally is summarized in Table 4-2. Overall, the model captured the measured response
reasonably well at the bottom-flange and midspan locations. At midspan 3-4, the predicted and
measured strains at ST5 were 125 pe and 124 peg, respectively, while those at ST6 were
approximately -180 pe and -184 g, respectively. These results indicate that the model agreed
well with the measured bending response at midspan. The bottom-flange gages near the
intermediate bent also showed reasonable agreement. At ST1, the predicted and measured
strains were -168 pe and -178 pe, respectively, while those at ST3 were -169 pe and -136 pe.

The largest discrepancies were observed at the top-flange gages, ST2 and ST4, located near the
intermediate bent. At these locations, the calibrated model predicted strains of approximately
92 pe and 85 pe, whereas the measured strains were -8 pe and -28 pe. These discrepancies
were expected, given that ST2 and ST4 were in localized regions of high strain gradients that are
sensitive to boundary effects near the intermediate bents. ST2 and ST4 were located close to
the face of the partially cast diaphragm, where the top portion of the girder was in contact with
the wet concrete. As a result, the measured response at these locations may have included
thermal strain from the wet concrete, local restraint effects from the diaphragm, early-age
concrete stiffness and cracking effects, and possible local strain gradients that were not fully
represented in the global finite element model. Because these measurements likely reflected a
combination of mechanical, thermal, and local construction-stage effects, they were considered
less reliable as primary calibration targets. Consequently, the calibration focused primarily on
matching the bottom-flange and midspan strain measurements.

Table 4-2. Predicted and measured construction-stage strains.

. Location Predicted Measured Difference
Strain

(ne) (ne) (ne)
ST1 Bottom flange, near IB3 ® -168 -178 -10
ST2 Top flange, near IB3 ? 91.7 -8 -99.7
ST3  Bottom flange, near IB3? -169 -136 33
ST4 Top flange, near IB3 @ 84.6 -28 -112.6
ST5 Bottom flange, midspan 125 124 -1
ST6 Top flange, midspan -180 -184 -4

21B3 refers to intermediate bent No. 3.

The comparison between the deflections predicted by the calibrated dead-load model and
those measured during deck placement is summarized in Table 4-3. Overall, the model
reproduced the measured construction-stage deflections with good accuracy. At LVDT 1,
located in Span 3-4 near intermediate bent No. 3, the predicted and measured deflections were
-0.14 in. and -0.11 in., respectively, resulting in a difference of 0.03 in. At LVDT 2, located at
midspan of Span 3-4, the predicted deflection was -0.33 in. compared with a measured
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deflection of -0.32 in., resulting in a difference of only 0.01 in. The largest deflection was
measured at the SPOT location in Span 2-3, where the model predicted a deflection of -0.86 in.
compared with a measured value of -0.82 in. The difference at this location was 0.04 in. These
small differences indicate that the calibrated finite element model captured the global stiffness
and deformation behavior of the bridge during deck placement with reasonable accuracy.

Table 4-3. Predicted and measured construction-stage deflections.

LvDT Location Predicted (in) Measured (in) Difference (in)
LVvDT 1 Span 3-4, near IB3 ? -0.14 -0.11 0.03
LVDT 2 Span 3-4, midspan -0.33 -0.32 0.01

SPOT Span 2-3, midspan -0.86 -0.82 0.04

21B3 refers to the intermediate bent No. 3.

In addition to the point-by-point comparisons summarized in Table 4-2 and Table 4-3, the
calibrated dead-load model was evaluated by comparing the predicted strain and deflection
profiles along the bridge. The bottom-flange strain profile and the deflection profiles are shown
in Figure 4-14 and Figure 4-15, respectively. These comparisons provide a broader assessment
of whether the model captured the overall construction-stage response, rather than only the
response at individual instrumentation locations.

Overall, the model reproduced the general shape and magnitude of the measured strains and
deflections. The strain profile shown in Figure 4-14 indicates that the model captured the
variation in bottom-flange strain across the instrumented spans, including the change in
response near intermediate bent No. 3. Similarly, the deflection profiles shown in Figure 4-15
show that the model captured the overall deformed shape during deck placement, including
the larger downward deflection in Span 2-3 and the smaller deflection in Span 3-4.

Figure 4-14. Predicted and measured strain profile during deck placement.
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Figure 4-15. Predicted and measured deflection profiles during deck placement.

Although some local differences remained between the predicted and measured responses,
these discrepancies are expected. Potential sources of uncertainty include the concrete
placement sequence, temperature variation, foundation flexibility, support conditions, local
stiffness variations, and the timing of data collection. Therefore, the agreement shown in Figure
4-14 and Figure 4-15 indicates that the calibrated dead-load model provided a reasonable
representation of the global bridge response during deck placement.

4.5 Live-Load Model

The live-load model was developed to simulate the completed Bridge A9513 under the
controlled truck-loading configurations used during the live-load testing. The rest of this section
provides details of the live-load model and the calibration process employed to obtain the
numerical results discussed later in this chapter.

4.5.1 Contact Definitions at Intermediate Bents

The contact definitions used to represent the completed continuity connection at the
intermediate bents are shown in Figure 4-16. Several of the contact definitions were consistent
with those used in the dead-load model. Bonded contacts were assigned to interfaces where
full force transfer and no relative motion were expected. These included the welded connection
between the steel girder and end plate (A), the interface between the concrete diaphragm and
bent cap (C), the welded connection between the steel end plate and compression block (E),
and the pile-to-cap connection (F). Bonded contact was also used to represent the composite
interface between the concrete deck and steel girders (G), as well as the connection between
the concrete deck and concrete barriers (1).

Frictional contact with a friction coefficient of 0.95 was assigned to the interface between the

partially embedded steel girders and the concrete diaphragm (B). This contact definition
allowed force transfer through bearing and friction while permitting limited relative movement
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if the contact stresses exceeded the frictional resistance. A similar contact definition was
assigned to the construction joint between the concrete diaphragm and the concrete deck (H),
representing the interface between concrete components cast at different times. The interface
between the opposing compression blocks was modeled using frictionless contact (D), which
allows the blocks to transfer compressive forces through direct bearing while allowing sliding or
separation. Finally, no contact definition was applied to the expansion joints along the barriers
to prevent unintended compressive stresses to develop across the open joint interfaces.

Figure 4-16. Contact definitions at intermediate bents for the live-load model.

4.5.2 Truck Loading

The truck loading used in the live-load model was defined to match the live-load testing
program discussed in Chapter 3. Six truck positions were analyzed, as summarized in Figure
4-17. The selected positions were intended to reproduce the field-testing conditions and to
generate different combinations of positive moment, negative moment, and transverse load
distribution. As a result, the live-load model could be evaluated under load cases that activated
both the span regions and the continuity regions near the intermediate bents.

Figure 4-17. Truck positions used in live-load testing and model calibration.
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4.5.3 Calibration Process

The live-load model was calibrated by comparing the predicted bridge response with the
measurements obtained during the controlled truck-load testing program. The calibration
process was similar in concept to that used for the dead-load model, but the temperature
effects associated with deck placement were not included as those are only relevant in the
dead-load model. Instead, the calibration focused on modeling parameters that influenced the
stiffness, continuity, and load-transfer behavior of the completed bridge.

One of the primary calibration parameters was the effective length of the H-piles at the
intermediate bents, which control the vertical flexibility of the pile-supported foundation
system. This parameter was calibrated using the field-measured deflection from the LVDT
located near the intermediate bent No. 3. An initial pile length, L,, was estimated from the
construction drawings, and the finite element model was then used to compute the
corresponding support displacement, §,. This value was compared with the displacement,
Ofie1q, from LVDT 3 (see Figure 3-12) measured during the live-load test. Because the materials
were linear elastic, a pile length correction was estimated using the axial deformation
relationship for an elastic column. The effective pile length was updated as L.ss = Ly + AL, in
which AL = (8f;e14 — 80)EA/P, E is the Young’s modulus of the H-piles, A is the cross-
sectional area of the H-piles, and P is the axial force in the H-piles obtained from the finite
element model. The updated pile length was then used in a new model, and the process was
repeated until 6y =~ 8fieq-

In addition to the pile lengths, the contact behavior at the intermediate bents was refined
during calibration. In particular, the friction coefficients assigned to selected interfaces
between the steel girders, concrete diaphragm, compression blocks, end plates, and adjacent
concrete components were varied within reasonable physical limits. These contact parameters
were adjusted to improve agreement between the predicted and measured curvatures and
deflections at the different instrumentation locations. Curvatures were computed from the
measured strain differences between the top and bottom flanges, while deflections were
obtained from displacement measurements collected during the truck tests.

The calibration was performed across the truck positions used in the field-testing program to
ensure that the model captured the bridge response under different loading configurations.
Rather than matching a single measurement or load case, the calibration sought to reproduce
the overall trends in girder curvatures and vertical deflections for all truck positions. This
comprehensive calibration process provided a live-load model capable of representing the
global behavior of the completed bridge. The calibration process resulted in the contact
definitions shown in Figure 4-16, which correspond to the same contact definitions adopted in
the dead-load model. The results from the calibrated live-load model are discussed next.

4.6 Results From the Calibrated Live-Load Model

Table 4-4 summarizes the comparison between the curvatures predicted by the calibrated live-
load model and those obtained from the field measurements for selected truck positions. The
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table includes representative results for Truck Positions 2, 3, and 4, while the complete set of
curvature comparisons is provided in Appendix B. Overall, the model reproduced the measured
curvatures with good agreement across the selected locations, capturing both the sign and
relative magnitude of the response at the support and midspan sections.

The agreement was good at the support locations, where the predicted and measured
curvatures were generally close. For example, for Truck Position 3, the predicted and measured
curvatures at Beam 2 near the intermediate bent were -3.97 x 107® in"" and -3.85 x 107®in™",
respectively. Some larger differences were observed at the midspan location for Truck Position
2, where the model predicted a curvature of 5.18 x 107® in~' compared with a measured value
of 3.78 x 107 in™". Nevertheless, the comparisons indicate that the calibrated model captured
the overall curvature response of the bridge under live-load testing with reasonable accuracy.

Table 4-4. Summary of predicted and measured curvatures during live-load testing.

Truck Location Predicted i Measured K Difference
position (x10~%in™1) (x107%in™ 1) (x107%in™ 1)

Beam 1 (near support) @ -0.9 -1.4 0.5

2 Beam 2 (midspan) ® 5.18 3.78 1.4
Beam 2 (near support) € -1.86 -2.17 0.31
Beam 1 (near support) -3.6 -4.13 0.5

3 Beam 2 (midspan) 2.58 2.11 0.47
Beam 2 (near support) -3.97 -3.85 -0.12
Beam 1 (near support) -3.56 -3.67 0.11

4 Beam 2 (midspan) -1.16 -0.85 -0.31
Beam 2 (near support) -4.28 -3.75 -0.53

@ Curvatures at this location were computed based on readings from ST7 and ST8
b Curvatures at this location were computed based on readings from ST5 and ST6
¢ Curvatures at this location were computed based on readings from ST1 and ST2

Table 4-5 summarizes the comparison between the deflections predicted by the calibrated live-
load model and those measured during field testing for selected truck positions. The table
includes results for Truck Positions 2, 3, and 4, while the remaining comparisons are provided in
Appendix B. Overall, the model reproduced the measured deflections with good agreement
across the different LVDT and SPOT measurement locations. The differences between predicted
and measured values were generally small, with most discrepancies below 0.02 in. and an
average difference between model predictions and measured values of approximately 0.007 in
for Truck Positions 2, 3, and 4, and of approximately 0.006 in. across all truck positions which is
close to the measurement accuracy of the instrumentation.

For Truck Positions 2 and 3, the model captured both the magnitude and distribution of the
measured deflections across the bridge. For example, for Truck Position 2, the predicted and
measured deflections at LVDT 2 were —-0.131 in. and -0.137 in., respectively. Similarly, for Truck
Position 3, the predicted and measured deflections at the SPOT location were both -0.029 in.
For Truck Position 4, the model also reproduced the measured response well, including the
larger downward deflection at the SPOT location, where the predicted and measured values
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were -0.195 in. and -0.174 in., respectively. These comparisons indicate that the calibrated
live-load model captured the global stiffness and deformation behavior of the completed bridge
with reasonable accuracy.

Table 4-5. Summary of predicted and measured deflections during live-load testing.
Truck

o LVvDT Location ? Predicted (in) Measured (in)  Difference (in)
position
LVDT1  Span 3-4, BL2 near IB3 -0.059 -0.056 -0.003
LVDT2  Span 3-4, BL2 midspan -0.131 -0.137 0.006
2 LvDT3  Span 3-4, BL1 near IB3 -0.026 -0.026 0.000
LVDT4  Span 3-4, BL 1 midspan -0.084 -0.107 0.023
SPOT  Span 2-3, BL4 midspan 0.022 0.012 0.010
LVDT1  Span 3-4, BL2 near IB3 -0.031 -0.026 -0.005
LVDT2  Span 3-4, BL2 midspan -0.066 -0.071 0.005
3 LVDT3  Span 3-4, BL1 near IB3 -0.036 -0.024 -0.012
LVDT4  Span 3-4, BL 1 midspan -0.054 -0.070 0.016
SPOT  Span 2-3, BL4 midspan -0.029 -0.029 0.000
LVDT1  Span 3-4, BL2 near IB3 0.018 0.020 -0.002
LVDT2  Span 3-4, BL2 midspan 0.036 0.034 0.002
4 LVDT3  Span 3-4, BL1 near IB3 -0.007 0.001 -0.008
LVDT4  Span 3-4, BL 1 midspan 0.030 0.031 -0.001
SPOT  Span 2-3, BL4 midspan -0.195 -0.174 -0.021

2 BL refers to beam line and IB refers to intermediate bent

In addition to the point-by-point curvature comparisons summarized in Table 4-4, Figure 4-18
through Figure 4-20 show the predicted curvature profiles along the bridge for Truck Positions
2, 3, and 4. These figures provide a broader assessment of the live-load model by showing
whether the calibrated model captured the overall curvature distribution, including the
positive-moment regions within the spans and the negative-moment regions near the
intermediate bents.

Overall, the model reproduced the main trends observed in the measured curvature response.
For the selected truck positions, the predicted curvature profiles captured the location and
relative magnitude of the peak responses, as well as the change in curvature sign near the
intermediate bents. The agreement was generally good at the instrumented locations,
indicating that the model reasonably represented the flexural response and continuity
developed in the completed bridge under live loading.

Some local differences were observed between the predicted and measured curvature values,
particularly near regions with steep curvature gradients close to the intermediate bents and
near the applied truck loads. These differences are expected because the curvature response is
sensitive to factors such as truck placement, strain-gage location, local stiffness variations, and
the contact behavior within the diaphragm region. Nevertheless, the comparisons shown in
Figure 4-18 through Figure 4-20 indicate that the calibrated live-load model captured the
overall curvature behavior of the bridge with reasonable accuracy.
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Figure 4-18. Predicted and measured curvature profiles for Truck Position 2.

Figure 4-19. Predicted and measured curvature profiles for Truck Position 3.

Figure 4-20. Predicted and measured curvature profiles for Truck Position 4.
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In addition to the point-by-point deflection comparisons summarized in Table 4-5, Figure 4-21
through Figure 4-23 show the predicted and measured deflection profiles for Truck Positions 2,
3, and 4. These figures provide a broader assessment of the calibrated live-load model by
comparing the overall deformed shape of the bridge, rather than only the response at
individual measurement locations.

Overall, the model captures the main trends in the measured deflection response for the
selected truck positions. For Truck Position 2, the model reproduced the downward deflection
in Span 3-4 and the smaller upward deflection in Span 2-3. Importantly, the model predicted
the downward deflections near the intermediate supports, which was only possible due to the
effective H-pile foundation length calibration procedure discussed above. For Truck Position 3,
the model captured the larger deflections in Span 2-3 as well as the smaller deflections in Span
3-4. For Truck Position 4, the model reproduced the overall deflected shape, including the
larger downward response in Span 2-3 and the upward response observed in Span 3-4.

As expected, some differences were observed between the predicted and measured
deflections. These discrepancies may be attributed to several sources of uncertainty, including
environmental conditions, truck placement accuracy, material-property variability, boundary-
condition idealizations, foundation flexibility, and measurement noise. However, it is important
to note that a single calibrated model was able to capture the response of six different live-load
tests, corresponding to Truck Positions 1 through 6, without recalibration for each loading case.
Across all truck positions, the average difference between predicted and measured deflections
was approximately 0.006 in., indicating that the model provided a consistent and accurate
representation of the global deformation behavior of the completed bridge.

Figure 4-21. Predicted and measured deflection profiles for Truck Position 2.
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Figure 4-22. Predicted and measured deflection profiles for Truck Position 3.

Figure 4-23. Predicted and measured deflection profiles for Truck Position 4.

4.7 Model Calibration Summary

The calibration results indicate that the dead-load and live-load models provided a reasonable
representation of the measured bridge behavior. The dead-load model captured the
construction-stage response of the steel girders under wet concrete loading, particularly at the
bottom-flange and midspan instrumentation locations. The live-load model reproduced the
main response trends observed during controlled truck testing, including positive moment
response in the loaded spans, negative moment response near the intermediate bents, and
increased response under two-truck loading.

Table 4-6 provides a summary of the calibration quality of the dead-load and live-load models.
For the dead-load model, the calibration quality was evaluated mostly using girder strains and
deflections. In terms of strains, the best agreement was obtained at the bottom-flange near the
intermediate bent (ST1 and ST3) and at midspan measurement locations (ST5 and ST6), which
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were considered the most reliable indicators of the mechanical response during deck
placement. Larger discrepancies were observed at the top-flange gages near the intermediate
bent (ST2 and ST4), likely because these measurements were influenced by thermal effects
from the wet concrete, local effects from the partially cast diaphragm, possible diaphragm
cracking effects, among others. However, the deflection profiles predicted by the model agreed
well with the experimental measurements, with average deflection differences of 0.027 in.

For the live-load model, the calibration quality was evaluated using both curvature and
deflection comparisons for the truck positions used during field testing. The model captured
the overall curvature trends, including the sign and relative magnitude of the response at
support and midspan locations. It also reproduced the measured deflection profiles with good
agreement across the different truck positions, with an average deflection difference of
approximately 0.006 in. across all live-load cases. The fact that a single calibrated model was
able to reproduce the response from multiple truck configurations without recalibration
indicates that the model captured the global stiffness, load distribution, and continuity
behavior of the completed bridge with reasonable accuracy.

Table 4-6. Summary of the calibration quality of the dead-load and live-load models.
Main response

Model quantities Callbra.tlon Main observations .leltatlon:s/
quality interpretation
evaluated
Dead-load Girder strains, Good for The model captured the main Top-flange gages ST2 and
model and deflection bottom-flange construction-stage response of the  ST4 showed large
profiles during and midspan steel girders under wet concrete differences between
deck placement strains; fair for loading. Agreement was good at predicted and measured
top-flange midspan strain gages (ST5 and ST6), strain. These readings
strains; and as well as at bottom-flange gages were likely affected by
good for near the intermediate bent (ST1 and temperature from wet
deflection ST3). concrete during deck
profiles placement, local effects
from the partially cast
diaphragm, possible
diaphragm cracking, among
others.
Live-load Curvature and  Good for overall The model reproduced the main live- Differences between
model deflection live-load trends load response trends, including predicted and measured
profiles for and continuity  positive moment behavior in values are expected
multiple truck  assessment loaded spans, negative moment because of truck
positions response near intermediate bents, positioning tolerances,

and larger response under two-truck boundary condition

loading. Representative Truck
Positions 2, 3, and 4 showed
reasonable agreement with

measured curvature and deflection

profiles.

uncertainty, foundation
flexibility, local construction
details, and measurement
noise. The model

is appropriate for bridge-
level interpretation rather
than exact point-by-point
prediction.
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4.8 Degree of Continuity

A major objective of the finite element modeling was to evaluate the degree of continuity
(DOC) that Bridge A9513 developed at the intermediate bents. The DOC provides a practical
measure of how closely the bridge approaches simple-span behavior during construction and
continuous behavior under live loading. A DOC close to zero indicates behavior closer to the
simple-span limit, while a DOC close to one indicates behavior closer to the fully continuous
limit. This distinction is important because the desired behavior of an SDCL bridge changes
between construction and service. During deck placement, the bridge is intended to behave
primarily as a simple-span system so that the steel girders do not attract large negative
moments from the noncomposite dead load. After the deck and continuity diaphragms have
hardened, the completed bridge is expected to develop continuity under live loading.

Physically, the DOC can be interpreted as a measure of moment continuity developed at the
intermediate support. In an ideal simple-span system, no moment is transferred across the
intermediate bent. In a fully continuous system, moment is transferred from one span to the
adjacent span through the continuity connection. Therefore, the DOC provides an estimate of
how much of the fully continuous response is developed by the actual bridge. For example, if
the DOC were calculated directly from the negative moment at the intermediate bent, the
simple-span moment at that location would be approximately zero, and the DOC could be
interpreted approximately as the ratio between the moment developed in the calibrated model
and the moment developed in the fully continuous model (i.e., DOC = M_qjipratea/Mrixea)- IN
this sense, a DOC of 0.40 would indicate that the bridge develops approximately 40% of the
moment continuity associated with the fully continuous condition for the selected load case.

Because bending moments are directly related to curvature in the elastic range, curvature
provides a useful response quantity for evaluating moment continuity. A curvature-based DOC
reflects how much the bending response of the calibrated model has shifted from the simple-
span limit toward the fully continuous limit. However, continuity also affects the overall
deflected shape of the bridge. This is particularly important during construction because
predicted dead-load deflections are used to establish girder camber during fabrication. For this
reason, a deflection-based DOC was also evaluated. The deflection-based metric provides a
global measure of how much the bridge stiffness and deflected shape are affected by
continuity.

The curvature-based and deflection-based DOC values are not expected to be identical.
Curvature is related to local bending deformation and is therefore more directly connected to
moment continuity. Deflection, on the other hand, includes the accumulated effect of bending
over the span, support flexibility, foundation movement, and possible rigid-body motion of the
superstructure. Some of these displacement components can change the measured or
predicted deflection without producing a proportional change in girder strain or curvature.
Therefore, the two DOC metrics provide complementary information, with the curvature-based
metric being more directly related to moment transfer, while the deflection-based DOC being
more directly related to global stiffness and construction deflection demands.
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The procedure used to determine the DOC is illustrated in Figure 4-24. For each loading stage,
the response of the calibrated finite element model was compared with that from two idealized
models. The first idealized model represents the simple-span (or free) condition, where the
girders are allowed to rotate freely at the intermediate diaphragms. The second idealized
model represents the fully continuous (or fixed) condition, where the girder ends are fully
bonded to the diaphragms. The DOC was then computed by interpolating the calibrated
response between these two limiting cases. For the curvature-based metric, the DOC was
calculated using curvature responses at a specified location from the free, calibrated, and fixed
models. For the deflection-based metric, the same interpolation was applied using midspan
deflections at any given span.

Figure 4-24. Definition of degree of continuity using free, calibrated, and fixed models.

4.8.1 Degree of Continuity During Construction-Stage Dead Loading

For the dead-load stage, the DOC was computed using the weight of the wet concrete deck as
the applied loading. The calibrated dead-load model was compared with idealized free and
fixed models subjected to the same wet concrete deck loading. This comparison was used to
determine the extent to which the partially cast diaphragm and girder-end details introduced
restraint at the intermediate bents during construction.

The comparison between the free, calibrated, and fixed dead-load models is shown in Figure
4-25. The behavior of the calibrated model falls between that of the free and fixed models,
indicating that Bridge A9513 did not behave as a purely simple-span system during deck
placement. Instead, measurable restraint developed at the intermediate bents due to the
presence of the partially cast diaphragm. Therefore, the DOC values for the dead-load condition
are expected to be greater than zero.
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Figure 4-25. Comparison of free, calibrated, and fixed model responses under wet concrete
deck loading.

As discussed previously, two degree-of-continuity metrics were defined: one based on
curvature and one based on deflection. For the dead-load model, only the deflection-based
degree of continuity was reported. This decision was made based on the calibration results
because the curvature-based metric depends on the difference between top- and bottom-
flange strains, and the top-flange strain measurements during deck placement were affected by
thermal effects from the wet concrete (see Section 4.4). In contrast, the dead-load model
reproduced the measured deflections with reasonable accuracy. Therefore, the deflection-
based metric was considered a more reliable indicator of the construction-stage degree of
continuity, and only deflection-based values are presented in this section.

The deflection-based DOC estimates for the dead-load model are shown in Figure 4-26. These
results were obtained based on midspan deflections for beam line 2. The calculated DOC values
were approximately 42% based on the midspan deflection response in Span 2-3 and 23% based
on the midspan deflection response in Span 3-4. The difference in the DOC values is due to the
difference in the end restraints of the center span vs. the end spans. Notice that the DOC for
Span 2-3 is greater than the 25% DOC as suggested in Azizinamini [40]. The absence of the
bond breaker plate in Bridge A9513 may be a reason and will be investigated later in this
section.

Although the bridge was far from being fully continuous during deck placement, the measured
response clearly indicates a degree of restraint greater than expected for a purely simple-span
system. This agrees with the raw experimental data that showed upward movement in Span 2-3
when concrete was placed in Span 3-4. The relatively high DOC values may be attributed to the
depth of the partially cast diaphragm. For the test bridge, the first diaphragm pour extended
approximately 17 in. in depth, while the steel girder depth was approximately 24 in. Therefore,
the partially cast diaphragm had a depth equal to approximately 70% of the girder depth. This

61



created a relatively large concrete section around the girder ends and may have provided
considerable stiffness within the continuity region. These findings suggest that the depth of the
partially cast diaphragm before the deck placement can significantly influence construction-

stage behavior and should be considered when evaluating the dead-load response of SDCL
bridges.

Span 2-3 (midspan) Span 3-4 (midspan)

0.75 0.75

05 DOC =42.3% 05

DOC
DOC

0.25 0.25 DOC =23.1%

1.29 1.04 0.79 0.54

0.39 0.34 0.29 0.24 0.19
Deflection (in)

Deflection (in)

Figure 4-26. Deflection-based degree of continuity for the dead-load model.

To further investigate the construction-stage DOC, additional dead-load models were
developed with fixed and pinned diaphragm configurations and with and without a bond
breaker plate, as shown in Figure 4-27 and Figure 4-28. Specific details explaining how the bond
breaker plate and pinned diaphragm configurations were modeled are provided in the next
Chapter. These additional models were used to evaluate whether the diaphragm restraint

condition and bond breaker plate would affect the partial continuity that developed during
deck placement.

Figure 4-27. Fixed diaphragm modeled with bonded contacts and no bond breaker plate (left),
and with bonded contacts and a bond breaker plate (right).

Figure 4-28. Pinned diaphragm modeled with frictional contacts and no bond breaker plate
(left), and with frictional contacts and a bond breaker plate (right).
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Using the deflection-based DOC measure, the construction-stage continuity was calculated for
the pinned and fixed diaphragm configurations, and the results are shown in Table 4-7. When
the bond breaker plate was included, the average DOC decreased from about 42% to 41% for
the fixed diaphragm and from about 44% to 32% for the pinned diaphragm. These results
indicate that the bond breaker plate had a greater effect when the diaphragm was pinned.
Compared with the fixed diaphragm configuration without a bond breaker plate, the pinned
diaphragm with a bond breaker plate reduced the DOC by approximately 10% for Span 2-3 and
by approximately 8% for Span 3-4. Overall, the results suggest that the bond breaker plate does
not have a large effect (<10%) on the overall continuity and the choice to include the plate may
be based on other design considerations such as crack control. In addition, the pinned
diaphragm configuration with a bond breaker plate is the most effective for reducing
unintended continuity during construction-stage dead loading, however the choice of pinned or
fixed diaphragm may be controlled by the column/pile design considerations.

Table 4-7. Deflection-based dead load DOC values for fixed and pinned diaphragm
configurations with and without bond breaker plate.
Fixed diaphragm Pinned diaphragm
No plate Plate No plate Plate

Span 2-3 42.3 40.9 43.6 32
Span 3-4 23.1 20.7 20.5 17.7
Average 32.7 30.8 32.1 24.9

Some of the DOC values reported in Table 4-7 are greater than the 25% construction-stage DOC
recommended by Azizinamini [40]. However, this value appears to be an approximate design
recommendation rather than a value measured from a specific bridge test. In addition, the
recommendation in [40] is associated with diaphragm details that include a bond breaker plate
and a diaphragm cast to approximately 1/2 to 2/3 of its final depth before deck placement.
Bridge A9513 did not include a bond breaker plate, and its diaphragm was cast to
approximately 70% of its final girder depth before deck placement. These differences likely
increased the stiffness of the intermediate bent region and allowed greater restraint to develop
during the deck pour. Additional restraint may also have been provided by the fixed diaphragm-
cap connection and the reinforcement passing through the girder webs and diaphragm region
(see Figure 3-3). Therefore, the results suggest that assuming 25% construction-stage DOC may
be unconservative for SDCL bridges with relatively deep partially cast diaphragms, fixed
diaphragm-cap connections, or no bond breaker plate.

In a related study, Yakel and Azizinamini [43] evaluated the construction-stage DOC in three
SDCL steel bridges in Nebraska. In their study, the diaphragms were cast and cured before deck
placement, and the authors reported that this produced measurable continuity during the deck
pour. For one of the tested bridges, which also used I-girders, they reported moment-based
DOC values of the order of 55% on average based on midspan stress measures. These values
are slightly higher than the construction-stage DOC values obtained in the present study and
support the conclusion that substantial continuity can develop during deck placement when the
girder ends are encased in a previously cast partial diaphragm.
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Based on these findings, the research team recommends that low construction-stage DOC
values should not be assumed to apply to all diaphragm configurations. Instead, the expected
construction-stage continuity should be related to the specific diaphragm detail, including the
presence or absence of a bond breaker plate, the degree of diaphragm restraint (fixed vs.
pinned), and the height of the diaphragm cast before deck placement. Based on the results
from this investigation, the team recommends that bridges without a bond breaker plate or
with relatively deep partially cast diaphragm, a construction-stage DOC on the order of 40%
may be representative. For bridges with pinned diaphragms and a bond braker plate, a
construction-stage DOC of approximately 25% may be assumed. For design using conventional
software, it is conservative to ignore these effects since the stress quickly reverse at the time of
casting the deck and minimally offset the stresses at controlling points. It would also have
minimal impact on deflections during casting of the deck. These values should be subject to
verification as MoDOT refines their SDCL design guidance in the future.

Another factor not specifically addressed in this study is the control of cracking with the bond
breaker plate. The tensile stresses developed in the models all indicate that cracking of the
diaphragm is likely when the concrete deck is poured. The addition of the bond breaker plate
will help to control that cracking and limit reflecting to the exposed surface of the concrete.

4.8.2 Degree of Continuity Under Live Loading

For the live-load stage, the DOC was computed using the calibrated live-load model and
representative truck loading positions. Unlike the dead-load stage, the live-load model
represented the completed bridge after the deck and continuity diaphragms had hardened.
Therefore, the bridge was expected to develop a substantially higher level of continuity at the
intermediate bents.

The DOC calculations were performed for representative live-load cases (Truck Positions 3 and
4). These truck positions were selected because they produced meaningful response in both
span and support regions and were useful for distinguishing between simple-span and
continuous behavior. The comparison among the calibrated model, simple-span limit, and fully
continuous limit for Truck Positions 3 and 4 is shown in Figure 4-29 and Figure 4-30,
respectively. This comparison demonstrates that the completed bridge response is much closer
to the continuous limit than to the simple-span limit under the selected live-load
configurations, as expected.
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Figure 4-29. Comparison of calibrated model response with simple-span and fully continuous
limits for Truck Position 3.

Figure 4-30. Comparison of calibrated model response with simple-span and fully continuous
limits for Truck Position 4.

Because the live-load model accurately captures both curvature and deflection values (see
Section 4.6), both DOC metrics are reported herein. The curvature-based and deflection-based
DOC estimates for Truck Position 3 are shown in Figure 4-31 and Figure 4-32, respectively.
These DOC values were computed using response quantities measured at the midspan of Spans
1 and 2 and for girder line 2. The curvature-based DOC values averaged approximately 93%
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while the displacement-based DOC values averaged approximately 91%. These values, which
are close to 100%, support the qualitative observations from Figure 4-29, where the calibrated
model response approximated that of the fixed model.
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Figure 4-31. Curvature-based degree of continuity for Truck Position 3.
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Figure 4-32. Deflection-based degree of continuity for Truck Position 3.
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Consistent with the results for Truck position 3, the DOC estimates for Truck position 4 also
indicated a high degree of continuity. The curvature- and deflection-based DOC estimates for
this loading case are shown in Figure 4-33. Because Span 2-3 was the only loaded span for Truck
position 4 (see Figure 4-30), the DOC was calculated using only response quantities measured at
the midspan of Span 2-3. The curvature-based DOC was 92.3%, while the deflection-based DOC
was 93.1%, corresponding to an average DOC of approximately 93%. These values are
consistent with those obtained for Truck position 3 and further support the qualitative
observations from Figure 4-30.
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Figure 4-33. Curvature- and deflection-based degree of continuity for Truck Position 4.
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The live-load DOC results are summarized in Table 4-8. Based on the results from Truck
Positions 3 and 4, the average live-load DOC was approximately 92%. The curvature-based and
deflection-based estimates were consistent, with an overall difference of less than
approximately 4%. This close agreement indicates that the continuity estimate was not strongly
dependent on the response quantity used in the calculation. The results confirm that Bridge
A9513 developed substantial live-load continuity at the intermediate bents, consistent with the
intended SDCL behavior.

Table 4-8. Degree-of-continuity summary for Truck Positions 3 and 4.

Truck . Method
o Location -
position Curvature Deflection
3 Span 2-3 94.8 93.4
Span 3-4 90.5 88.8
4 Span 2-3 92.3 93.1

49 Summary

Two finite element models were developed for Bridge A9513 to evaluate its behavior during
deck pour and under live-load testing. The first, referred to here as the dead-load model,
represented the construction-stage condition during deck placement, when the steel girders
carried the wet concrete deck load primarily as non-composite members. The second, referred
to here as the live-load model, represented the completed bridge, after the deck and continuity
diaphragms had hardened and the bridge was expected to develop continuity across the
intermediate bents.

The calibrated models captured the measured bridge response under both construction-stage
and live-load conditions. The dead-load model reproduced the measured bottom-flange strains
and deflections recorded during deck placement, while the live-load model accurately
represented the curvatures and deflections measured during controlled truck testing. These
results indicate that the selected material properties, contact definitions, support conditions,
and continuity details provided a realistic representation of the bridge behavior.

The dead-load analyses showed that the bridge developed measurable restraint during deck
placement. Deflection-based calculations indicated a dead-load DOC of approximately 42% for
Span 2-3 and of approximately 23% for Span 3-4, suggesting that the bridge did not behave as a
purely simple-span system during deck placement. The relatively high DOC in Span 2-3 was
attributed to the depth of the partially cast diaphragm, which was approximately 70% of the
steel girder depth.

In contrast, the live-load analyses showed that Bridge A9513 developed a high level of
continuity after completion. The average degree of continuity calculated from the live-load
analyses was approximately 92%. Deflection-based and curvature-based estimates produced
similar results, with differences generally less than 4%. This close agreement suggests that
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continuity was reflected consistently in both the local structural response and the overall
stiffness of the bridge system.

Together, the dead-load and live-load results demonstrate the staged behavior intended in the
SDCL concept, while also showing that partial continuity can develop during construction when
a relatively deep partial diaphragm is present. The calibrated models therefore provide a useful
numerical framework for interpreting the field response of Bridge A9513 and for extending the
study beyond the specific bridge tested.

Although Bridge A9513 provides direct evidence for one non-skewed, three-span configuration,
MoDOT design recommendations must cover a broader range of bridge geometries and design
conditions. Therefore, the validated modeling framework is used in the next chapter to study
the effects of span arrangement, skew angle, support flexibility, diaphragm stiffness,
connection stiffness, and AASHTO design loading configurations. The results from this
parametric study are intended to support the development of practical design
recommendations for MoDOT’s EPG.
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Chapter 5. Parametric Analysis

The validated modeling framework discussed in the previous chapter was extended to evaluate
how selected bridge parameters influence continuity, internal force distribution, and force
transfer at the intermediate bents for SDCL bridge systems. Four bridge configurations were
considered, as summarized in Table 5-1: (1) a Base Bridge, which used the same geometry as
Bridge A9513; (2) a Skew Angle Bridge, which had span lengths similar to Bridge A9513 but with
the intermediate and end bents skewed at 45°; (3) a Plate Girder Bridge, which had longer
spans than Bridge A9513 while maintaining similar interior-to-exterior span length ratios; and
(4) an Unbalanced Spans Bridge, which had a geometry similar to Bridge A9513 but with the
interior span length approximately doubled relative to the base bridge.

Each bridge configuration was analyzed under five live-load cases from the AASHTO LRFD
Bridge Design Specifications, 10th Edition [47], along with one superimposed dead-load case
representing the future wearing surface. For each load case, two diaphragm types, pinned and
fixed, were evaluated with and without a bond breaker plate within the diaphragm region. This
resulted in 24 finite element models per bridge configuration and 96 finite element models in
total, as summarized in Table 5-1. The factored live-load and superimposed dead-load
responses were analyzed separately and then combined by superposition to evaluate the force
demands in the continuity connection.

Table 5-1. Summary of parametric analysis models.

Bridge Live-Load Superimposed Pinned Fixed No Total
, . Dead-Load . . Plate
Configuration Cases Cases Diaphragm  Diaphragm Plate  Models
5 1 v v 6
5 Brid 5 1 4 4 6
ase Bridge s 1 v v 6
5 1 4 4 6
5 1 v v 6
Skew Angle 5 1 v v 6
Bridge 5 1 v v 6
5 1 v v 6
5 1 v v 6
Plate Girder 5 1 v v 6
Bridge 5 1 4 v 6
5 1 v v 6
5 1 v v 6
Unbalanced 5 1 v v 6
Spans Bridge 5 1 v v 6
5 1 v v 6
Total 96
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The results from the parametric models were used to quantify the average tensile stresses
developed in the deck reinforcement and the compressive stresses transferred through the
steel compression blocks at the intermediate bents. These stress demands were then compared
with the available reinforcement and compression block capacities to assess whether the
continuity connection was adequately proportioned. If the connection demands remain below
the corresponding capacities for the range of models considered in this study, the results
provide evidence that similar SDCL bridge configurations may be expected to achieve adequate
continuity-connection performance under comparable design conditions.

The models that included a bond breaker plate used the detail shown in Figure 5-1. The bond
breaker plate was located within the diaphragm region and extended vertically from the top of
the compression blocks to 1 in. above the construction joint. The depth of the first diaphragm
pour was assumed to be one-half of the total superstructure depth, which was measured from
the top of the slab to the bottom of the bottom flange. In the finite element models, the bond
breaker plate was represented through contact definitions rather than as a separate structural
component. Frictional contact was assigned along the diaphragm interfaces formed during the
first diaphragm pour and along the portions of the diaphragm interface above the construction
joint that come into contact with the bond breaker plate after the second diaphragm pour. This
modeling approach allowed the diaphragm to transfer compression and frictional forces while
eliminating unintended tensile forces across the bond breaker plate region.

Figure 5-1. Schematic representation of the bond breaker plate detail at the intermediate
concrete diaphragm.

5.1 Diaphragm Types and Reinforcement Layout

Two diaphragm types, pinned and fixed, were considered in this study to evaluate the influence
of support restraint on bridge behavior. In the finite element models, the distinction between
these diaphragm types was represented through two main features, namely the contact
definition between the concrete bent cap and the concrete diaphragm, and the reinforcement
details used to transfer forces across the diaphragm-cap connection.

The first diaphragm type corresponds to a pinned diaphragm. In practice, this condition is
achieved by applying a debonding agent, such as bituminous pile paint or a layer of roofing felt,
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at the top surface of the concrete bent cap, before the first part of the concrete diaphragm is
poured. This detail reduces restraint at the support while still allowing vertical and lateral load
transfer through the shear key and dowel bars. In the finite element models, the diaphragm-
cap interface was represented using frictional contact with a coefficient of friction equal to 0.4,
as shown in Figure 5-2.

In addition to the surface treatment, the pinned diaphragm configuration includes dowel bars
that extend through the shear key along the centerline of the bent cap. These dowel bars
provide load transfer while allowing limited rotation and separation between the diaphragm
and bent cap. In the finite element models, these dowel bars were modeled explicitly, as
discussed later in this section. The specific dowel bar layouts used for the pinned diaphragm
configuration with and without bond breaker plate are shown Figure 5-3, Figure 5-4, and Figure
5-5. In the finite element models, the dowel bars were modeled explicitly using beam elements,
as shown in Figure 5-6.
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Figure 5-2. Contact definition for pinned (left) and fixed (right) diaphragm, respectively.

Figure 5-3. Dowel bar detail for pinned diaphragm type without bond breaker plate.

Figure 5-4. Dowel bar detail for fixed diaphragm type with bond breaker plate.
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Figure 5-5. Spacing of the vertical dowel bars through shear keys.

Figure 5-6. Dowel bar modeling for pinned diaphragm models using beam elements: (a)
concrete diaphragm and bent cap; (b) vertical dowel bars used for the models without a bond
breaker plate; and (c) inclined dowel bars used for the models with a bond breaker plate.

The second diaphragm type corresponds to a fixed diaphragm. For this configuration, no
debonding agent or roofing felt is applied at the interface between the bent cap and
diaphragm. In practice, the fixed diaphragm configuration includes reinforcement bars, located
within the outer faces of the bent cap, which extend into the diaphragm and create a more
monolithic connection that restrains rotation and separation. In the finite element models, the
diaphragm-cap interface was represented using a bonded contact between the concrete cap
and diaphragm surfaces, as shown in Figure 5-2. Because a bonded interface was assumed to
provide full force transfer between the diaphragm and bent cap, the reinforcement bars
crossing the diaphragm-cap interface were not modeled explicitly.

5.2 Bridge Types and Load Cases

All bridge configurations considered in the parametric analysis were subjected to superimposed
dead loads and live loads based on the AASHTO LRFD Bridge Design Specifications, 10th Edition
[47]. The superimposed dead load consisted of a uniform future wearing surface load of 35 psf
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applied over the bridge deck between the concrete barriers and was designated as DW.
Vehicular live loading consisted of a combination of the design truck (HL-93) shown in Figure
5-7 or the design tandem with the design lane load (AASHTO LRFD Section 3.6.1.2.1). Additional
live-load cases included 90% of the effect of two design trucks with the design lane load in
accordance with Section 3.6.1.3.1 and 100% of the effect of two design tandems with the
design lane load, as described in Commentary Section C3.6.1.3.1. Multiple presence factors and
dynamic load allowance factors were applied in accordance with Sections 3.6.1.1.2-1 and
3.6.2.1-1, respectively. Because the bridge response was evaluated using detailed finite
element models, the live-load distribution factors specified in Section 4.6.2.2 were not applied.

Figure 5-7. AASHTO HL-93 design truck dimensions and axle loads.

5.2.1 Base Bridge Description and Load Cases

The Base Bridge configuration retains the geometry, material properties, support conditions,
and continuity connection details of the Bridge A9513 model, as discussed in Chapter 4. The
overall bridge dimensions, span lengths, deck geometry, intermediate bent configuration, steel
girder sections, pile-supported foundation system, and reinforcement details remain
unchanged throughout the analysis. Any changes introduced in the subsequent bridge
configurations are limited to the specific geometric parameter under investigation.

The five live-load cases used to evaluate the Base Bridge were developed from the AASHTO
LRFD Bridge Design Specifications [47] and are summarized in Figure 5-8. Each load case
consisted of the AASHTO HL-93 design truck (Figure 5-7) combined with the design lane load to
represent the governing traffic load. Both the design truck and lane load were factored in
accordance with the AASHTO LRFD Specifications. For load cases 1, 2, 4, and 5, the factored
design truck loads with impact consist of an 18.62-kip front axle, two 74.48-kip rear axles and
equal spacing of 14 ft between axles, while the design lane load consisted of a uniformly
distributed load of 0.112 kips/ft2. For load case 3, the factored design truck loads with impact
consist of a 16.76-kip front axle, two 67.02-kip rear axles and equal spacing of 14 ft between
axles, while the design lane load consisted of a uniformly distributed load of 0.101 kips/ft2. The
truck positions and lane loads were selected to produce critical positive and negative moments
at the intermediate supports and adjacent spans.
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(X) 9.31kip point load X) &.38 kip point load

(X) 37.24kip point load @ 33.51 kip point load
D 0.112 kip/sq. ft load D 0.101 kip/sg. ft load
LC1,LC2, LC4, LC5 LC3

Figure 5-8. Load cases 1-5 for the Base Bridge to produce most critical moments at the
intermediate bents.
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5.2.2 Skew Angle Bridge Description and Load Cases

The second bridge configuration is a Skew Angle Bridge, which is used to investigate the
influence of skew on the structural behavior of SDCL bridges. In this configuration, the
intermediate and end bents are oriented at a 45° skew relative to the bridge centerline, while
all other bridge properties remained consistent with those of the Base Bridge. As shown in
Figure 5-9, the bridge consisted of three spans measuring 45 ft, 56 ft, and 45 ft between bent
centerlines, and was supported by four longitudinal steel girders spaced at 6 ft 10 in. on center.
The end spans were modeled using W24x84 rolled steel sections, while the middle span used
W24x94 sections to accommodate the larger load demand. The figure also shows the
intermediate bearings, end plates, connection plates, and shear studs that form the continuity
connection at the intermediate supports.

Figure 5-9. Steel plan view and span lengths for the Skew Angle Bridge.

Figure 5-10 shows the transverse cross section of the Skew Angle Bridge. The bridge has a 24-ft-
wide roadway with two 12-ft traffic lanes and includes reinforced concrete barriers along both
edges. The reinforced concrete deck is 8.5 in. thick. The deck reinforcement follows the same
detailing used for the Base Bridge over most of the bridge length. However, additional
reinforcement is provided within the end regions of the deck to satisfy the requirements for
skewed bridges. Because the bridge skew exceeds 25°, supplemental reinforcement is placed in
accordance with AASHTO LRFD Section 9.7.2.5 to control cracking and improve force transfer
near the skewed supports.

Figure 5-10. Skew Angle Bridge cross section shows four girders and girder spacing.
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This bridge was evaluated using the same AASHTO LRFD HL-93 live-load cases applied to the
Base Bridge. Figure 5-11 illustrates the truck positions and lane loading used in the analysis.

(X) 9.31 kip point load (X) 8.38 kip point load

® 37.24 kip point load ® 383.51 kip point load

[ ] 0.112kip/sq. ftload D 0.101 kip/sq. ft load
LC1,LC2, LC4, LC5 LC3

Figure 5-11. Load cases 1-5 for the Skew Angle Bridge to produce the most critical moments
at the intermediate bents.
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5.2.3 Plate Girder Bridge Description and Load Cases

The third bridge configuration is a Plate Girder Bridge, which is used to evaluate the influence
of girder type and increased span length on the structural behavior and continuity performance
of SDCL bridges. Unlike the Base Bridge, which uses rolled steel sections, this configuration uses
welded steel plate girders to accommodate longer spans and higher flexural demands. As
shown in Figure 5-12, the bridge consists of three spans measuring 100 ft, 120 ft, and 100 ft
between bent centerlines, and is supported by four longitudinal plate girders spaced at 6 ft 10
in. on center. The bridge also uses two 3-ft-diameter reinforced concrete columns at each
intermediate bent, spaced 5 ft from the ends of the beam cap, instead of the H-pile supports
used in the Base Bridge. Intermediate diaphragms are provided at regular intervals throughout
each span to improve lateral stability, and the figure also shows the end plates, connection
plates, and bearings located at the intermediate supports to develop continuity between
adjacent spans. All other bridge properties, including the deck geometry, material properties,
and continuity details, remained consistent with those of the Base Bridge.

Figure 5-12. Steel plan view and span lengths for the Plate Girder Bridge.

Figure 5-13 shows the cross section of the plate girder bridge. The bridge carries a 24-ft-wide
roadway with two 12-ft traffic lanes and reinforced concrete barriers along both edges. The
reinforced concrete deck is 8.5 in. thick. The four plate girders are spaced at 6 ft 10 in. on
center with overhang dimensions identical to those of the Base Bridge, and reinforcement
layout is also shown in the figure.
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Figure 5-13. Plate Girder Bridge cross section showing four girders and girder spacing.

Figure 5-14 presents the built-up steel girder details for the Plate Girder Bridge. The exterior
spans (Spans 1 and 3) use welded plate girders with 16 in. wide by 1 in. thick top and bottom
flanges and a 42 in. deep web fabricated from a 1/2 in. thick plate. The center span uses a
larger built-up section with 18 in. wide by 7/8” on top, and 1 in. thick flange on the bottom and
the same 42 in. deep, 1/2 in. thick web to accommodate the increased span length and flexural
demand. The exterior span girders use 16 in. x 44 in. x 1 in. end plates, while the center span
girders use 18 in. x 44% in. x 1 in. end plates. Steel compression blocks are welded to the
bottom of each end plate and measure 2 in. x 3 in. x 16 in. for the exterior spans and 2 in. x 3
in. x 18 in. for the center span.

Figure 5-14. Girders and girder-end details at intermediate bents for the Plate Girder Bridge.
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This bridge was evaluated using the same five AASHTO LRFD HL-93 live-load cases applied to
the Base Bridge. Figure 5-15 illustrates the truck positions and lane loading used in the analysis.

() 9.31kip point load (&) 8.38kip point load

® 37.24 kip point load ® 33.51 kip point load

[ ] o.112«kipfsq. ftload [ ] 0.101kip/sq. ftload
LC1,LC2, LC4, LGS LCc3

Figure 5-15. Load cases 1-5 for the Plate Girder Bridge to produce most critical moments at
the intermediate bents.
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5.2.4 Unbalanced Span Bridge Description and Load Cases

The fourth and final bridge configuration is the Unbalanced Spans Bridge, which is used to
evaluate the influence of unequal span lengths on the structural behavior and continuity
performance of SDCL bridges. Unlike the Base Bridge, this configuration has a longer center
span and shorter exterior spans, which changes the distribution of positive moments within the
spans and negative moments at the intermediate supports. As shown in Figure 5-16, the bridge
consists of three spans measuring 45 ft, 90 ft, and 45 ft between bent centerlines, and is
supported by four longitudinal steel girders spaced at 6 ft 10 in. on center. The exterior spans
use W33x118 rolled steel sections, while the center span uses heavier W33x263 sections to
accommodate the increased span length and flexural demand. Intermediate diaphragms are
provided at regular intervals throughout the bridge, and the figure also shows the end plates,
connection plates, bearings, and shear studs located at the intermediate supports to provide
continuity between adjacent spans.

Figure 5-16. Steel plan view and span lengths for the Unbalanced Span Bridge.

The cross section of the unbalanced spans bridge is shown in Figure 5-17. The bridge carries a
24-ft-wide roadway with two 12-ft traffic lanes and reinforced concrete barriers along both
edges. The reinforced concrete deck is 8.5 in. thick. The four steel girders are spaced at 6 ft 10
in. on center with overhang dimensions identical to those of the Base Bridge. The figure also
illustrates the deck reinforcement layout.
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Figure 5-17. Unbalanced Span Bridge cross section showing four girders and girder spacing.

Figure 5-18 shows the steel girder details for the unbalanced spans bridge. The exterior spans
use W33x118 rolled steel sections, while the center span uses W33x263 rolled steel sections to
accommodate the greater flexural demands of the longer span. The exterior span girders use
11%in.x 33 in. x 1 in. end plates, while the center span girders use 15% in. x 34%in. x 1 in. end
plates. Steel compression blocks are welded to the bottom of each end plate and measure 2 in.
x 3in. x 11% in. for the exterior spans and 2 in. x 3 in. x 15% in. for the center span.

Figure 5-18. Girders and girder-end details at intermediate bents for the Unbalanced Span
Bridge.
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This bridge was evaluated using the same five AASHTO LRFD HL-93 live-load cases applied to
the Base Bridge. Figure 5-19 illustrates the truck positions and lane loading used in the analysis.

(%) 9.31kip point load () 8.38 kip point load

® 37.24 kip point load ® 33.51 kip point load

[ ] o0.112kipssq. ftload [ ] 0.101 kiprsa. ftload
LC1,LC2, LC4, LC5 LC3

Figure 5-19. Load cases 1-5 for the Unbalanced Span Bridge to produce most critical moments
at the intermediate bents.
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5.3 Parametric Model Results

The parametric models were analyzed under factored HL-93 truck, lane live loading, and
superimposed dead loading using the same linear-elastic modeling framework. Because these
analyses were intended to evaluate the performance of the continuity connection, girder self-
weight, deck concrete weight, and barrier loads were not included. The factored live-load and
superimposed dead-load cases were analyzed separately and then combined by superposition.
The corresponding stresses and continuity connection forces were added at the same output
locations to obtain the total reported response for each bridge configuration.

The performance of the continuity connection was evaluated using the simplified design
approach proposed by Azizinamini et al. [40] for SDCL steel bridges. The recommended design
method assumes that the moment resistance of the continuity connection is provided primarily
by the couple formed between the deck reinforcement in tension and the steel compression
block in compression. Experimental and numerical studies showed that these two components
contribute most of the connection capacity, while the contribution of the diaphragm concrete
and transverse reinforcement may be conservatively neglected for design purposes.

Accordingly, the nominal flexural capacity of the continuity connection is

M, = Af, (d-5)
where
e A =area of deck reinforcement crossing the continuity joint
e f, =reinforcement yield strength
e d =distance from the center of the deck reinforcement to the bottom of the girder
e H =height of the steel compression block

The required deck reinforcement may be determined from
M,
Ag

1, (4-7)
where M,, the required factored moment at the continuity connection and ¢ is the strength
reduction factor. To ensure that the compression block remains elastic, Azizinamini et al. [40]
recommend verifying the minimum required compression block height using

1.74f,
Hmin = F
f ypl

where by is the girder flange width and F,,, is the yield strength of the steel compression block.
Because the finite element models directly calculate the tensile force developed in the deck
reinforcement region and the compressive force transferred through the steel compression
blocks, the parametric analyses compare these force demands with the available reinforcement
capacity and the compression block yield capacity.

The tensile force in the deck was obtained by integrating the normal stresses in the deck over

the continuity region, as shown in Figure 5-20. Similarly, the average contact stress on the
compression block face was calculated from the compressive force developed at that interface,
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as shown in Figure 5-21. These quantities were compared with the yield strength of the deck
reinforcement and the steel compression blocks to evaluate the adequacy of the continuity
connection.

Figure 5-20. Tensile force developed in the deck reinforcement across the intermediate
support.

Figure 5-21. Compressive force transfer through the steel compression block at the
intermediate support.

5.3.1 Base Bridge

Table 5-2 summarizes the average deck reinforcement stresses at Intermediate Bents 2 and 3,
along with the compression block stresses for each diaphragm type, bond breaker plate
configuration, and load case. The reported stresses represent the combined response from the
factored live loads and superimposed dead loads. The breakdown of stresses due to factored
live loads and superimposed dead loads for all bridge configurations is provided in Appendix B.
Table 5-3 summarizes the reinforcement provided over the intermediate supports. Each
intermediate bent includes 101 reinforcing bars with a total steel area of 39.67 in?, and each
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compression block, made with ASTM A709 Grade 50 steel, has a contact area of approximately
22.7 in%

Table 5-2. Average deck reinforcement stresses at Intermediate Bents 2 and 3 and average
compression block contact stresses for the Base Bridge.

Deck IB 2 Deck IB 3 Compression block
Avg. reinf. Avg. reinf.

(ksi) (ksi) cavg
LC1 9.47 15.8 3.90 6.5 3.04 6.1
g Lc2 15.66 26.1 18.05 30.1 4.62 9.2
E| & LC3 16.97 28.3 14.99 25.0 4.52 9.0
©| =| LC4 5.69 9.5 2.99 5.0 1.89 3.8
§ LC5 11.55 19.2 5.18 8.6 3.32 6.6
5 LC1 9.52 15.9 3.90 6.5 3.10 6.2
| o LC2 15.71 26.2 18.11 30.2 4.66 9.3
| m LC3 17.01 28.4 15.03 25.1 4.56 9.1
* Lca 5.71 9.5 2.99 5.0 1.92 3.8
LC5 11.56 19.3 5.19 8.7 3.34 6.7
LC1 9.95 16.6 4.29 7.1 2.42 4.9
g Lc2 17.26 28.8 19.65 32.7 3.95 7.9
E|l a|Lc3 17.64 29.4 15.88 26.5 4.76 9.5
2| 2| Lca 6.00 10.0 3.24 5.4 1.50 3.0
5 LC5 12.25 20.4 5.60 9.3 2.71 5.4
S LC1 9.98 16.6 4.28 7.1 2.42 4.8
o e 17.38 29.0 19.75 32.9 3.96 7.9
=| &l Lc3 18.23 30.4 16.41 27.4 3.86 7.7
* Lca 5.91 9.8 3.28 5.5 1.82 3.6
LC5 12.26 20.4 5.61 9.4 2.73 5.5

Table 5-3. Longitudinal deck reinforcement details for the Base Bridge.

Size Number of bars Area per bar (in2) Total area (in?)
#4 Top 36 0.20 7.20
#8 Top 33 0.79 26.07
#4 Bottom 32 0.20 6.40
Total 101 39.67

The largest average tensile stresses in the deck reinforcement occurred during Load Case 2 for
the pinned diaphragm with the bond breaker plate, where the reinforcement at Intermediate
Bent 3 reached 19.75 ksi, corresponding to approximately 33% of the 60 ksi reinforcement yield
strength. Therefore, the negative moment reinforcement remained well below yielding for all
factored live-load and superimposed dead-load cases. The maximum average compression
block contact stress was 4.76 ksi and occurred during Load Case 3 for the pinned diaphragm
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without the bond breaker plate. This stress is less than 10% of the 50 ksi yield strength of the
compression block steel. These results indicate that the reinforcement provided over the
intermediate supports and the selected compression block dimensions were adequate to resist
the applied demands. The relatively low stress ratios are also consistent with the 3D load-
transfer captured by the FE models, in which force is distributed through the deck, diaphragm,
girder-end region, and compression block rather than being restricted exclusively by an
idealized reinforcement-compression block force couple. In addition, the stresses reported in
Table 5-2 represent average stresses, which do not reflect localized stresses that occur because
of the uneven load distributions shown in Figure 5-19.

Only small differences were observed between models with and without the bond breaker
plate. The plate changed the average reinforcement stress by approximately 0.3% for the fixed
diaphragm and 1.2% for the pinned diaphragm. The average compression block stress changed
by approximately 1.1% for the fixed diaphragm and 3.6% for the pinned diaphragm, with no
consistent increase or decrease across the individual load cases. These results indicate that the
bond breaker plate had a negligible influence on the completed bridge reinforcement and
compression block stresses. In contrast, the diaphragm condition produced a more noticeable
effect. The pinned diaphragm increased the average reinforcement stress from 10.46 ksi to
11.24 ksi, an increase of approximately 7.5%, while the fixed diaphragm developed an average
compression block stress of 3.50 ksi compared with 3.01 ksi for the pinned diaphragm, which
was approximately 16% greater. These results show that the diaphragm configuration had a
greater influence on the continuity connection stress distribution than the bond breaker plate.

5.3.2 Skew Angle Bridge

Table 5-4 summarizes the average deck reinforcement stresses at Intermediate Bents 2 and 3
and the average compression block contact stresses for each diaphragm configuration, bond
breaker plate detail, and load case. As before, the stresses reported in the table include the
combined effect of the factored live loads and superimposed dead load. The reinforcement
provided over the intermediate supports are summarized in Table 5-5. Each compression block
had a contact area of approximately 22.7 in?. The reinforcement provided at each intermediate
bent consisted of 101 reinforcing bars with a total steel area of 39.67 in?.
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Table 5-4. Average deck reinforcement stresses at Intermediate Bents 2 and 3 and average
compression block contact stresses for the Skew Angle Bridge.

Deck IB 2 Deck IB 3 Compression block

s?:legssrj:ig a"“(';/g)/ Iy s?:legssr,(::g a”"‘(';/g)/ fy  Ave. strefs, Teavg /Fymr
) 6 ) 6 Teavy (KSi) (%)

(ksi) (ksi) “va

LC1 6.70 11.2 3.21 5.4 1.59 3.2
g Lc2 13.95 23.2 15.26 25.4 2.02 4.0
E| & LC3 14.54 24.2 12.90 21.5 2.09 4.2
o =| LC4 4.99 8.3 2.68 4.5 1.06 2.1
fml LC5 10.45 17.4 5.16 8.6 1.42 2.8
5 LC1 6.82 11.4 3.25 5.4 1.58 3.2
3| g LC2 14.23 23.7 15.40 25.7 2.00 4.0
| ® LC3 14.84 24.7 13.02 21.7 2.06 4.1
*l Lca 5.10 8.5 2.71 4.5 1.06 2.1
LC5 10.63 17.7 5.24 8.7 1.45 2.9
LC1 6.37 10.6 3.15 5.2 1.43 2.9
g ez 13.62 22.7 14.93 24.9 2.51 5.0
El a|Lc3 14.22 23.7 12.59 21.0 2.77 5.6
Z| 2| Lca 4.55 7.6 2.68 4.5 1.12 2.2
5 LC5 10.04 16.7 4.92 8.2 1.88 3.8
© LC1 6.43 10.7 3.16 5.3 1.50 3.0
o lLe2 13.87 23.1 15.24 25.4 2.60 5.2
£ chB 14.44 24.1 12.83 21.4 2.74 5.5
LC4 4.58 7.6 2.71 4.5 1.17 2.3
LC5 10.10 16.8 4.98 8.3 1.95 3.9

Table 5-5. Longitudinal deck reinforcement details for the Skew Angle Bridge.

Size Number of bars Area per bar (in2) Total area (in?)
#4 Top 36 0.20 7.20
#8 Top 33 0.79 26.07
#4 Bottom 32 0.20 6.40
Total 101 39.67

The Skew Angle Bridge exhibited lower stress levels than the Base Bridge. The largest average
reinforcement stress occurred during Load Case 2 for the fixed diaphragm with the bond
breaker plate at Intermediate Bent 3, where it reached 15.40 ksi, or approximately 26% of the
60 ksi reinforcement yield strength. Thus, the reinforcement remained well below yielding for
all loading conditions. The maximum average compression block stress was 2.77 ksi and
occurred during Load Case 3 for the pinned diaphragm without the bond breaker plate,
corresponding to approximately 6% of the 50 ksi yield strength of the compression block steel.
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Similar to the Base Bridge, the bond breaker plate produced only minor changes in the deck
reinforcement and compression block stresses, while the diaphragm condition had a more
noticeable influence. The pinned diaphragm produced a slightly lower average reinforcement
stress than the fixed diaphragm (8.77 ksi compared with 9.05 ksi), but a higher average
compression block stress (1.97 ksi compared with 1.63 ksi). Overall, the skewed support did not
significantly alter the force transfer mechanism but reduced the average reinforcement and
compression block stresses by approximately 18% and 45%, respectively, compared with the
Base Bridge.

5.3.3 Plate Girder Bridge

Table 5-6 provides the average reinforcement stresses at Intermediate Bents 2 and 3 and the
average compression block contact stresses for each diaphragm type, bond breaker plate detail,
and load case. The reinforcement provided over the intermediate supports are summarized in
Table 5-7. Each compression block used in calculation of the average stress had a contact area
of approximately 48 in?. The reinforcement provided at each intermediate bent consisted of
126 reinforcing bars with a total steel area of 87.92 in?.

Table 5-6. Average deck reinforcement stresses at Intermediate Bents 2 and 3 and average
compression block contact stresses for the Plate Girder Bridge.

Deck IB 2 Deck IB 3 Compression block

s?:legssrj:; at"‘(';/”)/ Ty s?:legssr,(::g at"‘(';/”)/ Iy Ave. strefs, Teavg /Fymi
) 6 ) 6 Teavy (KSi) (%)

(ksi) (ksi) “va

LC1 8.05 13.4 3.48 5.8 2.84 5.7
2 1c2 13.93 23.2 14.89 24.8 3.88 7.8
E| & Lc3 21.03 35.0 9.85 16.4 4.70 9.4
©| 2| LC4 4.86 8.1 4.08 6.8 1.57 3.2
fml LC5 23.39 39.0 10.40 17.3 5.19 10.4
5 LC1 8.13 13.6 3.53 5.9 2.78 5.6
3| g LC2 14.18 23.6 15.15 25.3 3.83 7.7
| ® LC3 21.29 35.5 10.00 16.7 4.71 9.4
* Lca 4.91 8.2 4.12 6.9 1.54 3.1
LC5 23.65 39.4 10.56 17.6 5.21 10.4
LC1 7.95 13.3 3.75 6.3 2.50 5.0
g e 14.40 24.0 15.30 25.5 3.66 7.3
El a|Lc3 21.45 35.8 9.93 16.6 4.69 9.4
Sl 2ca | 478 8.0 3.97 6.6 1.41 2.8
5 LC5 23.91 39.9 10.49 17.5 5.25 10.5
© LC1 7.86 13.1 3.88 6.5 2.30 4.6
o lLe2 14.42 24.0 15.33 25.5 3.43 6.9
£ ch3 21.67 36.1 9.92 16.5 4.67 9.3
LC4 4.74 7.9 3.92 6.5 1.31 2.6

LC5 24.12 40.2 10.46 17.4 5.18 10.4
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Table 5-7. Longitudinal deck reinforcement details for the Plate Girder Bridge.

Size Number of bars Area per bar (in?) Total area (in?)
#6 Top 36 0.44 15.84
#9 Top 33 1.00 33.00
#6 Bottom 32 0.44 14.08
#9 Bottom 25 1.00 25.00
Total 126 87.92

The Plate Girder Bridge developed the highest reinforcement stresses among the bridge
configurations investigated. The maximum average reinforcement stress occurred during Load
Case 5 for the pinned diaphragm with the bond breaker plate at Intermediate Bent 2, where the
reinforcement reached 24.12 ksi. Despite the larger bridge size and longer spans, this stress
corresponds to about 40% of the 60 ksi reinforcement yield strength. The maximum
compression block contact stress was approximately 5.25 ksi, which is about 10.5% of the 50 ksi
yield strength of the compression block steel. The provided reinforcement and compression
block dimensions remained adequate for the applied factored live-load and dead-load
demands. These results indicate that the increased reinforcement area and larger compression
block details adopted for the plate girder bridge are consistent with the increased force
demands associated with this bridge configuration.

The bond breaker plate produced only minor changes in the deck tensile forces and
compression block stresses, consistent with the observations for the previous bridge
configurations. The bond breaker plate increased the average reinforcement stress by
approximately 1.4% for the fixed diaphragm and 0.3% for the pinned diaphragm. The average
compression block stress decreased by approximately 0.6% for the fixed diaphragm and 3.5%
for the pinned diaphragm. In contrast, the diaphragm configuration produced a more
noticeable, although still relatively small, effect. Averaged across both plate conditions,
intermediate bents, and all load cases, the pinned diaphragm developed an average
reinforcement stress of 11.61 ksi compared with 11.47 ksi for the fixed diaphragm, an increase
of approximately 1.2%. The fixed diaphragm developed an average compression block contact
stress of 3.63 ksi compared with 3.44 ksi for the pinned diaphragm, which was approximately
5.4% greater. Overall, the plate girder bridge followed the same force transfer mechanism
observed for the Base Bridge and the skew angle bridge. However, the longer spans and larger
plate girder sections increased the magnitude of the tensile and compressive forces transferred
through the continuity connection, and the negative moment demands developed at the
intermediate supports.

5.3.4 Unbalanced Span Bridge

Table 5-8 summarizes the average reinforcement stresses at Intermediate Bents 2 and 3 and
the average compression block stresses for each diaphragm type, bond breaker plate detail,
and load case. The reinforcement provided over the intermediate supports are summarized in
Table 5-9. Each compression block used in calculation of the average stress had a contact area
of approximately 22.7 in%. The reinforcement provided at each intermediate bent consisted of
101 reinforcing bars with a total steel area of 55.99 in2.
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Table 5-8. Average deck reinforcement stresses at Intermediate Bents 2 and 3 and average
compression block contact stresses for the Unbalanced Span Bridge.

Deck IB 2 Deck IB 3 Compression block

s?:legssrj:; at"‘(';/”)/ Iy s?:legssr,(::g at"‘(';/”)/ fy  Ave. strefs, Teavg /Fymr
; 6 ; 6 Teava (KSi) (%)

(ksi) (ksi) “va

LC1 6.76 11.3 3.17 5.3 2.27 4.5
g L2 15.59 26.0 17.00 28.3 4.08 8.2

£ C_g LC3 18.53 30.9 14.32 23.9 5.30 10.6
c| =|LC4 4.50 7.5 2.66 4.4 1.45 2.9
fml LC5 13.46 22.4 7.96 13.3 3.39 6.8
S LC1 6.76 11.3 3.48 5.8 2.29 4.6
3| g LC2 15.85 26.4 17.28 28.8 5.19 10.4
| ® LC3 18.91 31.5 14.53 24.2 5.22 10.4
*l Lca 4.57 7.6 2.69 4.5 1.46 2.9
LC5 13.61 22.7 8.10 13.5 3.33 6.7
LC1 6.73 11.2 3.31 5.5 2.11 4.2

g Lc2 16.27 27.1 17.59 29.3 5.01 10.0

£l o] Lc3 18.87 31.4 14.63 24.4 5.22 10.4
21 2| Lca 4.50 7.5 2.75 4.6 1.37 2.7
5 LC5 13.59 22.7 8.14 13.6 3.29 6.6
S LC1 6.63 11.1 3.35 5.6 2.11 4.2
gl L2 16.21 27.0 17.46 29.1 4.67 9.4
= ch3 18.87 31.5 14.52 24.2 5.10 10.2
LC4 4.44 7.4 2.76 4.6 1.35 2.7
LC5 13.56 22.6 8.09 13.5 3.20 6.4

Table 5-9. Longitudinal deck reinforcement details for the Unbalanced Span Bridge.

Size Number of bars Area per bar (in2) Total area (in?)
#6 Top 36 0.44 15.84
#8 Top 33 0.79 26.07
#6 Bottom 32 0.44 14.08
Total 101 55.99

The Unbalanced Span Bridge developed reinforcement stresses between those of the Base
Bridge and the Plate Girder Bridge. The maximum average reinforcement stress occurred during
Load Case 3 for the fixed diaphragm with the bond breaker plate at Intermediate Bent 2, where
the reinforcement reached 18.91 ksi. This value corresponds to 31.5% of the 60 ksi
reinforcement yield strength. The maximum average compression block contact stress was 5.30
ksi and occurred during Load Case 3 for the fixed diaphragm without the bond breaker plate.
This stress corresponds to 10.6% of the 50 ksi yield strength of the compression block steel.
These results indicate that both the deck reinforcement and the compression blocks remain
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well below yielding under the applied factored live and superimposed dead loads, indicating
that the continuity connection details are appropriately proportioned.

The influence of the bond breaker plate remained relatively small. For the fixed diaphragm, the
plate increased the average reinforcement stress by approximately 1.8% and the average
compression block stress by 6.1%. For the pinned diaphragm, the plate reduced the average
reinforcement and compression block stresses by approximately 0.5% and 3.4%, respectively.
The pinned and fixed diaphragm configurations again had similar force levels. Across all load
cases, the pinned diaphragm increased the average reinforcement stress from 10.49 ksi to
10.61 ksi, or approximately 1.2%, while the fixed diaphragm produced an average compression
block stress of 3.40 ksi compared with 3.34 ksi for the pinned diaphragm with a difference of
approximately 1.6%. Overall, the unbalanced span bridge showed the same fundamental force
transfer mechanism observed for the previous bridge configurations. Its average reinforcement
stress was 10.55 ksi, which was approximately 2.8% lower than the Base Bridge and 8.6% lower
than the Plate Girder Bridge. The average compression block contact stress was 3.37 ksi, which
was approximately 3.5% greater than the Base Bridge but 4.6% lower than the Plate Girder
Bridge. These results indicate that the unequal span arrangement influenced the distribution of
stress between the intermediate supports without changing the overall continuity connection
behavior.

5.4 Summary of Deck Reinforcement and Compression Block Stresses

Figure 5-22 and Figure 5-23 summarize the maximum average deck reinforcement stresses and
compression block contact stresses obtained from the controlling load case for each bridge
configuration, diaphragm type, and bond breaker plate condition. As shown in Figure 5-22,, the
maximum average deck reinforcement stresses remained well below the 60 ksi reinforcement
yield strength for all models. The Plate Girder Bridge produced the largest reinforcement
stresses, with maximum values ranging from 23.4 ksi to 24.1 ksi, corresponding to
approximately 39% to 40% of yield. The Base Bridge and Unbalanced Span Bridge produced
intermediate reinforcement stresses, with maximum values of approximately 18 ksi to 20 ksi,
while the Skew Angle Bridge produced the lowest reinforcement stresses, with maximum
values of approximately 15 ksi. These results indicate that the negative moment reinforcement
remained elastic for all bridge configurations and detailing conditions considered.

Similarly, the compression block stresses remained well below the 50 ksi yield strength of the
compression block steel, as shown in Figure 5-23. The largest maximum average compression
block stresses occurred in the Plate Girder Bridge and Unbalanced Span Bridge models, with
values of approximately 5.1 ksi to 5.3 ksi, or about 10% to 11% of yield. The Base Bridge
produced maximum average compression block stresses between 4.0 ksi and 4.8 ksi, while the
Skew Angle Bridge produced the lowest values, ranging from approximately 2.1 ksi to 2.8 ksi.
Overall, the bond breaker plate and diaphragm condition produced only modest changes in the
maximum stress demands. The results indicate that the deck reinforcement and compression
block dimensions provided adequate capacity for all factored post-continuity load demands
considered in the parametric study.
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Figure 5-22. Summary of maximum average deck reinforcement stresses for all parametric
models.
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Figure 5-23. Summary of maximum compression block stresses for all parametric models.

5.5 Live-Load DOC of Representative Parametric Models

The live-load DOC of representative parametric bridge models was calculated to evaluate
whether the high level of live-load continuity observed in the completed Bridge A9513 is
maintained for other bridge geometries and diaphragm configurations. The analysis was also
used to assess the influence of the bond breaker plate on the live-load continuity of the
completed bridges.

92



The DOC of the parametric models was obtained with the deflection-based metric using the
midspan deflection of Span 2-3 and girder line 2 under Load Case 2. This response quantity was
selected because the design truck and lane load are applied entirely within Span 2-3 for this
load case (Figure 5-8), which produced the largest positive moments and midspan deflections in
that span. Because the DOC is calculated by comparing the free, calibrated and fixed bridge
responses, this loading configuration provides the greatest sensitivity to continuity effects.

The calculated DOC values are summarized in Table 5-10 and Figure 5-24, and the
corresponding deflected shapes for the fixed diaphragm case without a bond breaker plate are
shown in Figure 5-25. In general, the bond breaker plate had a negligible effect on the live-load
DOC. This result is expected because, after bridge completion, live-load continuity is developed
primarily through the force couple between the deck reinforcement and the compression block
at the bottom of the girder ends. Therefore, the bond breaker plate, which mainly controls
construction-stage diaphragm restraint and cracking, has limited influence on the completed
live-load response.

The diaphragm configuration had a more noticeable influence on the calculated DOC. For the
Base Bridge, the DOC was approximately 95% for the fixed diaphragm configuration and 86%
for the pinned diaphragm configuration. For the Plate Girder Bridge, the DOC was
approximately 92% for the fixed diaphragm configuration and 84% for the pinned diaphragm
configuration. For the Unbalanced Span Bridge, the DOC was approximately 93% for the fixed
diaphragm configuration and 87% for the pinned diaphragm configuration. The Skew Angle
Bridge showed a different trend, with DOC values remaining close to 80% for all diaphragm and
bond breaker plate configurations, indicating that skew had a stronger influence on the live-
load continuity response than the diaphragm restraint condition for this bridge configuration.

Overall, the results indicate that a pinned diaphragm configuration generally reduced the live-
load DOC by approximately 6% to 9% relative to the fixed diaphragm configuration for the Base,
Plate Girder, and Unbalanced Span bridges. However, even with pinned diaphragms, the
completed bridges still developed a high level of live-load continuity. This contrasts with the
construction-stage dead-load results in Section 4.8.1, where the pinned diaphragm and bond
breaker plate combination had a more pronounced effect, reducing the average DOC to
approximately 25%. Thus, pinned diaphragms and bond breaker plates appear most effective
for limiting unintended continuity during deck placement, while still allowing substantial live-
load continuity in the completed SDCL system.

Table 5-10. Deflection-based DOC values for the parametric bridge models.
Fixed diaphragm Pinned diaphragm
No plate Plate Noplate Plate

Base Bridge 95.1 95.0 85.7 85.5
Skew Angle Bridge 82.1 80.0 79.6 79.4
Plate Girder Bridge 92.4 91.1 84.9 83.4

Unbalanced Span Bridge 93.1 92.3 87.5 86.9
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Figure 5-24. Effect of diaphragm restraint and bond breaker plate on deflection-based DOC
values for the parametric bridge models.

(a) Base Bridge (b) Skew Angle Bridge

(c) Plate Girder Bridge (d) Unbalanced Span Bridge
Figure 5-25. Comparison of calibrated model responses with free and fixed models for the
parametric bridge models under Load Case 2.

5.6 Summary

This chapter extended the calibrated FE modeling framework developed for Bridge A9513 to
evaluate the behavior of SDCL steel bridges with different bridge geometries, diaphragm
configurations, and bond breaker plate details. Four representative bridge configurations were
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investigated (i.e., the Base Bridge, Skew Angle Bridge, Plate Girder Bridge, and Unbalanced Span
Bridge). Each configuration was analyzed under superimposed dead loads and AASHTO HL-93
live-load cases, with pinned and fixed diaphragm configurations and with and without a bond
breaker plate. This resulted in a total of 96 parametric FE models.

The parametric analyses showed that the average stresses in the tensile reinforcement in the
deck and that in the compression block remained well within the available reinforcement and
compression block capacities for all bridge configurations. The maximum average deck
reinforcement stresses were approximately 20 ksi for the Base Bridge, 15 ksi for the Skew Angle
Bridge, 24 ksi for the Plate Girder Bridge, and 19 ksi for the Unbalanced Span Bridge. These
stresses correspond to less than 50% of the 60 ksi reinforcement yield strength. Similarly, the
maximum average compression block stresses remained below 6 ksi for all bridge
configurations, corresponding to less than 12% of the 50 ksi compression block yield strength.
These results indicate that the deck reinforcement and compression block details used in the
models were adequate for the factored dead-load and live-load demands considered in this
study.

The bond breaker plate had only a minor influence on the live-load force-transfer mechanism.
This behavior is expected because, after bridge completion, live-load continuity is developed
primarily through the force couple between the deck reinforcement in tension and the steel
compression blocks in compression. Therefore, the bond breaker plate mainly affects
construction-stage continuity and diaphragm cracking rather than the completed live-load
response. The diaphragm configuration had a more noticeable effect, with pinned diaphragm
models generally developing slightly larger deck reinforcement stresses, while fixed diaphragm
models tended to transfer a larger portion of the demand through the compression blocks.

The deflection-based DOC results showed that the completed SDCL bridge models developed a
high level of live-load continuity across the range of configurations considered. For the Base
Bridge, Plate Girder Bridge, and Unbalanced Span Bridges, the fixed diaphragm configuration
produced DOC values of approximately 92% and 95%, while the pinned diaphragm
configuration produced DOC values of approximately 84% to 87%. The Skew Angle Bridge
showed lower DOC values of approximately 80% and was less sensitive to diaphragm
configuration. These results indicate that skew can have a stronger influence on the effective
live-load continuity than the diaphragm restraint condition. However, these conclusions should
be interpreted with caution, as they are based on a single skewed bridge configuration.

Overall, the parametric study indicates that the proposed SDCL continuity details can provide
substantial live-load continuity for a range of bridge geometries when the deck reinforcement
and compression blocks are proportioned as proposed in this study. The results also suggest
that pinned diaphragms and bond breaker plates are most beneficial for reducing unintended
continuity under dead loading, while still allowing the completed SDCL system to develop high
live-load continuity. The findings support the use of the proposed SDCL steel bridge details,
while highlighting the need to further investigate the effects of skew, span arrangement,
diaphragm restraint, and construction-stage behavior in future MoDOT SDCL research.
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Chapter 6. Design Recommendations

Horner & Shifrin led the development of design guidance and standard details for SDCL steel
superstructures for incorporation into MoDOT’s EPG. Although the original project scope
referenced revisions to EPG 751.14, the research team proposes creating a separate EPG
Section 751.15 for SDCL for steel superstructures. This organization is intended to treat SDCL
steel bridges as a distinct bridge type, similar to the stand-alone EPG sections used for
prestressed bridge systems.

This chapter provides a summary of the proposed EPG Section 751.15 for SDCL steel
superstructures, and the entire new section is provided in Appendix C. The following sections
include proposed policy language, design and detailing provisions, drafting aids, software
guidance, and related changes to EPG 751.10, 751.11, and 751.14. Several provisions explicitly
refer back to existing EPG 751.14 requirements where conventional steel-bridge guidance
remains applicable.

6.1 SDCL Bridge Concept and Intended Benefits

The proposed guidance defines SDCL steel design as an alternative to conventional continuous
steel girder bridges and prestressed concrete bridges. The steel girders are erected as simple
spans and are then made continuous over the intermediate bents after the deck and concrete
diaphragm region are completed. For the proposed MoDOT detail, the girder ends are
embedded in a closed concrete diaphragm. Negative-moment continuity is provided through
the longitudinal slab reinforcement in tension and steel compression blocks welded to the
girder bottom flanges in compression.

The guidance identifies several expected benefits. The most important are the elimination of
bolted field splices, simplified girder detailing and fabrication, reduced negative moment
demand at intermediate bents during construction, increased girder-end protection from
concrete encasement, potential reductions in construction time and crane/shipping
requirements, reduced inspection and maintenance associated with field splices and exposed
girder ends, and improved competitiveness of steel bridges for short- to moderate-span
applications.

6.2 Applicability Limits and General Requirements

The proposed guidance limits routine SDCL use to bridge configurations for which the
connection behavior and construction sequence are considered suitable for standard
implementation. Use outside these limits may be permitted with approval of the Structural
Project Manager (SPM) or Structural Liaison Engineer (SLE). Table 6-1 summarizes the general
selection criteria defining when steel SDCL designs may be used.

96



Table 6-1. Selection criteria for SDCL steel bridges
Topic Proposed guidance

Seismicity Routine use for Seismic Design Category A or B. For moderate-to-high seismic applications, the
guidance directs designers to consult MoDOT bridge leadership and the ABC-UTC SDCL
seismic connection guidance.

Skew Permitted for skews up to 45 degrees.

Curvature Curved bridges and curved girders are not covered; all girders are required to be tangent from
end to end.

Intermediate Intermediate bents are assumed to be fixed. Plain or laminated elastomeric bearing pads are

supports preferred. Expansion bearings are not permitted because the compression blocks must remain
in contact.

Span and structure Maximum span length is 120 ft unless approved by the SPM or SLE. Longer spans may be

length justified by site constraints, elimination of splices over roadways or railroads, or accelerated

bridge construction needs. The draft also shows maximum overall structure lengths of 500 ft for
integral end bents and 700 ft for non-integral end bents.

Materials Reinforcing steel is Grade 60. ASTM A615 Grade 60 is specified for SDC A and rehab/redeck
applications, while ASTM A706 Grade 60 is specified for SDC B, C, and D.
Girder selection Galvanizing is recommended for girder sections under 60 ft to increase longevity and reduce

maintenance. Weathering steel selection should consider mill order requirements and rolling
schedules. If girder size varies at an intermediate bent, the overall girder depth must remain
constant, and compression blocks are designed for the smaller girder section.

6.3 Analysis and Design Philosophy

The proposed analysis requirement is the defining feature of the guidance. The selected design
software must be able to model the girder weight and deck dead load as simple-span actions
before deck hardening and before continuity is established at the intermediate bents. After
continuity is established, the model must evaluate DC2, DW, and live loads with the deck
reinforcement providing continuity at the intermediate supports. The guidance identifies
AASHTOWare BrD/BrR, MDX Software, LEAP Bridge Steel, and Merlin-DASH as software capable
of modeling SDCL structures. Other software may be capable of SDCL analysis but have not
been evaluated.

The design of the intermediate support connection is based on the force couple developed
between tensile reinforcement in the slab and compression blocks attached to the girder
bottom flanges. The compression blocks transfer compressive forces from one girder end to the
adjacent girder end without relying on the concrete diaphragm alone. The nominal flexural
resistance of the connection is based on the area of tensile reinforcement, the reinforcement
yield strength, and the moment arm between the reinforcement centroid and the compression-
block compression resultant. The proposed design steps are as follows:

Step 1 - Assume compression block height:
The compression block height is assumed to determine an area of tensile reinforcement

required to balance the force couple.
M,

of, (4-73)

As,required

where:
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As requirea i the minimum area of tensile reinforcement required, in?

M,, is the factored moment at the connection location, kip — in.

fy istheyield strength of the reinforcing steel, in?.

d is the distance between bottom of the girder and centroid of tensile reinforcement,
in.

H is the assumed compression block height starting at 2” and increases at %" increments
measured parallel to the girder depth, in.

¢ is the reinforcement resistance factor for tension—controlled concrete sections
[AASHTO 5.5.4.2].

Step 2 — Calculate the minimum block height
The compression blocks are designed to carry a force equal to 1.7 times that carried by the
tensile reinforcement to ensure its behavior remains elastic.
17Af,
min — beypl

where:
Hynin is the minimum height of the compression block parallel to the girder depth, in .
by isthe girder bottom flange width, in .
Fyp,; is the yield strength of the steel compression block, ksi.
Step 3 — Calculate the capacity of the connection
Once the minimum height of the compression block and required area of tensile reinforcement
is determined, the nominal flexural capacity,

H
M, = Af, (d-7)
of the connection can be calculated. If the provided area of tensile reinforcement is greater

than the required area, the height of the compression block should be determined based on the
actual arrangement of tensile reinforcement.

6.4 Compression Block and Girder-End Details

Compression blocks are central to the proposed MoDOT SDCL detail. The suggested
compression block detail is shown in Figure 6-1. The suggested compression-block width shall
match the girder bottom flange width. The block thickness, measured parallel to the girder
length, should be a minimum of 2 in. in 1/4-in. increments. The block height, measured parallel
to the girder depth, must be determined by design, as discussed in the previous section. For
fabrication simplicity, using a block height equal to the block thickness is preferred where
design criteria are satisfied. Adjacent compression blocks do not need full-height contact, but
the vertical faces are required to be in partial contact and to overlap at least 0.75 times the
block height.
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Figure 6-1. Elevation view of the compression block detail.

The proposed EPG guidelines also include end plate and compression block end details for new

designs or superstructure replacements, as shown in Figure 6-2.

\

gl

Figure 6-2. End plate and compression block welding details.

For redecking projects that convert existing multi-simple-span bridges to SDCL behavior, the
guidance provides tapered compression blocks and shim-plate details, as shown in Figure 6-3
and Figure 6-4. The contractor is required to measure each girder-end gap before fabrication
and adjust the tapered block or shim configuration as needed. Field adjustment provisions are

provided for both narrower and wider gaps, while maintaining minimum extension
requirements beyond the flanges.
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Figure 6-4. Plan view of tapered compression block and shim plate part plan

6.5 Concrete Intermediate Diaphragms and Reinforcement

The proposed SDCL system uses closed concrete intermediate diaphragms cast between girder
ends at interior supports. These diaphragms develop continuity for loads applied after the
continuity connection is completed. The diaphragm at each bent is cast initially to
approximately one-half to two-thirds of its full depth to improve girder stability while reducing
unintended dead-load continuity and cracking during deck placement. The diaphragm pour
must occur at least 12 hours before the slab and remainder of the diaphragm are poured with
the deck placement.
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The guidance includes standard details for the stainless-steel bond breaker plate and when to
use it. The stainless-steel bond breaker plate is recommended for grade separations where salt
exposure would accelerate deterioration or more publicly visible locations to control cracking.
The sheet metal plate may be omitted in areas such as stream crossings. There is a higher
potential for uncontrolled cracking without the sheet metal plate, however the test Bridge
A9513 was constructed without the plate and no visible cracking was observed at the time of
live load testing. The sheet metal plate did not significantly reduce the degree of continuity as
narrated in Section 4.8, Table 4-7 and Table 4-8.

Reinforcement details for closed concrete intermediate diaphragms are presented in Appendix
C. Reinforcement details shown for skewed bents are also applicable to square bents. All U-bar
reinforcements use stirrup bends, and epoxy coated. Dowel-bar coating is required to match
the coating of the intermediate bent reinforcement. The guidance distinguishes details for
diaphragms constructed independent of the bent cap (pinned) from cases where bent-cap
reinforcement extends into the diaphragm (fixed).

6.6 Bracing, Bearings, Composite Design, and Miscellaneous Details

The proposed guidance retains much of the existing EPG 751.14 framework for steel
superstructures but adds SDCL-specific provisions where the construction sequence or
connection detail differs. For W24x and shallower rolled shapes, smaller intermediate
diaphragm or cross-frame spacing should be considered to increase stability before deck curing.
A required plan note directs the contractor to provide temporary bracing needed for lateral and
torsional stability during deck construction and to remove the bracing after the slab reaches 75
percent of its design strength.

At non-integral end bents where slab continuity is broken, steel end diaphragms are required.
Integral end bents use concrete diaphragms. Bearing stiffeners are not required at intermediate
bents because 1-in.-thick steel end plates are welded to the girder ends and the girder ends are
encased in concrete. Shear connectors are required throughout the entire span, designed for
fatigue and strength loading for positive and negative moment regions. Shear-connector
details generally follow EPG 751.14. Variable haunching may be used in lieu of cambering
where appropriate. Wide-flange beams are to be cambered over roadways when non-
composite dead-load deflection exceeds 1 in.; variable haunching may be used over creek
crossings when dead-load deflection is less than 4 in.; and all plate girders are to be cambered.

6.7 Relationship to Existing EPG Sections and Implementation Status

The proposed Section 751.15 is intended to incorporate applicable portions of EPG 751.14
while removing or modifying provisions that do not apply to SDCL steel bridges, such as field
bolted splice guidance for conventional continuous girders, horizontally curved girder
provisions, and several conventional diaphragm and stiffener details. The guidance also
identifies related changes to EPG 751.10 for deck reinforcement, EPG 751.11 for bearings, and
EPG 751.14 for steel superstructure provisions.
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6.8 Summary

This chapter summarizes the proposed Section 751.15 for inclusion in MoDOT’s EPG. The
proposed guidance establishes SDCL steel superstructures as an alternative to conventional
continuous steel girder bridges and prestressed concrete bridges for appropriate site
conditions. The approach uses steel girders erected as simple spans for girder and deck dead-
load effects, followed by development of continuity at the intermediate bents for
superimposed dead load and live loads through the completed deck, concrete diaphragm, slab
reinforcement, and bottom compression-block connection.

The proposed guidance defines the main limits of applicability for routine SDCL use, including
restrictions on seismic design category, skew, girder curvature, intermediate bent fixity, and
maximum span length. It also identifies analysis requirements for staged behavior, including the
need for design software capable of modeling simple-span behavior for initial dead-load stages
and continuous behavior after the deck and pier-region connection are completed. The
guidance further provides design procedures for the compression-block connection, where the
negative-moment resistance is developed primarily through a force couple between tensile
reinforcement in the deck and compression transferred through steel blocks welded to the
girder bottom flanges.

The standard details included in the proposed guidance focus on the intermediate bent region,
which is the critical component of the SDCL system. These details address compression block
dimensions and welding, closed concrete diaphragm geometry, diaphragm reinforcement,
recommendation on when to specify the use of the bond breaker or sheet-metal details, dowel
bars and keys, reinforcing holes, bearing requirements, intermediate diaphragms and cross
frames, shear connectors, girder haunches, and camber or dead-load deflection requirements.
The guidance also distinguishes between new construction or superstructure replacement
details and redecking applications where existing multi-simple-span steel bridges may be
converted to SDCL behavior.

102



Chapter 7. Summary and Conclusions

The overall objective of this research was to support the development of design guidance and
standard details for Simple for Dead Load, Continuous for Live Load (SDCL) steel
superstructures for use in MoDOT practice. The research included a literature review, field
testing of Bridge A9513 during deck placement and under controlled live loading, development
and calibration of finite element models, evaluation of construction-stage and live-load degree
of continuity (DOC), parametric analyses of representative SDCL bridge configurations, and
development of proposed guidance for inclusion in MoDOT'’s Engineering Policy Guide (EPG).

The main conclusions, recommendations, and future research needs from this investigation are
summarized below.

7.1 Conclusions

7.1.1 Literature Review

The literature review showed that SDCL steel bridges have been studied and implemented by
several transportation agencies, but formal implementation-ready design provisions remain
limited. Oregon was the only state identified with a dedicated published SDCL detail for
concrete intermediate diaphragm connections. Several other states mention SDCL or related
simple-made-continuous concepts, provide related continuity or retrofit guidance, or address
similar details through prefabricated bridge unit applications. However, most state DOTs do not
currently provide detailed SDCL design provisions, and some states restrict similar multi-span
simple steel configurations with continuous decks.

Previous experimental and numerical studies showed that SDCL behavior is governed primarily
by the local force-transfer mechanism at the intermediate support. The main contributors to
negative flexural resistance are the slab reinforcement in tension, the bottom connection plate
or steel block in compression, and the compressed concrete core in the diaphragm. The
literature also showed that the assumption of simple-span behavior during deck placement is
reasonable but not exact because partially cast diaphragms and reinforcement can provide
some construction-stage continuity before the deck hardens.

7.1.2 Experimental Testing

Bridge A9513 was instrumented and monitored during construction-stage dead loading and
after completion under controlled truck loading. During deck placement, the measured
response indicated that the bridge did not behave as a purely simple-span system. Upward
movement in the adjacent span during placement of the neighboring span and compressive
strains at bottom flanges of the girders near the intermediate bent showed that some restraint
developed during construction. The maximum measured midspan deflection during deck
placement was approximately 0.86 in., which was consistent with the expected magnitude of
the wet concrete loading response.
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The live-load test demonstrated that the completed bridge developed substantial continuity at
the intermediate bents. When the loaded trucks were positioned in Span 2-3, the bridge
showed downward deflection in the loaded span and upward response in the adjacent span,
which is consistent with continuous behavior. The measured live-load deflections and strains
were relatively small, with a maximum downward deflection of approximately 0.17 in. and
maximum strain readings of approximately 116 pe. These results indicate that the completed
SDCL system behaved efficiently under the controlled truck loading.

7.1.3 Finite Element Modeling

Three-dimensional finite element models were developed for both the dead-load and live-load
stages of Bridge A9513. Separate models were required because the bridge configuration,
composite action, contact behavior, and support conditions differed between deck placement
and the completed bridge condition. The dead-load model represented the construction stage,
when the steel girders carried the wet concrete deck primarily as noncomposite members. The
live-load model represented the completed bridge after the deck and diaphragm had hardened
and continuity had developed at the intermediate bents.

The calibrated models provided a reasonable representation of the measured bridge response.
The dead-load model captured the measured bottom-flange strains and deflections during deck
placement, while the live-load model reproduced the measured curvatures and deflections
from the controlled truck tests. The live-load model was able to reproduce the response from
multiple truck positions without recalibration, indicating that the model captured the global
stiffness, load distribution, and continuity behavior of the completed bridge.

The DOC calculations showed two important trends. First, Bridge A9513 developed measurable
construction-stage continuity during deck placement. The dead-load DOC on Span 2-3 was
approximately 42%, which was attributed primarily to the relatively deep partially cast
diaphragm at the intermediate bent as well as the lack of a bond breaker plate. Additional FE
models of Bridge A9513 showed that the dead-load DOC can be reduced by about 10% if a
pinned diaphragm is used together with a bond breaker plate. Second, the completed bridge
developed a high level of live-load continuity. The average live-load DOC was approximately
92%, and the curvature-based and deflection-based DOC estimates were in close agreement.
These results confirm that the SDCL system can provide substantial continuity after completion,
while also showing that unintended construction-stage continuity can be significant when the
partially cast diaphragm provides considerable restraint.

7.1.4 Parametric Analysis

The calibrated modeling framework was extended to evaluate representative SDCL bridge
configurations beyond Bridge A9513. The parametric study included a Base Bridge, Skew Angle
Bridge, Plate Girder Bridge, and Unbalanced Span Bridge. Each configuration was evaluated
under superimposed dead loads and AASHTO HL-93 live-load cases with fixed and pinned
diaphragm configurations, with and without a bond breaker plate, resulting in 96 FE models.

The parametric analyses showed that the proposed continuity connection details remained well
within the available reinforcement and compression block capacities for the bridge
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configurations and factored superimposed dead load and live-load cases considered. The
maximum average deck reinforcement stresses were approximately 20 ksi for the Base Bridge,
15 ksi for the Skew Angle Bridge, 24 ksi for the Plate Girder Bridge, and 19 ksi for the
Unbalanced Span Bridge. These values were less than 50% of the 60 ksi reinforcement yield
strength. The maximum average compression block stresses remained below 6 ksi for all
configurations, corresponding to less than 12% of the 50 ksi compression block yield strength.

The bond breaker plate had only a minor effect on the completed live-load response. This result
is expected because live-load continuity in the completed bridge is developed primarily through
the force couple between the deck reinforcement in tension and the compression blocks in
compression. The bond breaker plate is therefore more important for controlling construction-
stage restraint and diaphragm cracking than for changing the completed live-load force-transfer
mechanism.

The diaphragm configuration had a more noticeable influence on live-load DOC. For the Base,
Plate Girder, and Unbalanced Span bridges, fixed diaphragm configurations produced DOC
values of approximately 92% to 95%, while pinned diaphragm configurations produced DOC
values of approximately 85% to 87%. The Skew Angle Bridge produced lower DOC values of
approximately 80% and was less sensitive to diaphragm configuration, indicating that skew can
have a stronger influence on effective live-load continuity than diaphragm restraint for the
configuration considered.

Overall, the parametric study indicates that the proposed SDCL continuity details can provide
substantial live-load continuity for a range of bridge geometries when the deck reinforcement
and compression blocks are properly proportioned. The results also suggest that pinned
diaphragms and bond breaker plates are most beneficial for reducing unintended construction-
stage continuity while still allowing the completed SDCL bridge to develop high live-load
continuity.

7.1.5 EPG Design Guidance

The research team developed proposed SDCL steel bridge guidance and standard details for
inclusion in MoDOT’s EPG. The proposed guidance defines SDCL steel superstructures as an
alternative to conventional continuous steel girder bridges and prestressed concrete bridges for
appropriate site conditions. The proposed system uses steel girders erected as simple spans for
girder and deck dead-load effects, followed by development of continuity at the intermediate
bents for superimposed dead load and live load through the completed deck, concrete
diaphragm, slab reinforcement, and bottom compression-block connection.

The proposed guidance includes applicability limits, staged-analysis requirements, compression
block design procedures, girder-end details, concrete diaphragm details, bond breaker plate
details, reinforcement requirements, bracing and bearing provisions, shear connector guidance,
and camber or haunch recommendations. The guidance also distinguishes between new
construction or superstructure replacement projects and redecking projects where existing
simple-span steel bridges may be converted to SDCL behavior.
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7.2

Recommendations

Based on the findings of this research, the following recommendations are made:

1.

Develop SDCL steel bridge guidance as a distinct EPG topic. SDCL steel bridges have a
construction sequence, analysis philosophy, and continuity mechanism that differ from
conventional continuous steel girder bridges. Therefore, the proposed EPG guidance
should clearly distinguish SDCL steel superstructures from conventional simple-span and
continuous steel systems, as well as from SDCL precast concrete bridges.

Require staged analysis for SDCL steel bridges. The analysis should represent girder
weight and deck dead load as simple-span actions before continuity is established.
Loads applied after deck and diaphragm hardening, including superimposed dead load
and live load, should be analyzed using the completed continuous system.

For design simplicity and conservative results, ighore construction-stage
continuity for all diaphragm details. The field testing and finite element results
showed that construction-stage continuity can develop when the partially cast
diaphragm provides substantial restraint. When using conventional software, is
conservative to ignore these effects since the stresses quickly reverse at the time of
casting the deck and minimally offset the stresses at controlling points. It would
also have minimal impact on deflections during casting of the deck. If the designer
takes a refined finite element approach, the expected construction-stage DOC can
be incorporated to reduce the stresses and deflections at key points related to the
diaphragm detail, first-pour height, bond breaker plate configuration, and degree of
diaphragm restraint. For first-pour diaphragm height of about 70% of the total
diaphragm height, the results suggest assuming a DOC of about 30% for fixed
diaphragms with or without a bond breaker plate, and about 25% for pinned
diaphragms with a bond breaker plate.

Use pinned diaphragms and bond breaker plates when the intent is to reduce dead-
load continuity. The results showed that this configuration was most effective for
reducing construction-stage DOC. However, the completed bridge can still develop
substantial live-load continuity through the deck reinforcement and compression block
force couple.

Design the intermediate support region as a local force-transfer mechanism. SDCL
design should not be based only on global negative moment demand. The deck
reinforcement, compression block, girder-end plate, diaphragm, construction joint, and
support restraint all contribute to the force path and should be addressed in design and
detailing.

Use compression blocks as a defined bottom compression-transfer mechanism. The
parametric analyses showed that the compression block stresses remained well below
yield for the details evaluated. Providing a direct steel-to-steel compression path helps
reduce reliance on concrete bearing alone and provides a clear mechanism for live-load
continuity.
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7.

7.3

Consider skew and span arrangement in SDCL design guidance. The skewed bridge
configuration produced lower live-load DOC values than the other configurations and
was less sensitive to diaphragm restraint. Unbalanced spans also redistributed demands
between intermediate supports. These effects should be considered when establishing
limits of applicability or determining when refined analysis is needed.

Use the proposed standard details as a basis for implementation but refine them as
additional bridge data becomes available. The details evaluated in this study performed
well under the modeled HL-93 live-load cases, but additional field data would improve
confidence in construction-stage assumptions, diaphragm behavior, and long-term
performance.

Future Research

The following future research is recommended to further support implementation of SDCL steel
superstructures in Missouri:

1.

Monitor additional SDCL bridges with different diaphragm details. Future field studies
should include bridges with pinned diaphragms, bond breaker plates, and different first-
pour diaphragm heights to directly evaluate their influence on construction-stage DOC.

Evaluate the effect of first-pour diaphragm height. The current test bridge had a
relatively deep partially cast diaphragm, which contributed to significant construction-
stage continuity. Additional analytical and experimental work should evaluate how
diaphragm first-pour height affects restraint, cracking, girder deflections, and camber
predictions.

Expand the parametric study to additional skew angles and span arrangements. The
skewed configuration showed lower live-load DOC values, but only one skew angle was
evaluated. Additional studies should consider a range of skew angles, span ratios, girder
spacings, and support configurations.

Investigate long-term behavior of SDCL details. Additional monitoring could help
evaluate the effects of creep, shrinkage, temperature, repeated live loading, and
seasonal variation on diaphragm behavior, deck reinforcement stresses, and continuity
development.

Develop load-rating guidance for SDCL steel bridges. Future work should address how
SDCL behavior should be represented in bridge load rating, especially for existing
bridges converted to SDCL behavior through redecking or diaphragm modifications.

Evaluate constructability and inspection requirements. Additional input from
designers, fabricators, contractors, inspectors, and MoDOT bridge personnel would help
refine standard details so that the proposed SDCL system remains practical for routine
design, construction, inspection, and maintenance.

Evaluate girder stability by placing a steel diaphragm just outside of concrete
diaphragm and cast concrete diaphragm with concrete deck. Similar to prestress
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girder diaphragm placement to pour 30 minutes before to a maximum of 2 hours before
the slab is cast. This would likely eliminate any continuity during deck placement. It
would appear that the skew limit would be 20 degrees due to detailing of the
diaphragms on a skewed placement.

Evaluate diaphragm cracking if steel diaphragms are placed on end plates for stability
and cast diaphragm with deck placement. Similar to bullet point 7 above, this can apply
for accelerated bridge construction, and it is possible to increase skew over 20 degrees
but would seem to tend to promote more cracking in the cured diaphragm but would
still allow the girders to deflect without a degree of continuity.
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Appendix A:
Detailed Construction Drawings of Bridge A9513

Figure A-1 through Figure A-9 show the structural details of the main components of Bridge

A9513 used for the finite element modeling.
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Figure A-6. Plan view of bent cap showing dimensions.
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Figure A-9. Elevation view of slab showing dimensions and reinforcement.
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Appendix B:
Additional Results of the Live-Load Finite Element Models

Predicted vs. Measured Curvature Profiles

Figure B-1 through Figure B-4 and Table B-1 show additional curvature predictions from the
calibrated live-load model discussed in Chapter 4. These results complement the results shown
in Section 4.6 of the main report.

Figure B-1. Predicted and measured curvature profiles for Truck Position 1.

Figure B-2. Predicted and measured curvature profiles for Truck Position 1a.



Figure B-3. Predicted and measured curvature profiles for Truck Position 5.

Figure B-4. Predicted and measured curvature profiles for Truck Position 6.
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Table B-1. Summary of predicted and measured curvatures during live-load testing

Truck Location Predicted Kk Measured K Difference
position (x107%in™1) (x107%in™1) (x10~%in™1)
Beam 1 (near support) ? -1.12 -1.81 0.69
1 Beam 2 (midspan) P 2.06 1.57 0.49
Beam 2 (near support) ¢ -0.97 -1.13 0.16
Beam 1 (near support) ? -1.07 -1.71 0.64
1a Beam 2 (midspan) P 3.2 2.4 0.8
Beam 2 (near support) ¢ -1.08 -1.25 0.17
Beam 1 (near support) ? -0.9 -1.4 0.5
2 Beam 2 (midspan) P 5.18 3.78 1.4
Beam 2 (near support) ¢ -1.86 -2.17 0.31
Beam 1 (near support) -3.6 -4.13 0.5
3 Beam 2 (midspan) 2.58 2.11 0.47
Beam 2 (near support) -3.97 -3.85 -0.12
Beam 1 (near support) -3.56 -3.67 0.11
4 Beam 2 (midspan) -1.16 -0.85 -0.31
Beam 2 (near support) -4.28 -3.75 -0.53
Beam 1 (near support) ? -2.71 -2.39 -0.32
5 Beam 2 (midspan) ® -0.65 -0.85 0.2
Beam 2 (near support) ¢ -2.97 -2.61 -0.36
Beam 1 (near support) ? -3.34 -2.87 -0.47
6 Beam 2 (midspan) P -0.83 -0.58 -0.25
Beam 2 (near support) ¢ -3 -2.75 -0.25

2 Curvatures at this location were computed based on readings from ST7 and ST8
b Curvatures at this location were computed based on readings from ST5 and ST6
¢ Curvatures at this location were computed based on readings from ST1 and ST2

Predicted vs. Measured Deflection Profiles

Figure B-5 through Figure B-8 and Table B-2 show additional deflection predictions from the
calibrated live-load model discussed in Chapter 4. These results complement the results shown
in Section 4.6 of the main report.



Figure B-5. Predicted and measured deflection profiles for Truck Position 1.

Figure B-6. Predicted and measured deflection profiles for Truck Position 1a.
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Figure B-7. Predicted and measured deflection profiles for Truck Position 5.

Figure B-8. Predicted and measured deflection profiles for Truck Position 6.
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Table B-2. Summary of predicted and measured deflections during live-load testing

plzltcilt;n LVvDT Location ® Predicted (in) Measured (in) Difference (in)
LVDT1 Span 3-4, BL2 near IB3 -0.031 -0.029 0.002
LVDT2  Span 3-4, BL2 midspan -0.073 -0.073 -0.001
1 LVDT3  Span 3-4, BL1 near IB3 -0.02 -0.017 0.003
LVDT4  Span 3-4, BL 1 midspan -0.063 -0.073 -0.01
SPOT Span 2-3, BL4 midspan 0.009 0.003 -0.006
LVDT1  Span 3-4, BL2 near IB3 -0.038 -0.032 -0.006
LVDT2  Span 3-4, BL2 midspan -0.083 -0.081 -0.002
la LvDT3 Span 3-4, BL1 near IB3 -0.023 -0.020 -0.003
LVDT4  Span 3-4, BL 1 midspan -0.070 -0.079 0.009
SPOT Span 2-3, BL4 midspan 0.010 0.012 -0.002
LVDT1 Span 3-4, BL2 near IB3 -0.059 -0.056 -0.003
LVDT2  Span 3-4, BL2 midspan -0.131 -0.137 0.006
2 LVDT3  Span 3-4, BL1 near IB3 -0.026 -0.026 0.000
LVDT4  Span 3-4, BL 1 midspan -0.084 -0.107 0.023
SPOT Span 2-3, BL4 midspan 0.022 0.012 0.010
LVDT1  Span 3-4, BL2 near IB3 -0.031 -0.026 -0.005
LVDT2  Span 3-4, BL2 midspan -0.066 -0.071 0.005
3 LvDT3 Span 3-4, BL1 near IB3 -0.036 -0.024 -0.012
LVDT4  Span 3-4, BL 1 midspan -0.054 -0.070 0.016
SPOT Span 2-3, BL4 midspan -0.029 -0.029 0.000
LVDT1 Span 3-4, BL2 near IB3 0.018 0.020 -0.002
LVDT2  Span 3-4, BL2 midspan 0.036 0.034 0.002
4 LVDT3  Span 3-4, BL1 near IB3 -0.007 0.001 -0.008
LVDT4  Span 3-4, BL 1 midspan 0.030 0.031 -0.001
SPOT Span 2-3, BL4 midspan -0.195 -0.174 -0.021
LVDT1  Span 3-4, BL2 near IB3 0.008 0.009 -0.001
LVDT2  Span 3-4, BL2 midspan 0.019 0.017 0.002
5 LVDT3  Span 3-4, BL1 near IB3 -0.011 -0.003 -0.008
LVDT4  Span 3-4, BL 1 midspan 0.018 0.016 0.002
SPOT Span 2-3, BL4 midspan -0.038 -0.045 0.007
LVDT1 Span 3-4, BL2 near IB3 0.006 0.009 -0.003
LVDT2  Span 3-4, BL2 midspan 0.021 0.020 0.001
6 LvDT3 Span 3-4, BL1 near IB3 -0.022 -0.008 -0.014
LVDT4  Span 3-4, BL 1 midspan 0.018 0.018 0.000
SPOT Span 2-3, BL4 midspan -0.052 -0.069 0.017

2 BL refers to beam line and IB refers to intermediate bent
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Additional Degree of Continuity Results

Figure B-9 and Figure B-10 report additional degree of continuity estimates beyond those

discussed in Chapter 4 (Section 4.8) of the main results.

Span 2-3 (near support) Span 3-4 (near support)

0.75 0.75

DOC = 89.8%

DOC

0.5 0.5 DOC =83.4%

DOC

0.25 0.25

-5.22E-07 -1.42E-06 -2.32E-06 -3.22E-06 -4.12E-06

-2.40E-07 -1.49E-06 -2.74E-06
Curvature (1/in)

Curvature (1/in)
Figure B-9. Curvature-based degree of continuity for Truck Position 3.

Curvature-based DOC, Span 2-3 (near support)

0.75

DOC = 89.1%
05 f

DOC

025 f

3.43E-07  -857E-07 -2.06E-06  -3.26E-06  -4.46E-06
Curvature (1/in)

Figure B-10. Curvature-based degree of continuity for Truck Position 4.

Additional Stress Results from the Parametric Models

-3.99E-06

Table B-3 through Table B-10 show the breakdown of the average deck reinforcement stresses
and compression block stresses coming from the factored live loads and superimposed dead

loads for the different parametric models considered in Chapter 5 of the main report.
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Table B-3. Factored HL-93 and lane load stresses — Base Bridge.

Deck IB 2 Deck IB 3 Compression block

Avg.rein.  f.., . Avg.rein. f.., .. Avg.stress f ., .

stress (ksi) 75y stress (ksi) g/ £y (ksi) g/ fym®
LC1 7.00 11.67 1.43 2.39 2.44 4.89
% LC2 13.19 21.99 15.59 25.98 4.02 8.04
OED % LC3 14.50 24.16 12.53 20.88 3.92 7.84
c| =z LC4 3.21 5.36 0.53 0.88 1.29 2.58
'é LC5 9.07 15.12 2.72 4.53 2.72 5.44
© LC1 7.05 11.75 1.43 2.39 2.50 4.99
g ol LC2 13.23 22.06 15.65 26.08 4.05 8.11
| m LC3 14.54 24.23 12.56 20.94 3.95 7.91
& LC4 3.24 5.40 0.53 0.88 1.32 2.63
LC5 9.08 15.14 2.72 4.54 2.73 5.47
LC1 7.32 12.20 1.68 2.79 1.92 3.84
% LC2 14.63 24.38 17.04 28.39 3.45 6.89
qu ol LC3 15.01 25.02 13.27 22.11 4.26 8.52
g 2| Lca 3.36 5.61 0.63 1.05 1.00 2.00
& LC5 9.62 16.03 2.99 4.98 2.21 4.42
g LC1 7.35 12.25 1.66 2.77 1.91 3.83
2l ol LC2 14.75 24.58 17.13 28.56 3.46 6.92
S| &l LC3 15.59 25.99 13.80 22.99 3.36 6.71
“| Lca 3.27 5.45 0.66 1.11 1.32 2.64
LC5 9.62 16.03 3.00 4.99 2.22 4.45

Table B-4. Factored superimposed dead load stresses — Base Bridge.

Deck IB 2 DeckIB 3 Compression block
Avg.rein. £, Avg.rein.  f ... Avg. stress [ .,
' % ' % ' %
stress (ksi) 15" stress (ksi) /fy,s( ) (ksi) /fy %)

e ()
2|
s o 2.47 4.12 2.46 4.11 0.60 1.20
o O
oc| Z
2
| &
V| © 2.47 4.12 2.46 4.11 0.60 1.21
iz o
El o
DN
= 2.63 4.38 2.61 4.35 0.50 1.00
o O
o =2
2
8 (]
c| = 2.63 4.39 2.61 4.36 0.50 1.01
gl o
o




Table B-5. Factored HL-93 and lane load stresses — Skew Angle Bridge.

Deck IB 2 Deck IB 3 Compression block

Avg.rein.  f.., . Avg.rein. f.., .. Avg.stress f ., .

stress (ksi) 75y stress (ksi) g/ £y (ksi) g/ fym®
LC1 4.86 8.10 1.36 2.26 1.14 2.27
% LC2 12.10 20.17 13.41 22.35 1.57 3.14
oEo % LC3 12.69 21.15 11.05 18.41 1.63 3.27
©| = LC4 3.15 5.25 0.83 1.39 0.61 1.22
_é LC5 8.60 14.34 3.31 5.51 0.96 1.93
T LC1 4,92 8.20 1.35 2.25 1.13 2.26
§ ol LC2 12.33 20.56 13.50 22.50 1.54 3.09
| ® LC3 12.94 21.57 11.12 18.54 1.61 3.22
& LC4 3.20 5.34 0.81 1.36 0.61 1.22
LC5 8.73 14.55 3.34 5.57 1.00 2.00
LC1 4,78 7.97 1.39 2.32 0.99 1.98
% LC2 12.04 20.06 13.18 21.96 2.06 4.13
QED a| LC3 12.64 21.07 10.84 18.06 2.33 4.66
El 2ca | 297 4.95 0.93 1.55 0.67 1.35
2| |5 | 846 14.10 3.16 5.27 1.44 2.88
g LC1 4.86 8.10 1.42 2.37 1.04 2.08
Q ol LC2 12.30 20.50 13.49 22.49 2.14 4.27
S| &3 | 1287 21.45 11.08 18.47 2.28 4.56
“| Lca 3.01 5.02 0.96 1.60 0.71 1.42
LC5 8.53 14.22 3.23 5.39 1.49 2.98

Table B-6. Factored superimposed dead load stresses — Skew Angle Bridge.

Deck IB 2 DeckIB 3 Compression block
Avg.rein. £, Avg.rein.  f ... Avg. stress [ .,
' % ' % ' %
stress (ksi) £5% stress (ksi) /fy,s( ) (ksi) /fy A

e ()
2|
s o 1.85 3.08 1.85 3.08 0.45 0.91
o O
oc| Z
2
ol 3
V| © 1.90 3.16 1.90 3.16 0.45 0.90
iz o
El o
¥
= 1.58 2.64 1.75 2.92 0.44 0.89
o O
c| 2
2
8 (]
c| = 1.57 2.61 1.75 2,91 0.46 0.92
gl o
o




Table B-7. Factored HL-93 and lane load stresses — Plate Girder Bridge.

Deck IB 2 Deck IB 3 Compression block

Avg.rein.  f.., . Avg.rein. f.., .. Avg.stress f ., .

stress (ksi) 75y stress (ksi) g/ £y (ksi) g/ fym®
LC1 4.86 8.10 0.26 0.43 2.22 4.43
% LC2 10.74 17.89 11.67 19.44 3.25 6.51
oEo % LC3 17.83 29.72 6.63 11.05 4.08 8.16
©| = LC4 1.67 2.78 0.86 1.43 0.95 1.90
_é LC5 20.20 33.67 7.18 11.96 4.57 9.14
T LC1 4.90 8.17 0.27 0.45 2.15 4.31
g ol LC2 10.95 18.25 11.89 19.81 3.20 6.41
ir | ®|LC3 18.06 30.10 6.75 11.24 4.09 8.18
& LC4 1.69 2.81 0.86 1.43 0.92 1.84
LC5 20.42 34.04 7.30 12.17 4.59 9.17
LC1 4,73 7.88 0.50 0.83 1.87 3.74
% LC2 11.18 18.63 12.04 20.07 3.03 6.06
QED a| LC3 18.22 30.37 6.68 11.13 4.07 8.14
El 2ca | 156 2.60 0.72 1.20 0.79 1.58
_& LC5 20.69 34.48 7.23 12.05 4.62 9.25
g LC1 4.61 7.68 0.60 1.00 1.69 3.38
Q ol LC2 11.17 18.62 12.05 20.08 2.81 5.63
S| 8/ L3 | 1843 30.71 6.65 11.08 4.06 8.11
“| Lca 1.49 2.49 0.65 1.08 0.70 1.40
LC5 20.87 34.78 7.19 11.98 4.56 9.13

Table B-8. Factored superimposed dead load stresses — Plate Girder Bridge.

Deck IB 2 DeckIB 3 Compression block
Avg.rein. £, Avg.rein.  f ... Avg. stress [ .,
' % ' % ' %
stress (ksi) 15" stress (ksi) /fy,s( ) (ksi) /fy %)

e ()
2|
s o 3.19 5.32 3.22 5.37 0.62 1.25
o O
oc| Z
2
| &
| w© 3.23 5.38 3.26 5.43 0.62 1.25
iz o
El o
¥
= 3.23 5.38 3.26 5.43 0.62 1.25
o O
c| 2
2
8 Q
c| = 3.25 5.41 3.28 5.46 0.61 1.23
gl o
o
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Table B-9. Factored HL-93 and lane load stresses — Unbalanced Span Bridge.

Deck IB 2 Deck IB 3 Compression block

Avg.rein.  f.., . Avg.rein. f.., .. Avg.stress f ., .

stress (ksi) 75y stress (ksi) g/ £y (ksi) g/ fym®
LC1 4.27 7.12 0.69 1.14 1.74 3.49
% LC2 13.11 21.84 14.51 24.18 3.56 7.11
qu % LC3 16.05 26.75 11.84 19.73 4.78 9.55
©| = LC4 2.01 3.35 0.18 0.30 0.93 1.86
'é LC5 10.98 18.30 5.48 9.13 2.86 5.73
© LC1 4.25 7.08 0.97 1.61 1.77 3.54
E ol LC2 13.34 22.23 14.77 24.61 4.67 9.34
| ® LC3 16.40 27.33 12.02 20.03 4.70 9.40
* LC4 2.06 3.43 0.18 0.30 0.94 1.88
LC5 11.09 18.49 5.59 9.32 2.82 5.63
LC1 4.24 7.07 0.82 1.37 1.58 3.16
% LC2 13.78 22.97 15.10 25.17 4.48 8.97
qu ol LC3 16.38 27.29 12.14 20.23 4.69 9.39
g 2| Lca 2.01 3.36 0.26 0.43 0.84 1.68
% LC5 11.10 18.50 5.65 9.41 2.77 5.54
g LC1 4.16 6.93 0.86 1.44 1.60 3.20
2l ol LC2 13.73 22.88 14.98 24.96 4.16 8.32
E = LC3 16.40 27.33 12.03 20.06 4.59 9.17
* Lca 1.96 3.27 0.28 0.47 0.84 1.68
LC5 11.08 18.47 5.61 9.35 2.69 5.38

Table B-10. Factored superimposed dead load stresses — Unbalanced Span Bridge.

Deck IB 2 DeckIB 3 Compression block
Avg.rein. £, Avg.rein.  f ... Avg. stress [ .,
' % ' % ' %
stress (ksi) fy.s( ) stress (ksi) /fy,s( ) (ksi) /fy.pl( )

e ()
2|
s o 3.19 5.32 3.22 5.37 0.62 1.25
o O
oc| Z
2
| &
| w© 3.23 5.38 3.26 5.43 0.62 1.25
iz o
El o
¥
= 3.23 5.38 3.26 5.43 0.62 1.25
o O
c| 2
2
}3 Q
c| = 3.25 5.41 3.28 5.46 0.61 1.23
gl o
o
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751.15 SDCL Steel Superstructure

Simple for Dead Load, Continuous for Live Load (SDCL) design for steel superstructures is an alternative design approach to
conventional continuous steel girder bridges and prestressed concrete bridges. Similar to prestressed design methodology, girders
are placed on substructure units as simple spans and then made continuous over the intermediate bents. For SDCL steel bridges, the
ends of the girders are cast into a concrete diaphragm and continuity is achieved through tensile reinforcement in the slab and
contact between steel blocks welded to the bottom flanges to transfer compressive forces?. This design approach has been used in

conventional and accelerated construction methods.

SDCL steel girder design methodology offers several benefits over conventional steel or prestressed design that make it a competitive
option:

* eliminates the need for bolted splices that are typical of conventional continuous steel superstructures?,

« simpler girder detailing? allowing for lower levels of AISC fabricator certification,

* reduced negative moment demand at int. bents due to simple behavior of girders prior to achieving full continuity?,

e increased stability during construction due to partial casting of girder ends?,

« simplified casting sequences compared to continuous multi-span structures?,

* increased protection at girder ends against rust and corrosion from concrete encasement?,

* potential for reduced construction time from simplified girder detailing, fabrication, and installation,

¢ reduced movement in seismic scenarios due to lighter superstructures,

¢ lower substructure vertical load demand,

* potential for shipping/transport savings due to smaller section sizes and smaller required cranes®,

e 3 uniform cross section can be used for an entire span?,

* and lower inspection and maintenance costs from encased girder ends compared to conventional steel bridge systems®.
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751.15.1 General

Steel SDCL design may be used if the criteria below are satisfied, or with approval of the SPM or SLE.
¢ Seismic Design Category (SDC) A or B*
¢ Skews less than or equal to 45 degrees
* Non-curved girders*
e Fixed intermediate bents**
e Maximum span length of 120 feet. Longer spans require approval of the SPM or SLE.
¢ Other considerations can be used to justify longer spans like the elimination of splices over roadways, railroads,
accelerated bridge construction, and site constraints.
* Refer to EPG 751.15.2.3 Seismic Application

** Refer to EPG 751.22.3.7 Closed Concrete Intermediate Diaphragms

751.15.1.1 Materials and Selection of Steel

Reinforcing Steel Yield Strength (Fy) and Tensile Strength (F.)
ASTM A615 Grade 60 (SDC A and all rehab/redeck) Fy = 60 ksi Fu =80 ksi

ASTM A706 Grade 60 (SDC B, C, and D) Fy = 60 ksi Fu =80 ksi

[Refer to the Omissions section of the document. This section will be similar to 751.14.1.1, except with the removal of field splices,

and revisions as shown in the Omissions section.]

751.15.1.2 Girder Limits and Preferences

Consideration should be given to the use of galvanization or painting over the use of weathering steel for wide flange shapes when
projects depend on the availability and rolling schedules of the girders, particularly smaller rolled shapes. Galvanizing is
recommended for girder sections under 60' to increase longevity and reduce maintenance. Rolled girder weights may vary by span as
availability allows but it is recommended to use the same rolled girder section size for weathering steel due to minimum mill order

requirements and rolling schedules.

Consideration should be given to use of a vibratory screed for deck finishing, provided that the requirements of EPG 751.10.1.15 are

satisfied or with approval of the SPM, SLE, or owner’s representative for a particular bridge.

If varying the girder size at the intermediate bent, the overall girder depth shall remain constant. The bottom flange widths need not

be identical, but design of the compression blocks shall be for the smaller girder section.
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Structure Length

Typical SDCL steel structure — integral and non-integral end bents:

Girder Length and Geometric Layout

Tangent Bridges

Girder lengths of exterior spans (i.e., end spans) and interior spans shall be computed using the requirements shown below:

|
: 1" Steel
! ! End Plate
—_ . << yp.) << | Steel Compression
i . (Typ.)(6)
| | |
':5|=== - |
> , I .b I
- 1 s !
I3 b! B !
!
i ( |
| |
L J
Layout Length with Integral End Bents
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(1)
(2)

(3)
(4)
(5)
(6)

Steel Compression

SS|
Block (Typ.)(6)

Layout Length with Non-Integral End Bents

Minimum dimension from edge of bearing pad to end of girder equals one inch.

Design layout lengths are horizontal lengths. Girder lengths should be adjusted according to grade and shall be specified to
the nearest 1/8 inch.

For large skews, end bent beam caps may need to be larger to provide edge distance.

Horizontal distance along centerline of girder.

=1” (minimum) + % bearing pad length which equals 5” min. for Steel I-girders.

Minimum compression block length, parallel to girder length, = 2”. Refer to 751.15.2.3.

Curved Bridges

The use of the SDCL methodology has not been evaluated for bridges on curves or using curved girders. All girders shall be tangent

from end to end.

[The remainder of this section will be similar to 751.14.1.2 -- refer to the Omissions section of the document for changes to

751.14.1.2 in creation of 751.15.1.2.]

751.15.1.3 Optimizing Girder Spacing on Non-Standard Roadways

[Same as 751.14.1.3.]

Horner & Shifrin, Inc. | July08,2026 | 5
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751.15.2 Design

751.15.2.1 Limit States and Load Factors

[Same as 751.14.2.1.]

751.15.2.2 Analysis Methods

Design Analysis Software

Design software used for Simple for Dead Load, Continuous for Live Load steel superstructures must have the ability to evaluate the
girder under the girder weight and deck dead load acting as simple spans prior to deck hardening and establishing continuity for DC2,
DW and live loads at the intermediate bent. This is typically accomplished by utilizing hinges (or other release mechanisms) at the
intermediate bent for DC1 loads and then establishing continuity with the reinforcement in the deck at the intermediate bents for

the remainder of the applied structure loading.

The following design software is capable of modeling and analyzing SDCL structures®:
e AASHTOWare BrD/BrR
e MDX Software
¢ LEAP Bridge Steel
e Merlin-DASH

[Remainder of section same as 751.14.2.2, refer to the Omissions section of the document.]

751.15.2.3 Compression Blocks

General
Steel blocks are used to transfer compressive forces from the bottom flange of one steel girder to the bottom flange of an adjacent

steel girder without relying on the concrete in the diaphragm?.

Top Longitudinal Reinforcement
Bottom Longitudinal Reinforcement

/ / h

g g 2 o /[ o o & o )
N | — — I —| — —

i

© \ / 0”7 Const. Joint
o N 4 (o]
Steel Compression N ’
Blocks (By design) —\
L /i Z 2 B Z

~7 7 NN ] NN < o

U
s

Steel End Plates
"x by x d

Part Elevation
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Dimensions

The width of the compression block shall match the bottom flange width of the narrower flange if there is a shape transition.. The

thickness of the compression block, measured parallel to the girder length, shall be a minimum of 2 inches? (1/4” increments). The
height of the compression block, measured parallel to the girder depth, shall be determined by design. Not required, but preferred
for fabrication, is to use a block height equivalent to the block thickness where design criteria are satisfied. See EPG 751.15.4.1 for

details.

Connection Capacity

The flexural capacity of the connection is primarily driven by the force couple created by the tensile reinforcement placed in the slab
and the compression blocks attached to the bottom flanges?.

Force Couple Diagram Compression Block Dimensions
The flexural capacity is calculated as follows?:
H
M, = Asfy(d - E)
Where:

M,, = nominal moment capacity of the connection, k — in.

A; = area of tensile reinforcement, in.?

fy = yield strength of reinforcing steel, ksi

d = distance between bottom of the girder and centroid

of the tensile reinforcement, in.

H = compression block height measured parallel to the

girder depth, in.

ty,; = thickness of the compression block measured parallel

to the girder length, in.

Horner & Shifrin, Inc. | July08,2026 | 7
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The area of tensile reinforcement present in the slab shall be determined in accordance with EPG 751.10.1.5 similar to Prestressed
Structures.
Compression Block Design Steps
Step 1 — Assume compression block height
The compression block height is assumed to determine an area of tensile reinforcement required to balance the force couple?.
M,
oy~ 3)

As,required =

Where:

Ag requirea = Minimum area of tensile reinforcement required, in.?
M,, = factored ultimate moment demand, k — in

¢ = resistance factor for tension — controlled concrete sections [AASHTO 5.5.4.2]

Step 2 — Calculate minimum block height
The compression block is designed to carry a force equal to 1.7 times that carried by the tensile reinforcement, or 1.71, to ensure its
behavior remains elastic2. Compare Hmin with the block height, H, used in Step 1 to ensure the assumed block height is adequate.

1'7fyAs,provided
by Fypi

min —

Where:
H,,in = minimum height of the compression block parallel to the

girder depth, in.

by = girder bottom flange width, in.

F,, = yield strength of the steel compression block, ksi

Step 3 — Calculate capacity of connection
Once the minimum height of the compression block and required area of tensile reinforcement is determined, the nominal flexural
capacity, Mp, of the connection can be calculated. If the provided area of tensile reinforcement is greater than the required area, the

height of the compression block should be determined based on the actual arrangement of tensile reinforcement.

H
M, = AsFy(d - E)

Seismic Application

The SDCL connection design and details for non-seismic zones have been investigated both numerically and experimentally and
numerous standing SDCL bridges have been monitored for field performance. The suggested SDCL connection design and details for
moderate-to-high seismic areas are very similar to non-seismic zones®; however, SDCL bridges in highly seismic regions have not been

constructed and monitored to the same extent as bridges in non-seismic zones. For SDCL design in moderate-to-high seismic areas,
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Simple for Dead Load, Continuous for Live Load (SDCL)
consult with the State Bridge Engineer, Structural Project Manager, or District. Refer to EPG 751.9 for the Seismic Design Flowchart

and see the ABC-UTC Guide for Superstructure to Pier Connection in SDCL Steel Bridge Systems for seismic SDCL connection

information*.
751.15.2.4 Intermediate Diaphragms and Cross Frames

Straight Girder Layout

For W24x and shallower rolled shapes, consideration should be given to providing intermediate diaphragms and cross frames at

smaller spacings to increase stability during construction, prior to deck curing.
Equal Space Equal Space p € Intermediate Bent

I l/ [ /
I 7 [ T [
i S [ j I
| Parallel —=r<—7 Parallel\ .
1 / [ Jl=— ¢ Int. Diaph [
/ t 1 ] t 1
I I [ I I

s b N e e
/ / [ I . I
/' /' I’ / /' /@@ Int Dlaph /: I.
I | [ I I
I I [
I I [ . I
| | Iy =€ Int. Diaph. [
I I I I I

\(E Bearing/ / \qt_ Bearing/ /

All skews
SDCL Steel Structures

Diaphragm Layout for SDCL Steel Structures

A note on the plans is required, see EPG 751.50 Standard Detailing Notes for note (H6.20):
"The Contractor shall provide bracing necessary for lateral and torsional stability of the girders to remain plumb during

construction of the concrete slab and remove the bracing after the slab has attained 75% design strength. Contractor shall not weld

on or drill holes in beam without Engineer's written approval."

Remainder of section same as 751.14.2.3, refer to th

e Omissions section of the document.

Steel end diaphragms shall be located at all non-integral end bents where continuity of the slab is broken (i.e., expansion joints).

751.15.2.5 End Diaphragms
Integral end bents shall use a concrete diaphragm. See EPG 751.14.5.3 and 751.14.5.4 for details of end diaphragms for wide flange

beams and plate girders, respectively.

Remainder of section same as 751.14.2.4, refer
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751.15.2.6 Other Requirements

Minimum Negative Flexure Reinforcement

Modify EPG 751.10.1.5

Bearings
Plain and laminated elastomeric pads are preferred for SDCL steel structures; see EPG 751.11. Expansion bearings shall not be used
for SDCL steel structures as the ends of the compression blocks need to remain in contact and testing/research have not explored the

effects of expansion bearings on the performance of the SDCL connection.

Bearing Stiffeners
Bearing stiffeners are not required for SDCL steel structures: one-inch-thick steel plates are welded to the girder ends at intermediate
bents and the ends of the girders are encased in a concrete diaphragm. For details of bearing stiffeners for rolled shapes at non-

integral end bents and for plate girders, refer to EPG 751.14.5.1.

Remainder of section same as 751.14.2.6, refer to the Omissions section of the document.
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751.15.3 Composite Design
751.15.3.1 General

Same as 751.14.4.1, refer to the Omissions section of the document.

751.15.3.2 Shear Connector Limits

Shear Connector Spacing
Shear connectors for SDCL steel structures shall be provided along the entire length of the span. For a typical 3-span SDCL steel

bridge, the shear connectors can be approximately arranged as below:

T T
I |
] |

¥ ® .

I—‘-" -—

|

|

Wi s o

g

Sl |

i.,i‘_ 5;-0_4-] L-—'\L Er-q.gn-;

1)} Shear connector units ot pitch os indicoted by designs providing
./ total shear connectors satisfy both fatigue stress and ultimate
stramngth.

Remainder of section same as 751.14.4.4, refer to the Omissions section of the document.

751.15.3.3 Fatigue Design

Same as 751.14.4.3, refer to the Omissions section of the document.

751.15.3.4 Strength Design

Same as 751.14.4.4, refer to the Omissions section of the document.

751.15.3.5 Shear Connector Details

Same as 751.14.4.5, refer to the Omissions section of the document.
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751.15.4 Details

751.15.4.1 Compression Blocks (New Design or Superstructure Replacements)
General

Compression block dimensions shall be determined by design, see EPG 751.15.2.3.

After beam erection, the vertical faces of the compression blocks shall be in partial-to-full contact. Full contact throughout block

height is not necessary?. Vertical faces of adjacent blocks shall overlap a minimum of 0.75H.

Top Longitudinal Reinforcement
/ /r— Bottom Longitudinal Reinforcement

7 % & = J & = & o )
i 11 i I »\” Il i 1l /

\
T
o O/[— Const. Joint
(¢] o}
Steel Compression
Blocks (By design) —
/ -

/ S

Steel End Plates
1" x by x

Part Elevation

Welding
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End Plate and Compression Block Welding Details

Where:
by = girder bottom flange width, in.
d = girder depth, in.
H = compression block height measured parallel to the
girder depth, in.
t,, = thickness of the compression block measured parallel

to the girder length, in.

Compression Blocks for SDCL Redecking

For redecks involving conversion of a multi-simple span structure to continuous using SDCL, the compression block design shall

follow EPG 751.15.2.3 with modifications to the block dimensions as shown using tapered blocks:

Girder Ends 4—\;>\\\\\S

Steel Shim Plate

(if necessary)
ﬁ(j& ]

Tapered \
Bottom of

Bottom of Compression
bottom flange Block bottom flange

Top of
Beam Cap

(by design)

Tapered Compression Block and Shim Plate Part Elevation
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Gap between
girder ends

¢ Bearing—ﬁ

< ¢ Bearing

—

I/ (Typ.)

i min.
—_—

Tapered Compression Block and Shim Plate Part Plan

Steel Shim Plate
....... (if necessary)

.
I
I
I
.
I
| ~N
I
.
I
I
I
.
I

The material of the tapered compression blocks and shim plate shall be in accordance with EPG 751.15.1.1. The shim plates shall not

be less than 1/4” in thickness for welding.

The tapered block dimensions are based on design requirements and existing plan dimensions at the Intermediate Bent(s). Prior to

fabrication, the contractor shall measure each gap at all beams and make necessary adjustments.

Field Adjustment of Blocks for Varying Gap Widths

For narrower gaps, the tapered blocks can be uniformly slid away from each other provided that the narrow end of the tapered block
extends past the web by a minimum of 0.4 times the larger bottom flange width. If the design criteria per EPG 751.15.1.1 are met,
the contractor may have the option to reduce the thicker end dimension to allow the narrower end of the tapered block to extend as

required beyond the web.

For wider gaps, the tapered blocks can be uniformly slid toward each other provided the thicker end of the tapered block extends
past the web by a minimum of 0.4 times the larger bottom flange width. If the design criteria per EPG 751.15.1.1 are met, the
contractor may have the option of adjusting the tapered block dimensions or using a shim plate of uniform thickness between the

tapered blocks.
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751.15.4.2 Closed Concrete Intermediate Diaphragms

Concrete intermediate diaphragms are cast between the ends of SDCL steel girders at interior supports and make the girders

continuous for loads applied after continuity is established.
The diaphragm at bents shall be cast to 2/3 of its full depth to ensure stability of the girders and reduce unintended moment
continuity and cracking during deck pours?. The concrete diaphragm shall be poured a minimum of 12 hours before the slab and

remainder of the diaphragm is poured.

Reinforcement guidance details for skewed bents are shown below and are also applicable to squared bents. Refer to EPG 751.22.3.7

for details not shown.

751.15.4.2.1 Dimensions

The following dimensions shall be detailed on the plan sheets for closed concrete intermediate diaphragms.

(min.)

SECTION NEAR DIAPHRAGM

(Normal to centerline of girders)

N —Edge of Beam

W / —Edge of Diaph

X" (b)

¢ Bent &
/ ¢ Diaphragm

X' -

Section A-A
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Section B-B

(Normal)

Detailing Guidance:

Green items are guidance and shall not be shown on the plans.

751.15.4.2.2 Reinforcement
The reinforcement shall be detailed on the plan sheets for closed concrete intermediate diaphragms as shown below except:
e Bar marks revised as required.
¢ Abbreviations used as required.
e Add “(Typ.)” to dimensions and leader notes as appropriate.
All U bar reinforcement shall use stirrup bends.
All reinforcement in diaphragms shall be epoxy coated. Coating of dowel bars shall match the coating of intermediate bent
reinforcement. Intermediate bent reinforcement shall be epoxy coated in the case that reinforcement from the intermediate bent

(except dowel bars) extends into the diaphragm.

The details shown are for the same girder heights within continuous girder series and diaphragms not constructed integral with the
bent cap (no reinforcement extending from cap into diaphragm). For diaphragms constructed integral with the bent cap

(reinforcement extending from cap into diaphragm), refer to EPG 751.35.
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SHOWING REINFORCEMENT
SECTION NEAR DIAPHRAGM
Keys not shown for clarity.

(Normal to centerline of girders)

SHOWING SHEET METAL
SECTION NEAR DIAPHRAGM

(Normal to centerline of girders)

The sheet metal shall be included in the diaphragm in regions with salt exposure at grade separations or more publicly visible areas
to help control cracking. The sheet metal plate may be omitted in areas such as stream crossings that are not visible to the traveling
public as the potential for uncontrolled cracking may be higher. Research shows inclusion of the sheet metal does not significantly

reduce the degree of continuity in the diaphragm during deck placement.
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SECTION A-A

(Skewed diaphragm shown, square diaphragm similar)

SECTION B-B

(Skewed diaphragm shown, square diaphragm similar)
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SECTION C-C

SECTION D-D

Alternate Section D-D for Fixed Diaphragm Connections
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Detailing Guidance:

Green items are guidance and shall not be shown on the plans.

751.15.4.2.3 Bent Details

Dowel Bars and Keys

Dowel bars are by design. Where the stainless-steel plate is omitted, a straight bar can be used in lieu of the alternating X-pattern

bars shown below in the “Section Thru Key” for pinned diaphragms. For details of dowel bars and keys where the stainless-steel

sheet metal plate is omitted, refer to EPG 751.22.3.7.4.

Section Thru Key Plan of Beam Showing Reinforcement
(For pinned diaphragms with the

stainless steel sheet metal plate)

Joint Filler and Bearings

The joint filler required for closed concrete intermediate diaphragms shall be shown in the plan of beam along with
the bearings. No expansion bents nor girder chairs shall be used.

- At pinned diaphragm connections:

Horner & Shifrin, Inc. | July08,2026 | 20
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N (Min.)

- At fixed diaphragm connections:

Detailing Guidance:

Green items are guidance and shall not be shown on the plans.

(a) "W" is width of bearing. Bearing length and thickness is
by design.

(b) Remove thickness for tapered bearings.
(c) 3 3/4" minimum. With the approval of the SPM, the

diaphragm may be made flush with substructure
beams not greater than three feet wide.

751.15.4.3 Reinforcing Holes
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Section at End of Beams at Intermediate Bents

(End plates and steel compression blocks omitted for clarity)

(1) 1”7 plus half of bearing pad length for bearing pad

(2) 1 1/16” 8 holes for skews thru 20°. For skews > 20°, use slotted holes = 1 1/16” + 2(web thickness) x (tan of the skew angle)

(3) Line perpendicular to the bottom of the bottom flange at the intersection of CL Brg. and Point of Rotation.

For section at end of beam for integral end bents, refer to EPG 751.35.5.1 Reinforcing Holes.

WF Beam Depth Stud Spacing * A Reinforcement Hole Spacing

12 1spa. @4" 4" 1 space

14 1spa. @ 6" 4" 1 space

16 2spa. @ 4" 4" 2 equal spaces
18 2spa. @51/2" 4" 2 equal spaces
21 2spa. @41/2" 4" 2 equal spaces
24 2 spa. @ 6" 4" 2 equal spaces
27 2spa. @7 1/2" 41/2" 2 equal spaces
30 3spa. @ 6" 41/2" 3 equal spaces
33 3spa.@7" 41/2" 3 equal spaces
36 4 spa. @ 6" 412" 3 equal spaces

* only at end of beam at integral end bent

751.15.4.4 Int. Diaphragms and Cross Frames

Intermediate Diaphragm and Cross Frame Details**
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Remainder of section same as 751.14.5.2, refer to the Omissions section of the document.

Channel, Angle

Shape D" (in) N or Bent Plate A" (in) B" (in)
W12X45 THRU W12X106 6 2 C6x8.2 Shapes too shallow to
W14X68 THRU W14X145 7 2 C7x9.8 allow for 6x6x3/8 at
W16X40 THRU W16X89 8 2 C8x11.5 tension flange. Welding on
W18X46 THRU W18X106 10 3 C10x15.3 both flanges required.
W21X48 THRU W21X93 12 4 C12x20.7 3 1/2
W24X68 THRU W24X103 12 4 C12x20.7 3 1/2
W27X84 THRU W27X129 15 4 5/16 x 23 4 1172
W30X90 THRU W30X148 18 5 5/16 x 26 4 11/2
W33X118 THRU W33X221 21 5 5/16 x 29 4 1172
W36X135 THRU W36X194 21 5 5/16 x 29 4 1172
W40X149 THRU W40X215 21 5 5/16 x 29 4 11/2
36" thru 40" Plate Girders 21 5 5/16 x 29 4 1172
42" Plate Girders 27 5 5/16 x 35 4 11/2
Diagonal Member L3x3x5/16
> 42" Plate Girders Horizontal *** S < 10'-2" L3.5x3.5x5/16 4 11/2
Member other L4x4x5/16

** Table is applicable for diaphragms and cross frames used as bracing
members. For criterion used in determining members sizes see the
footnotes for the “Bottom Horizontal Members for Web Depths” and “
Diagonal Members for Web Depths > 48" tables for End Diaphragms.

*** S = girder spacing along diaphragm skew

Diaphragms and cross frames used as primary members must be checked
for torsion effects. (See Analysis of Horizontally Curved Girders)
ATTENTION DETAILER:

Intermediate diaphragm connection plates shall be detailed for Connection “A” for skews thru 20°.
Details of Connection “A" are shown in EPG 751.14.5.1 Bearing Stiffeners.

751.15.4.5 Other

For details of: transverse stiffeners, longitudinal stiffeners, lateral bracing, protecting coating requirements, weathering steel, drip bar

guidance, and weld design/detail guidance, refer to EPG 751.14.5.
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751.15.5 Miscellaneous Details

751.15.5.1 Girder Haunch

When variable haunching is used in lieu of cambering, the following detail shall be modified as needed and shown on the plans.

There is no maximum haunch for full depth cast-in-place decks using conventional or SIP forms, but additional hairpin bars are

required in accordance with EPG 751.10.1.14 Girder and Beam Haunch Reinforcement.

Girder No.

1

Girder No.

2

Girder No.

3

Glrder No.

4

Girder No.

5

Bottom of Slab—]

BN

¥

Top of Gi?der}/ﬁ—_l_?

7 ——
1 T\ 1

TTTITITT

10 Fqual Spaces 10 Fqual Spaces 10 Fqual Spacas
[’ %& Bearing & Bearing & Bearing
Span (1-2) Span (2-3) Span (3-4)

Remainder of section same as 751.14.6.1.

THECRETICAL SLAB HAUNCHING DIAGRAM

751.15.5.2 Girder Camber and Dead Load Deflection

Cambering of wide flange beams shall be utilized over roadways with a non-composite dead load deflection greater than 1". The

variable haunch can be used over creek crossings for simplification and ease of girder fabrication with less than 4" of dead load

deflection.

All plate girders shall be cambered.

Remainder of section same as 751.14.6.2.

Horner & Shifrin, Inc.

| July 08, 2026

| 24


https://epg.modot.org/index.php?title=751.10_General_Superstructure#751.10.1.14_Girder_and_Beam_Haunch_Reinforcement

Simple for Dead Load, Continuous for Live Load (SDCL) Project No.
Guidance for MoDOT ‘s Engineering Policy Guide TR202505

Omissions and Changes to
EPG 751.14, 751.11, and 751.10

Horner & Shifrin, Inc. | July08,2026 | 25



Simple for Dead Load, Continuous for Live Load (SDCL) Project No.
Guidance for MoDOT ‘s Engineering Policy Guide TR202505

References

(1) Azizinamini, A., Yakel, A.J. and Farimani, M.R. (2005), Development of a Steel Bridge System—Simple for Dead Load and
Continuous for Live Load, Volume 1: Analysis and Recommendations, Final Report NDOR 542, Nebraska Department

of Roads, Lincoln, NE.

(2) Azizinamini, A. (2014), “Simple for Dead Load—Continuous for Live Load Steel Bridge Systems,” AISC, Engineering Journal,

Second Quarter.

(3) Taghinezhadbilondy, Ramin. 2016. "Extending Use of Simple for Dead Load and Continuous for Live Load (SDCL) Steel Bridge

System to Seismic Areas." Ph.D. dissertation, Florida International University.

(4) Sadeghnejad, A.; Mantawy, |.; Azizinamini, A. ABC-UTC Guideline for Superstructure to Pier Connection in SDCL Steel Bridge

Systems; Technical Report; Florida International University: Miami, FL, USA, 2018

(5) Wasserman, E. Transportation Research Record: Journal of the Transportation Research Board, CD 11-S, Transportation

Research Board of the National Academies, Washington, D.C., 2005, pp. 197-202.

(6) Azizinamini, Atorod. Simple for Dead Load - Continuous for Live Load Steel Bridge Systems. IBT/ABC-UTC, 9 Sept. 2025.
Webinar.

Horner & Shifrin, Inc. | July08,2026 | 26



"Omissions and Changes to EPG 751.14, 751.11, and 751.10

751.14 Steel Superstructure

Contents

751.14.1 General
751.14.1.1 Materials and Selection of Steel
751.14.1.2 Girder Limits and Preferences
751.14.1.3 Optimizing Girder Spacing on Non-Standard Roadways

751.14.2 Design
751.14.2.1 Limit States and Load Factors
751.14.2.2 Analysis Methods
751.14.2.3 Intermediate Diaphragms and Cross Frames
751.14.2.4 End Diaphragms
751.14.2.5 Part Elevation of Girders
751.14.2.6 Other Requirements

751.14.3 Splice Design
751.14.3.1 Field Bolted Spjice Design
751.14.3.2 Plate Girder - Flange Splice Tables
751.14.3.3 Plate Girder - Web Splice Tables
751.14.3.4 Wide Flange Splice Tables
751.14.3.5 Shop Welded Splices

751.14.4 Composite Design
751.14.4.1 General
751.14.4.2 Shear Connector Limits
751.14.4.3 Fatigue Design
751.14.4.4 Strength Design
751.14.4.5 Shear Connector Details

751.14.5 Details
751.14.5.1 Bearing Stiffeners
751.14.5.2 Int. Diaphragms and Cross Frames
751.14.5.3 End Diaphragms for Wide Flange Beams
751.14.5.4 End Diaphragms for Plate Girders
751.14.5.5 Transverse Stiffeners
751.14.5.6 Longitudinal Stiffeners
751.14.5.7 Lateral Bracing
751.14.5.8 Protective Coating Requirements
751.14.5.9 Weathering Steel
751.14.5.9.1 Drip Bar Guidance
751.14.5.9.2 Drip Bar Details
751.14.5.10 Weld Design and Detail Guidance

751.14.6 Miscellaneous Details
751.14.6.1 Girder Haunch
751.14.6.2 Girder Camber and Dead Load Deflection
751.14.6.3 Girder Elevation Variation Sketch
751.14.6.4 Spacing of Intermediate Diaphragm from Spice
751.14.6.5 Offsets for Curved Plate Girders

751.14.1 General

751.14.1.1 Materials and Selection of Steel

General

Unit weight of reinforced concrete, ‘Ye = 150Ib/ ftd
for modulus of elasticity, Ye = 145Ib/ ft3

Unit weight of future wearing surface, Yiws = 140Ib/ ft3

Compressive strength of concrete, f@ = 4ksi

Minimum yield strength of reinforcing steel, fy = 60ksi
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Unit Weight of Structural Steel, /8 =490Ibs/ ft

Steel Yield Strength (Fy) and Tensile Strength (Fu)

ASTM A709 Grade 36 Fy =36 ksi Fu= 58 ksi
ASTM A709 Grade 50 Fy =50 ksi Fu= 65 ksi
ASTM A709 Grade 50W Fy =50 ksi Fu= 70 ksi
ASTM A709 Grade HPS 70W* Fy =70ksi Fu= 85 ksi

(* See Project Manager for use of Fy greater than 50 ksi.)

Fasteners

Diaphragms - 3/4" diameter ASTM F3125 Grade A325 Bolt Fub =120 ksi

Selection of Steel

Welded Plate Girders:

Grade 50, Grade 50W, or HPS70W plate. Grade 36 may be used for webs in hybrid sections. Where appropriate for economy, hybrid sections are
used for plate girder design, otherwise use homogeneous sections.

Wide Flange Beams:

Grade 50 or Grade 50W.

Diaphragms, cross frames, stiffeners, or other connection elements:

Grade 36, unless Grade 50 or Grade 50Wis required by design

Splices:
Information for ASTM Grade 50 or Grade 50W is shown in this section. For Grade 36, designer shall design splice using LRFD procedure discussed

in this section.

Shear Connectors:

AASHTO M169 (ASTMA108), Fy =50 ksi Fu= 60 ksi

751.14.1.2 Girder Limits and Preferences
There are situations to consider when deciding to choose between a wide flange or plate girder design.

= Curved structures or structures requiring severe camber, are more typical for welded plate girders.

= The designer should check the availability of standard wide flange shapes.

= Typically if wide flanges are capable for the design, a wide flange beam design will be more economical then a welded plate girder.
Maximum Section Length
Maximum girder section length shall be limited to meeting:

= Flange shipping and erection limit of bi 2:". L/85, where bi= flange width and L = section length.

= Site accessibility restrictions (consult with District)
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« During fabrication the weight of the girder should not cause a flange stress greater than 55 percent of the flange yield strength (0.55Fy) when
the web is laid in the horizontal position. Assume the ends are simply supported. If the flange stress exceeds 0.55Fy then the plans shall
indicate that heat curving of the girder must be performed with the web in the vertical position.

Minimum Plate Length

10 ft. Shop flange splices should be eliminated and extra plate material used when economy indicates and span lengths permit.

Minimum Radius (Horizontally Curved Girders)

Minimum radius for heat-curved girders shall be 150 ft. In addition the minimum radius is limited by the girder section properties per LRFD 6.7.7.

Stiffeners

Longitudinal stiffeners are generally not economical in spans less than 300 ft. Consult with the State Bridge Engineer prior to using longitudinal
stiffeners.

The number of different sizes of transverse stiffeners should be reduced to a minimum for stiffener widths up to 8". This is because small plate
materials of any thickness and up to 8" in width must be ordered by fabricators as bars in 20 ton lots for each size (A "bar" is generally a plate 8"
wide or less). Also, it is recommended that changes in stiffener thickness should be kept to a minimum. Best practices suggest using transverse
stiffener thicknesses with the same thickness as the intermediate diaphragm connection plates or bearing stiffeners but no less than required by
design to limit the steel fabricator from having to order small quantities of bars or plates.

Web Depth

It is preferred to use web depths in 6" increments. Other increments may be used when required by the Design Layout (See Structural Project
Manager). Note that Standard Web Splice Tables shown are provided in 2" web depth increments.

For girders analyzed as horizontally curved (see Analysis of Horizontally Curved Girders), the girder depth shall be limited in relation to the span
length as follows:

onlp

Where:

—D—=steelgirder-depth—

Las= C* (Arc span length)

Where:

C =1.0...simple spans:

C =0.8...interior continuous spans:

In the absence of LRFD-specific data, the following information is provided. Three spans with ratio n = 1.3 + and HS20 live load were considered.

L AL ik

3 Span
Three Span Structure

Continuous Girders, HS20; ASTM A709 Gr.
36

Span es(g)mateyl\Qt_ Web Depth (in)
851099” N\, 42
100}4{ 119 \‘@
/1/2’0 to 129 54\
/ 130 to 144 60 \

/ N
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145to 154 66

\ 155 to 169 72 /
\170 to 179 78 /
}QO to 189 8zy
190\{0 200 /o

ContinuousS{ers, H520/ASTM A709 Gr.
50

Span estimate, L t‘Q Web Depth (in)

85 to 104 42

105 to 124 / \ 48
125 to 19/ \ 54

135 to 444 \ 60
14540 159 \c{e

1/0 to 174 72\
/175t0179 78 \
/ 185 to 189 84 \

195 to 204 90

Web thickness
Minimum web thickness for plate girders= 1/2"
Web thickness increment is 1/16 inch.

Transverse stiffeners may be omitted when indicated by design and economy. A cost comparison should be made based on current average bid prices
that may be obtained from the Structural Project Manager for comparable bridges.

It will usually be economical to eliminate transverse stiffeners for shallow webs (36" to 42"). For webs deeper than 42 in., a general rule of thumb is
to determine the minimum web thickness without stiffeners; then, use a web thickness 1/16 inch less.

Flanges

Minimum flange dimensions are 3/4" x 12". For shipping and erection purposes, minimum width of both compression and tension flanges shall not
be less than L/85, where Lis the shipping length of the girder section. This limitation is to prevent out-of-plane distortion of the girder.

Maximum flange thickness= 4", except for HPS70W limitations and-curved-girders-with-radii-less-than-1000-feet—

Flange thickness increment is 1/8 inch. Flange width increment is 1 inch.

permitted.

Structure Length

Typical Continuous Steel Structures - Integral End Bents:
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(*) Maximum length from End Bent to end Bent = 500 feet.

751.14.1.3 Optimizing Girder Spacing on Non-Standard Roadways
Several items shall be considered when determining the girder spacing for non-standard roadways:

General Guidelines
In general, an economical girder arrangement is one that:

Balance M & V Distribution Factors. For efficiency, it is desired for all girders to be designed for the same loads, resulting in the same section
for exterior and interior girders.

Practical Constraints
Some practical constraints to consider when optimizing girder spacing:
Number of girders. For consideration of future stage construction, there may be a minimum number of girders that should be considered.

Maximum Form Span. Precast panels and transparent forms have maximum span limits that should not be exceeded. For cases where
conventional forms or corrugated steel forms are used, it is generally recognized that 12 ft girder spacing is a maximum practical limit to allow for
future redecking.

Vertical Clearance and Deflection Requirements. It is expected that fewer girder lines would result in deeper girders. Vertical clearance or
deflection constraints may dictate the use of more girder lines than optimum, or a shallower web than optimum.

Slab Overhang Limits. In order to use distribution factors provided in LRFD Table 4.6.2.2.2 for girder design, the roadway overhang shall not
exceed AASHTO's specified limits, otherwise the structure shall be analyzed using a refined method of analysis specified in LRFD 4.6.3.

751.14.2 Design

751.14.2.1 Limit States and Load Factors
In general, each component shall satisfy the following equation:

Where:

Q = Total factored force effect
Q; = Force effect

f/; = Load modifier

'Yi = Load factor

</> = Resistance factor

R,., = Nominal resistance

R,. = Factored resistance

Limit States

The following limit states shall be considered for steel superstructure design:

STRENGTH-I
STRENGTH - Il
STRENGTH - IV(*)
STRENGTH-V
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SERVICE-II

FATIGUE
For constant amplitude fatigue threshold (@F)TH, see LRFD Table 6.6.1.2.3-1 for applicable detail. For base metal, except noncoated
weathering steel, detail category "A" (@F)TH = 24 ksi and for base metal, noncoated weathering steel, detail category "B" (@F)TH = 16
ksi.

Combination for loads during construction and construction loads shall be evaluated at the Strength Limit State and Service Limit State in
accordance with EPG 751.2.3.2 (EPG Load Combinations) LRFD 3-4.2.

(*) Use for bridges with high DL to LL ratios. Typically, bridges with spans> 200 ft.

See LRFD Table 3-4.1-1and LRFD 3-4.2 for Loads and Load Factors applied at each given limit state.

Resistance factors
STRENGTH limit states, see LRFD Article 6.5.4.2

For all other limit states, ¢i =1.00

751.14.2.2 Analysis Methods
MoDOT office practice generally utilizes the following:

The elastic stress at any location on the composite section due to the applied loads shall be the sum of the stresses caused by the loads applied separately
at the following three stages:

Non-Composite Stage - The dead load of slab and haunching and beam self weight shall be analyzed at this stage. This stage shall also be used for
any construction loading checks. The section properties used are of the steel section only.

Long Term Composite Stage - The dead load of barrier or railing, future wearing surface and any other appurtenances shall be analyzed at this
stage. The section properties used are of the composite section of slab and beam assuming an elastic modulus of 3n for the slab. Where "n" is the
modular ratio.

Short Term Composite Stage - Any live loading shall be analyzed at this stage. The section properties used are of the composite section of slab
and beam assuming an elastic modulus of "n" for the slab. Where "n" is the modular ratio.

Composite regions shall be defined as regions where shear connectors are used to connect the steel section to a concrete deck. Simple for Dead
Load and Continuous for Live Load (SDCL) structures are designed as composite throughout.

Tension Flanges with Holes

Compact Design is not allowed in composite positive flexure regions where holes are located in the tension flange. Similarly, in negative flexure regions
where holes are present in the tension flange the girders shall not be proportioned with compact or noncompact webs in accordance with LRFD
Appendix A6. Girders with holes in the tension flange shall further meet the requirements of LRFD 6.10.1.8 Tension Flanges with Holes.

Wind

For girder and intermediate diaphragm and cross-frame design, wind acting on the top half of girder is distributed to deck and wind on the lower
half is assumed to be carried by the bottom girder flange.
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C =1.0...simple spans:
C =0.9...end continuous spans:
C =0.8...interior continuous spans:

For straight girder analysis:

»_Use the arc length as the span length
» Diaphragms and cross-frames treated as bracing members

= Shear connectors are omitted in negative moment regions

For horizontally curved girder analysis:
= _Overturning (load-shifting) effects must be considered to contribute to the major-axis bending.

= Diaphragms and cross frames shall be designed as primary members.
= Design diaphragm connections to transfer forces to flanges.
=_Shear connectors provided throughout girder length

= _Lateral flange bending effects should be considered in the girder, shear connector, and flange splice design

Note: Lateral flange bending stresses may be superimposed with stresses resulting from major-axis bending.

751.14.2.3 Intermediate Diaphragms and Cross Frames
Cross frames are located at all intermediate bents with continuous slabs.

Diaphragms or cross-frames for rolled beams shall be at least %2 the beam depth.
Girders shall be investigated for the effects of diaphragms or cross-frames for all stages of assumed construction procedures and the final condition

Investigation shall include, but not be limited to:
» Transfer of lateral wind loads from the bottom of the girder to the deck and from the deck to the bearings.

= Stability of the bottom flange for all loads when it is in compression
= Stability of the top flange in compression prior to curing of the deck

L Joint Betwsen Spans ——={
I
L

Straight Girder Layout
Typically the maximum intermediate diaphragm spacing shall be 25'-0", unless determined otherwise for special designs.
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Curved Girder Layout (see Analysis of Horizontaly Curved Girders)

Maximum intermediate diaphragm spacing shall be 25'-0", unless a lesser spacing is warranted by design. A lesser spacing may be warranted to
satisfy LRFD Eq. 6.7.4.2-1 or to reduce lateral flange bending stresses.

possmle Attach diaphragm to a bearlnq stiffener where possible. The proposed dlaphraqm Iavout shall be rewewed Wlth the Structural Pr0|ect

Manager prior to detailing on the plans.

A sketch of the desired diaphragm layout is given below.

Plan of Structural Steel
Desired Diaphragm Layout for Curved Girders

751.14.2.4 End Diaphragms

General

Steel end diaphragms shall be located at all non-integral end bents and-intermediate-bents-where continuity of the slab is broken (i.e. expansion
joints). Integral end bent shall use a concrete diaphragm

Steel diaphragms for rolled beams shall be at least ¥ the beam depth.

Steel diaphragms shall be investigated for all stages of assumed construction procedures and the final condition. Investigation shall include, but not
be limited to:

= Transfer of lateral wind loads from the bottom of the girder to the deck and from the deck to the bearings.
= Stability of the bottom flange for all loads when it is in compression

= Stability of the top flange in compression prior to curing of the deck

= Distribution of vertical dead and live loads applied to the structure. (*)

(*) At the end of the bridge and intermediate points where the continuity of the slab is broken, the edges of the slab shall be supported by
diaphragms or other suitable means as specified in LRFD 9.4.4. Top horizontal members shall be designed for vertical live and dead loads.

| . ‘ .
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(*) See Structural Project Manager for approval to deviate from the Maximum Girder Length of plate girder sections.
(**) See Design of Welded Structures by The James F. Lincoln Arc Welding Foundation, page 5.11-19.

Use Variaple depth section only as specified on Design Layout Sheet. Consult the Structural Project Manager for consideration of constant depth
section jn lieu of variable depth section based on design references or structural adequacy.
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751.14.2.6 Other Requirements
Deflection

See EPG 751.2-4.2 for Live Load deflection criteria.

Compute at 1/4 points for bridges with spans < 75 ft, Compute at 1/10 points for spans 2: 75 ft.

Camber_in_Horizontally Curved Girders
Rolled Beams are required to be heat curved to develop a horizontal curvature. Plate girders may either be heat curved or the flanges cut
to curvature.

Per LRFD 6.7.7.3 heat curving causes inherent residual stresses that result in camber losses during construction and for several months
of in-service use. It is not required that these camber losses be accounted for in the camber profile. Industry leaders recognize that the
calculation offered by LRFD 6.7.7.3 is theoretical and often inaccurate.

Minimum Negative Flexure Deck Reinforcement

See EPG 751.10.1.5

Bearing Stiffeners

earing stiffener width shall be given in 1/2" increments and shall extend to within a 1/2" of the bottom flange.

=

ers for skews over 45°.

Diaphragms and Cross-Frames
Diaphragms and cross-frames and their connections shall:

= Meet all applicable limit states for the calculated force effects.

= Follow LRFD 4.6.2.7 for transfer of wind loads

= Meet slenderness requirements of LRFD 6.8.4 or 6.9.3

= Meet connection plate design requirements of LRFD 6.6.1.3.1

= Be designed for stability of top flange in compression during noncomposite stage, and bottom flange for all loads when in compression.

Cross-frames or diaphragms are either considered as bracing members or primary members as discussed in the section "Analysis of Horizontally
c Gi "

Primary Members

When diaphragms are required to resist torsional forces, such as for horizontally curved girders or straight girders with highly skewed
bents, they shall be designed as primary or main members. Primary members require that forces be computed and considered in the
design of both the members and their connections to the girder.
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Load Rating Check

The final girder sections and steel layout should be adequate for both the design and rating analysis. It is recommended to perform the load rating
before finalizing the girder design.

51.14.3 Splice Design

751.143.1 Field Bolted Splice Design
General

In continuous spaks, splices should be made at or near points of dead load contraflexure excluding future wearing surface. Web andFlange splices in
areas of stress reversal shall be investigated for both positive and negative flexure.

In both web and flange sp¥ices, there shall not be less than two rows of bolts on each side of the joint. Oversize or slotted holeg’shall not be used in either
the member or the splice plates at bolted splices.

Bolted splices for flexural membsgs shall be designed using slip-critical connections as specified in LRFD 6.13.24.1. The connections shall also be
proportioned to prevent slip during the erection of the steel and during the casting of the concrete deck.

The tensile stress on the flange should be checked per LRFD 6.10.1.8.

In bolted slip-critical connections subject to shear, the load is transferred between the connected partg’by friction up to a certain level of force that is
dependent upon the total clamping force on the faying surfaces and the coefficient of friction of the/faying surfaces. As loading is increased to a level
in excess of the frictional resistance between the fayisg surfaces, slip occurs, but failure in the sepSe does not occur. As a result, slip critical connections
are able to resist even greater loads by shear and bearing\against the connected material. Thestrength of the connection is not related to the slip load.
Slip resistance, shear resistance and bending shall be comptted separately. Any potential ggeater resistance due to combined effect is ignored.

Bolt Design
Slip Resistance

Splices s_hall be designed as sllp_ critical con_nectlons with Cla_ss Bs 1 fe_l preparation and standard See SEG 20-02 (https:/lwww.modot.org/s
holes. Slip shall be checked against the maximum of the Service M limit stregses and the Strength-1 | tructural-engineering-guidance) for
construction stresses due to slab pouring sequences. All splice bolt"shall be 7/8" diameter ASTM F3125 | Galvanized Bolted Connection Design
Grade A325 bolts with a minimum pretension of 39 kips upogirder erection. Requirements.

Shear Resistance

The Bolt Shear Resistance shall be adequate to resist loads at the Strength-I limit state. (See Loads i this article.)

If afiller plate not less than 0.25" in thicknesg’is used in a flange splice then the Bolt Shear Resistance shall be reduced by the following factor:

R= (1 +-y)
(1+2-y)
Where:
At
1" =
Ap

Ai= sum of thedrea of the fillers on the top and bottom of the connected plate (in2)
Ap = smallef of either the connected plate area or the sum of the splice plate areas on the top and bottom of the connected plate (in<)
If the digtdnce between extreme fasteners on one side of a flange splice (joint length) is greater than 50 inches then the Bolt Shear Resistante shall be

reduced by 20%. Excluding the threads from the shear plane (when applicable) in order to reduce the overall length of a joint is preferree over
regdcing the Bolt Shear Resistance for large joint lengths.
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Min. splice plate thickness:

< =} Bolt threads included
8

>- 5 It threads excluded
- 4

Note: The washer may be located under the nut or bolt head.

Critical dimensions for checking thread exclusion
in 7/8" diameter ASTM F3125 Grade A325 bolted connections.

Threads may be excluded from the shear plane when the minimum splice plate thickness at the joint is greater thgA 5/8". Otherwise, the bolt threads
shall be assumed to be included in the shear plane.

Thread Embedment, Te = T - H - washer height - (stick-out)

Te,max = 1.5" - 55/64" - 0" - 0" = 0.641" or 34" rounded up to the nearest 1/8".

Flange Bolt Patterns

The minimum distance from the center of any fastenelNn a standard hole to a sheared or thtrmally cut edge shall be 11/2 inches for 7/8" diameter
fasteners. The minimum distance between centers of fasteners in standard holes shall b three times the diameter of the fastener, but shall not be
less than 3 inches parallel to the line of force for 7/8" diameter fasteners. The minimyfm edge distance shall be 2 inches for top flange outer splice
plates to allow for panel clearance.

Uniform bolt patterns are preferred in all cases except that a staggsred pattern /hay be used for flanges that are 14 and 15 inches wide. A staggered
bolt pattern reduces the distance between rows of bolts so panels can bdplaced/along the edges of the plate.

Bolt tightening clearances may become a problem for thick inner flange spiice plates or flange bolt patterns that use a narrow bolt gauge, I, across the
web. A thorough review is required to ensure that a 2.5" diameter sockgt with\1/16" clearance can be used. Typically, when bolt tightening clearances
are an issue the bolt gauge, |, needs to be increased but the sealing’check shall not be violated. If increasing the bolt gauge is not an option the
clearance to web bolts, e, shall be increased the minimum extent pécessary to maitain a practical uniform web bolt pattern.

Uniform Bolt Pattern

Staggered Bolt Pattern

Flange 3plice Plate Design
Flapige Width Transitions

hen the width of the flanges being spliced differs by more than 2, the larger flange shall be beveled as shown below.
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Flange Width Transition at Splice

Flange Splice Dimension

1. Minimum thickness of splice plate = 3/8"

2. Splice plate thickness increment= 1/8"

3. At the strength limit state, if the gross areas of the outer and inner splice plates vary by less than 10% thep’the shear force can be distributed by
double shear. Otherwise, the shear force must be distributed to each shear plane by the percentage of the gross area of the plate in contact with
the shear plane from the total gross afga of splice plates. (Note: Double shear can be assumed at the gervice limit state for all cases)

4. The total gross area of the splice plates shall be greater than the gross area of the smaller flange.
5. Bolt holes are considered to be 1" in diameter for the purpose of determining the net flange or splicé area.
6. Inner splice plates shall be symmetric for unifsym bolt patterns.

Loads
= Strength | - Splice plates shall be designed to resist\@ minimum design stress equal to thé average of the factored elastic flexural stress at the
mid-depth of the flange and the yield strength of the flapge (Fyf), but shall not be less/than 0.75Fyf.
= Service ll - Use factored loading to determine design for:

= Construction - Use factored loading to determine design fokce.
» Fatigue - Use factored loading to determine design stress range.

Resistance

The nominal flexural resistance (Fn) of the flange at the point of splice at the strength limit state shall be assumed to be equal to the specified minimum
yield strength of the flange (Fyf). For hybrid sections, a hybrid factor/(Rh) 3Qall be used to increase the stress seen by the flange when the factored
elastic flexural stress exceeds Fyw at the top or bottom of the web.

Flange splice plates shall be checked for:
= Tensile Resistance @ Strength-I Limit State
Yielding of Gross Section
Fracture of Net Section
Block Shear Rupture of Net Section

= Compressive Resistance @ Strength-1 Limit State
» Fatigue Resistance @ Fatigue and Fractuye Limit State
= Permanent Deflection under Construction loads

Note: The last two checks may be ignored if the sum of the gross splice plate areas is greater than the gross'area of the flange.

Girder flange shall be checked for;
= Tensile Resistance @ Strghgth-1 Limit State

Fracture of Net Sectfon
Block Shear Rupture of Net Section

» Bearing Resistapce @ Strength-I Limit State

Web Splice PYate Design
Web Spli¢e Dimensions

1. Wehbs shall be spliced symmetrically by plates on each side.
2. Yhese plates shall extend as near as practical for the full depth between flanges.
. The thickness of the web splice plates shall be 3/8". The total gross area of the splice plates shall be greater than the gross area of the smaller
web at splice.
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4. Bolt holes are considered to be 1" in diameter for the purpose of determining the net web or splice area.

Loads

Web spNce plates and their connections shall be designed for shear, the moment due to the eccentricity of the shear at the point of splice, and th€ portion
of the flexyral moment assumed to be resisted by the web at the point of splice.

= Strength I\ If Vu>0.5Vr, then the design shear (Vuw) shall be equal to the average of the factored shear loading (Vu) and the factpfed shear
resistance (W) of the smaller web. Otherwise, Vuw=1.5Vu. The design moment shall be calculated using the design stresses determined for
flange design.

= Service Il - UseYbe factored loading to determine the design shear and moment.

= Construction - Usg the factored loading to determine the design moment and shear.

= Fatigue - Use the factored loading to determine the design stress range.

Resistance

The factored shear resistance (V,Y, of the web shall be determined as specified in LRFD 6.12.1.2.3. For hybrid sgCtions the web shall resist only the
stress not exceeding the yield strengtk of the web (Fyw). A hybrid factor (Rh) shall be used to reduce the strgés seen by the web when the factored
elastic flexural stress exceeds Fyw at the top or bottom of the web.

Weh splice plates shall be checked for:
= Shear Resistance @ Strength-I Limit State

Yielding of Gross Section
Fracture of Net Section
Block Shear Rupture of Net Section

= Flexural Resistance @ Strength-I Limit State
» Fatigue Resistance @ Fatigue and Fracture Limit State
= Permanent Deflection under construction loads

Note: The last two checks may be ignored if the sum of the gross splice plate aregd is greater than the gross area of the web.

Girder web shall be checked for:

= Bearing Resistance @ Strength-I Limit State

Design Tools
Field Flange Splice Tables

The flange tables were developed assuming a symmetric girder section with the tension flange near yield. The flange splice plates were designed to carry
this tension force along with the associated compression force found on the opposing flahge. Net fracture ofthe flange is eliminated by limiting the
factored tensile stress, ft, to the maximums allowed irythe table below. When the flange sectjon or steel grade changes at a splice, use the narrower
flange. For flanges with the same width, the smaller ffange strength may be used from the table‘ss shown below. Note: The tables are not designed for
the lateral bending effects induced in horizontally glirved bridges. Lateral forces may increase theesign bolt force above the value used in the tables.

Which flange should be used to enter in the tabjés?

A. Grade 50W - 18"x 2" vs. B.Grade 70W - 18" x 1.375"
50ksi x 18" x 2"=1800k >  70ksi ¥18"x 1.375"=1733 k

Use Flange B from the table (50W spliCe plate)

Field Web Splice Tables

The dimensions of the web splices shown in the tables are based on the assumption that the factored shear force\(Vu) is equal to the web's
unstiffened shear capacigy (V,.). Also, the moment required to be resisted by the web (Mu) is assumed to be half of the eladtic web moment capacity
(0.5Mcap) . If the design shear (Vuw) is greater than the unstiffened shear capacity, V,., (i.e, stiffened webs) then the web splice shall be designed in
accordance with LRFD 6.13.6.1.4b. Flange splices shall be checked to ensure that they can resist the entire moment applied tothe girder section at
the centerline of the splice, or the web and flange splices will have to be designed in accordance with LRFD 6.13.6.1.4b & c. Latergl bending effects
from horizontg¥curvature need not be considered in the design of the web splice.

Maximum allowable gross tensile stress in flange at splice
per
LRFD 6.10.1.8. (*)

Flange Width Flange Grade
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(*) Lower stresses will not

Note: For staggered bolt patterns thg’spacing sho

50 SOW 70w
12" 455 49.0 63.0
13" 46.2 49.7 64.0
14" 46.0 49.6 63.7
15" 46.6 50 64.5
16" 40.9 441 56.7
i 41.7 45.0 57.8
18" 425 45.7 58.8
19" 43.1 46.4 59.7
20" 43.7 47.0 60.5
21" 442 47.6 61.2
22" 39.7 42.8 55.0
23" 40.4 435 55.9
24" 40.9 441 56.7

751.14.3.2 Plate Girder - Flange Splice Tables
Flange Plate Size: 12" thru 24" (2, 4 or 6 rows of Bolts) ASTM A709, Grade 50 and 50W Flanges, Grade 50 and 50W Splice

racture the net section when us
Maximum stresses are dependant on bolt pattern.

ng the Flange &plice tables.

above is for the edge rows of bolts.

Quter Plate |/ Inner Plales Wniform Bolt Pattern
Filler / N Total] WT./FLG.
Flange Plate A B D E F G | J K L # with 7/8"
Thick. | (n) | @n) /Gn) | Gn) | @n) | @n) | @n) | (n) \N{ @in) | (n)| of | Bolts(lb)
Bolts
1ox3/4" = 1/4"| 12 |0500] 365| 4 [0.62536.6| 3 6 5 0 0 | 24 136.7
other | 12 10.500] 54.5| 4 [0.625]54.5] 3 6 8 8| 0] 36 204.2
12 % 718" = 14" | 12°10.625/ 42.5| 4.5 |0.625]42.5|275| 65| 6 oY O | 28 184.8
other | /12 [0.625/60.5] 4.5 |0.750] 60.5]2.75] 65| 9 | 0 | \0o | 40 282.5
12 % 1" <4/ 12 ]|0.625 425| 4.5 |0.750)42.5]2.75| 6.5 6 0 O\ 28 198.3
othet | 12 [0.625 66.5] 4.5 [0.750]66.5[2.75[ 65 [ 10| © 0 N44 310.5
12x11/8"| <A/4"| 12 |0.750] 425| 5 [0.750[425]25] 7 | 6 | o | 0 | 28 225.4
other | 12 |0.750, 60.5| 5 [0.750[60.5] 25| 7 9 0 0 | 40\ 3211
12x11/47] <14"| 12 [0.750 485 5 [0.7501485] 25| 7 7 0 0 | 32 |\ 2573
other | 12 |0.750, 66.5| 5 [0.750[66.5] 25 7 | 10| O 0 | 44 | '§52.9
12x¥3/8"| <1/4"| 12 [0.875 545 5 [0.875|545| 25| 7 8 0 0 | 36 33L.7
/ other | 12 0.875 66.5| 5 [1.000166.5] 25| 7 | 10] © 0 | 44 4280
/12X11/2-- <1/4"| 12 |0.875 545 5 |1.000[ 54.5| 25| 7 8 0 0| 36 351.0 \|
other | 12 |0.875/66.5] 5 [1.0000665| 25| 7 | 10| O 0 | 44 428.4
12x15/8"| <1/4"| 12 |1.000 545| 5 |[1.129545| 25| 7 8 0 0| 36 393.5
other | 12 |1.000 66.5] 5 |1.129665| 25| 7 | 10] O 0| 44 480.2
12x13/4"| <1/4"| 12 [1.000 60.5| 5 [1.1259605| 25| 7 9 0 0 | 40 436.9
other | 12 |1.000/ 725 5 [1.129 725 25| 7 [ 11 ] © 0 | 48 523.6
12x17/8"| <14"| 12 |1.125 665| 5 [1.250066.5| 25| 7 | 10| O 0 | 44 532.1
other | 12 |1.125/ 725 5 [1.250{ 725 25| 7 | 11| © 0 | 48 580.1
1o x o * = 14" | 12 |1.250 66.5| 5 [1.379665| 25| 7 | 10| O 0 | 44 583.9
other | 12 |1.250/ 785 5 [1.379785| 25| 7 | 12 o 0 | 52 689.4
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* Bolt threads are EXCLUDED from shear plane

\3.3 Plate Girder - Web Splice Tables
‘Web Platé\Depth: 36" thru 96" (4 or 6 rows of Bolts), ASTM A709, Grade 50 and 50W Webs, Grade 50 and 50W Splice,
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Note: Provide shim plates when connecting webs that differ/in thickness by

1/8" or mor

Use an equal number of shim plates

each side of the

web. Uniformity of web plate thicknesses, which would eliminate the

need for the mitymum thickness of shim plate,

ould also be

considered.
Web Dimensions |  Splice Plates \ /  Bolis
Web Web | Plate | Plate # of # of Spacing NT./Splice
Depth |Thickness| Width | Depth | rows |bolls pér(pitch (s) |gage (g)| center [dlearance| with 7/8"
(in) (in) a(in) | b(in) (m) | row(n) [ (in) (in) | () (in) | (e)(in) |Bolts (Ib)
5 3/8 14 31 2 /9N | 35 3 5 4 126.5
7116 | 135 33 2 V11 Y\ 3 3 4.5 3 136.5
38 3/8 14 35 2 /I 9 1\4 3 5 3 138.4
7/16 14 345 Y 10 A5 3 5 3.25 1407
3/8 14 3B | A ) 4N\ | 3 5 4 138.4
40 716 135 36 2 12 3 Y3 4.5 35 149.0
1/2 19.5 35 3 9 4 N\ 3 4.5 4 196.4
3/8 135 3 2 11 35 Y 45 35 150.9
42 716 | 135 | A8 2 11 3.5 3\ | 45 3.5 150.9
12 13.5 39 2 13 3 3 N _45 3 1614
3/8 14 /139 2 9 4.5 3 I\ 5 4 1503
44 716 14/ | 38 2 11 35 3 g 45 154.9
112 145 39 2 13 3 3 4.5, 4 1614
381/ 14 43 2 ) 5 3 5 3 1622
45 716 A 135 43 2 11 4 3 45 3 165.3
12/ | 135 42 2 14 3 3 45 | %5 1738
916 19 43 3 11 4 3 4 N | 2365
/318 14 43 2 9 5 3 5 4 \| 1622
48 / 7/16 14 43 2 11 4 3 5 4 N 1698
/ 12 135 45 2 13 35 3 45 3 | \7s6
9/16 19 43 3 11 4 3 4 4 236.5
\Q/eb Dimensions Splice Plates Bolts \&
/ Web Web | Plate | Plate | #of | #of Spaging NT./Splic
Depth [Thickness| width | Depth | rows |bolts per(nitch (s) lgage (g)| center [learance| with 7/8"
(in) (in) a(in) | b(in) (m) | row (n) [ (in) (in) | (c)(in) | (e) (in) | Bolts (Ib)
3/8 14 435 2 10 4.5 3 5 475 167.5
50 716 135 47 2 12 4 3 45 3 1805
12 13.5 45 2 15 3 3 4.5 4 186.2
9/16 19 47 3 12 4 2 4 3 2583
52 3/8 14 48 2 10 5 3 5 35 1809
e 14 48 2 11 4.5 3 5 35 184.7
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11/16 19 79 3 20 4 3 4 3 433.2

9/16 13 80 2 23 35 3 4 35 308.6

84 5/8 13 78 2 26 3 3 4 4.5 314.5
11/16 13 81 2 27 3 3 4 3 326.5

86 5/8 13 81 2 27 3 3 4 4 326.5
11/16 19 79 3 20 4 3 4 5 433.2

88 5/8 13 81 2 27 3 3 4 5 326.5
11/16 13 84 2 28 3 3 4 35 338.6

% 5/8 13 87 2 25 35 3 4 3 335.5
\ 11/16 13 87 2 29 3 3 4 3 350.7
5/8 13 84 2 28 3 3 4 55 338)5

\\)& 11/16 19 88.5 3 20 4.5 3 4 3.25 4]/1.6
04 \ 5/8 13 90.5 2 26 35 3 4 3.25 /649.0
11/16 13 90 2 30 3 3 4 35 |/ 362.8

% \'5/8 13 90 2 30 3 3 4 4.5/ 362.8
11)\1\6 13 93 2 31 35 3 4 §/ 374.9

751.14.3.4 Wide Flange Splice T

Note: In the 151 edition of the AISC Steel Ognstruction Manual (2017) the k1 values for many w-shapes fhcreased. The kI dimension is the distance
between the centerline of web and the toe of ¥e fillet into the flange. The inner plates below were desjgned before this change and as designed may
encroach on the toe of the flange fillet. Before using one of the tabulated wide flange splice designs fhe inner plate shall be checked to ensure it does
not encroach on the toe of the flange fillet.

27" Wide Flange Beams

ASTM A709, Grade 50 and 50WWebs, Grade 50 an

Notg: Bottom flange splice plates are the same as the top. Provide shim
plates when connecting webs that differ in thickness by 1/8" or more\
Use an equal number of shim plates on each side of the web. Use the

smallest beam size to determine splice details.

. Filler Outer Plate Inner Plates Web Splice Plates Total .
Sizg/of eight
Plate A B C D E F a b c Number
am | Thick. | i ‘ im | am | ¢ I am | i m | of Bolts
A ) | (n) ) @) (n)f (i) ] (in) (im | (im ] (i) o' 5o
vorxgar L= Y4 | 10 [0375]18.5] 35| 05 [18.5] 2 |195[2175[04375 3 60 | 238.3\
other | 10 | 0.375|24.5] 35| 05 |24.5] 3 |[195/[21.75]0.4375] 3 68 270.6
W2TX9a™ <1/4"| 10 0.5 | 245| 350.625[245| 3 [255]21.75] 0.5 4 80 363.5
other 10 0.5 | 30.5| 35 [0.625| 30.5| 4 |255(21.75] 0.5 4 88 403.0
<1/4"| 10 | 05 |245| 35 |0.625| 245] 3 |255[21.75]0.5625| 4 80 383.2
W27x102*]  other Design by Hand
<UT4"| 10 | 05 [245] 35]0.75]245] 3 [255]21.75[0.5625] 4 | 80 | 395.4
W27x114** [ other Design by Hand
W27x129%| <1/4" | ,, ]|0.5625 30.5] 3.5 |0.875] 30.5| 4 |315|21.75j0.6875 - | 100 | 565.4

7
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| other |

——————————— Designby Hannd—-—————————

**Denotes flange widths less than 12" where P/S Panel placement should be thoroughly investigated.

30" WidaFlange Beams

Note:

ASTM A709\Grade 50 and 50WWebs, Grade 50 and 50W Splices

Bottom flange splice'plates are the same a5 the top. Provide shim
plates when connectiny webs that differ ji thickness by 1/8" or more.
Use an equal number of Shim plates oryeach side of the web. Use the
smallest beam size to detexmine splige details.

Size of ;gg Aouter Plate Inneypla}gf Web Splice Plates NIr%tt?ér Weight
Beam : AlB | C|D F Jlal|b | c m (Ib)
thick | ) | ny | ) | ing Lofa) Lm (NI L) | ) | cim of Bolts
W30X00™ <14" |10.5 p375/18.5 | 354 05| 185 2\ 19.5| 24 |0.4379 3 72 262.6
other |10.5 [0.375/ 30.5] 34| 0.5[305] 4 o5 | 24 [0.4379 3 88 328.4
Waoxogr |~ ¥4" J10.5 [0375[ 245 /351 05[245] 3 [105] 24 [ 05 | 3 80 312.0
other 105 b 375|307 35 05 305 4 J1g5\ 24 | 05 [ 3 88 345.0
<1/4" [ 105] 05 | 24.5] 350625 245] 3 [195|\24| 05| 3 80 342.4
W30x108™*[“other | 10.5] 0.5 }36.5] 3.5 b 625 365 5 [195] 2% | 05 | 3 96 | 4231
<1/4"[105] 08 [30.5] 35][0.75]305] 4 | 255] 24 Y0.5625 4 104 | 475.7
W30x116™ [""other [10.5 | 0.5 [30.5] 3.5 [0.75] 30.5] 4 [25.5] 24 [0\5625] 4 104 | 475.7
Ll <u4 11054 0.5[30.5] 35[0.75] 305 4 | 255] 24 [0.55¢9 4 104 | 475.7
W30x124" Giher 19°5] 0.5 [30.5] 3.5 [0.75] 30.5] 4 [ 25.5] 24 [0.562% 4 104 [ 4757
<1/4" |/10.5] 05 305] 35]0.75] 30.5] 4 [255] 24 [0.625]\¢ 104 | 497.4
W30x132**| " other/ Design by Hand \
<A |40 = 10.625 36.5] 3.5 |0.87536.5] 5 | 25.5| 24 | 0.625] , |\ 112 | 586.0
W30x148**[" ofher Design by Hand
** Denot/eé flange widths less than 12" where P/S Panel placement should be thoroughly inbgstigated.

33" Wide Flange Bea

ASTM A709, Gradg'50 and 50WWebs, Grade 50 and 50W Splices
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te: Bottom flange splice plates are the same as the top. Provide shim
plates when connecting webs that differ in thickness by 1/8" or mgre.

se an equal number of shim plates on each side of the web. Usé the
sinallest beam size to determine splice details.

Size of Filler Outenplate Inner Plates Web Sphce Plates Total Weight
Plate AlBYcCclbD E F a c Number
Beam | Thick. | n) | iy [N Limy L Lam | 2 | IP/ o | m ofBots|
(in) n) | (n) f(in) | (in) (in) 1gn) | (in)
<1/4"|115] 05 | 30%| 3.5 |0.625 30.5] 4 |195/ 27| 05 | 3 94 | 413.7
W33x118™ [Tother [115] 05 | 36.5N3.5 [0.625 36.5| 5 |194 | 27 | 05 | 3 102 | 45538
. <u4"1115] 05305 3\5 0.75) 305| 4 5.5] 27 |0.5625 4 112 516.3
w33x130 Giher [ 115 05 [425] 350 075] 425] 5/] 255 27 [05605 4 | 128 | 6064
| <U4 [115 h625] 36.5] 35 0875 365]| g | 255] 27 |0.5625 4 120 | 609.2
W33x141 " [Tother [115 b p25] 425] 3.5 [0.8(5 425} 6 | 255] 27 |0.5625 4 128 | 662.1
W3sciso < U4 | 115D 5] 365 35 0.875, 36/ 5 | 255] 27 [0.625] 4 120 | 633.6
other X Design by Hand
I <Ua[{1- [0625 365] 35] 36| 5 [255] 27 | 0625 4 | 120 | 6517
w33x169" T other / Design by Hand
«  €notes flange widths less than 12" wheyé P/S Panel b@cement should be thoroughly investigated.

33" Wide Flange Beams

ASTM A709, Grade 50 and 50WWebs, Grade 50 ghd 50W Splices

Note: Bottom flange splice plates are the same as the top. Provide shim
plates when connecting webs that differ in thickness by 1/8" or more.
Use an equal number of shim plates on each side of the web. Use the
smallest beam size to determine splice details.
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Size of Filler Outer Plate Tnner Plates Web Splice Plates Total Weight
G |
Beam | Plate | (iA) | (B) | (C) | (D) | (E) | (F) [ (in) | (in) | 5 | ()| (b) | (ic) | ., |Number|
o 75|0 625| 24.5 0 875|24.5 0 875 _
FTHCK. n n n n n n n n n Ul bults
< 1/4" |15. 6 2 575 3 245 27 6 4 136 669.8
75| [6 Perssos] [ | [ [ [ [s] ]
W33x201 d
\ other
<I/A— 15. 0.75 305 Z 57 4 305 27 075 170 7
W33xR21 Design by Hand

other

36" Wide Flange Beams

ASTM A709, Grade 50 and 50\ AWebs, Grade 50 and 50W Splices

Note: Bottom flange splice pfates are the same§s the top. Provide shim
plates when connecting webs that differ in thjckness by 1/8" or more.
Use an equal number of shim plates on each side of the web. Use the
smalles‘gbeam fze £p detgmine';splice details.

c
(in) (in) (in) (in) (i) iy ™
12 0625 0625 3
i ate 5 i
Size of Filler | 120We; Inner Plates & Web Sb&{ce Plates3 Total Weight
Plate | 1a ;,625 C 5 a 4 | Number
Beam . ’ ‘ J (Ib)
Thick. {i0)/h o5l (in) ] 4 3 n 4 of Bolts
waex1ss Y4 | / baos|305] 4 305 4 |195] 30| 05\ 4 100 | 477.1
other 425] 4 |0.625 42.5 195] 30 | 05 [\ 116 577.4
W36x150 24 gos| 365 4 [0.75]36.5 25.5] 30 [0.5625 4\\ 128 | 645.1
othér 425 0.75| 42.5 25.5| 30 |0.5625 136 698.6
<U4" | 12 36.5 0.875 36.5 255| 30 |0.5625] , | \128 665.8
W36x160 other Design by Hand \
I | | 36.5] |0.875/36.5] 5 | 25.5] 30 |0.5625 , | 128, | 665.8
X other Design by Hand \
Wakeigy L=Y4 | 12 [075[ 425] 4 | [ 425] 6 [25.5] 30 ] 0.625] [ 136 [™810.1
X other Design by Hand
/6/ <14 | 12 T075[425] 4 ] [ 425] 6 [25.5] 30 ] 0.625] [ 136 | 810N
36x194 —Sther Design by Hand N

40" Wide Bfange Beams

ASTM A709, Grade 50 and 50W Webs, Grade 50 and 50W Splices
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smallest beam size to determine splice details.

: Bottom flange splice plates are the same as the top. Provide shim
lates when connecting webs that differ in thickness by 1/8" or
e an equal number of shim plates on each side of the web.

Size of Filler Outer Plate \ Inner Plates )Neb Splice Plates Total Weight
Plate A B C D E F G | a b c Number
Beam i ¢ ‘ J (Ib)
Thick. | n) f(in) | Gn) | @y | (i) fn) | (in) | (i) (in_Gn) | (in) of Bolts
WAOX149 <1/4" h1.75p625| 30.5| 35 0.75|305 P.625| 6.5 9/ 19.5| 33 |04375] 3 106 478.2
other f1.75p 625/ 42.5| 3.5 |N\N.75|42.5]2.625] 6.5 %; 19.5| 33 04375 3 122 579.1
WAOK167+ <1/4" [11.75] 0.75| 36.5| 3.5 1\ 36.5| 25 |6.79] 5 255| 33| 05 | 4 136 695.1
other [11.75] 0.75] 48.5| 3.5 1 \\48.5 2.5 6/5 7 | 255| 33 0.5 4 152 818.0
WAOX183+ < 1/4" |11.75] 0.75| 42.5| 3.5 K.125 2&2.5 25 |675] 6 | 255] 33| 05 | 4 144 777.6
other [11.75] 0.75| 42.5| 35 }1.125 42‘§ 2.5’ 6.75 6 | 255| 33 0.5 4 144 777.6
< 1/4" |15.75p 25| 24.5| 5.75] 0.75] 24.5 6.25 3 | 255| 33 0.5 4 152 639.6
W40x199*** other Design by Hand
< 1/4" |11.75] 0.75| 485| 35| 1.25] 485| 25 N6.75] 7 | 255] 33 |0.625] 4, | 152 925.7
W40x211** other Design by Hand
< 14" |15.75}, .- | 30.5]5.75]0875 30.5] 2 | 6.25N\ 4 | 25.5] 33 [0.5625] , | 168 772.4
W40x215*** other Design bxHand
** Denotes flange widths less th;(n 12" where P/S Panel placement ék{ould be thoroughly investigated.
*** Quter splice plates with W)dths of 15 3/4" have 4 rows of flange bol‘t\s\in lieu of 2 rows per drawing.
751.14.3.5 Shop Welded Splices
Reference: LRFD Figure 6.13.6.2-1
The following details and note shall be provided on all plate girder bridges.
Welded Shop web Splice
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Plan

2'-0" Radius Transition

§ Splice—= 21

y —_—

- & Proposed Joint

Joint —

/

Section A-
Welded Shop Flang ice

Note: Welded shop web g#d flange 3glices may be permitted
when detailed onAhe shop drawings and approved by
the engineer. M0 additional paymenh{ will be made for
optional welded shop web and flange gplices.

Welded Shop Splice

Notes: See Structural Project Manager before utilizing this
detail.

Itis recommended to avoid this detail if possible.

751.14.4 Composite Design

751.14.4.1 General
Overview

The pitch of shear connectors shall be determined to satisfy the fatigue limit state, and the resulting number of shear connectors shall not be less
than the number required to satisfy the strength limit state.

Cross-section properties are based on the transformed short-term composite section. Cross-section properties of the composite section shall include
concrete slab and steel section. Longitudinal deck reinforcement shall not be considered to be a part of the composite section. Cross-section
properties of the non-composite section shall include the steel section only. Negative flexure regions in horizontally curved girders may include the

-steel-reinforcement—in-the-composite-section—

The stresses of composite girders and slab shall be computed using the composite cross-section properties and shall be consistent with the properties
of the various materials used. The ratio of modulus of elasticity of steel to that of concrete, n, shall be taken to be 8 when using deck concrete with

f@- 4 KsI.
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The effective flange widths for calculating composite sections for interior and exterior girders should be determined by LRFD 4.6.2.6 prior to
beginning shear connector design. In order to have a uniform and conservative shear connector design for all girders,_the smaller effective flange
width, between the interior and exterior girders, should only be used to locate the acceptable areas for placement of additional connectors near point
of dead load contraflexure. The larger effective flange width should be used_in all other calculations.

An effective slab thickness shall be used for composite design by deducting from the actual slab thickness a 1 integral, sacrificial wearing surface.

New Bridges or Replacement of Existing Superstructures

The regions of the bridge subjected to positive flexure are to be designed as composite and the regions subjected to negative flexure are to be
designed as non-composite. Simple span composite bridges shall be provided with shear connectors throughout the length of the span. Continuous
composite bridges are to be designed with shear connectors provided in the positive flexure regions only, with additional connectors required in the
regions of permanent load contraflexure. Horizontally curved girders require shear connectors throughout the girder length.

For the initial girder design, composite/noncomposite regions can be approximately assumed as:

Redeckings

If existing bridge is partially composite, then leave as partially composite unless making full-length composite will reduce or eliminate a load posting
subject to Structural Project Manager or Structural Liaison Engineer approval. If the existing bridge is not composite, then make it full-length composite
since this will give the maximum capacity of the bridge for the next service life cycle. This guidance applies to either LRFD or LFD redecking designs.
Shear connector design should follow same design code used for redecking.

Design Loading

The girder shear force range due to fatigue loading, VSR, should be determined from structural analysis prior to beginning shear connector design.
The shear force range is the difference in the minimum and maximum shear force envelopes at any point. For design, use the average shear force
range over the effective span (i.e. between contraflexure points). For horizontally curved girders the lateral component of the fatigue force range

should be considered.

The stress range in the longitudinal reinforcement due to fatigue loading, fsr, should be determined prior to beginning shear stud design. In lieu of
more accurate computation, fsr may be assumed to be 10 ksi.

= Note: This assumption is not provided by AASHTO LRFD, but is held over from AASHTO LFD Specifications.

Other Considerations

purposes.

The effect of the shear connector on the fatigue resistance of the flange shall be investigated using the provisions of LRFD 6.6.1.2.

Note: All spacing dimensions are measured to center of shear connector

751.14.4.2 Shear Connector Limits
Shear Connector Proportions

Shear connector height, hs, shall satisfy the following cover and deck penetration provisions:

Minimum shear connector penetration into deck:

= For castin place deck: 2in.
= For prestressed panel option: minimum penetration to top of panel

Minimum concrete clear cover over shear connectors = 3 in.
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Choose a shear connector height that is acceptable for both SIP and CIP deck options. Use 1 in. increments for selecting shear connector height.
Minimum shear connector height = 4 in.

Shear connector diameter, d, shall satisfy:

Recommended shear connector diameters, d:

» 3/4in.
s 7/8in.

Shear Connector Configuration

The following transverse spacing provisions must be satisfied when determining the number of shear connectors per row, n:

Minimum transverse shear connector spacing:

» Preferred minimum: 4d
= Absolute minimum: 2 1/4 in.

Minimum distance between edge of top flange and nearest shear connector:

= For castin place deck: 1 1/2in.
= For prestressed panel option: 4 1/4 in.

Shear connectors shall be placed by units. A shear connector unit refers to all shear connectors in a given cross-section, spaced transversely across

the top flange. Multiple shear connectors per unit may be used if spacing and clearances allow. For-horizontally—curved-girders—when-practical,—a—

consistent unit layout and pitch shall be used throughout the span.

Shear Connector Spacing

If it becomes impractical to place the number of shear connectors required by ultimate strength in the specified distance (structures with span ratios
greater than 1.5); base the number and spacing of shear connectors on the fatigue analysis only.

For a typical 3-span bridge, the shear connector units can be approximately arranged as below:

€ Splice or the point of

dead load centraflexure
\ ﬁ//////;;\\\
|
|
i
i

) e

|
2 i 8 ) = < i | @
s, |i|_-@} i '@_lil_@ i
& Bra. = L € Brg ]

fT\ Shear connector unds at pitch as indideated by design. providing
./ total shear conpe€tors satisfy both fat e stress and ultimate
strength.

(5\ Provide Addditional shear comnaectors to satisty isee Stap &1.
o/ Tramsydrse spacing may be different than as in{l) tsallow more
she cennectors per unit. Minimum of 4 units af 6” S.

f'J Make +he distance of QQ £ 1/3 of the effective s|lab width, it
—~" iz possible. If i+ is Tmpossible. use minimum pitch of 6" fol
additional shear studs.

751.14.4.3 Fatigue Design

Fatigue Resistance

The number of fatigue cycles for design, N, shall be determined as:

https://epg.modot.orglindex.php?title=751.14 Steel_Superstructure 38/67


https://epg.modot.org/index.php?title=751.14_Steel_Superstructure

10/14/25, 3:13 PM 751.14 Steel Superstructure - Engineering Policy Guide
N = (365)(75)(nc)(ADTTsL)

Where:
nc = number of stress range cycles per truck passage
ADTTSsL =single lane average daily truck traffic
For longitudinal members not near interior supports*:

nc = 2.0 for spans :540 ft.
nc = 1.0 for spans > 40 ft.

= See LRFD Table 6.6.1.2.5-2 for other situations.

In absence of better information, the single lane average daily truck traffic shall be taken as:
ADTTsL = (ptr)(ADTT)
Where:

ADTT =number of trucks per day in one direction, averaged over the design life
Ptr = fraction of truck traffic in a single lane

Number of Lanes
Available to Trucks Ptr

1.00
2 0.85
3 or more 0.80

The shear fatigue resistance of an individual shear connector, Zr, is determined as follows:

7o =552
- 2

Where:

a = shear fatigue factor
=34.5- 4.28Log(N)

Pitch

Straight Girders

The maximum pitch of shear connectors along the longitudinal axis required to satisfy the fatigue limit state, Pfat, is determined as:

Where:

N = number of shear connectors per unit

I =moment of inertia of the short-term composite section

V1 = vertical shear force range due to fatigue loading

Q =first moment of the transformed area of the slab about the neutral axis of the short-term composite section

Maximum pitch = 24 in.
Preferred minimum pitch=6in.
Absolute minimum pitch = 6d

Use 1 in. increments for pitch.

izontall L Gird Ivsicof- Horizontal ”
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Horizontally curved girders will receive a lateral fatigue component introduced by the diaphragms. The above equation for pitch shall be modified as

follows:

nZr

Pfat:s: .\

sr

Where V.r includes the longitudinal (Vtat) and radial (Ftat) fatigue shear ranges:

For bridge skews ::; 20°

For birdge skews > 20°

Where:

~Abot = area of bottom flange -

U fig_=range of longitudinal fatigue stress range in bottom flange

| = distance between brace points

W = effective length of deck, 24" - end supports, 48" elsewhere

R =radius of girder; use minimum if radius transitions inside girder panel
-Fc—=netrange-of diaphragm-force-atthe-top-flange—

Note: For the purpose of the above calculations the bridge skew shall be taken as the maximum bent skew along the length of the bridge.

751.14.4.4 Strength Design
Resistance

The total nominal horizontal shear force between the point of maximum positive moment and each adjacent point of zero moment, Vh, is
determined as:

Where:
f@ =28 day compressive strength of deck concrete
b = effective flange width

ts = effective slab thickness

Fyw =yield strength of web

D =web depth

tw = web thickness

Fyt =yield strength of tension flange

bt =width of tension flange

tt  =thickness of tension flange

Fye =yield strength of compression flange
bt =width of compression flange

ti  =thickness of compression flange

The nominal shear resistance of a single shear connector embedded in a concrete slab, Qn, iscalculated as follows:

Where:
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Ase = cross sectional area of a shear connector
Ee =modulus of elasticity of deck concrete
Fu = tensile strength of shear connector steel

The factored resistance of a single shear connector, Q,, shall be determined as:

Where

clJse = resistance factor for shear connectors = 0.85

Calculated Resistance of Single Shear
Connector

Q, - Factored Resistance of One Shear
Connector
(deck/ @2 4ksi)

Stud Diameter Q.(k)
3/4" 22.5
7/8" 30.7

The minimum number of shear connectors required for strength in each region, nstr, shall be computed:

Regions are defined as the areas between points of zero moment and adjacent points of maximum positive moment. nstr is the minimum number of
shear connectors that must be placed in each region to satisfy the strength limit state.

ditional-C

The number of additional connectors to be placed in the region of permanent load contraflexure, nAc, shall be:

Where—

A, = total area of deck reinforcement within the effective flange width
fsr = stress range in the longitudinal reinforcement due to fatigue loading

If it is not possible to place additional connectors within b/3 from the point of dead load contraflexure, the additional connectors shall be placed as

close to the contraflexure point as practical, using the minimum pitch of 6d.

: " .

Girders that are analyzed for curvature effects require shear connectors to be placed throughout the bridge. The provision for additional shear
connector placement does not apply. Horizontally curved girders require separate analyses for regions near the end of the bridge and regions near
interior supports. They also require a lateral shear force to be considered as shown below.

| of Bri ion:
Where:
Fp—=Pp p =lateral-shearforce—
R

https://epg.modot.orglindex.php?title=751.14 Steel_Superstructure 41/67


https://epg.modot.org/index.php?title=751.14_Steel_Superstructure

10/14/25, 3:13 PM 751.14 Steel Superstructure - Engineering Policy Guide

Lp =arc length between end of girder and location of maximum positive moment
R = minimum radius over arc length, Lp.

Near interior support - Region

- 2 2
Where:
Pr= MIN{ 0.45f/;bt, } forsection-overpier
FywDtw + Fytbttt + Fycb1tl i
Fr = Pr Ln =lateral shear force near an interior support

R
Ln = arc length between point of maximum positive moment and interior support

R = minimum girder radius over length, Ln.

751.14.4.5 Shear Connector Details
@ 6" els. preferred min., 6d els. absolute min., 24" els. maximum. (1" increments

|
i - min.
o / S ! N (2) = 2" minimum for CIP slab;
I i . - . .
‘,w' \ i ;ﬁt B Studs @ =a minimum height equal to the top of panel for P/S panel option.
I éa'_;,,h_‘r B (3) 3" min. clear depth of concrete cover over shear
‘ connectors.

T Shaar Cénnec‘ror Unit
Plan /) 11/2" (Min.) CIP slab
=" 4 1/4" (Min.) panel option

(5) 4 x (Stud diameter) preferred minimum, may be
@ reduced if necessary for a more economical
design; 2 1/4" absolute minimum.

W & ¢ Stud
!'E’J_T_ - * Dimensions are not for detailing purposes.
@‘ ! 7 ** Requires the same dimension throughout the span.
! | ¢
"' ! H
@‘ R P
i\u -
Bottom of D_ H_ [s
} Slab (Typ. ) 3/4 11/4 s
(Typ. ) ¥ 7/8" 13/8" g
€ Beam B
Section T_hlu Section Thog J
Beam or Girder —CoyerPlate
Minimum Flange Width For . .
Given Rows of Studs (in.) PZ:I(:I-:.‘I(?(;] tsltr;g;af;s
(For decks utilizing prestressed panels) (Ibs)
#of Studs | Absolute Preferred Min. Stud Dia.| 4" 5"| 6" | 7"
perunit,nf Min. I 3/4" gia. | 7/8" dia.
3/4" 63]75| 88| 100
2 10.75 11.50 12.00
3 13.00 14.50 15.50
7/8" 81| 98| 115| 132

4 15.25 17.50 19.00
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L of Sptice
! (MR, !
L iMin. | .
L i T
Section Thru Haunch . rance a? Cle§ranc
ansion Device Splice Plate

@ For redecks of existing composite bridges #4 hairpin bars required if depth exceeds 2" for existing 4" shear connectors and 3" for

existing 5" shear connectors. For new bridges and redecks of non-composite bridges, studs shall provide a minimum 2" slab embedment
avoiding the need of hairpin bars.

Shear Connector Unit

P/C P/S Panel Forms on Steel Structures

Evaluate the viability of the use of P/S panels on tangent and curved structures on a case by case basis and use or include as an option to a CIP slab
where deemed appropriate.

Whenever panels are used, the minimum top flange width shall be 12 for plate girders and 10" for wide flange beams.

Steel girders shall be cambered when using P/S Panels. Minimum joint filler thickness is 1",_except over splice plates, in which case use 1/4"
minimum. Maximum joint filler thickness is 2*,_except over splice plates, in which case use 1.

Shear connectors shall have a minimum height equal to the top of panel.

Shear connectors shall be spaced by units and shear connectors in each unit shall be placed along centerline ( f}) of girder. On wide flange widths,
two lines of connectors may be used if spacings and clearances allow.
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P/S strands shall extend 3" minimum and 6" maximum past edge of precast prestressed panel and not closer than 1" to the adjacent panels.

Panel end at splices shall be notched to avoid bolt heads as shown below:

I Additicnal
Shear Connecto

—Edge o
Fre essed
Farie |

/7{ Girder
¥

; ST
1§ Shear I-—!-—“.L Shedr Conmeator LNt
Connector | [ (Min.

=l

Uni+

1713/ 4" min. wide bearing edge for panel at splice, typ.

(211-1/4" min. (Typ.)

(334 x (Stud diameter) preferred minimum, may be reduced if necessary for a more economical design; 2-1/4" absolute minimum.

Nalm an allal a) a aTals ' LU= cep 0 a) . e-plate . ' 0

When joint filler is less than 1/2" thick over splice plate, the contractor is required to make the width of joint filler at splice the same width as panel

-on-splice-

Maximum difference in top of flange thickness should be checked so that joint filler thickness does not exceed 2.

751.14.5 Details
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The preferred welded connection to flange is more prone to fatigue than the bolted connection. Girder shall be sized to reduce fatigue stresses to

allow for preferred detail. If resizing is impractical the bolted connection shall be used.

Size bearing stiffener plate by design (1/2" thick minimum). See EPG 751.14.2.6 Other Requirements.

Tight fit for straight
girders. grind or mill to
bear for curved girders

Grind or mill to bear

Bearing Stiffener -
No Attachments

Tight fit for
girders. grin
bear for curvyéd girders

to bear

Grind or\mill

/—Con'pr'ession F lange

Grind or mill to bear
Intermediate Bearing Stiffener -
Cross Frames Attached
(Optional detaill)
YMHoles in the tension flange restricts girder design in accordance with EPG 751.14.2.2 Analysis Method
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Exterior Beam

¢ Bearing—= Outside Face of
i

End Diaphragms — Skews Thru 25°
Cross Frames — Skews Thru 20°

Outside Fgce of

% 4 Exterior Beam
c
9 ik f=—2=C Bearing
-U i
l“l— —
-l = —A\
\#- Conme —_

\ Rotation
iffener R
End Diaphragms — Ske Over 25° Thru 45°

¢ Stiffener L
& & Bearing

tside Face of
Exterior Beam

1l

Sa as square
nd Diaphragms — Skews Over

o

Exterior B&am

€ Be ing——%j Outside Fagce of
i

Bent Gusset B
End Diaphragms - All Skews
Cross Frames — Skews Thru 20°

https://epg.modot.orglindex.php?title=751.14 Steel_Superstructure

46/67


https://epg.modot.org/index.php?title=751.14_Steel_Superstructure

10/14/25, 3:13 PM

751.14 Steel Superstructure - Engineering Policy Guide

Connection "A",

Connection, ""'B"

Connection "C"

Connection Angle Details for Optional Stiffener Connection

Front Elevation ction Thru Angle
lan Section Thru Angle
Bridges on
Vertical de

(*) Angle legs shall be adjusted to conform to the variable angle
bgtween bearing stiffener and top flange created by the'girder
ilt requirement due to vertical grade.

7') 1/2" for W21 and W24 wide flange beam shapes. 1 1/2" for al|
other wide flange beams and plate girders.
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(***) 3" for W21 and W24 wide flange beam shapes. 4" for all other
wide flange beams and plate girders.
Bearing. Stiffener Connections For Given Skew And Stiffe Size
Stiffener Thickness (in
Skew V2 5i8) 3/a) 718 \\@ v 16| 172 ,5}8' aia 718| 2| 6| 1| 6| 12| e
0° THRU 5° Al A]J Al A] Al A AYV Al Al A] A| A Al B| B] B| B
6°THRUIO’ | Al A Al Al A]B |BABYB |B|B|B|B|B|B|B|B|B
11°THRU15°|| A| A|B |B |B B|B|BN3 |B|B|B|B|B|B|B|B
16°THRU20|| A|B [B |B VB |B|B |B|B|B B|B|B|B|B|B|B
2 1°THRU25°/|B |B |[BAB |B |B |B |B |B |B|B BB |[B|B|B|B|B
2 6° THRU 30°| | B B|B|B|B|B|B|B|B|B|B|BYB|B|B|B|B
31I°THRUSS|[LC| C|ClClC|C]Cc|C|C]C|C]C]C]|C N clCc)C
3 6° THR cicyjcjcjcycyjecyjecyecyecyjpecypcjceyjceclc 9 C
11 HARU4S[| CI CJ Cl CJ CJ CJClJClCJCJCJC]C]C]C|]C|]®&lLC

751.14.5.2 Int. Diaphragms and Cross Frames

Refer to EPG 751.14.5.10 for weld design and detail guidance. Refer to EPG 751.14.5.5 Transverse Stiffeners for beveled plate guidance for unequal
flange widths.

The preferred welded connection to flange is more prone to fatigue than the bolted connection. Girder shall be sized to reduce fatigue stresses to

allow for preferred detail. If resizing is impractical, the bolted connection shall be used. When the bolted connection is used, the top and bottom
tension or compression flanges shall be shown on the "Elevation of Girder" detail on plans.

Minimum connection plate size is 5 1/2" x 1/2". Width of plate shall be increased as required by 1/2" increments. Thickness of plate shall be

increased as required by 1/8" increments.
Tight F Hl
o ';. 1 1w
o> —£
’_.

(Typ-
r |
Trart Fi
Intermediate Dlaphragm Connection Plate

(Preferred detail)
Tight Fi+

Tension F lange

i [
1 V

- |
a 13

" 12(Typ. ) /—E—
Tight Fit —Compression
F lange

Intermediate Diaphragm Connection Plate
(Optional detail!l)
! Holes in the tension flange restricts girder design in accordance with EPG 751.14.2.2 Analysis Methods

Connection Angle Details (See table below for "A" and "B" values.)
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2 L 13/18"
o B hole
el PR iy far 3/4%e
= s B h mign 5
i “| gteoem £ ”
- \ argle & x
— 6 x 378
Front Elevation Section thru Flange Plan Detail of Flange
Detail of Flange Connection Angle Connection Angle
Connection Angle 6 x6x 3/8

Tension Flange
Compression Flange—

Weld or Optional
i Angle Bx6x3/8 *x
o [[la]* L
ol
wl L&
p il fifed
b= ® !
-: = o
1 1 B
%" ]
] (= =
N ¢
Veld or Optional ” _msaeee Holas
o e (Equally spaced)
Tension Flange -Compression

Flange

* When angles are required verify clearance for
cross slope.
6 1/4" (Min.) for wide flanges
6 1/2" (Min.) for plate girders

Holes in the tension flange restricts girder design
in accordance with EPG 751.14.2.2 Analysis

Methods
See table below for "D" and "N" values.
?,. - an )
(Mox.)
& \\/ ]
A
Wl
i -
2 * é 'f
— | o T
= U s
A
| |
‘.< )
\'& |
1 I}u |
(Min. )

Diaphragm Connection at Stiffener Detail

Note: The above details are assumed adequate for straight
girders. Horizontally curved girders require design for
torsional effects (see Analysis of Horizontally Curved
Girders)
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3 Plote — £ Plate

Diamond fill

plate

Fill Plate Detail - Preferred Optional Fill Plate Detail for Contractor

Refer to EPG 751.14.5.10 for weld design and detail guidance.

Intermediate Diaphragm and Cross Frame Details **

ey N Channel, Angle | . xu/: e g
\ Shape D" (in) N or Bent Plate A"(in) B (9/
W21X48 THRU
W21X93 12 4 C12x20.7 3 /I//Z
W22%68 THRU 4
&103 12 4 C12x20.7 3 [
W27X84 THRU
wz7xfzt‘9\ 15 4 5/16 x 23 / 112
W30X90THR /
W30X148 18 5 5/16 x 26 / 4 11/2
W33X118 THRU
W33X221 21 5 5/16%6 4 11/2
W36X135 THRU
o104 21\\ 5 }rﬁa x 29 4 112
W40X149 THRU
WA0X215 21 \5 // 5/16 x 29 4 11/2
36" thru 40" Plate
Girders 21 }Q 5/16 x 29 4 11/2
42" Plate Girders 27 / 5 N\ 5/16 x 35 4 1172
Diagonal Member \_3x3x5/16
*kk
> 42" Plate Girders  |Horizdntal 10._82..< L3-5\?%X5/16 4 112
mber
other LAx4x5M6

Table is appjiCable for diaphragms and cross frameswsed as bracing
members Aor criterion used in determining members sizes see the

footnotgs$ for the "Bottom Horizontal Members for Web Degths" and "
Diag@hal Members for Web Depths > 48" tables for End Diapkragms.

= girder spacing along diaphragm skew

faphragms and cross frames used as primary members must be check
or torsion effects. (See Analysis of Horizontally Curved Girders)

ATTENTION DETAILER:
Intefmediate diaphragm connection plates shall be detailed for Connection "A" for skews thruX0-.
tails of Connection "A" are shown in EPG 751.14.5.1 Bearing Stiffeners.

21 thru Beam Spacing, ft.
Skew, deg: 7 7.5 8 85 9 9.5 1 10.5
0 CMQQ C15x33.9| C15x40 | C15x50 | CI15x50 | W16x36 | W16x40 | W16x40
10 C15x33.9~C15x40 | C15x40 | C15x50 [ C15x50 W}EK%'G W16x40 | W16x40
20 C15x33.9] C1 C15x50 | C15x50 WlGX?@//W16x4O W16x40 | W16x45
30 C15x40 | C15x50 \S,’QXSO W16x36 W&G?4O W16x40 | W16x45 | W16x45
40 C15x50 | W16x36 | W16x20] W16x45T W16x45 | W16x50 | W16x50 | W16x57
50 W16x40 | W16x45 | W16x50 50 | W16x57 | W16x57 | W16x67 | W16x67
60 W16x57 | W16x67 | W16x87 W16x67\\W16x67 W16x77 | W16x77 | W16x89
W33 Beam Spacing, ft.
Skew, deg. 7 7.5 8 85 9 9.5 \ZLLL 10.5
0 W16x31 | W16x31 | W16x31 | W16x36 | W16x36 | W16x36 | W16x40 NW16x40
10 W16x31 | W16x31 | W16x31 | W16x36 | W16x36 | W16x36 | W16x40 | W16%40
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20 W16x31 | W16x31 | W16x36 | W16x36 | W16x36 | W16x40 | W16x40 W16x45/

\ 30 W16x31 | W16x36 | W16x36 | W16x36 | W16x40 | W16x40 | W16x45 W16X§5

\ 40 W16x36 | W16x36 | W16x40 | W16x45 | W16x45 | W16x50 | W16x50 Wl§&57

‘&'{0 W16x40 | W16x45 | W16x50 | W16x50 | W16x57 | W16x57 | W16x67 /V%XGXG?

60\ W16x57 | W16x67 | W16x67 | W16x67 | W16x67 | W16x77 | W16xX77 16x89

W36 Beam Spacing, ft. //

Skew, deg. \7 75 8 85 9 9.5 /10 10.5

0 WlB{(35 W18x35 | W18x35 | W18x35 | W18x35 | W18x35 18x40 | W18x40

10 W18X‘3§ W18x35 | W18x35 | W18x35 | W18x35 | W18x3 W18x40 | W18x40

20 W18x35\ W18x35 | W18x35 | W18x35 | W18x35 W18)ny W18x40 | W18x40

30 W18x35 18x35 | W18x35 | W18x35 | W18x40 | W18x40 | W18x46 | W18x46

40 W18x35 &8X35 W18x40 | W18x40 | W18x46 \y?gx46 W18x50 | W18x50

50 W18x40 W18(46 W18x46 | W18x50 | W18x50 |/W18x55 | W18x55 | W18x60

60 W18x50 W18x5§ W18x60 | W18x65 W18x6§/ W18x71 | W18x76 | W18x76

W4\1,84t£1ru \ Beam Sp}éng, ft.

Skew, deg. 7 75 8\1] 85/ 09 95 10 105

0 W21x44 | W21x44 | W21x44\ W21y44 W21x44 | W21x44 | W21x44 | W21x44

10 W21x44 | W21x44 | W21x44 \QI;'/IX44 W21x44 | W21x44 | W21x44 | W21x44

20 W21x44 | W21x44 | W21x44 )M?\1X44 W21x44 | W21x44 | W21x44 | W21x44

30 W21x44 | W21x44 | wW21x44 |/ W2]?\44 W21x44 | W21x44 | W21x44 | W21x44

40 W21x44 | W21x44 W21X4/ WZlXM W21x44 | W21x44 | W21x44 | W21x48

50 W21x44 | W21x44 W21/x414 W21x44 \W21X48 W21x48 | W21x55 | W21x55

60 W21x48 | W21x50 W;/lx55 W21x55 W21x62 W21x62 | W21x68 | W21x73

Note: The values i the table above may be\ysed for both
straight afid horizontally curved beams)

End Diaphragm Connections for W21thru W24 Beams
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H_A:
NE
Stiffener Plate - | =
(By Design) El.a
=0
—-|=
e
banall B
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N‘g,
{‘x
w|~ L
©lg
o8
|9
s|& <
w5
] P
LER >
R
HJ -
o w0
j:L-_.._._../._.._ i
J I
2 14 "
(Mirm. )
1/2"\PLate

End Diaphragm Connections for W27 thru 0 Beams

Refer to EPG 751.14.5.10 for weld design and detai| guidance.

(*) Slopg/diaphragms when structure is superelevatgd or
whén 4" maximum depth is exceeded. See EPG /51.13
pansion Devices for the details of end diaphragnis on
structure.
(%) Modify if necessary to clear the anchor bolts of the flat
plate bearing or connection bolts of the expansion
device.

ATAENTION DETAILER:

nd diaphragms shall be detailed horizontally, stepped,
or sloped as required.

: | | e Gi | |
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eb%"!'hru Girder Spacing, ft.
Skew, Beq 7 7.5 8 8.5 9 9.5 10 10.5
0 W21x44 | W21x44 | W21x44 | W21x44 | W21x44 | W21x44 W;K44 W21x44
10 W21§44 W21x44 | W21x44 | W21xad | W21x44 | W21x44d PN21xad | W21x44
20 W21x42 W21x44 | W21x44 | W21x44 | W21x44 W2}x4’4 W21x44 | W21x44
30 W21x44 W2Q<44 W21x44 | W21x44 | W21x44 1x44 | W21x44 | W21x44
40 W21x44 W21x2b4\ W21x44 | W21x44 W21y4' W21x44 | W21x44 | W21x48
50 W21x44 | W21x44 V\({lx44 W21x44 M.X48 W21x48 | W21x55 | W21x55
60 W21x48 | W21x50 W21}§Q W21x§5/ W21x62 | W21x62 | W21x68 | W21x73
Webs 42" )G&Spq:ing, ft.
Skew, deg. 7 7.5 8 8.5 \9\ 9.5 10 10.5
0 C15x33.9 C15w.’9 C15x40 | C15x50 | C15x50N] W16x36 | W16x40 | W16x40
10 C15x33.9 5x40 | C15x40 | C15x50 | C15x50 WQQX36 W16x40 | W16x40
20 C15x33~ C15x40 | C15x50 | C15x50 | W16x36 | W16x: W16x40 | W16x45
30 91'5x40 C15x50 | C15x50 | W16x36 | W16x40 | W16x40 ‘\AQGX45 W16x45
40 C15x50 | W16x36 | W16x40 | W16x45 | W16x45 | W16x50 W16X~5Q W16x57
g)/ W16x40 | W16x45 | W16x50 | W16x50 | W16x57 | W16x57 | W16x67 w16x67
60 W16x57 | W16x67 | W16x67 | W16x67 | W16x67 | W16x77 | W16X77 WT&QQ
Bottom Horizontal Members for Web Depths (142"
Web3-g42" Girder Spacing, ft.

Skew, deg. 7 7.5 8 8.5 9 9.5 10 105
Othru10 (L3 1M2x5/16 L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16] L4x4x5/16 L4x4x5/16 L4W6 L4x4x5/16
20 L3 1/2x3 1/M L3 1/2x3 1/2x5/16|L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16] L4x4x5/16 L4x4x5/16 | -14x4x5/16 L4x4x5/16

30 L3 1/2x3 1/2x5/16 /2x3 1/2x5/16 L4x4x5/16 L4x4x5/16 L4x4x5/16 L4x4 6 L4x4x5/16 L5x5x5/16
40 L3 1/2x3 1/2x5/16 L4?4X5Q6 L4x4x5/16 L4x4x5/16 L5x5x5/16 | A5x5x5/16 L5x5x5/16 L5x5x5/16
50 L4x4x5/16 L4x4x5/16 L5x5x5/16 L5x5x5/16 LSXW L5x5x5/16 L6x6x3/8 L6x6x3/8
60 L5x5x5/16 L5x5x5/16 \JQ(GXBIB L6x6x3/8 X6x3/8 L6x6x3/8 WT6x17.5 WT6x17.5

Diagonal Members eb Depths > 48"

Webs :5 60" Girder Spacing, ft.
Skew, deg. 7 7.5 8 8.5 9 9.5 10 10.5
0 thru 50 L3x3x5/16 L3x3x5/16 L3x3§5/¢1'6' L3x3x5/16 L3x3x5/16 \l\3x3x5/16 L3x3x5/16 L3x3x5/16
60 L3x3x5/16 L3x3x5/16 Xx3x5/16 L3x3x5/16 | L3 1/2x3 1/2x5/16| L3 1/2x x5/16| L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16
Webs< 112" Girder Spacing, ft.
Skew, deg. / 7.5 8 85 9 9.5 10 10.5
40 13x3x5/16| L3x3x5/16 L3x3x5/16 L3x3x5/16 L3x3x5/16 L3x3x5/16 L3x3x5/16 \Q3x5/16
/th L3x3x5/16] L3x3x5/16| L3 1/2x3 1/2x5/16{ L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16| L3 1/2x3 1/2x5/16( L3 1/2x3 1/2x5/16| L3 1/2x3W~2Q/16

For girder spacing or skews not listed in table, use nearest tabulated angle size.

LOXOXO/ 1O wl_Yor
Fey U

—E3-H2x3-+2x5/16-andlongerteg— 0.
I F ey J

For horizontal bracing members the following K values were used for equal leg single angle members:

COXSXOI L0 — 4 4
4

Lo L/ZAO L/IZAON1LO — O 0L

—f\Q57_
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The above K values were determined using the following reference article: "Critical Slenderness of Compression Members with Effective Lengths

about Nonprincipa/ Axes", L.A. Lutz (1992)

For WT shapes: K =0.75 (in-plane), 1.0 (out-of-plane)

Member lengths, 1, were measured from the center of bolted connection. The center of bolted connection is assumed to be located 3.5" perpendicular

to CL web. Vertically, diagonal members are assumed to extend to 2 3/8" from outer gusset plate edge. In-plane bending was assumed to be fixed-

fixed while out-of-plane bending is assumed to be pinned at the bolted connection and fixed at the diagonal member crossing. Diagonal members are

assumed to be braced in the middle.

For diaphragms and cross-frames designed as primary members in horizontally curved girders:

_KI <120

Primary members shall also be designed for torsional effects. (See Analysis of Horizontally Curved Girders)

End Diaphragms

Detai |

Cetail

i A5

"

1 1/72% 1Min. !
Mﬂ { WM. ¥ %)
]

;J,ult Channel or wide Flange

£ 172" PFlate

1 172" (Nin. )
Mq" {Masx. } i)

PRFEY PP

—=—Brg. 5+1ff.
tby Design)

End Diaphragm - 36" Thru 40" Webs

Channel o Wide Flange

—

1/2" Flate

Brg. Stiff.
by Deslgn!

—_—

Detail "D"
Haunch slab to bear on channel or wide flange.

T B W ™ N

Detail "E"

) Slope diaphragms when a structure is superelevated or when the 4" maximum depth is exceede
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Refer to EPG 751.14.5.10 for weld design and detail guidance.

nd Diaphragm - Webs Over 48"

1_|_H
—‘1;,-..+
(Min. )| |
L
/¥ i
I ]
/AP < |y
f | . i =
'I = |+- ﬁ iz )::
Tl ::;-, 4 |t' .“'J‘Ii ‘;— O
‘ I E - =
: ) LT ba
L1 —|— y/ ﬁ‘i-/_ :\ t
A N 1=
| = -
(L9
I\ :/ L~ — 055N R
1 '"1 1 = |:_I " | &
13 /il w | o 4 2
{MiA.) o (Max. ]
Detail "C" Detail "A"

Haunch slab to bear on channel or wide flange.
) Slope diaphragms when a structure is superelevated or when the 4" maximum depth is exceeded

End Diaphragm - Webs Over 48"
Structure with Finger Plate Expansion Device
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14
%—r.;\_l‘—
(Min. )| |
I):)
Pc. W24 76 (square) /"' j‘
2 h if W24 x W04 (skewed) / | ./
| R P p
|2 LI _',1_// ;r_é_a Plate |t [} 1o H é
| A | 3 | i
o t in 2 =
T S ST v
I \
| —— -
i T N/ o
(Min. ] & N T
= C 4 \
Y= ( Max.
Detail "D" Detail "A"

Refer to EPG 751.14.5.10 for weld design and detail guidance.

Transverse stiffeners are also referred to as intermediate web stiffeners.

Minimum stiffener size is 5 1/2" x 1/2". Width of plate shall be increased as required by 1/2" increments. Thickness of plate shall be increased as
required by 1/8" increments.

Transverse stiffeners shall be used on inside face of exterior girders and in successive alignment along either side of interior girders.

When transverse stiffeners are used, top and bottom tension or compression flanges shall be shown on the "Elevation of Girder" detail on plans.

| Tension Flange

Tight Fit (2) K B
|82
'F'I—" e,
= - b
(TyR. ] |
Compréssion l . .
Flgrée Tight Fi+

Int. web Stiffener (One Side Only)
Variable Flange Width

efer to EPG 751.14.5.10 for weld design and detail guidanc
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1

57—

E

used on the outside of exterior girders and in successive
alignment along either side of interior girders.

The placement of longitudinal stiffeners may interfere
with bolting the diaphragm or cross frame in place.
Should this occur, it will be necessary to clip the

Jongitudinal stiffeners as shown below.

Also, when lateral bracing is required, place the
longitudinal stiffener on the opposite side of girder.

Depth)/5

( Web

rd

W

fer to EPG 751.14.5.10 for weld design and detail guidan

L2

Longitudinal Web Stiffener

(One Side Only)

Cross Frama—=

i

ar i i i

L ]
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St1ffenar

Cross Frame ar
Int. Dlophragm

B (Typ. )
outs face |
oF gfr
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Lateral bracing shall be omitted on all spans < 140 ft. Lateral bracing may be omitted on spans 2': 140 ft provided the girder meets all applicable

751.14 Steel Superstructure - Engineering Policy Guide

Interior Girders
Square or Skewed

Exterior Girders
at Intermediate
Bearing Stiffeners

|
N i & DE 3 T i e
-1 = 3

¢ Field Splic®

ical Section at Bolted Field Spti

| Lomgdtudinal J"
Stife

Strength limit states.

Lateral bracing shall be placed in outer bays.

Members selected shall meet requirements of bracing members with KL/r :S: 140.

Under no circumstance shall lateral bracing be detailed to go through diaphragms. In order to facilitate erection, structural tees for lateral bracing

may be inverted to connect to the top gusset plates.

Whenever practicable, diaphragms and lateral bracing shall connect to bearing stiffeners in bridges having large skews, diaphragms and lateral

bracing need not connect to end bearing stiffeners for such structures but should connect to a girder midway between the bearing stiffener and the

first transverse web stiffener.

f Bearing

Detal | "8°—

e e Extarior Girdar =—

stiffenar '\
\ \
N /)

'/_L/‘“i‘ I [

6 % 13
M

LN

=—Crass Framas

]
!
=—Int. Diaph. =

Part Lateral

Exfarior Girdar

acing/raming Plan

See below for Bejdils "B" & "C"

(1) Spaced at 2" (Min.), 3" (Max.)
Detail "B"
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\] | HEEAAN
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—— 1 Raarfng str+f. = = =
L i‘\L 14 |
1 E Web strfF. I =
- =
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{ Max. )

tail "C" Detail /A"

Note: Lateral Bracihg T-Gusset shall be cut to
required d¢pth from W27 x 94, or T-
Gusset cgn be built from plates in shop.

Refer to EPG 751.14.5.10 for weld design and detail guidance.

Lataral Bracling T-Gusset
(B not show on plansg b

Logate T-Gusset as shown above,
imension at all connections should be
stant from top of bottom flange.

Pl f . t : T-Gusset shall be placed (*) inches

rders
5
I val \ I
e
E teral Bracing T-Gusset
=] Isfica on plansl ’f
{ fi BEOE SN SN, A iRt LY ARES RSPy R A PErs E NS RS P PRI, I MR P TSNP C TS | Sy
3
a

constant web depth portions
Constant - Variable Depth Girders

=1 Baarrng

r 1
v s 1 , .y

. |
i Laterol Brocing o Farallel to pottom flange
"f //_tahow on plans) | ¢ Taparad sac'r'lemj_
RS i [N S
- - o I .
-] — —=
|

Approx. point
! of tangency

(***) Locate T-Gusset as shown above,
dimension at all connections thru tapered
section should be constant from top of
bottom flange (Slope T-Gusset same as
bottom flange). Continue same slope

through variable depth section of girders
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Tapered - Variable Depth Girders

51.14.5.8 Protective Coating Requirements

Coating requirements for new steel girder bridge shall be in accordance with Sec 1080 (http://www.modot.org/business/standards_and_specs/3pec
bookEPG.pdf#tpage=14) and Sec 1081 (http://www.modot.org/business/standards_and_specs/SpecbookEPG.pdf#page=14). See EPG 751.%.2.9.2,
EPG 751.6.2.11and EPG 751.6.2.12 for additional guidance.

System G (tree-coat system) may be used for non-weathering steel and weathering steel structures (Sec 1081 (https://www.modot.org/missouri-sta
ndard-specifisations-highway-construction)). System G typically is not preferred when overlapping an existing vinyl coating but be allowed if
the existing coating is determined to be in good condition. System G uses a solvent based finish coat which may cause issues wheh overlapping an
existing solvent-based vinyl coating system (System C) because it may re-wet the existing coating and cause delamination of/the base coat. If the
existing coating is imgood condition as determined by paint pull-off tests the intermediate epoxy coating will provide a reliaple barrier between the
solvent-based coatingsNConsult the structural project manager or structural liaison engineer before using System G near exigfing vinyl coatings.

System G has replaced calsjum sulfonate as the preferred overcoating system. To ensure sufficient bond of the existifg coating, adhesion pull-off
tests shall be performed in acdQrdance with ASTM D4541. If the adhesion test fails, as determined by the engineer of record, then overcoating shall
not be allowed and recoating shoyld be considered.

System H (three-coat system) is typically used when the bond for System G is considered questionable whey€ recoating operations will take place
near an existing vinyl coating system (System C). System H uses a waterborne acrylic for the intermediate gAd finish field coats that does not tend to
interfere with the solvent-based vinyl coating.

System | (two-coat system) may be used for nQn-weathering and weathering steel and should be based 4én the following guidance:

(a) System 1 should be considered in areas Where the aesthetics of a coating system over the Jong term is critical. While System G, L and |
provide long term protection, System I has excgllent gloss retention and UV resistance. Systém | is a context sensitive design (CSD) solution.
CSD follows from project scoping and is subjeckto the project core team protocols.

(1) Consider for locations where the structure % more visible or the public has Jéisurely time for more than just a casual glance, for
example structures near a ballpark or a pedestriaq bridge. Using same rationagde, bridges that are tall or have wide girder spacing or a low
number of girders where more of the superstructuts is visible could also be gandidates.

(2) Consider the image consciousness of the surroundiigs in conjunctiopy’with rather than solely the protection of the structure which is
equally provided by systems G and |. Maintenance of €ither System & or | should be considered the same. Reduced maintenance is an
expectation for System L.

(b) System 1 is a polysiloxane finish coat that is normally applied diregtly over an inorganic or organic zinc primer with no intermediate coating.
Since the system is a two-coat system, it may be applied in less tim ich can influence critical path scheduling and impacts to the driving
public. For example, it may be possible for a contractor to get in gid out’\quicker than if they were to use a three-coat system. MoDOT coating
policy as described in Standard Specification Section 1081 reguires diffetent field coaling requirements based on the type of bridge crossing.
For roadway grade separations, it is required that interior girgers have only asingle field coat in order to satisfy that all girders on a roadway
grade separation bridge have at least two coatings for protegtion. In the case 0f System 1, the Standard Specifications require that a System G
epoxy intermediate field coat be applied to all interior girgders and the interior of Yascia girders and that the System | polysiloxane finish coating
be applied to the exterior of the facia girders only. This S based on a system | pol¥siloxane coating cost being greater than a system G epoxy
coating on a per-gallon cost basis. It also requires that the contractor be given the option to substitute the System | finish coat in place of a
System G intermediate coat. If CSD determines that the polysiloxane should be applied to all girders, then the general notes for coatings and
the quantities on the contract plans will need to reflect the revised coating requirements.

(c) System | is approved for use on state highyfay projects beginning February 2011. Alternate bidding is encouraged if guideline (a) is not
required to be met and with approval of the/Structural Project Manager or Structural Liaison Engineer and the project core team.

System L (two-coat system) may be used fOr non-weathering steel and weathering steel structures. System L requires an inorganic zinc primer so
organic zinc shall not be substituted. Testifig indicates that System Lis expected to outlast System G, F\or | coatings when properly applied. Since
the system is a two-coat system, it mgy be applied in less time which can influence critical path schedyling and impacts to the driving public.
Similarly, the expectation for reduced paintenance should be considered for areas where access is limited or impastful (e.g., over railroads and interstates).

Inorganic zinc primer shall be uséd for new steel fabrication with System G, | or L coatings. For recoating operations with System G, H or |, where
closure time has severe impactg”on cost or safety, organic zinc primer should be considered as a direct replacement ¥Qr the inorganic zinc required in
the specifications. Organic zjfic primers require a lower level of surface preparation (SSPC-SP6: commercial blast cleaming vs SSPC-SP10: near white
blast cleaning) and are gererally easier to apply in the field than inorganic zinc primers. Only organic zinc primers thatcan provide a Class B slip
coefficient are allowed §6r use in recoating operations.

See EPG 751.50 A4. Protective Coatings (https://epg.modot.orglindex.php?title=751.14 Steel_Superstructure) for standard\detailing notes and
guidance on how/hey are used.

Epoxy-mastig’primers may be used for overcoating lead-based coatings if the existing coating is determined to be in good condition, but ths is considered
a short-terp solution in comparison to System G overcoating. Consult the structural project manager or structural liaison engineer before Nsing epoxy-
mastics prear existing lead-based coatings.

Galyanized non-weathering structural steel beams, girders, bracing and diaphragms may be used as required or allowed by alternate, on a cade-by-
cgée basis, with approval of the Structural Project Manager or Structural Liaison Engineer and the project core team.
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When galvanized structural steel is required, place note EPG 751.50 (A4al.8.2a) on the plans. Do not use notes EPG 751.50 (A4al.l -A4al.7). Whe
galvanized structural steel is bid as an alternate, place notes EPG 751.50 (A4al.8.1a, A4al.8.1b, and A4al.8.1c) on the plans under the applicable cogtihg
new steel notes EPG 751.50 (Adal.1-A4al.7).

751.14.5. eathering Steel

Use of weathering steel may require special detailing as specified in the referenced documents in EPG 751.1.2.9 Girder Type Seleefion (https://epg.m
odot.org/index.php?tifle=751.1_Preliminary_Design#751.1.2.9_Girder_Type_Selection).

751.14.5.9.1 Drip Bar Gui ce
General

The purpose of a drip bar placed the bottom flange isto intercept and deflect water and debris. Drip”“bars should be installed on new, or
retrofitting existing weathering steel whexe a need is discovered.

Drip bars should be utilized for three reasons:

1. To protect girders and beams from sustained anthaccumulated (heavy) water flow along the xieb-flange crease that can promote deterioration by
wearing action (due to particulate matter and debris)and long term moisture retention alopg the crease and along the lower web whereby water is
drawn up the sides of the lower web by capillary action wkich is observable in the field ag<€onstantly "wetted" sides or permanent discoloration. For a
new girder or beam, this can retard the development of or redyce the efficacy of the pretective oxide coating.

2. To protect bearing devices from sustained moisture due to accumulating water ahd debris.

3. To protect substructure from long term staining. (For the shori\term, temporary protective coating is utilized during weathering steel
construction; see EPG 711 Protective Coatings for Exposed Concrete Sur; )

Guidance

Drip bars shall not be provided on flat structures (0.0 % gragé) unless in the case ofldqg spans where permanently cambered girders or beams can
produce a water flow.

Drip bars shall be placed skewed on top of bottom flgnQe and preferably placed squared on bottdoq of bottom flange.
Drip bars shall not be provided directly over railfoads, roadways and walkways.

(Case 1) To protect girders and beams;/Drip bars should be located at the downgrade side of open™ar closed expansion devices between 5 ft.
from the center of the expansion devige and to within 1 ft. from the end of the partial coating limit (to ensure.the drip bars are coated) for all girders
or beams within a span.

(Case 2) To protect girder ahd beam ends, bearings and bearing stiffeners: Drip bars should be located at the upgrade side of bearings at
the exterior faces of exteriOr girders or beams at about 4 ft. away from the face of the bent for downhill runs of 100¢t. or longer span girders or
beams.

(Case 3) To protect substructure: Drip bars should be located adjacent to the upgrade side of the bent at the exterior faces ofkexterior girders or
beams at aboyt’4 ft. away from the face of the bent for downbhill runs of 100 ft. or longer span girders or beams to prevent stain marks on the
substructurg’in either urban or context sensitive designs, for example where the aesthetics of the structure is considered important. ’Ror aesthetics
reasons @fip bars adjacent to substructure may be provided where the structure is over railroad, water or near integral abutments.

Fagigue analysis of girder or beam for welded connection of drip bars shall be required in the event that there will be effective stress cycles in tensjon
d/or stress reversal on the welds. Bolted drip angle details may be considered instead of welded drip bars details as an alternative.
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& EXPANSION DEVICE OR BENT

|

§ EXPANSION DEVICE i
! [
|

i

[

Case 2 or

;

& BENT

Notes:

Identify direction of grade on plgns and orient drip bar accordingly fo deflect water and debris.

Case 1 - Provide drip bar detail at\all girders to block water fromy/expansion device to protect the
girders.

Case 2 or 3 - Provide drip bar detail at\exterior face of exterior girders to deflect water and debris
from 100 ft. or longer span draining to a\pent.

751.14.5.9.2 Drip Bar Details

Bridge Standard Drawings - Drip Bar (htsp://www.modot.org/business/stand
ard drdwings2/DRIP.htm)

Drip Bar for Weathered Steel https://www.modo{ org/drip-bar-weathering-steel-dr
ip)
Welded drip bar details are preferred because they are simfler, require less work ard produce less damage to new or existing weathering steel

flanges. Bolted drip angles are optional and should only & used when welded drip bars\¢cannot be used. Both sets of details are not intended to be
used as alternates on a single job.

751.14.5.10 Weld Design and Detail Guigance
General

Fillet Welds

Weld design and detail guidance is prgvided to ensure that the correct fillet weld size is used for fabrication

d to reduce incidences of inconsistent
and/or incorrect fillet weld sizes shgwn on the plans which can cause problems for both designer and fabricat

Preferred MoDOT standard practtice is to exclude (leave blank) fillet weld sizes from the bridge plans which is to rgan that the fillet weld size shall
be determined by the fabricator and that they are contractually obligated to use the minimum fillet weld sizes given Iq Sec 1080 (http://www.modot.
org/business/standards_and_specs/SpechookEPG.pdf#page=14) (shown as the minimum size of fillet weld) of the Stahdard Specifications.

Excluding fillet weld sizes from the bridge plans is correct in most situations, for example routine welded connections. This accepted and preferred
practice prevents the’ designer from performing unnecessary and complicated load estimates and weld strength computation®\for mundane welded
connections whilg’ensuring consistent plan details for ease of fabrication. Standard Drawings and the details shown in EPG 75%,14.5 Details show
fillet weld symp0ls without the fillet weld size and should be assumed adequate for typical applications. Minimum fillet weld sizes ate based only on

material thigkness of parts to be adjoined and are not specific to loading condition or magnitude of load, and are proven empirically to work in
practice foy'typical applications. For more information, see itemized guidance following.

Howeyer, excluding fillet weld sizes shall not preclude sound engineering practice of ensuring that a minimum fillet weld size given in accordance with

Sec 4080 is acceptable to resist maximum factored loads. This is for typical applications only-ALWAYS CHECK to be sure.

pecialtzJ Welds
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For purposes of this section only, any weld not a fillet weld is considered a specialty weld and weld symbol should include all pertinent design
ihformation and instruction for fabricating weld, i.e. type, size and instructions.

ltemized Guidance

Itemized guidance is provided to be used for all types of welds.

No. 1 eld design shall be in accordance with AISC Steel Construction Manual, 13th Ed., Part 8; AASHTO LRFD Brigge Design
Specifications, Bridge Welding Code AASHTO/AWS D1.5M/D1.5 Bridge Welding Code, Missouri Standard Sp€cifications Sec
1080\(http://www.modot.org/business/standards and specs/SpecbookEPG.pdf#page=14) and EPG 751.5/9 Miscellaneous
Details:

No. 2 The minimym fillet weld size for welding connections shall not be less than the size required by desigh to resist the maximum
factored loads in accordance with LRFD 6.13.3 nor the minimum fillet weld size shown in Sec 108QAhttp://www.modot.org/busines
s/standards_and specs/SpecbookEPG.pdf#page=14).

No. 3 Design of welds shall include fatigue investigation and diaphragm moment effects due to brigdge skew and curvature effects if
applicable. For routin®d? plate girders and wide flange beams, leave the weld size blank fopthe stiffener to web weld and use the
requirements in the Standard Specifications. For curved plate girders, skews greater thah 50° and spans longer than 200 ft., the
stiffener to web fillet weld size should be investigated.

* Judgment and experience are required to determine this; guidance is provided gifd may not be strict enough in characterizing
nonroutine (or nontypical) bridg

No. 4 Fillet weld size for weld connectiondgshall not be shown on the plans if minimm required fillet weld size by design is less than or
equal to fillet weld size shown in Sec T80 (http://www.modot.org/businegs/standards_and specs/SpecbookEPG.pdf#page=14).
(Fabricators and inspectors will use the minimum fillet weld size given i1 Sec 1080 unless larger fillet weld size is shown on the
bridge plans.)

No. 5 Seismic design effects shall also be consideret\for design of weld$ when required.

No. 6 Fillet weld size shall be shown on the bridge plans\{or specialty’weld connections, for example, as shown in EPG 751.14.5.3 End
Diaphragm Connection for W27 thru W40 beams and EPG/751.14.5.4 End Diaphragm for Plate Girders, Detail "D". Specialty
welds as shown shall be checked for conditions givengAo. 4.

No. 7 Working clearance requirements to allow adequate roém fQr welder to make proper welds shall be checked in accordance with
AISC Steel Construction Manual, 13th Ed., Part 8; KASHT ridge Design LRFD Specifications and Bridge Welding Code
AASHTO/AWS D1.5M/D1.5 Bridge Welding Co

No. 8 Field weld symbols should be shown with fillet'weld size. In general, field welding symbols should be shown complete, i.e. include
all pertinent design information and instrugtion for fabricating weld, e, type, size and instructions.
No. 9 Angle size for steel diaphragms shoulg/be shown without inch (") marks orthe plans.

Ex-amp—les-ef—Desiqn and Detail of Bearing Stiffenef Fillet Welds
Ex. 1 Routine Bridge - Nonseismic

Check No. 3 Routine by criteria (given); ng‘weld size check necessary.
Check No. 4 Leave weld size blank bufShow weld symbol.
Check No. 7 Check working clearapces. Is there adequate clearance to make the weld?

Ex. 2 Nonroutine Bridge - Nonseighic
Nonroutine by criteria (given); weld size check necessary using No: 1 and No.2; if design fillet weltksize<=minimum fillet weld
Check No. 3 size showsin Sec 1080 (http://www.modot.org/business/standards and specs/SpecbookEPG.pdf#page=14), do not show fillet
weld sizé (leave blank) on plans, but do show fillet weld symbol.

Check No. 4 Insert design fillet weld size if design fillet weld size > minimum fillet weld size shown in Sec 1080 (http:// .modot.org/business/
' sgdndards and specs/SpecbookEPG.pdf#page=14).
Check No. 7 Check working clearances. Is there adequate clearance to make the weld?

Ex. 3 Noproutine Bridge - Seismic

Nonroutine by criteria (given); weld size check necessary using No. 1 and No. 2. Seismic; Consult with Structural Project Magager
or Structural Liaison Engineer to consider developing loads and designing fillet weld size; If design fillet weld size < minimum fillet

Check No.4 weld size shown in Sec 1080 (http://www.modot.org/business/standards and specs/SpecbookEPG.pdf#page=14), do not sho
fillet weld size (leave blank) on plans, but do show fillet weld symbol.

Check No. 5 Insert design fillet weld size if design fillet weld size > minimum fillet weld size shown in Sec 1080.

Check No. 7 Check working clearances. Is there adequate clearance to make the weld?

751.14.6 Miscellaneous Details

751.14.6.1 Girder Haunch
Prestressed Panel Section:
Steel girders shall be cambered when using P/S Panels.
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Cast-in-Place Section:

Cambering steel girders is preferred over varying the haunch profile. For wide flange beams with nominal depths?: 36 in., the cambering method
required by the fabricator may not be economical and should be compared to the cost of using variable haunching. When variable haunching is
used in lieu of cambering, the maximum haunch limit may be maintained by changing girder slopes at field splices.

Slab Haunch Limits:

Normal Crown Superelevated
Roadway Slab Slab

(*) /2 in. minimum edge clearance except over splice plates use 1/4 in.
min.

751.14.6.2 Girder Camber and Dead Load Deflection
Straight Grade (Dead Load Deflection)
Compute Dead load Deflection at 1/4 points for bridges with spans less than 75', at 1/10 points for spans 75' and over.

| E Girder |
Theoretical Theoretical
Slab Haunch Slab Haunch
(P/C P/S Panel Section) (C.1.P. Section)

(*) Dimension (bottom of slab to top of web) may vary if girder camber after erection
differs from plan camber by more than the % of Dead Load Deflection due

to weight of structural steel. No payment will be made for any adjustment in forming
or additional concrete required for variation in haunching.

]
4 Bearimg |

~
=% Bearlng

10 Equal Spaces

. 5 Egual Spaces |
o d

|
Symm. abt. li_—'-l

—Bottom of

i
1
} | top flange

to grade —\\ . -7_&—'— I y ¥ ¢

Exterior Girder

I
I
|
T
|
|
|
i
|
Line parallel | |
i
|
1
|
|
|
|
|

[nterior Girder

span (1-21 (4-5) span 12-3!
Plate Girder Camber Diagram
Note: Camber included allowance for (%%
_% of dead load deflection due to weight of structural steel.
(**) Provide proper notes.

Vertical Curves(Dead Load Deflection)
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L Girdet————=

Theoretical
Slab Haunch

(P/C P/S Panel Section)

(*) Dimension (bottom of slab to top of web) may vary if girder camber after erection

Theoretical

Slab Haunch
(C.1.P. Section)

differs from plan camber by more than the % of Dead Load Deflection due to

weight of structural steel. No payment will be made for any adjustment in forming

or additional concrete required for variation in haunching.

¢ Bearing !

= § Bearing
! 10 Equal Spaces

_ % Equal Spaces .

=
Chord betweasn r—EBottom of top flange
bents

\

Syim. dbt. E—

T

Exter ior Girder]

L ks

Interlor Girden

RS N Rt Lol (0]

Span {(1=2) (4=5} Span 1 2-3)
Plate Girder Camber Diagram
!-e—¢_ Baaring L Bearfng 1

10 Equal spacas

_‘_ 5 Equal Spaces

!
-
|

o
Symm. abt. {—5.1
|
I I O O O O O A O I
Exterior Giraer] . [ A
Interlor Glfrder
Span {1-2) [4-5} Span {2-3)

Plate Girder Deflection Diagram
Note: Camber included allowance for ()

_% of dead load deflection due to weight of structural steel.

(**) Provide proper notes.

Lo o
L) -I [l
Section Thru Girders mal To Centerline Roadway
L}}Bﬁl‘ Ton a b o

Et. No. 1 to-5plice si
Typ‘*{ splicgA1 fo splice s2

Flice 52 to GF. Na. 4
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Dimensions showing girder variations shall be placed on the cross section thru slab or, if necessary because of the number and type of variations, the

above type of detail and table shall be placed near the structural steel layout.

3" (Min.)
I Preferred

= ¢ In¥l Diaph.
I
L/

Plans for structures having horizontally curved plate girders shall have the detail shown below placed near the plan of structural steel.

Part Plan of Structural Steel Showing
Centerline Girder Curve Offsets

Note: Typical example for 3 span structure shown.

Retrieved from hi

This page was last edited on 14 July 2025, at 11:17.
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751.11 Bearings

continuous
L

wjith a concrete diaphragm

and Laminated Fixed for steel girders not using a sole plate:

using a sole plate:
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f51.10.1.5 Interior Section Design

M and Simple for Dead Load Continuous for Live Load Steel

Cgntinuous
1

Simple for Dead Load, Continuous for Live Load Steel and
A
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751.50 Standard Detailing Notes
Stainless Steel Sheet Metal Plate (Use for skewed SDCL structures)
(H1.54)

The stainless steel sheet metal plates shall be bent in the field to clear beams.
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