Lehigh University

Lehigh Preserve
Fritz Laboratory Reports

Civil and Environmental Engineering

1980

Final report: development and refinement of load
distribution provisions for prestressed concrete
beam-slab bridges, November 1980.
David A. VanHorn

Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-labreports
Recommended Citation
VanHorn, David A., "Final report: development and refinement of load distribution provisions for prestressed concrete beam-slab
bridges, November 1980." (1980). Fritz Laboratory Reports. Paper 2075.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/2075

This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact
preserve@lehigh.edu.

I
I
I
I
I
I

-I
I
I
I
I
I
I
I
I
I
I
I
I

Technical Report Documentation Page
1. Report No.

2. Government Accession No.

3. Recipient's Cotolog No.

FHWA-PA-RD-72-4-5
4.

Title ond Subtitle

FINAL REPORT
Project 72-4:

Development and Refinement of Load
Distribution Provisions for Prestressed Concrete Beam-Slab Bridges.

5.

Report Dote

6.

Periorming Orgo,.,i zotion Code

November 1980

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8. Periorming Organization Report No.
7. Authorls)
No. 387.5

David A. VanHorn

10. Work Unit No. (TRAIS)

9. Performing Organization Nome ond Address

Department of Civil Engineering
Fritz Engineering Laboratory
Lehigh University - Bldg. 13

11. Contract or Grant No.

Proiect 72-4

~~-B~e~t_h_l_e_h_e_m~·~P_e_n_n_s_y~l_v_a~n~1-·a~_l_8_0_1_5~~~~~~~~~~~~~~~

13. Type of Report and Period Covered

12. Sponsoring Agency Nome end Address

Pennsylvania Department of Transportation
P. 0. Box 2926
Harrispurg, Pennsylvania 17120

Final Report
14. Sponsoring Agency Code

15. Supplementary Notes

·Prepared in cooperation with the U. S. Department of
Transportation, Federal Highway Administration
16. Abstract

.
This is the final report on the research investigation entitled
"Development and Refinement of Load Distribution Provisions for
Prestressed Concrete Beam-Slab Bridges" (PennDOT 72-4). The report
includes (1) the main body of the original research proposal,
(2) the results from the project as set forth in the five reports
nos. 387.1, 387.2A, 387.2B, 387.3, and 387.4, and (3) a summary
relating the results to the objectives of the project.

FRffZ ENGINEERING
I!ASORATORY LIBRARY

17. Key Words

18. Oi stribution Statement

Prestressed Concrete !-Beam and
Spread Box-Beam Bridge Design,
Live-Load Distribution for
Highway Bridges, Sk~wed Prestressed
Concrete Bridges.
19. Security Clossif. (of this report)

Unclassified

Unclassified
Form DOT F 1700.7

20. Security Classif. (of this page)

(8-72l

Reproduction of completed page authorized

21. No. of Pages

19

22.

Price

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I.

COMMOMWEALTH OF PENNSYLVANIA
Department of Transportation
Office of Research and Special Studies
Wade L. Gramling, P.E. - Chief
Istvan Janauschek, P.E. - Research Coordinator
Project

72-~:

Development and Refinement of
Load Distribution Provisions for
Prestressed Concrete Beam-Slab Bridges

FINAL

REPORT

FRITZ ENGINEERING
U\SORATORY LIBRARY

by
David A. VanHorn

Prepared in cooperation with the Pennsylvania
Department of Transportation and the U.S. Department of Transportation, Federal Highway
Administration. The contents of this report
reflect the views of the author who is responsible for the facts and the accuracy of the
data presented herein. The contents do not
necessarily reflect the official views or policies of the Pennsylvania Department of Transportation, the U.S. Department of Transportation,
Federal Highway Administration, or the Reinforced
Concrete Research Council. This report does not
constitute a standard, specification, or regulation.
LEHIGH UNIVERSITY
Office of Research
Bethlehem, Pennsylvania
November 1980
Fritz Engineering Laboratory Report No. 387.5

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I

TABLE OF CONTENTS

Abstract
I.

Introduction

II.

The Proposal

III.
IV.
V.

1

A.

Abstract

2

B.

Problem Statement

2

c.

Background and Significant Work

3

D.

Objectives

6

E.

Implementation of Results

6

F.

Benefits

7

G.

Proposal and Research Plan

7

H.

References

10

The Results

12

Summary

16

Acknowledgements

19

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ABSTRACT

This is the final report on the research investigation
entitled "Development and Refinement of Load Distribution Provisions for Prestressed Concrete Beam-Slab Bridges"
72-4).

(PennDOT

The report includes (1) the main body of the original

research proposal,

(2) the results from the project, as set

forth in the five reports nos. 387.1, 387.2A, 387.2B, 387.3,
and 387.4, and (3) a summary relating the results to the
objectives of the project.
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I.

Introduction

This is the final report on PennDOT Project No. 72-4:
"Development and Refinement of Load Distribution Provisions
for Prestressed Concrete Beam-Slab Bridges". This report
contains the main body of the proposal (Section II); results
of the investigation, as set forth in the abstracts of the
five reports developed in meeting the objectives of the project (Section III); and a summary (Section IV) relating the
objectives of the project to the results set forth in the
reports, along with some personal comments of the writer
relative to implementation of the results and to future
research.
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II.

The Prooosal
A.

ABSTRACT
Field studies of eight in-service beam-slab type pre-

stressed concrete highway bridges in Pennsylvania have indicated the need to develop new specification provisions in the
general area of live-load distribution.

Work completed to

date has resulted in a proposed new specification for right
(no skew) bridges of the spread box-beam type.

The objectives

of the proposed work are (1) to develop a similar new specification for prestressed concrete I-beam superstructures,

(2) to

develop new provisions to cover the effects of skew in both
the I-beam and spread box-beam types, and (3) to investigate
the possibility of developing provisions which cover the effects
of interior-span diaphragms, curb-parapet sections, and continuous-span construction.
B.

PROBLEM STATEMENT
The proposed research investigation is in the area of

design of highway bridge superstructures.
primary intent is:

Specifically, the

(1) to develop a new method for the eva-

luation of live-load distribution factors for beam-slab type
highway bridges basically consisting of a reinforced concrete
deck slab supported longitudinally by prestressed concrete Ibeams, and (2) to extend the coverage to include the effects of
skew for both the I-beam and spread box-beam types.

The Penn-

dot has been, and is currently, involved in directly related
work through sponsorship of the following projects at Lehigh
University:
64- 6:

Lateral Distribution of Load for Bridges Constructed
with Prestressed Concrete Box-Beams;

67-12:

Lateral Distribution of Load for Bridges Constructed
with Prestressed Concrete I-Beams; and

68-27:

Structural Response of Prestressed Concrete Box-Beam
Bridges.

-2-
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C.

BACKGROUND AND SIGNIFICANCE OF WORK
1.

Literature Review:

First of all, it would be appropriate to draw attention to the 15 project reports which have been completed on
1-8
11-15
9-10
projects 64-6,
67-12,
and 68-27,
.
(References are
listed on pages 10 & 11.)

These reports contain detailed in-

formation on the structural behavior of eight in-service
prestressed concrete beam-slab highway bridges subjected to
static, dynamic, and impact loading through use of a test
vehicle which closely simulated an HS 20-44 design vehicle.
Six of the test bridges were of the spread box-beam type, and
two were of the I-beam type.

The report which describes the

development of the proposed specification for spread box-beam
bridges, along with the accompanying mathematical analysis, is
7
12-15
F.L. Report 315.9 . Four of the reports
are devoted to
results from the field investigations of the two I-beam bridges,
and form the basis for the eventual comparison with results
from the proposed mathematical analysis.
A major literature review was undertaken at the start
11
of project 67.12, and is presented in F.L. Report 349.1 .
Over the past three years, additional information has been
added to yield an extensive bibliography on the subject of
load distribution in beam-slab bridges.
2.

Significance of Work~

Research completed to date on Projects 64-6, 67-12, and
68-27 has clearly indicated the need for revision of the current specification provisions for live-load distribution in prestressed concrete beam-slab superstructures.

The mathematical

analysis presented in Report No. 315.9, solidly reinforced with
the quantitative results from field test and small-scale model
structures, has been utilized to develop a suggested new specification provision for both interior and exterior beams in the
spread box-beam superstructure.
-3-
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from an analysis of superstructures consisting of the slab,
beams, and end diaphragms.

The effects of the curb and parapet

sections, and of the midspan diaphragms, were completely excluded in developing a provision which (1) reflects the current
design philosophy of ignoring the stiffening and strenghtening
effects of the curb and parapet sections, and (2) ignores the
nearly negligible effect of widely spaced diaphragms on the
distribution of live loads.

Currently a proposal is being for-

mulated for presentation to the AASHTO Committee on Bridges and
Structures, in support of adoption of the new provision by the
AASHTO.

(This provision now appears in the AASHTO Standard

Specifications for Highway Bridges:

Art. 1.6.24(A].)

For the I-beam superstructures, field tests of two inservice bridges have been completed and four reports have been
developed.

The results from these tests (1) indicate the need

for new provisions which parallel those already developed for
the spread box-beam bridges, and (2) provide an excellent data
base for comparison with the results from the mathematical
analysis which forms the backbone of the proposed investigation.
Although it is felt that the proposed provision for
spread box-beam bridges represents a significant improvement
in the specifications covering load distribution, it is significant that neither the current nor the proposed specifications
for any type of beam-slab construction include provisions which
cover the effects of skew, or of interior-span diaphragms or
spacers.

In addition, no guidance is provided for assessing

the effects of curb-parapet sections and continuous-span
construction.
3.

Method of Solution:

In the past, a variety of methods have been developed
for the analysis of beam-slab bridge superstructures.

How-

ever, in each case, a number of limitations or simplifying

-4-
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assumptions were made in order to overcome the mathematical
difficulties involved in each of the solution procedures.
In seeking the extensive information included in the proposed
work, the adoption of an accurate, efficient solution technique is required.

The conventional approaches used in past

studies are simply inadequate for the proposed work.

There-

fore, a relatively new technique will be used, the Finite
Element Method.

This method has already had extensive appli-

cation in aeronautical and naval engineering, and during the
past decade, the use in Civil Engineering has been gradually
intensified.
Basically, the Finite Element Method is a discretization technique which replaces an infinite degree of freedom
system by one with finite degrees.

The entire structure is

discretized into a finite number of regions (elements) interconnected at certain points (nodal points) .

In the proposed

work, the bridge superstructure will be broken down into plate,
beam, and other elements to represent the behavior of the slab,
beams, diaphragms, and other structural elements.

In the dis-

placement-type formulation (stiffness method) , the stiffness
matrix for each element is derived.

The global stiffness

matrix for the entire bridge superstructure is obtained by the
direct stiffness method, which will be based on elemental
stiffness matrices.

This matrix, along with the given dis-

placement boundary conditions and loads, is solved for displacements.

Insertion of the displacements into predefined

matrical expressions will then yield the various stress conditions in the plates and beams.
Right (no skew) bridges will be analyzed by using beam
finite elements and rectangular plate elements.

Parallelogram-

shaped plate elements, instead of rectangular elements, will
be employed in the skewed bridge investigation.

To prevent

the duplication of effort, all previously developed algorithms
and techniques will be utilized.

-5-
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that the investigation can be undertaken and successfully
completed by the proposed research team.
D.

OBJECTIVES:
The primary objectives of the proposed investigation

are:
1.

To develop a new provision for live-load distribution

in prestressed concrete I-beam bridge superstructures,
paralleling the currently proposed provision for spread

I

box-beam bridges.

I
I
I
I
I

provisions for the spread box-beam bridges, and the provi-
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2.

To expand the already-completed live-load distribution

sions for the I-beam bridges proposed above in objective
No. 1, to include provisions for inclusion of the effects .
of skew.
3.

To investigate the possibility of extending the analysis

and specification development to cover:
(_a) the effects
of interior-span diaphragms, (bl the effects of curb-parapet
sections, and (c) continuous-span construction.
E.

IMPLEMENTATION OF RESULTS:
The results from this research program will be utilized

in developing design recommendations and specification provisions in the general area of live-load distribution in beamslab highway bridge superstructures of the prestressed concrete
I-beam and spread box-beam types.

Specifically, the develop-

ments will include a new expression to yield live-load distribution factors for the I-beam type; a method to modify the liveload distribution factors for both the I-beam and spread boxbeam types to account for the effects of skew; and possibly,
methods to assess the effects of interior diaphragms, the
effects of curb-parapet sections, and modifications needed for
application to continuous-span construction.

-6-
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In the implementation of these results, the several
recommendations will be presented in the interim and final
reports.

After review by representatives of the Bridge Divi-

sion of the PennDOT, the final version of the recommendations
would be presented to the AASHTO Committee on Bridges and
Superstructures, in a process which would hopefully lead to
adoption by the AASHTO.
F.

BENEFITS
The specification development resulting from the pro-

posed investigation will yield a more accurate and more extensive method for assessing the distribution of live loads in
the design of highway bridges.

This refinement of the design

process will, in many cases, result in a reduction in construction costs, and will, in all cases, result in a more accurate
evaluation of live-load effects in the superstructure.

The

direct beneficiary at the PennDOT would be the Bridge Division;
however, the eventual adoption of the new specification by the
AASHTO would yield benefits to bridge designers throughout the
United States.

Obviously, the ultimate benefit would be to

the public, primarily through the probable reduction in construction costs.
G.

PROPOSAL AND RESEARCH PLAN
It is proposed that a research program be initiated with

the objectives listed in Section D, and with the following procedure:
1.

The first step in the procedure will be the completion

of the literature search, already begun as described in
Section C.l.

In addition, a summary of the results from the

three projects already completed (see Section B) will be
included, with delineation of both specific and general recommendations for possible implementation.

-7-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2.

The next step in the procedure will be the development

of the analysis and the computerization of the mathematical
method.

Next, the two field-test structures will be inves-

tigated analytically, under the field test loading conditions.

The results from the analysis will then be compared

with the field test results, and any necessary changes or
refinements will be incorporated into the analysis.
After the analysis has been completed, the following
parameters will be systematically varied in series of computer runs to establish both qualitative and quantitative
effects on various aspects of structural behavior:

beam

spacing, span length, beam size, bending and torsional
stiffness of the beams, slab thickness, roadway width, number of traffic lanes, skew, and relative stiffness of beam
and slab concretes.

The study will include different bridge

configurations and different loading conditions.

The HS

20-44 design load vehicle, with concentrated wheel loads,
will be placed in various traffic lanes and at different
locations to produce critical design conditions corresponding to the different loading arrangements.

The equivalent

HS 20-44 lane loading will also be considered for comparison
purposes.

The solution technique will be general enough to

enable consideration of other vehicular loadings.

Attention

will be focused on the standard beam cross-sections (AASHTOPCI Types I-VI, and PennDOT standard sections).

The study

of skew will be extended to superstructures of the spread
box-beam type.
After all design parameters have been included in the
variation process, the factors which prove to have a significant effect on the load distribution will be incorporated
into mathematical equations or charts.

The intent will be

to provide accurate information in a form which is acceptable
to design engineers.
the

d~velopment

In this regard, it is probable that

of the specification for the I-beam bridges

-8-
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will closely parallel the earlier development for box-beam
7
bridges, as presented in F.L. Report 315.9 . However, it
should also be emphasized that additional factors may be
included in the proposed I-beam specification, depending
on the results from the analysis.

In any case, strong

emphasis will be placed on the preparation of workable
specification provisions.
3.

Following completion of the previously described work,

a pilot study will be conducted to determine the feasibility of extending the analysis and specification development to include provisions for the assessment of the effects
of interior-span diaphragms, curb-parapet sections, and
continuous-span construction.

-9-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I.
I
I

H.

References

1.

LATERAL DISTRIBUTION OF STATIC LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - DREHERSVILLE BRIDGE
Douglas, W. J. and VanHorn, D. A.
F.L. Report 315.1, August 1966

2.

LATERAL DISTRIBUTION OF DYNAMIC LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - DREHERSVILLE BRIDGE
Guilford, A. A. and VanHorn, D. A.
F.L. Report 315.2, February 1967

3.

STRUCTURAL RESPONSE OF A 45° SKEW PRESTRESSED CONCRETE
BOX-GIRDER HIGHWAY BRIDGE SUBJECTED TO VEHICULAR LOADING BROOKVILLE BRIDGE
Schaffer, Thomas and VanHorn, D. A.
F.L. Report 315.5, October 1967

4.

LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - BERWICK BRIDGE
Guilford, A. A. and V~nHorn, D. A.
F.L. Report 315.4, October 1967

5.

THE EFFECT OF MIDSPAN DIAPHRAGMS ON LOAD DISTRIBUTION
IN A PRESTRESSED CONCRETE BOX-BEAM BRIDGE - PHILADELPHIA
BRIDGE
Lin, Cheng-shung and VanHorn, D. A.
F.L. Report 315.6, June 1968

6.

LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - WHITE HAVEN BRIDGE
Guilford, A. A. and VanHorn, D. A.
F.L. Report 315.7, August 1968

7.

THEORETICAL ANALYSIS OF LOAD DISTRIBUTION IN PRESTRESSED
CONCRETE BOX-BEAM BRIDGES
Motarjemi, D. and VanHorn, D. A.
F.L. Report 315.9, October 1969

8.

STRUCTURAL BEHAVIOR CHARACTERISTICS OF PRESTRESSED
CONCRETE BOX-BEAM BRIDGES
VanHorn, D. A.
F.L. Report 315.8, December 1969

9.

STRUCTURAL BEHAVIOR OF A PRESTRESSED CONCRETE BOX-BEAM
BRIDGE - HAZLETON BRIDGE
Chen, Yan-Lian and VanHorn, D. A.
F.L. Report 315A.l, December 1979

-10-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

10.

SLAB BEHAVIOR OF A PRESTRESSED CONCRETE BOX-BEAM BRIDGE HAZLETON BRIDGE
Wegmuller, A. W., Cordoba, Gerardo C., and VanHorn, D. A.
F.L. Report 315A.2, February 1971

11.

BIBLIOGRAPHY ON LOAD DISTRIBUTION IN BEAM-SLAB HIGHWAY
BRIDGES
Aktas, Z. and VanHorn, D. A.
F.L. Report 349.1, September 1968

12.

STATIC AND DYNAMIC FELXURAL BEHAVIOR OF A PRESTRESSED
CONCRETE I-BEAM BRIDGE - BARTONSVILLE BRIDGE
Chen, Chiou-Horng and VanHorn, D. A.
F.L. Report No. 349.2, January 1971

13.

SLAB BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM BRIDGE BARTONSVILLE BRIDGE
Wegmuller, A. W. and VanHorn, D. A.
F.L. Report 349.3, May 1971

14.

SLAB BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM BRIDGE LEHIGHTON BRIDGE
Chen, Chiou-Horng and VanHorn, D. A.
F.L. Report 349.5, July 1971

15.

STRUCTURAL BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM
BRIDGE - LEHIGHTON BRIDGE
VanHorn, D. A. and Chen, Chiou-Horng
F.L. Report 349.4, October 1971

-11-

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

III.

The Results

Report No. 387.1:

Abstract:

STRUCTURAL BEHAVIOR OF BEAM-SLAB HIGHWAY
BRIDGES -- A SUMMARY OF COMPLETED RESEARCH
AND BIBLIOGRAPHY
This is the first report on the research

investigation entitled "Development and Refinement of
Load Distribution Provisions for Prestressed Concrete
Beam-Slab Bridges"

(PennDOT 72-4).

Included are (1) a

review of the four recently completed Lehigh University research programs on the structural response of
prestressed concrete beam-slab highway bridges of the
spread box-beam and I-beam types,

(2) a discussion

of the general findings in these programs, and (3) an
up-to-date annotated bibliography containing references which are directly or indirectly applicable
to the structural behavior, analysis, and design of
beam-slab type highway bridge superstructures.
Report No. 387.2A:
Abstract:

LATERAL DISTRIBUTION OF LIVE LOAD IN PRESTRESSED CONCRETE I-BEAM BRIDGES
This is the second report on the research in-

vestigation entitled "Development and Refinement of
Load Distribution Provisions for Prestressed Concrete
Beam-Slab Bridges" (PennDOT 72-4).

The beam-slab

bridges included in this study are of the I-beam type.
Included are (1) a structural analysis, based on the
finite element method, which describes superstructure
response to design-vehicle loading,

(2) a comparison

of the structural analysis with results from the field

(3) the
analysis of 219 superstructures ranging in length from
30ft. to 135ft., and in roadway width from 20ft. to
78ft., and (4) equations for evaluating live-load
tests of two in-service bridge superstructures,

distribution factors for interior and exterior beams,
based on the definition of traffic lanes set forth in
the AASHTO "Standard Specifications for Highway Bridges - 1973"

(1.2.6 - Traffic Lanes).
-12-
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Report No. 387.2B: LIVE-LOAD DISTRIBUTION FACTORS FOR PRESTRESSED CONCRETE I-BEAM BRIDGES
Abstract:

This is the third report on the research in-

vestigation entitled "Development and Refinement of
Load Distribution Provisions for Prestressed Concrete
Beam-Slab Bridges .. (PennDOT 72-4).

The beam-slab

bridges included in this study are of the I-beam type.
Included are:

(_1) a structural anlysis, based on the

finite element method, which describes superstructure
response to design-vehicle loading,

(_2)_ a comparison

of the structural analysis with results from the field

(3) the
analysis of 150 superstructures ranging. in length from
30 ft. to 135 ft. and in roadway width from 24 ft. to
72 ft., and (_4) equations for evaluating live-load
distribution factors for interior and exterior beams,
based on the definition of traffic lanes set forth in
the AASHTO 11 Interim Specifications -Bridges: 1974 11 •
tests of two in-service bridge superstructures,

Report No. 387.3:
Abstract:

LIVE-LOAD DISTRIBUTION IN SKEWED PRESTESSED
CONCRETE I-BEAM AND SPREAD BOX-BEAM BRIDGES
This is the fourth report on the research

investigation entitled

11

Development and Refinement

of Load Distribution Provisions for Prestressed

I

Concrete Beam-Slab Bridges .. (PennDOT 72-4).

I
I
I
I
I
I

lateral distribution of statically applied vehicu-

The

effects of skew on the design moments and on the
lar loads are examined for prestressed concrete I-beam
and prestressed concrete spread box-beam bridge superstructures.

The finite element method is utilized to

analyze 120 I-beam superstructures and 72 box-beam superstructures ranging in length from 34 ft. to 128 ft. and
in roadway width from 24 ft. to 72 ft.

Skew effects

are correlated for bridges of different widths, span
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lengths, number of beams, and number of design lanes,
and empirical expressions are developed to facilitate
computation of lateral load distribution factors for
interior and exterior beams.

The proposed skew distri-

bution factors are actually based upon appropriate
modifications to the distribution factors for right
bridges.

In general, the skew correction factor re-

duces the distribution factor for interior beams and
increases the distribution factor for exterior beams.
The magnitude of the skew effect is primarily a function of skew angle and of bridge span and beam spacing.
Report No. 387.4:

Abstract:

A PILOT STUDY OF FACTORS AFFECTING LIVE-LOAD
DISTRIBUTION IN PRESTRESSED CONCRETE BEAMSLAB BRIDGES
This is the fifth report on the research in-

vestigation entitled "Development and Refinement of Load
Distribution Provisions for Prestressed Concrete BeamSlab Bridges"

(PennDOT 72-4).

This report describes a

very brief pilot study of the structural behavior of
prestressed concrete beam-slab bridges, particularly
live-load distribution, as affected by (1) curb-parapet
sections,

(2) intra-span diaphragms, and (3) continuity

over the supports in multi-span structures.
For simple span bridges, it was found that consideration of the longitudinal strength and stiffness of
the curb-parapet sections yields higher values of the
live-load distribution factors for exterior beams and
lower values for interior beams, when compared with distribution factors based on analyses which ignore the
effects of the curb-parapet sections.

The effect of

intra-span diaphragms is to more evenly distribute the
live load to the individual longitudinal beams.

A dia-

phragm at midspan was found to be more effective than
other combinations considered.
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For multi-span bridges
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constructed with longitudinal continuity over the
supports, the live-load distribution was found to be
similar to the distribution in simple span bridges
of shorter span.
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IV.

Summary
In this summary, reference will be made to the three

objectives of the project, as set forth in Section II-D, and
to the results set forth in the abstracts of the five reports
listed in Section III.
The first step in the research program was the development of an up-to-date annotated bibliography of references applicable to the structural behavior, analysis, and design of
beam-slab type highway bridge superstructures.

This biblio-

graphy was presented in Report No. 387.1 which also included
(1) a review of the four previous Lehigh University research
programs on the structural response of prestressed concrete
beam-slab highway bridges of the spread box-beam and I-beam
types, and (2) a discussion of the general findings in these
previous programs.

This report represented the first step in

the research program, as set forth in Section II-G.
The next phase in the program involved the development
of a new provision for live-load distribution in prestressed
concrete I-beam superstructures, paralleling the previously developed provision for spread box-beam bridges, which now appears
as Article 1.6.24(A) of the AASHTO Standard Specifications for
Highway Bridges.
provision.

Report No. 387.2A presented a proposed new

This new provision was based on the definition of

traffic lanes specified in Article 1.2.6 of the 1973 AASHTO
Specifications.

Upon completion of the analytical work which

formed the basis for Report No. 387.2A, the AASHTO adopted a
rev~sion

of Article 1.2.6, which first appeared in the 1974

AASHTO Interim Specifications - Bridges.

Therefore, additional

funding was provided to cover the development of a second new
provision for live-load distribution in prestressed concrete Ibeam bridge superstructures, using the 1974 definition of
traffic lanes.

The development of the second (new) provision

was set forth in Report No. 387i.2B.
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Upon completion and approval of Report No. 387.2B, the
proposed new specification revision was scheduled for presentation at the four regional meetings of the AASHTO Subcommittee
on Bridges and Structures held in San Diego, Tulsa, Raleigh,
N.C., and Durham, N.H., in the period April-May 1977.

significant to note that the timing associated with the completion and approval of Report No. 387.2B enabled distribution
to the State bridge engineers only one month prior to the
regional meetings.

Subsequently, the proposed new specification

revision was presented by D. A. VanHorn at the four regional
meetings.

In all of the meetings, the proposal was favorably

received.

However, since there had been insufficient time for

the State bridge engineers to review the report prior to the
1977 regional meetings, the proposal was referred to the Subcommittee on Load Distribution (of the AASHTO Subcommittee)
for subsequent review and action at the regional meetings in
1978.

The proposed new specification revision appeared on the

agenda of the 1978 regional meetings.

I
I
I
I
I
I
I
I
I
I

It is

However, no one from

Lehigh University or PennDOT was requested to attend the meetings
to present further information, to answer questions, or to
recommend approval.

Consequently, there was little or no

discussion of the proposed revision.

As a result, the bridge

engineers decided to stay with the current specification
provisions.
The next step in the research program was to develop
provisions which would cover the effect of skew on the alreadycompleted live-load distribution provisions for both the I-beam
bridges and the spread box-beam bridges.

The required analysis

was completed, and new provisions were developed, as set forth
in Report No. 387.3.

These provisions have not been presented

to the AASHTO Subcommittee on Bridges and Structures.
Reports Nos. 387.2A, 387.2B, and 387.3 fulfill objectives
Nos. 1 and 2, as set forth in Section II-D, and paragraph No.
2 under Section II-G.
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Finally, a pilot study was conducted to provide an
initial qualitative assessment of the effects of interior-span
diaphragms, curb-parapet sections, and continuous-span construction, on live-load distribution in prestressed concrete
beam-slab bridges.
in Report No. 387.4.

The results of the pilot study are presented
This report fulfills objective No. 3 in

Section II-D, and paragraph No. 3 under Section II-G.
In conclusion, it is the feeling of the writer (D. A.
VanHorn) that it was unfortunate that the AASHTO failed to
adopt the proposed new specification for live-load distribution
in prestressed concrete I-beam beam-slab highway bridges, as
set forth in Report No. 387.2B.

The proposed new specification

was clearly an improvement over the current specifications for
live-load distribution in bridges of this type.

More generally,

it is the writer's feeling that the proposed specification
could well serve as a model (in form)

for the revision of all

of the provisions currently included in Article 1.3.1 of the
AASHTO Standard Specifications for Highway Bridges.

Separate

provisions (in the proposed form) are already included in the
specifications for beam-slab bridges supported by steel box
girders (Article 1.7.49(B)), and by prestressed concrete
spread box-beams (Article 1.6.24(A)).

Finally, it is the feeling

of the writer that a future research program should be devoted
to an overall revision of Article 1.3.1, and related articles,
covering distribution of live-loads in beam-slab bridges.
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