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PRACTICES FOR PIER AND INTERMEDIATE DIAPHRAGMS OF PRECAST CONCRETE GIRDER BRIDGES 
 
By Chung C. Fu, Tarek Kudsi, University of Maryland, and Jeff Robert, Maryland State Highway Administration 
 
 
ABSTRACT:  
 
The objective of this study is to provide optimal standard pier and intermediate diaphragm details for the State of Maryland to make 
simple span pre-cast concrete girders continuous for live load and lateral stability.  The study is based partially on a survey prepared 
and sent to the Departments of Transportation of all 50 states requesting their standard detail drawings of diaphragms over piers.  
Thirty-three states replied, sending their various approaches to continuity over piers.  Based on the survey, a standard detail for a 
concrete diaphragm over pier is designed, accounting for the negative and positive moments.  The choice of such a diaphragm type is 
based on factors such as economy, constructibility, and the use of the post-tensioned tendons and steel reinforcement to resist positive 
moment induced by creep, shrinkage, and elastic shortening.  Also, along with the survey, some of the states replied with the type and 
placement of intermediate diaphragms.   
A spreadsheet was developed for all the types of AASHTO and Bulb-Tee girders with different span lengths that were cited in the 
states’ replies.   
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PRACTICES FOR PIER AND INTERMEDIATE DIAPHRAGMS OF PRECAST CONCRETE GIRDER BRIDGES 
 
By Chung C. Fu, Tarek Kudsi, University of Maryland, and Jeff Robert, Maryland State Highway Administration 
 
 
INTRODUCTION 
 
The objective of this study for the State of Maryland is to provide an optimal standard pier diaphragm detail for making simple span 
precast concrete girders continuous for live load and lateral stability.  Recommendations for intermediate diaphragms are also 
provided. 

The use of prestressed precast girders in bridge construction started in the United States in the early 1950’s.  Although the 
girders are designed as simple span for dead load, reinforcement in the deck girders provided negative moment capacity.   Recently, 
the demand in the State of Maryland for making simple span precast girders continuous over pier has increased; thus, a standard detail 
for diaphragms over piers, showing the necessary reinforcements for different span lengths, is needed.  

The study was carried out by sending letters to the Departments of Transportation in all 50 states requesting their standard 
detail drawings of diaphragms over piers.  Thirty-three states replied, sending their various approaches to continuity over piers.  
Although some states do not make simple spans continuous, many states make the deck longitudinal reinforcement resist the negative 
moment, and some stipulate that the diaphragm over pier resist the negative moment due to live load.  In addition to designing for 
negative moment over pier, many states design for positive moment at the supports resulting from creep, shrinkage and elastic 
shortening.     

A spreadsheet is then prepared for all the types of AASHTO and Bulb-Tee girders with different span lengths cited by the 
states’ replies.  The spreadsheet calculates the required reinforcement for negative and positive moments for various types of girders 
and span lengths that are listed.  Positive moment in the diaphragm is usually a result of creep, shrinkage, and elastic shortening; thus, 
extended tendons or reinforcements, from the adjacent girders, are used in resisting the positive moment (2).   The issue of using 
positive moment reinforcement at the interior pier has been discussed in many previous reports.  NCHRPR 322 (3), “Design of Precast 
Bridge Girders Made Continuous,” concluded that positive moment connections are costly and provide no structural benefits.  On the 
other hand, an interim report prepared for the National Cooperative Highway Research Program (NCHRP) Project 12-53 (4), 
“Connection between Simple Span Precast Concrete Girders Made Continuous,” discusses the importance of accounting for positive 
moment resulting from creep and shrinkage. The author of the 1999 NCHRP Project 12-53 interim report does not give a closed form 
solution to standardize the calculation of the positive moment; he states that current PCA practice does not perform a time dependent 
analysis, and, instead, details the positive moment connection using 1.2Mcr.   

In the presented spreadsheet, the user has the choice to use the default 1.2Mcr as positive moment at the connection, or to 
input the calculated time dependent positive moment due to shrinkage, creep, and elastic shortening.  

 
SURVEY & COMMENTARY 
 
Diaphragm over pier 
 
Table 1 shows a brief description for every state’s practice for continuity over pier.  The states that replied are categorized as follows: 
A. States using diaphragm over pier to resist live load and superimposed dead load, and using extended dowels or strands into the 

diaphragm to resist positive moments.  Sample detail of type A is shown in Figure 1: 
1. Alaska 
2. Colorado 
3. Delaware 
4. Idaho 
5. Illinois 
6. Kansas  
7. Missouri  
8. New Jersey 
9. New York 
10. North Carolina 
11. Ohio 
12. Oregon 
13. Pennsylvania 
14. Tennessee 
15. Utah 
16. Vermont 
17. Virginia 
18. Washington 
19. Wyoming 

 3 



 B.  States using diaphragm over pier without positive moment reinforcement shown.  Sample detail of type B is shown in Figure 2: 
1. California 
2. Iowa 
3. Kentucky 
4. Louisiana 
5. Massachusetts 
6. Michigan 
7. North Dakota 
8. Wisconsin  

C.  States using deck slab to assess for continuity: 
1. Florida 
2. Georgia 
3. Minnesota 
4. Texas  
These four states, based on their past experience, are not using continuity in the design for the precast prestressed concrete girder 
bridges.  Florida and Texas, two major concrete states with a long history of using precast prestressed concrete girders, have been 
telephone interviewed by the researcher.  After experiencing difficulty in attaining continuity, spalling concrete at the pier 
diaphragm, rotating at the end abutment, Florida and Texas abandoned the practice of continuity and are mainly designing simple 
span girder bridge.  A majority of the Texas precast concrete girders are modified AASHTO Type IV girder with span lengths up 
to 45 m (150 feet), if High Performance Concrete (HPC) is used.   Stability is not a concern for the Type IV girder used by the 
State of Texas after erection so no interior diaphragm is used. 

D.  States having no standards for continuity or not designing for continuity over pier for live load  
1. Connecticut 
2. Maine 
These two states are mainly steel states and use concrete girder occasionally.  There is no standard established. 
 

A map of states presenting the status in color is shown in Figure 3.  States in categories A and B assess for continuity over 
pier by using a diaphragm, but states in category B do not show clearly the assessment for the positive moment resulting from time 
dependent losses in the precast girders.  Two reports are also reviewed, addressing the subject of assessing for positive moment over 
pier resulting from creep, shrinkage, and elastic shortening. 

In reference to Appendix G of the NCHRP report 322 (3), "Design of Precast Prestressed Bridge Girders Made Continuous," 
November 1989, "Results of an analytical study (G-1) of time-dependent restraint moment and service load moments at supports in 
prestressed concrete girders made continuous indicate that there is little structural advantage gained by providing positive moment 
reinforcement at supports."   

The report also states that the creep and shrinkage will produce "A positive restraint moment at the supports that will 
generally induce a crack in the bottom of the diaphragm concrete.  With application of live load, the positive moment crack must close 
prior to inducing negative moment at the continuity connection.  There is a loss of negative continuity moment associated with the 
closing of cracks in the bottom of the diaphragm.  The presence of positive moment reinforcement in the diaphragm helps to maintain 
a relatively small crack, thereby increasing apparent live load.  However, the positive restraint moment resulting from the presence of 
the reinforcement in the bottom of the diaphragm increases the positive moment within the span.  This increase in positive moment 
when bottom reinforcement is used at supports is virtually equal to the loss of negative moment continuity if positive reinforcement is 
not used.  The net result on the effective continuity moment is the same, irrespective of whether or not positive moment reinforcement 
is provided at supports.  Therefore, providing positive moment reinforcement has no significant benefit for reducing service load 
moments."   

NCHRPR 322 proposes that the commentary should be added to section 9.7.2.2 of the Standard Specifications (AASHTO).   
AASHTO Standard Specifications for Highway Bridges (1), Sixteenth Edition (with Interims up to 2000) contains the 

statement for positive moment at connection at piers (9.7.2.2.1), "Provision shall be made in the design for the positive moments that 
may develop in the negative moment region due to the combined effects of creep and shrinkage in the girders and deck slab, and due 
to the effect of live load plus impact load in remote spans.  Shrinkage and elastic shortening of the pier shall be considered when 
significant." 

In September 1999, the University of Cincinnati submitted an interim report to the NCHRP, "Connection Between Simple 
Span Precast Concrete Girders Made Continuous. "  The unpublished report was obtained from NCHRP and it has not yet been 
released for publication (4) when this paper is produced.  The report concluded that many engineers and state agencies think that 
positive moment connections are needed to control cracking in the diaphragm and to provide continuity.  The report also revealed that 
PCA was first to identify cracking of the connection caused by time dependent positive moments.  In addition, many studies discussed 
in the report state that the cause of cracking appears to be positive moment developed from time dependent deformations of the 
prestressed girders.    

Based on the above-presented reports, it was worthwhile to assess for positive moment at the connection for crack control.  In 
the submitted spreadsheet, the user is left with the choice of assessing for positive moment reinforcement at the connection.  If the user 
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does not wish to input any moment due to time dependent losses in the girders, the spreadsheet will use a default entry equal to 1.2Mcr 
to assess for crack control in the diaphragm. 

 
Intermediate diaphragm 
 
AASHTO Standard (1) recommends one intermediate diaphragm at the point of maximum positive moments for spans exceeding 40 
ft.  Such diaphragms are used to resist lateral forces and to maintain section geometry, allowing the bridge to behave as one entity.  
Also, their presence can help in the construction phase of the bridge.  However, AASHTO LRFD Specifications (5) allows 
diaphragms be omitted where tests or structural analysis show them to be unnecessary.  Three types of intermediate diaphragms can be 
presented and they are: 
 

1. Steel 
2. In-situ concrete 
3. Precast concrete 
 

Additional information associated with intermediate diaphragm sent by states for the survey is also studied and tabulated in 
Table 2.  Most states are following AASHTO’s recommendation using either steel or concrete diaphragm.  The state of Texas, with 
their long history of build concrete bridges, is not using permanent intermediate diaphragm with their typical Type IV girders.  
Temporary diaphragms are used during construction to stabilize the system.  Based on their study, there is not clear evidence that the 
intermediate diaphragms assist in the stabilization and load distribution. 

 
DESIGN CONSIDERATIONS 
 
In general, the pier will experience negative moment induced by making simple spans continuous for live load, positive moment 
induced by the creep shrinkage and elastic shortening of the pre-stressed concrete girders, and shear and torsion. 
 

1. For resisting negative moment, reinforcement additional to the standard slab reinforcement is presented. Different types of 
reinforcement are presented, based on the adjacent span lengths. 

2. For resisting positive moment, it is proposed that extended reinforcement or tendons be provided from adjacent girders.  The 
positive moment is a result of creep, shrinkage and elastic shortening of adjacent prestressed girders. 

3. For resisting shear and torsion, closed stirrups are provided in the transverse and longitudinal directions of the bridge.  In 
providing closed stirrups, the moment capacity of the block diaphragm will increase, and will be valuable in load distribution.  

4. For ease of construction, recent development in the steel industry recommends concrete block diaphragms over the piers with 
similar configurations as the one presented for precast concrete girders. 

5. In general the piers are normal to the girders.  In the case of skewed precast or steel concrete girders, the recommended block 
diaphragm with closed stirrups can be an efficient counter for the torsion induced from the bridge skewness. 

6. The advantage of an in-situ concrete diaphragm over a precast one is that the construction can be monolithic with the 
adjacent bridge girders. 

 
The design example for the pier diaphragms is presented in this study in a spreadsheet form.  Figure 4 shows the spreadsheet 

calculation and Figure 5 shows the design steps.  Figures 6 and 7 show the elevation and the cross section of the proposed standards  
for the Maryland pier diagram. 
 
CONCLUSION 
 
The presented study is valuable in surveying other states’ approaches for continuity over pier for making simple spans continuous for 
live loads.  Although the purpose of the study is to standardize diaphragms over pier for precast girders for the state of Maryland, the 
proposed detail can also be used by other engineers, as it accounts for economy, constructibility, and assessing for the negative 
moment and positive moment induced by shrinkage, creep and elastic shortening of adjacent spans.  This is the reason for choosing a 
concrete diaphragm to address the continuity issue, as the extended reinforcement or tendons can be used to counter the positive 
moment.  Also the stirrups are used to counter the torsion over the pier.   
 
REFERENCE 
 

1. AASHTO, "Standard Specifications for Highway Bridges, Sixteenth Edition (with Interims up to 2001). 
 
2. Fu, C. C., “Study Report; Survey and Design of Simple Span Precast Concrete Girders Made Continuous," the BEST Center, 

University of Maryland, 2000. 
 

3. NCHRP report 322, "Design of Precast Prestressed Bridge Girders Made Continuous," November 1989. 
 5 



 
4. University of Cincinnati interim report to the NCHRP, "Connection Between Simple Span Precast Concrete Girders Made 

Continuous,” September 1999. 
 

5. AASHTO, "LRFD Bridge Design Specifications, (with Interims up to 2001). 
 

 
 

 

 6 



FIGURE 1 -  SAMPLE DETAIL OF PIER DIAPHRAGM OVER PIER WITH POSITIVE MOMENT REINFORCEMENT (TYPE A) AND ITS 
INTERMEDIATE DIAGRAM (WYOMING) 

 
FIGURE 2 -  SAMPLE DETAIL OF PIER DIAPHRAGM OVER PIER WITHOUT POSITIVE MOMENT REINFORCEMENT (TYPE B) AND ITS 

INTERMEDIATE DIAGRAM (WISCONSIN) 
 
FIGURE 3 -  MAP OF STATES SHOWING THE CONTINUITY PRACTICES 
 
FIGURE 4 -  CALCULATION OF THE REQUIREMENT OF THE PIER DIAPHRAGMS 
 
FIGURE 5 -  CALCULATION STEPS OF THE REQUIREMENT OF THE PIER DIAPHRAGMS 
 
FIGURE 6 -  CAST-IN-PLACE DIAPHRAGM OVER PIER DETAIL  
 
FIGURE 7 -  TRANSVERSE CROSS-SECTION OF CAST-IN-PLACE DIAPHRAGM 
 
TABLE 1 -  SURVEY SUMMARY AND COMMENTARY OF THE PIER DIAPHRAGM 
 
TABLE 2 -  SURVEY SUMMARY OF THE INTERMEDIATE DIAPHRAGM 
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FIGURE 1 - SAMPLE DETAIL OF PIER DIAPHRAGM OVER PIER WITH POSITIVE MOMENT REINFORCEMENT (TYPE A)  

AND ITS INTERMEDIATE DIAGRAM (WYOMING) 
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FIGURE 2 - SAMPLE DETAIL OF PIER DIAPHRAGM OVER PIER WITHOUT POSITIVE MOMENT REINFORCEMENT (TYPE B)  

AND ITS INTERMEDIATE DIAGRAM (WICONSIN) 
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FIGURE 3 - MAP OF STATES SHOWING THE CONTINUITY PRACTICES 
(GROUP A – RED, GROUP B – GREEN, GROUP C – DARK GRAY, GROUP D – LIGHT GRAY) 

 10 



 
 

FIGURE 4 - CALCULATION OF THE REQUIREMENT OF THE PIER DIAPHRAGMS 
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FIGURE 5 - CALCULATION STEPS OF THE REQUIREMENT OF THE PIER DIAPHRAGMS 
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FIGURE 6 - DIAPHRAGM OVER PIER DETAIL 
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FIGURE 7 - TRANSVERSE CROSS-SECTION OF DIAPHRAGM 
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TABLE 1 - SURVEY SUMMARY AND COMMENTARY OF THE PIER DIAPHRAGM 
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TABLE 2 -  SURVEY SUMMARY OF THE INTERMEDIATE DIAPHRAGM 
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