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or psychological effects due to their deformations.” However, results of many studies 
indelicate that deflection and L/D limits do not necessarily address these objectives. It is 
as a result of such studies that AASHTO LRFD Bridge Specifications has now made 
these limitations optional; thus, transferring the responsibility for deflection control and 
serviceability requirements to the engineer and owner. Its commentary states that:  

“These provisions permit, but do not encourage, the use of past practice for 
deflection control.” 

 
It further states that  

“Despite this, many owners and designers have found comfort in the past 
requirements to limit the overall stiffness of bridges. Their desire for the 
continued availability of some guidance in this area, often stated during the 
development of these specifications, have resulted in the retention of optional 
criteria, …” 

 
Thus, the purpose of this study is to shed additional light on suitability of existing 
serviceability requirements and to provide recommendations on criteria that ensure 
human safety and structural durability while allowing for economical use of high 
performance steel. 
 

Research Objectives and Approach 

WHY	DEFLECTION	LIMIT	IMPACTS	APPLICATIONS	OF	HPS?	
Through a simple example it is demonstrated why the deflection limit can negate the 
application of high performance steel to highway bridges. Consider a simply supported 
beam loaded with a concentrated load at the center. The maximum moment, Mmax, 
which is equal to PL/4, is used in strength-based design to size the member cross-
section. That is, using the flexural equation stress-load relation is as follow: 



PL
cMc PLc

I I I
  4

4
 

 
In this equation, c is distance to extreme bending fiber and I is moment of inertia. In 
typical designs the above equation is solved for required moment of inertia to determine 
the section geometry. Subsequently, deflection is determined based on the following 
equation and checked against codes limits. 

max

PL

EI
 

3

48
 

      
For most cases the deflection limits are easily satisfied, often with a large margin. 
However, as discussed before existing deflection limits negates economical use of high 
performance materials because the original basis for these limits were not well 
established; and they did not consider existing bridge systems and the range of 
materials currently available.  
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o This again might be an issue of clarity in language so that designers do 
not over conservatively interpret the manual as requiring the use of permit 
load.  

 If permit load is used consider the following: 

o Impact factor is lower (essentially unity) 

o Not all lanes are loaded. 

 Do not use moment distribution factor (DF) for deflection calculations. NJDOT 
manual correctly does not state its use. However, it does not clearly state that the 
deflection DF must be used.  Therefore, designers tend to conservatively use the 
moment DF for deflection control.        
 

 Do not use live load (LL) factor for deflection calculations. NJDOT design manual 
does not clearly state that Service I should be used for deflection control it just 
states the general load type of service limit state. It must be made more specific 
that Service I to be used in checking serviceability criteria.  

Long Term (transformational changes) 

 Use acceleration in establishing the serviceability requirement as follow: 
 

	
	

1.2
	

 

 Use 100 in/sec2 as the acceleration limit 

o This is based on Wright and Walker and can benefit from additional work 
on human factor vs. bridge dynamic response 

 Use the above equation for speed parameter (α) less than 0.35, which includes 
most typical highway bridges.  

o For other values use the modified equation as presented in the report (as 
simple) 

 The following is a simple application using Wright and Walker acceleration limit 
and 65 mph truck speed (note that  - V/2LF where V is truck speed, L is bridge 
length and f is bridge frequency): 
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.

1.2	 	
. 2

1.2	 	 2
	

100	 sec ∗ 2 ∗

1.2 ∗ 1144 sec ∗ 4 ∗ ∗

	
270

 

 Observations on proposed criterion (its improvement over existing approach): 

o It is more rational by relating the deflection limit to other important bridge 
dynamic factors and truck speed. 

o For acceleration limit of 100 and typical bridge frequency of 3 Hz it is 
consistent with existing requirement of L/1000 

o It does not penalize high performance steel as acceleration limit is 
rationally related to the bridge flexibility. 

o For bridges with higher frequencies, since the vibration duration is lower it 
is not significantly noticeable. Therefore, the limits may be neglected for 
bridges with higher frequencies (e.g. f > 5).  

 
 

FOR MORE INFORMATION CONTACT: 
NJDOT PROJECT MANAGER: Dr. Nazhat Aboobaker 

PHONE NO. 609-530-4491 

e-mail Nazhat.Aboobaker@dot.state.nj.us  
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e-mail ala@njit.edu 
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