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INTRODUCTION 
 
There is a need to accurately analyze the load effects on bridge decks from permitted overload 
trucks on Michigan’s roads.  The AASHTO Standard Specifications for Highway Bridges, 17th 
edition (1) (AASHTO Standard), provides a distribution width of live loads when reinforcement 
is parallel to traffic in Section 3.24.3, but not when reinforcement is perpendicular to traffic. 
There is a distribution width factor, E, for cantilever slabs given in Section 3.24.5; however, the 
structural action for this case is different than that of a continuous deck slab over multiple 
beams.  In the Bridge Analysis Guide, 2001 edition, (2) (BAG) it is stated in Example 9, Bridge 
Deck Rating For Designated Loading, that, “Based on study of the AASHTO method, the 
moment effect of the wheels of tandem axles spaced at 3'-6" will overlap, and hence are 
additive.”  The study of the AASHTO method was basic and a more detailed method is needed 
to correctly model wheel loading from overload trucks on bridge decks. 
 
In looking closely at the overload trucks, there are two critical scenarios: 
 

1.  Truck 13, 45-kip axles with only 4-ft separation between two axles, 
2.  Truck 14, 33-kip axles with only 4-ft separation between three axles, tri-axle. 

 
A detailed method for correctly modeling wheel loading from these overload trucks will be 
developed for bridge decks, followed by a simplified approach that can be used to analyze bridge 
decks for these overloads. 
 

LITERATURE REVIEW 
 
Westergaard (3) provides the basis for the design moments in bridge slabs due to concentrated 
loads, according to Section 3.24 in the AASHTO Standard (1).  Closed form solutions applied to 
homogeneous elastic slabs are developed by the mathematical theory of elasticity.  These 
solutions are applied to bridge decks for common wheel loading from trucks.  Jensen (4, 6), 
Newmark (5) and Jensen, etal (7) offer solutions to additional bridge deck situations, but 
Westergaard (3) is the basis for most of this work.  Erps, etal (8) developed simplified formulas 
for use in a design office, based on Westergaard’s solutions.  It is noted that Erps used side by 
side trucks with a center to center of wheels spaced at 3’ for his analysis.  A wheel load, P, equal 
to 12 K was used for H-15 loading and 16 K was used for H-20 loading.  Also, Erps used 1.25’ 
for the diameter of circle over which the wheel load P is considered uniformly distributed when 
applying Westergaad’s formulas.  Westergaard’s (3) complete paper is included in Appendix A 
for convenient reference.  
 
The current formulas for deck design moments due to wheel loads, Section 3.24.3.1 in the 
AASHTO Standard (1), first appeared in the 8th edition of the AASHTO Standard (9) in 1961.  
Prior to that, a slab distribution width was used for determining the deck design moments 
considering both a single axle (24 K) and tandem axle (16 K) according to the 7th edition of the 
AASHTO Standard (10).  In all cases, a continuity factor of 0.8 was to be applied to positive and 
negative moments for deck slabs continuous over three or more supports. 
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Tire contact area was added to the AASHTO Standard, 12th Edition (11), by the 1981 Interim 
Specification (12) and was intended to allow for more accurate bridge deck analysis.  The tire 
contact area was to be assumed as a rectangle with an area in square inches of 0.01 P, in which P 
is the wheel load in pounds.  Equating this area for a 16 K wheel load to a circle results in a 
diameter of 1.19’, which is similar to the 1.25’ used by Erps, etal (8). 
 

ANALYSIS 
 
The following cases were analyzed using AASHTO and Westergaard‘s (3) solutions to get a 
historical perspective of the wheel loads effects on bridge decks.  Free supports (simple 
supports) were used in the analysis. 
 

1. 1957 AASHTO with 16k tandem axle, 
2. 1957 AASHTO with 24k single axle, 
3. 1957 AASHTO governing maximum, 
4. 1961 to 2002 AASHTO with 32k axle using (s+2)/32 distribution, 
5. Westergaard solution using 16k tandem axles with a=6 b=3.5, 
6. Westergaard solution using 16k tandem axle with a=4 b=3.5, 
7. Westergaard solution using 24k tandem axle (alternate military loading) with a=6 b=4, 
8. Westergaard solution using 24k tandem axle (alternate military loading) with a=4 b=4, 
9. Westergaard solution using 16k and 8k axles in series with a=4 b=4. 

 
Case 9 is the trailing portion of a notional loading consisting of two axles at 8 K, followed by 
two axles at 16 K, followed by three axles at 8 K with all axles spaced at 4’.  
 
Variables are the same as Westergaard (3) and are shown in Figure 1.  The load P is the wheel 
load and is half the axle load.  The diameter of a circle, c, over which the load P is uniformly 
distributed, was based on an area in square inches of 0.01 P when needed for use in the 
Westergaard formulas.  A single line of wheel loads and two lines of wheel loads were analyzed 
for a given beam spacing to determine the controlling case.  Moments parallel to the x axis, Mx, 
are of interest.  Westergaard (3) has shown that the maximum moment for the case of two wheel 
loads on line in the direction of the span occurs when one wheel load is placed at “¼ a” from the 
center of the beam spacing and the other is placed at “¾ a” on the other side of the center of 
beam spacing, with a equal to the gage of the wheels on the axles.  This case is shown in Figure 
1.  Regarding cases 1 to 8: For a single line of wheel loads, the controlling moment was 
determined based on the maximum moment from the wheel loads under load P1 and between 
loads P1 and P3, as shown in Figure 1.  Maximum moment for two lines of wheel loads occurs 
under load P1, according to Westergaard (3).  For case 9, the moment determined was located at 
the second 16 K axle load (followed by three 8 K axles) for both the single line and two lines of 
wheel loads. 
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Figure 1.  Four wheel loads placed on deck for maximum moment effect 

 
For cases 5 to 8, the following Westergaard (3) equations were used. 
 
Single line of wheel loads:  
 

 
 
and 
 

 
 
Two lines of wheel loads: 
 

 
 
is equal to  
 

 
 
which is then used in  
 

 
The more accurate equation (61) was used in equation (93) for the analysis. 
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For case 9, the following Westergaard (3) equations were used. 
 
Single line of wheel loads:  
 

 
 
and 
 

 
 
Two lines of wheel loads: 
 

 
 
with coefficients 
 

 
 
and 
 

 
 
Results are shown in Figure 2.  It is noted that for cases 5 to 8, that moment determined for side 
by side trucks with the distance between wheels of 4’ (variable “a”) is always greater than the 
moment determined for a lone truck with the distance between wheels of 6’ (variable “a”). 
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Figure 2.  Moments along x axis for designated loading scenario 

 
Two critical scenarios for overload trucks were then analyzed: 
 

1.  Truck 13, 45-kip axles with only 4-ft separation between two axles, 
2.  Truck 14, 33-kip axles with only 4-ft separation between three axles, tri-axle. 

 
For these two cases, only moments for side by side trucks with the distance between wheels of 4’ 
(variable “a”) were needed since this is the controlling loading. 
 
Regarding case 1: For a single line of wheel loads, the controlling moment was determined based 
on the maximum moment from the wheel loads under load P1 and between loads P1 and P3, as 
shown in Figure 1, except that the loads P1 and P3 are at the centerline of the span.  The 
controlling moment for a single line of wheel loads always occurred on load P1.  Maximum 
moment for two lines of wheel loads occurs under load P1, according to Westergaard (3).   
 
For case 1, the following Westergaard (3) equations were used. 
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Single line of wheel loads:  
 

 
 
and 
 

 
 
Two lines of wheel loads: 
 

 
 
is equal to  
 

 
 
which is then used in  
 

 
 
The more accurate equation (61) was used in equation (93) for the analysis. 
 
Regarding case 2:  For a single line of wheel loads, the maximum moment was based on the 
moment from the wheel loads under load P3, as shown in Figure 3, except that the loads P1, P3, 
and P5 are at the centerline of the span.  For two lines of wheel loads, the controlling moment 
was determined based on the maximum moment for wheel loads under load P1 and under load 
P3, as shown in Figure 3. 
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Figure 3.  Six wheel loads placed on deck for maximum moment effect 
 
For case 2, the following Westergaard (3) equations were used. 
 
Single line of wheel loads:  
 

 
 
and 
 

 
 
Two lines of wheel loads when determining moments under load P1: 
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with coefficients 
 

 
 
and 
 

 
 
is equal to  
 

 
 
which is then used in  
 

 
 
The more accurate equation (61) was used in equation (93) for the analysis. 
 
Two lines of wheel loads when determining moments under load P3: 
 

 
 
 

 
 
and 
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with coefficients 
 

 
 
Results are shown in Figures 4 and 5. 
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Figure 4.  Moments along x axis for tandem 45 K axles spaced at 4’ 
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Figure 5.  Moments along x axis for three 33 K axles spaced at 4’ 

 
Combined results are shown in Figure 6. 
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Figure 6.  Moments along x axis for tandem 45 K axles spaced at 4’  

and three 33 K axles spaced at 4’ 
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DISCUSSION 
 
It appears that the Alternate Military Loading of two 24 K axles spaced at 4’ was the justification 
for changing the deck design moment equation to (s+2)/32 upon review of Figure 2.  The 
(s+2)/32 equation is slightly unconservative in a few cases; however, impact and frequency of 
loading is not included in the values shown in Figure 2, which may help explain acceptance of 
new equation.  The Alternate Military Loading was first designated and included in Federal-Aid 
Highway Act of 1956.  The effect of this loading on bridge decks was included in the 1961 
AASHTO Standard Specifications for Highway Bridges, 8th Edition, through a change in the 
design moment equation to (s+2)/32. 
 
Predicting the deck moments using Westergaard’s (3) equations is lengthy and tedious, but can 
easily be done once they are placed into spreadsheet software and verified.  Deck moments from 
the three 33 K axle loads are reasonably predicted using (s+3)/19 equation when compared with 
the Westergaard (3) moments for the same loading (22 percent to 5 percent over the results using 
Westergaard (3) equations for beam spacing of 5’ to 11’, respectively).  Deck moments from the 
tandem 45 K axle loads are also reasonably predicted using (s+4)/26 equation when compared 
with the Westergaard (3) moments for the same loading (16 percent to 3 percent over the results 
using Westergaard (3) equations for beam spacing of 5’ to 11’, respectively).  Unfortunately, the 
deck moments for the three 33 K axle loads using (s+3)/19 are unconservative for tandem 45 K 
axle loads when the beam spacing is more than about 10’.  However, beam spacing more that 10’ 
is seldom used for bridges in Michigan. 
 

CONCLUSIONS 
 
Detailed methods for accurately modeling wheel loading from overload trucks were developed 
for bridge decks using Westergaard (3) formulas.  A simplified approach that can be used to 
analyze bridge decks for these overloads was also developed. 
 

RECOMMENDATIONS 
 
When determining the wheel load moments from overload trucks the following simplified 
equations can be used. 
 

1.  For tandem axles with 4-ft separation between two axles: (s+4)/26, 
2.  For tridem axles with 4-ft separation between three axles: (s+3)/19, 

 
where s is equal to the effective span length, in feet, as defined in Section 3.24.3 of the 
AASHTO Standard (1). 
 
If the rating factor determined using the simplified equations is less than 1.0, Westergaard (3) 
equations should be used to refine the load effects from the wheel loads on the overload trucks.  
The extra effort required in using the Westergaard (3) equations would be offset by the benefit to 
our transportation system in allowing trucks with heavy axles to safely cross Michigan’s bridges.  
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APPENDIX A 
H. M. Westergaard 

"Computation of Stresses in Bridge Slabs Due to Wheel Loads,"  
Public Roads, March 1930 
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