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FIGURE 2 (continued)  (b) Exclusion vehicles. 
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FIGURE 2 (continued)  (c) NTWAC special hauling vehicles, and  
(d) modified TTI formula vehicles. 
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FIGURE 2 (continued)  (e) Canadian interprovincial load vehicles, and  

(f) extended bridge formula vehicles.  
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FIGURE 3  Centerline moments in kip-ft: simple span. 
 
 
 

 
 

FIGURE 4  Negative moments in kip-ft at 0.4L. 
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FIGURE 5  Negative moments in kip-ft at support. 
 
 
 

 
 

FIGURE 6  Positive moments in kip-ft at 0.4L. 
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FIGURE 7  Positive shear in kips at +Vab. 
 
 
 

 
 

FIGURE 8  Negative shear in kips at –Vab. 
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TABLE 2  Live Load Models Versus Exclusion Load Mean and Standard Deviation 
 

 
 

 
HS20 

HS20+0.64
(Prop.) 

 
HS25+0.48 

 
HTL 

 
FAMILY-3 

HTL MOD 
LF 

Mean 1.600 1.060 0.982 1.189 1.048 1.091  
–M 0.4L Std Dev 0.1679 0.0630 0.0755 0.1290 0.0379 0.0389 

Mean 1.111 0.847 0.835 0.952 0.866 0.871  
–M @SUPT Std Dev 0.2068 0.1201 0.0712 0.1427 0.0917 0.0575 

Mean 1.459 1.018 0.924 1.200 1.041 1.103  
+M 0.4L Std Dev 0.1186 0.0618 0.0409 0.1133 0.0475 0.0464 

Mean 1.506 1.001 0.941 1.198 1.050 1.100  
SIM SUP Std Dev 0.1387 0.0275 0.0586 0.1325 0.0363 0.0305 

Mean 1.544 1.060 0.982 1.189 1.048 1.092  
–Vab Std Dev 0.1253 0.0929 0.0755 0.1290 0.0379 0.0389 

Mean 1.461 1.011 0.932 1.111 1.006 1.022  
–Vba Std Dev 0.1448 0.0355 0.0475 0.1093 0.0522 0.0540 

Mean 1.415 1.024 0.919 1.132 1.017 1.232  
+Vab Std Dev 0.1447 0.0391 0.0391 0.1027 0.0558 0.2792 
 

 
 

FIGURE 16  EXCL/HS20+0.64 kips/ft or dual 25 kip moment ratio. 
 
 

Thus, the combination of the tandem with the uniform load and the HS20 with the 
uniform load, were shown to be an adequate basis for a notional design load in the LRFD 
Specifications. The process of developing the notional design load described above relates to the 
representation in the specifications. In a calibrated, reliability-based design specification such as 
AASHTO LRFD the notional design load must still be shown to be a reasonable fit to a 
statistically projected live load. In the case of AASAHTO LRFD the process of developing the 
statistically projected load and the determination of load and resistance based in part on both the 
notional design load and the statistically projected live load is described in (12).  
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FIGURE 17  EXCL/HS20+0.64 kips/ft or dual 25 kip shear ratio. 
 
 

But, even if a more realistic live load model is possible, GDF, impact, and multiple 
presences must still be considered. 

Early in the Interstate era, when beam and girder spans were relatively short and the 
elements were relatively close together, the simple expressions for GDF yielded reasonably 
realistic results. However, as longer girders replaced truss spans out to over 500 ft, and the girder 
spacing changed from 6 or 7 ft to 12, 13, or 14 ft, the simple S/D expression became more and 
more unrealistic. Fortunately, the results obtained with this simple approximation were usually 
quite conservative. This has been verified through dozens of field stress measurements, as well 
as analytic investigations going back 40 years or more. The literature is full of countless research 
efforts oriented towards developing a better approximation. 

In the design environment, the introduction of matrix structural analysis and, eventually 
finite element analysis, made it practical for designers to make grid or continuum models of 
many types of bridges, including the ubiquitous stringer bridge. Early design oriented grid 
analyses were being done 15 years into the Interstate era. The growing need for curved 
structures, the competition between the steel concrete industries, the requirement for alternative 
designs in steel and concrete, and the rise of contractor alternatives and value engineering all 
drove the bridge industry to improve on S/D distribution factors. 

Some specifications, such as the OHBDC, have developed charts and tables in order to 
implement an orthotropic plate analogy requiring the longitudinal stiffness of the bridge, the 
transverse stiffness of the bridge, and the cross-term used in plate theory. Other approaches have 
been to continue to evolve, newer and presumable better equations. 

After consideration of both the orthotropic plate analogy and research efforts, the 
decision was made to base load distribution in the LRFD specifications on a two-level approach. 
The first level is to provide a relatively simple set of equations; the second level is to collect and 
validate the use of two- or three-dimensional methods. 

The simplified equations were based on the work of Zokaie et al (13), done under the 
auspices of the NCHRP and AASHTO Technical Committee T-5 for Loads and Load 
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FIGURE 18  Initial (1991) comparison of S/D and LRFD distribution factor (12). 
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FIGURE 19  Comparison of S/D to grid analysis distribution. 

 
 

Moment in the Interior Girder, 1 Lane Loaded, Location 104.00y = 0.9729x + 0.1378
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FIGURE 20  Comparison of LRFD factor to grid analysis. 
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