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ABSTRACT 

Truck Platooning (TP) involves managing multiple trucks closely together to reduce 

aerodynamic drag. While TP offers benefits such as fuel savings, emission reductions, and 

enhanced safety, it raises concerns for existing infrastructure. This study reviews literature on TP 

and conducts bridge analyses comparing representative truck platoon configurations allowed 

under Oregon law with current truck loadings. It also explores the effects of truck head spacing 

and bridge span lengths, utilizing the research results to calculate rating factors using real-world 

case studies. The objective is to identify truck platoon configurations that may exceed acceptable 

load levels for Oregon bridges. The findings will contribute to policy recommendations, 

regulatory decisions, and updates to bridge load rating procedures in Oregon. 
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1.0 INTRODUCTION 

In recent years, the realm of autonomous vehicle technology has witnessed a notable 

advancement with the emergence of truck platooning – a pioneering concept where heavy trucks 

operate in close proximity to attain fuel efficiency and potentially pave the way for reduced labor 

through partial or full autonomous operations in the future. This innovative approach holds 

promise not only for substantial cost savings but also for its potential to revolutionize the 

logistics landscape. Truck platooning's projected accelerated adoption, surpassing that of 

conventional autonomous vehicles, underscores its significance and relevance in contemporary 

transportation strategies (Banker, 2019; Bishop, 2019). 

 

At its core, truck platooning involves the synchronized operation of two or more trucks, 

employing cutting-edge technologies such as radar systems and vehicle-to-vehicle (V2V) 

communications. By coordinating the acceleration and braking of the lead and rear trucks, these 

systems enhance fuel economy, with human operators currently overseeing the process (Bishop, 

2019). Yet, the true potential for enhanced return on investment becomes apparent when the 

follower truck is automated, a point highlighted by Bishop (2020a). Beyond the confines of the 

transportation sector, the ramifications of truck platooning extend to domains as diverse as 

forestry, mining, port drayage, and military logistics, as suggested by Bishop (2020a; Bishop, 

2020b). 

 

In the context of regulatory adjustments, recent legislative actions such as House Bill 4059 

Section 40 have introduced allowances for vehicles employing "connected automated braking 

systems." This has implications for operational distances between vehicles and, subsequently, the 

loading dynamics on bridges. Notably, this regulatory shift acknowledges the potential strain 

platooned trucks could exert on bridge infrastructure. The cumulative loading effects could 

challenge the longevity of Oregon's bridges, necessitating a comprehensive exploration of the 

phenomenon's magnitude. 

 

Evaluating the landscape of truck platooning in the United States, it becomes evident that its 

regulatory framework differs from that of Europe, fostering a diverse landscape of autonomous 

technology development by various companies. Unlike autonomous passenger vehicles, the swift 
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assimilation of truck platooning is anticipated due to its immediate cost-saving advantages for 

trucking enterprises (Tsugawa et al., 2016). 

 

The literature review brings to light a range of findings and gaps in knowledge with direct 

relevance to preserving Oregon's bridge infrastructure and alleviating the detriments imposed by 

truck platooning: 

 

• The absence of top-down regulations on truck platooning in the U.S. prompts individual 

companies to develop their autonomous driving technologies, fostering a varied 

technological landscape. 

 

• Studies indicate variable truck spacings, with potential fuel savings noted at close 

intervals but safety concerns necessitating greater distances in practice (Bevly et al., 

2015). 

 

• Structural analyses on the impact of truck platoons on bridges are scarce, primarily due to 

the complexity of platoon configurations and unknown parameters. 

 

• Limited studies have extended beyond traditional 1D girder line analysis; exploration of 

distribution factors for 2D grillage models remains an unexplored avenue. 

 

• Current analyses are based on hypothetical scenarios, underscoring the need for actual 

data for accurate assessments. 

 

• Refined structural analyses hold the key to comprehensively understanding the potential 

effects of truck platoons on Oregon's bridges, laying the foundation for informed policy 

formulation. 
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2.0 MODELING THE DATASET 

2.1 Representative Bridge Models to be Analyzed 

 

Figure 2-1 shows the total number of bridges that existed in each dataset after different 

combinations of filters were applied. The goal was to reduce the dataset to a manageable amount 

of bridges while maintaining a representative set of bridges for analysis. 

 

 

Figure 2-1: Size of datasets, Dataset 0 = unfiltered dataset, Dataset 6 = final dataset 

 

Table 2-1 summarizes the selected NBI Items that were used as variables to characterize the final 

dataset and determine a set of representative bridge models. For each of these variables, 

histograms, frequency tables, and percentile tables (only for continuous variables) were created 

and are shown in Appendix A, Figures A1 to A40. 
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Table 2-1: NBI Items used as variables in this study. Terminology follows (FHWA 1995) 

NBI Item Name Type Unit Filter? 

27 Year built Continuous yr No 

31 Design load Categorical - No 

34 Skew Continous Degrees Yes 

41 
Structure open, posted, or closed to 

traffic 

Categorical - Yes 

43A Kind of material and/or design Categorical - Yes 

43B Type of design and/or construction Categorical - Yes 

45 Number of spans in main unit Discrete - No 

48 Length of maximum span Continous m No 

58 Deck condition rating Discrete - No 

59 Superstructure condition rating Discrete - No 

63 
Method used to determine operating 

rating 

Categorical - Yes 

64 Operating rating Continous ton No 

65 
Method used to determine inventory 

rating 

Categorical - Yes 

66 Inventory rating Continous ton No 

104 Highway system of the inventory route Categorical - Yes 

 

 

The most typical bridge in the final dataset has the following characteristics (based on mode, i.e., 

highest frequency): 

• was built in the early 1960s, i.e., is 55 to 60 years old 

• was designed based on the HS 20 live load model (second most common: HS 25) 

• has no skew, i.e., skew angle = 0 Degrees 

• is made of prestressed concrete (followed by reinforced concrete) 

• consists of a stringer/multi-beam or girder structural system (followed by slab) 

• has either one or three spans (followed distantly by two, four, five, six, etc. spans) 

• has a length of the maximum span, L = 12 to 16 m (for all bridges), and 

o bridges with one span (36% of all bridges):   L = 12 to 16 m 

o bridges with two spans (8.3% of all bridges):  L = 36 to 40 m 

o bridges with three spans (31% of all bridges):  L = 12 to 16 m 

o bridges with four spans (7.2% of all bridges): L = 12 to 16 m 

o bridges with five spans (5.0% of all bridges): L = 20 to 24 m 
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• has a deck and superstructure condition rating of “7” (= good condition) followed closely 

by “6” (satisfactory condition) 

• has an rating of 25 to 30 tons and 20 to 25 tons, respectively 

The pertinent variables describing a bridge model are the number of spans encoded in NBI Item 

45 and the lengths of the individual spans. For the latter, only the length of the longest span is 

available in NBI Item 48. Figure 2-2 illustrates the terminology used to describe representative 

bridge models with one to three spans. 

 

 

 

Figure 2-2: Illustration and terminology used for one to three spans 

The following representative bridge model configurations are analyzed by means of moving load 

analysis for 749 cases: 

 

• Single-span with L = 15 to 65 m (in steps of 5 m) – 11 cases 

• Two-span with same L = 25 to 75 m (in steps of 5 m) and  = 1.0 to 0.75 (in steps of 0.05) 

– 66 cases 

• Three-span with L = 15 to 80 m (in steps of 5 m),  = 1.0 to 0.75 (in steps of 0.05), and  

= 1.0 to 0.65 (in steps of 0.05) – 672 cases 
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Lower and upper bounds of span lengths correspond approximately to the 30 and 99 percentiles. 

The following assumptions are made: 

 

• There is no distinction between non-continuous and continuous construction the way it is 

coded in NBI Item 43A. If a multi-span bridge consists of non-continuous spans, then the 

results from the single-span bridge model shall be used. 

• More than three spans are not considered; this is deemed sufficient to cover bridges with 

more spans. 

 

2.2 Live-Load Models to be Analyzed 

With a suite of representative bridge models, baseline and systematic moving load analyses were 

performed for the following 20 vehicle live loads, for which axle weight and spacing are known. 

• Design live loads (1) - AASHTO LRFD HL-93 

• Oregon legal trucks (3) - Type 3, 3S2, and 3-3 

• Oregon specialized hauling vehicles (SHVs) (4) - SU4, 5, 6, and 7 

• FAST Act emergency vehicles (EVs) (2) - EV2 and EV3 

• Oregon continuous trip permit (CTP) trucks (3) - CTP-2A, 2B, and 3 

• Oregon single trip permit (STP) trucks (7) - STP-3, 4A, 4B, 4C, 4D, 4E, and 5BW 

“Baseline” analyses were conducted for each (non-platooned) vehicle listed above, e.g., the legal 

3-3 truck shown in Figure 2-3, and created output (Section 2.3) for comparison with vehicle 

platoons. 

 

Figure 2-3: Axle weight and spacing for a legal 3-3 truck (1 kip = 4.448 kN, 1 ft = 0.3048 m) 

 

“Systematic” analyses examined the effects of two and three-truck platoons for each vehicle 

listed above. To prevent exponential loading scenarios, only platoons of the same vehicles were 

considered, e.g., a platoon of two 3-3 legal trucks (see Figure 3-4) and not a platoon of a 3-3 with 
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an STP-3A. Head spacing ranged from 10 ft to 60 ft in 10 ft increments (3 m to 18 m in 3 m 

increments) and will be uniform for three-truck platoons. For each vehicle listed above, 13 

configurations (single baseline, 6 head spacings on two-truck platoon, and 6 head spacings on 

three-truck platoon) will be analyzed for each bridge model. 

      

Figure 2-4: Axle weights and spacings for a platoon of two legal 3-3 trucks with 20 ft head 

space (1 kip = 4.448 kN, 1 ft = 0.3048 m) 

Comparisons of live load effects, relative to dead load effect, were made between the systematic 

and baseline analysis output. In the event there were bridge models susceptible to specific truck 

platoons, additional “Targeted” analyses was conducted to find extreme scenarios that could be 

problematic. 

For the 749 bridge models and 481 vehicle configurations, there are 360,269 analysis cases. For 

all analysis cases, the axle weights was swept across the bridge model in both directions. Load 

effects were determined by linear, static analysis at each pseudo-time step as the axle weights 

moved across the bridge model. 

 

2.3  Description of Output to be Analyzed 

For each analysis case, the bending moment and shear force were be recorded at uniform 

locations at 0.1L intervals along each bridge span of length L (Figure 2-5). These locations 

capture the worst effects of postitive bending near midspans and of negative moment and shear 

near continuous supports. 
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Figure 2-5: Monitoring locations (dashed lines) along each span of a two-span bridge model 

For all analysis cases (combinations of vehicle/platoon and bridge model), the following 

quantities were reported at each monitoring location along each span: 

• Maximum positive bending moment 

• Shear coincident with maximum positive bending moment 

• Maximum negative bending moment 

• Shear coincident with maximum negative bending moment 

• Maximum shear 

• Bending moment coincident with maximum shear 

The entire history of bending moment and shear force \\ were recorded during each analysis case, 

but only the maximum and coincident values listed above were reported. 
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3.0 RESULTS AND DISCUSSION 

3.1 Building the Database 

A database was established through MATLAB coding to import data files for the structural 

analysis results for the 749 different bridge types and 481 truck type combinations. The 

information included in the file was comprised of various parameters, such as bridge number, 

number of spans, length of each span, truck number, truck type, number of trucks, head spacing, 

maximum positive moment, maximum negative moment, and maximum shear for the entire 

bridge. For each maximum loading value, corresponding shear components and their respective 

locations on the bridge were recorded, except for shear, which had its maximum moment 

corresponding component and location.  

 

To analyze a two or three span bridge, the MATLAB code treated each span individually. The 

maximum values of all span lengths, even though not representative of the maximum for the 

entire bridge, were recorded as well. Consequently, the exact same information that was gathered 

for the entire bridge was also collected separately for each span, including span one, span two, 

and span three. 

 

In the process of compiling the data in this manner, a new opportunity arose regarding shear 

data. Since each span could have positive and negative shear values, the decision was made to 

record the maximum shear closest to each support. For example, in the case of a one-span bridge, 

there would be one maximum positive and negative moment and two maximum shears – one 

corresponding to the left support and the other corresponding to the right support.  

 

Figure 3-1 is a plot of the data from a structural analysis run and identifies the data available in 

one row in the full dataset. It depicts a sample two-span bridge with the first span length of 131 

feet and the second span length of 98.4 feet. The live load was modeled after the Type OR CTP-

3 truck with a head spacing of 10-feet and platooned to three-trucks. 
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Figure 3-1: Example of the structural analysis results for a two-span bridge under a sample 

truck type combination pulled from MATLAB into one row of the database 

3.2 Analysis of Dataset 

This section presents an in-depth analysis of the dataset, focusing on an overall worst-case 

examination, as well as the effects of head spacing and span length on bridge behavior. Two 

distinct approaches were employed to evaluate the overall impacts: normalizing data using OR 

Type 3 Legal and OR Type 3S2 Legal truck types and calculating ratios that act as amplification 

factors of individual truck types. Lastly, a real case study uses the platooned live load ratios to 

calculate rating factors for bridge design considerations. 

 

3.2.1 Overall Worst-Case Analysis 

In the analysis, two distinct approaches were employed to evaluate the effect of different truck 

types on the internal force response of the analyzed bridges.  

 

The first approach (Equation 1) involved calculating ratios based on one specific truck type, 

provided by the 2018 ODOT LRFR Manual, with zero head spacing for the OR Type 3 Legal 
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truck type. The internal forces due to all trucks and truck types considering all head spacings 

were divided by the internal forces for single truck OR Type 3 Legal. This process was also 

repeated using the OR Type 3S2 Legal truck type. During this analysis, all EV (Emergency 

Vehicle), HL-93 Tandem, and HS-20 truck types, were excluded as they would not participate in 

platooning in real-world scenarios. The remaining truck types were examined for their worst-

case load effects on bridges. Using histograms, Figure 4-2, the normalization of load effects (or 

internal forces) across all truck types allowed for a comprehensive evaluation of the maximum 

positive bending moment, maximum negative bending moment, and maximum shear of the 

entire bridge. To gain a deeper understanding, separate breakdowns were created for each 

maximum loading value, and histograms were generated to visualize the distribution of ratios 

greater than or equal to two and by truck type, as seen in Figure 4-3 and Figure 4-4. In all 

histograms, the frequency of data points exceeding 2.0 was significant. As a result, a decision 

was made to divide the data into smaller bins, as illustrated using Roman numerals. The same 

breakdown was repeated, considering only values at or above the 95th percentile, Figure 4-5 and 

Figure 4-6. Based on the histogram analysis, further categorizations were derived by examining 

truck frequency, which indicated the number of instances where a truck exceeded a certain 

threshold. Additionally, the breakdown was explored in terms of bridge types, leading to a 

noteworthy observation: bridges with longer spans demonstrated the highest ratios. For figures of 

the overall max positive bending, max negative bending, and max shear histograms normalized 

by the OR Type Legal, and OR Type 3S2 Legal, ratio of final bin, 95th percentile, and truck 

frequencies for maximum live load please refer to Appendix B, Figures B1 to B60. 

 

 

𝑅𝑎𝑡𝑖𝑜 =
𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑 

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑 𝑜𝑓 𝑎 𝑆𝑖𝑛𝑔𝑙𝑒 𝑇𝑟𝑢𝑐𝑘 (𝑂𝑅 𝑇𝑦𝑝𝑒 3 𝑜𝑟 3𝑆2 𝐿𝑒𝑔𝑎𝑙)
                                 [EQ 1] 
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Figure 3-2:. Histogram of maximum positive bending moment ratio (full database) 

normalized by OR Type 3 Legal Truck 
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Figure 3-3: Histogram of maximum positive bending moment ratio (2.0+ ratio) normalized 

by OR Type 3 Legal Truck 

In Figure 3-3, it is evident that the histogram representing the maximum positive bending 

moment highlights a total of 26,730 data points, each with a ratio of two or greater. These 

specific data points were singled out for a more detailed examination concerning the types of 

trucks involved, as illustrated in Figure 3-4. The primary aim was to discern how frequently a 

particular truck type appeared within this higher ratio range, thereby identifying the most 

commonly occurring worst truck type. 

Upon isolating the data associated with these elevated ratios, it became evident that both Type 

OR CTP-3 and OR SU7 emerged as the predominant truck types with the highest frequency 

counts. This same analytical approach was applied to the 95th percentile dataset, comprising 

5,282 data points, as depicted in Figure 3-5 and Figure 3-6. In almost all instances, the findings 

revealed that trucks of Type OR CTP-3 and OR SU7 exhibited the highest frequencies. The sole 

exception was observed in the final bin pertaining to negative bending moments, where Type OR 

TP-2B outpaced Type OR CTP-3. 
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Figure 3-4: Histogram of maximum positive bending moment by truck type (2.0+ ratio) 

normalized by OR Type 3 Legal Truck 

 

Figure 3-5: Histogram of maximum positive bending moment  (the 95th percentile) 

normalized by OR Type 3 Legal Truck 
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Figure 3-6: Histogram of maximum positive bending by truck type (the 95th percentile) 

normalized by OR Type 3 Legal Truck 

The second approach (Equation 2) aimed to create ratios that show the amplification of each 

truck type by dividing the load effect of a platooned truck type (two or three-trucks and different 

head spacings) by the load effecting of a single truck of the same truck type. These ratios 

allowed us to assess the effect of live loading under specific truck conditions due to platooning. 

By applying these factors to individual bridge spans, we gained a more detailed understanding of 

the impact of platooning on bridge behavior for different truck types. These values were used in 

detail during the case study of a real-world bridge application. 

 

 

𝑅𝑎𝑡𝑖𝑜 =
𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑 𝑜𝑓 𝑎 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑇𝑟𝑢𝑐𝑘 𝑇𝑦𝑝𝑒

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑 𝑜𝑓 𝑎 𝑆𝑖𝑛𝑔𝑙𝑒 𝑇𝑟𝑢𝑐𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑆𝑎𝑚𝑒 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑇𝑟𝑢𝑐𝑘 𝑇𝑦𝑝𝑒
                  [EQ 2] 

 

 

To identify the worst-case bridges, it was first determined which span the maximum loading, 

positive or negative moment or shear, was acting upon. This defined the span length for 

comparison. Then, the normalized ratio data for OR Type 3 Legal and OR Type 3S2 Legal were 

plotted for each bridge, truck and platoon combination based on the defined span length. The 
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Type OR CTP-3 truck at 10-foot head spacing was chosen as it was the worst overall truck type 

when looking at the histogram data above. Figures 4-7 through 4-9 show the resulting data for 

the ratios of the Type OR CTP-3 truck to the OR Type 3 Legal (L3) and the OR Type 3S2 Legal 

(L3S2) trucks comparing a single truck and a three-truck platoons at 10-foot head spacing. 

 

 

Figure 3-7: Maximum Positive Bending Moment to Span Length for the Type OR CTP-3 at 

10-foot head spacing normalized by OR Type 3 Legal and OR Type 3S2 Legal 
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Figure 3-8: Maximum Negative Bending Moment to Span Length for the Type OR CTP-3 

at 10-foot head spacing normalized by OR Type 3 Legal and OR Type 3S2 Legal 
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Figure 3-9: Maximum Shear to Span Length for the Type OR CTP-3 at 10-foot head 

spacing normalized by OR Type 3 Legal and OR Type 3S2 Legal 

As evident from the graphs, longer span lengths tend to exhibit higher ratio values. This is 

present in the OR Type 3 Legal data for all three load outputs as well as the OR Type 3S2 Legal 

positive moment and shear ratios. However, as seen in the individual graph of the OR Type 3S2 

Legal negative bending moment ratio Figure 4-8, some shorter span bridges resulted in a higher 

ratio. This is likely caused by the longer platoon lengths of the OR Type 3S2 Legal 

configurations as compared to some of the higher load, shorter length trucks. It would allow for 

more concentrated loads around the supports on short spans as compared to a longer truck on the 

same shorter span. Overall, the trend is for longer spans to have higher ratios. Therefore, the 

longest span bridges, the single span of 213 feet and the three-span bridges with two spans of 

length 262 feet, seem to be the worst bridges and the longest bridges analyzed. 

 

Bridge number 11 of the single-span set (with a length of 213 feet) and bridge number 708 of the 

three-span set (with two spans having lengths of 262 feet) ended up being the worst-case bridges. 
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However, in the multi-span analysis, the worst-case bridges were all of the same subset with the 

first two spans having a length 262 feet (bridge numbers 702-709) and were all within 0.1% of 

bridge number 708’s total load effect. 

 

In summary, both approaches provided valuable insights into the behavior of bridges under 

different loading scenarios, contributing to a comprehensive understanding of the bridge's 

structural response to varying truck types and platooning effects. The analysis highlighted that 

the Type OR CTP-3 and OR SU7 truck resulted in the highest load effect ratios. Additionally, 

when considering individual bridge spans, the longest bridge spans (262 feet), such as the 708-

bridge exhibited highest load effect ratios. 

 

3.2.2 The Effect of Specific Trucks by Span Length 

To assess the influence of specific trucks on the load effects for different span lengths, HL-93 

and all Type STP types were excluded from the dataset. However, single, one-truck types were 

left in to have available references for these truck types. The analysis was conducted considering 

the maxima of the entire bridge.  

 

Based on insights from the overall worst-case analysis, the specific truck configurations that 

received further examination were Type OR CTP-3 (Figure 4-10), the OR Type 3 Legal (Figure 

4-11), and OR SU7 (Figure 4-12). When comparing the Type OR CTP-3 to the OR Type 3 Legal 

truck configurations, intriguing patterns emerged. The graph for Type OR CTP-3 showed a 

relatively clustered behavior at around 100 and 120-foot span lengths. In contrast, OR Type 3 

Legal at a 100-foot span length exhibited the three-truck platoon with 10-foot head spacing 

already reaching twice the baseline moment, accelerating more rapidly under load compared to 

Type OR CTP-3. Even at a 60-foot head spacing, Type OR CTP-3 remained close to the baseline 

up to 150 feet, while OR Type 3 Legal had already diverged from the baseline by the same point.  

 

This observation emphasizes the significance of considering the specific truck type when 

designing for live load conditions. The span length does play a role, but it may vary in impact for 

different truck types. There isn't a one-size-fits-all cutoff point where platooning becomes a 

concern. The truck type's ratio is closely tied to the load rating factor analysis, indicating that the 
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worst case for a bridge at a specific loading may not necessarily apply to all platooning 

scenarios. The platooning ratio from one-truck type may significantly differ from another, and 

the internal forces may be influenced accordingly. 

 

 

 

Figure 3-10: Type OR CTP-3 by Span Length 
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Figure 3-11: Type OR Type 3 Legal by Span Length 
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Figure 3-12: Type OR SU7 by Span Length 

 

3.2.3 The Effect of Head Spacing 

To maintain consistency, our analysis continued to focus on Type OR CTP-3, OR Type 3 Legal, 

OR Type 3S2 Legal, and OR SU7 trucks, exploring the impacts of two-truck and three-truck 

platooning scenarios based on head spacing. The average values of positive moment, negative 

moment, and shear across all bridges were calculated to compare with the maximum values and 

identify any potential outliers. 

 

The ratio of one-truck to multiple truck platoons in the averages revealed interesting trends. OR 

Type 3 Legal exhibited the highest ratio, while Legal Type 3S2 had the lowest, except in the case 

of shear, where surprisingly Type OR CTP-3 at three-trucks showed the lowest ratio for truck 

platooning. This observation hinted at the normalization effect, highlighting the difference 

between the ratios that were normalized compared to the ratio of platooned truck types. 
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The analysis of average graphs revealed a significant difference between two-truck and three-

truck platooning scenarios, Figure 3-13. Three-truck platoons demonstrated a more rapid 

decrease in average maximum moment compared to two-truck platoons, particularly evident in 

the positive moment graph, where the slopes of the two versions of the same truck type showed a 

distinct contrast. 

 

 

Figure 3-13: Effect of Head Spacing on Average Max Positive Moment of Two versus 

Three-Truck Platoons 

 

 

The examination of maximum loading figures further supported the significance of head spacing 

in three-truck platooning scenarios, Figure 3-14. As the space between the three-trucks 

increased, the difference in distance of the load from the front truck to the rear truck grew more 

quickly, leading to a more rapid decrease in the maximum values. In contrast, for two-truck 

platoons, the effect of head spacing on the overall load spacing was less pronounced. 
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Figure 3-14: Effect of Head Spacing on Max Positive Moment of Two versus Three-Truck 

Platoons 

Additional figures looking at the effect of head spacing for averages, maximums, and truck 

platooning ratios for positive and negative moments and shear can be found in Appendix B, 

Figures B61 – B70. 

 

Focusing on bridge 708, one of the worst case three span bridges with span lengths 262 feet, 262 

feet, and 184 feet, respectively, a targeted study was conducted looking at head spacing across 

truck types while excluding data from all other bridges. Analyzing this isolated case reaffirmed 

the trends observed in the average and maximum graphs, lending further support to the 

significance of head spacing in determining bridge behavior under platooning scenarios (Figures 

3-15 to 3-17).  
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Figure 3-15: Effect of Head on Bridge 708 for the Max Positive Moment 

 

 

Figure 3-16: Effect of Head on Bridge 708 for the Max Negative Moment 
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Figure 3-17: Effect of Head on Bridge 708 for the Max Shear 

Removing data from all bridges to focus solely on this single bridge, we cleaned up the graphs to 

highlight Type OR CTP-3, OR Type 3 Legal, OR Type 3S2 Legal, and OR SU7. The patterns 

observed in the average and maximum graphs remained consistent, even in this isolated case 

(Figures 4-18 to 4-20). 
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Figure 3-18: Effect of Head on Bridge 708 for the Max Positive Moment - Isolating Specific 

Truck Types 

 

Figure 3-19: Effect of Head on Bridge 708 for the Max Negative Moment – Isolating 

Specific Truck Types 
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Figure 3-20: Effect of Head on Bridge 708 for the Max Shear Moment - Isolating Specific 

Truck Types 

It is worth noting that the dip in the negative moment graphs, Figure 4-19, can likely be 

attributed to the size of the three-span bridge and the increasing head spacing. The distributed 

load of the three-trucks contributes to an increasing negative moment due to their specific 

locations on the bridge. This effect could be influenced by the length of the trucks, as evident in 

OR Type 3 Legal three-truck platoon, being one of the shortest trucks, which does not show the 

dip. Conversely, the OR Type 3S2 Legal trucks, being one of the longest, shows a dip starting at 

the 30-foot head spacing. These findings underscore the importance of head spacing and its 

interaction with truck types in understanding load effects under platooning scenarios.  

 

3.3 Case Study: Real World Bridge Application – Rating Factor Analysis 

To understand how platooning could affect the rating factor of a bridge that is in service, the live 

load ratios obtained from the platooning database were applied to the LRFR Strength Equation 

for the rating factor (Equation 1), where Capacity, Dead Load Effect, and Live Load Effect are 

internal forces, i.e., bending moment or shear force, evaluated at a specific location along the 
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length of the bridge. Bridge 20026, a real-world bridge in Oregon, was specifically chosen. 

Bridge 20026 is a prestressed Bulb-T girder bridge comprising of two spans. The elevation view 

and the two spans are depicted in Figure 3-21, where the first span measures 91 feet 10 inches, 

while the second span is 142 feet 9 inches in length. 

 

                                         Capacity                Dead Load Effect 

 

𝑅𝐹 =  
𝜑𝑐𝜑𝑆𝜑 (𝑅𝑛)−(𝛾𝐷𝐶)(𝐷𝐶)− (𝛾𝐷𝑊) (𝐷𝑊)

(𝛾𝐿)(𝐿𝐿+𝐼𝑀)
          [EQ 1] 

 

                                                            Live Load Effect 

 

 

 

 

Figure 3-21: Elevation View of Bridge 2026 

By utilizing the "Bridge Section Tier 2 Load Rating Summary Report" from ODOT (Appendix 

B, Figure B71) to calculate capacity and employing the "Wyoming Department of Transportation 

System Rating and Analysis of Structural Systems" (BRASS) files for Bridge 20026 to calculate 

the dead and live loads, the current rating factor was determined using the LRFR Strength 

Equation, equation 1. This calculation was verified against the "Bridge Section Tier 2 Load 

Rating Summary Report".  

 

To calculate an updated rating factor, a similar bridge needed to be selected from the established 

database. Upon comparing the span lengths of Bridge 20026 with the platooning database, 

Bridge 35 was found to be the closest match. The first span of Bridge 35 measured 131 feet, 

while the second spanned a length of 98 feet. 
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Next, ratios were derived from one-truck versus two and three-trucks, considering different head 

spacings ranging from 10 to 60 feet. These ratios were calculated for various truck types, 

including OR Type 3 Legal, OR Type 3S2 Legal, Type 3-3 Legal, OR SU4, OR SU5, OR SU6, 

OR SU7, Type OR CTP-2A, Type OR CTP-2B, and Type OR CTP-3. However, in this case, the 

ratios were not obtained from the maximum positive moment for the entire bridge. Instead, they 

were based on the maximum positive moment per span length that corresponded to the span 

length of Bridge 20026. This adjustment was necessary because the live load rating created 

moments that were controlled by different spans for Type OR CTP-2A and Type OR CTP-2B. 

The new rating factors were then calculated by applying the above ratios to the live load in 

equation 1. The adjusted rating factors were then plotted per head spacing and can be seen in 

Figures 3-22 and 3-23.  

 

 

 

Figure 3-22: Rating Factor versus Head Spacing for Two-Truck Platoons 
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Figure 3-23: Rating Factor versus Head Spacing for Three-Truck Platoons 

In the study conducted, it was observed that truck platooning consistently resulted in a decrease 

in the rating factor across all cases. Specifically for the bridge under consideration, the rating 

value never dropped below 2.0. By referring to Figures 3-22 and 3-23, it becomes evident that 

once the trucks are spaced at least 50 feet apart, the rating factor remains relatively flat and head 

spacing does not significantly influence the rating factor in most scenarios. This trend holds true 

for both two-truck and three-truck platoons. Individual truck types and their rating factors are 

available in Appendix B, Figures B72-B81. 
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4.0 SUMMARY AND CONCLUSIONS 

In conclusion, the emerging technology of truck platooning holds immense potential for 

revolutionizing the transportation industry by enhancing fuel efficiency, traffic safety, and traffic 

flow in long-haul trucking. The implementation of automated driving technologies to facilitate 

truck platooning brings forth the prospect of optimized traffic management and improved driver 

comfort during extended journeys. 

 

In the context of Oregon's transportation network, recent legislative changes, such as House Bill 

4059, Section 40, have effectively permitted truck platooning by waiving headspace 

requirements for vehicles equipped with "connected automated braking systems." While this 

presents new opportunities for efficient freight transportation, the distinct behaviors of different 

truck types within platoons can significantly impact internal forces. 

 

The research findings underscore that specific conditions can lead to notably higher internal load 

effects when they are normalized. This highlights potential concerns regarding the integrity and 

safety of bridges, particularly in cases involving the use of Type OR CTP-3 and OR SU7 truck 

platoons, which have emerged as the predominant truck types associated with the highest 

frequency of elevated ratios. Additionally, bridges featuring certain configurations, such as 

longer spans, may encounter significant challenges when subjected to truck platooning. This 

trend is evident in the analysis, where bridges with longer spans consistently exhibit the highest 

ratios. This pattern is particularly evident in the multi-span analysis, where a subset of bridges 

with the first two spans measuring 262 feet in length (bridge numbers 702-709) represents the 

worst-case scenario. Interestingly, the individual graph depicting the OR Type 3S2 Legal 

negative bending moment ratio in Figure 4-8 reveals that some shorter span bridges also exhibit 

elevated ratios. This phenomenon can likely be attributed to the longer platoon lengths of the OR 

Type 3S2 Legal configurations when compared to certain higher load and shorter length trucks. 

It is worth noting that the introduction of truck platooning poses a potential risk of structural 

inadequacy for bridges with lower rating factors. These factors are often influenced by economic 

considerations, including cost, materials, and maintenance. 
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As further exploration and analysis are essential for a comprehensive understanding of the 

intricate interactions between truck platooning and bridge performance, ongoing research should 

address scenarios involving truck platoons at tight spacing (less than 30 feet) of more than three 

trucks of Type OR CTP-3 and OR SU7 and analyze bridge spans exceeding lengths of 262 feet if 

applicable. This endeavor will facilitate informed policy recommendations and load rating 

updates that ensure the safe and sustainable integration of truck platooning within Oregon's 

existing transportation infrastructure. In navigating the evolving landscape of transportation 

technologies, it is imperative to strike a balance between innovation and structural safety to 

foster a resilient and efficient future for freight movement.
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APPENDIX A 
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Figure A1. Histogram of NBI Item 27: Year built (yr). 

 

 

 

 

 
Figure A2. Frequencies (left) and percentiles (right) of NBI Item 27: Year built (yr). 

  



 

A-3 

 

 

 
Figure A3. Histogram of NBI Item 31: Design load (-). 

 

 

 

 

 
Figure A4. Frequencies of NBI Item 31: Design load (-). 
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Figure A5. Histogram of NBI Item 34: Skew (Degrees). 

 

 

 

 

 
Figure A6. Frequencies (left) and percentiles (right) of NBI Item 34: Skew (Degrees). 
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Figure A7. Histogram of NBI Item 41: Structure open, posted, or closed to traffic (-). 

 

 

 

 

 
Figure A8. Frequencies of NBI Item 41: Structure open, posted, or closed to traffic (-). 
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Figure A9. Histogram of NBI Item 43A: Kind of material and/or design (-). 

 

 

 

 

 
Figure A10. Frequencies of NBI Item 43A: Kind of material and/or design* (-). 
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Figure A11. Histogram of NBI Item 43B: Type of design and/or construction (-). 

 

 

 

 

 
Figure A12. Frequencies of NBI Item 43B: Type of design and/or construction (-). 
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Figure A13. Histogram of NBI Item 45: Number of spans in main unit (-). 

 

 

 

 

 
Figure A14. Frequencies of NBI Item 45: Number of spans in main unit (-). 
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Figure A15. Histogram of NBI Item 48: Length of maximum span (all spans) (m). 

 

 

 

 

 
Figure A16. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(all spans) (m). 
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Figure A17. Histogram of NBI Item 48: Length of maximum span (# of spans = 1) (m). 

 

 

 

 

 
Figure A18. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(# of spans = 1) (m). 
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Figure A19. Histogram of NBI Item 48: Length of maximum span (# of spans = 2) (m). 

 

 

 

 

 
Figure A20. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(# of spans = 2) (m). 
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Figure A21. Histogram of NBI Item 48: Length of maximum span (# of spans = 3) (m). 

 

 

 

 

 
Figure A22. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(# of spans = 3) (m). 
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Figure A23. Histogram of NBI Item 48: Length of maximum span (# of spans = 4) (m). 

 

 

 

 

 
Figure A24. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(# of spans = 4) (m). 
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Figure A25. Histogram of NBI Item 48: Length of maximum span (# of spans = 5) (m). 

 

 

 

 

 
Figure A26. Frequencies (left) and percentiles (right) of NBI Item 48: Length of maximum span 

(# of spans = 5) (m). 
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Figure A27. Histogram of NBI Item 58: Deck condition rating (-). 

 

 

 

 

 
Figure A28. Frequencies (left) and percentiles (right) of NBI Item 58: Deck condition rating (-). 
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Figure A29. Histogram of NBI Item 59: Superstructure condition rating (-). 

 

 

 

 

 
Figure A30. Frequencies (left) and percentiles (right) of NBI Item 59: Superstructure condition 

rating (-). 
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Figure A31. Histogram of NBI Item 63: Method used to determine operating rating (-). 

 

 

 

 

 
Figure A32. Frequencies of NBI Item 63: Method used to determine operating rating (-). 
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Figure A33. Histogram of NBI Item 64: Operating rating (-). 

 

 

 

 

 
Figure A34. Frequencies (left) and percentiles (right) of NBI Item 64: Operating rating (-). 
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Figure A35. Histogram of NBI Item 65: Method used to determine inventory rating (-). 

 

 

 

 

 
Figure A36. Frequencies of NBI Item 65: Method used to determine inventory rating (-). 
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Figure A37. Histogram of NBI Item 66: Inventory rating (-). 

 

 

 

 

 
Figure A38. Frequencies (left) and percentiles (right) of NBI Item 66: Inventory rating (-). 
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Figure A39. Histogram of NBI Item 104: Highway system of the inventory route (-). 

 

 

 

 

 
Figure A40. Frequencies of NBI Item 104: Highway system of the inventory route (-). 
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Figure B1. Histogram of maximum positive bending moment ratio (full database) normalized by 

OR Type 3 Legal Truck   
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Figure B2. Count of maximum positive bending moment ratio (full database) normalized by OR 

Type 3 Legal Truck 

  

Class Count

0.70 208

0.80 719

0.90 2966

1.00 7053

1.10 7690

1.20 8221

1.30 9374

1.40 8083

1.50 8711

1.60 7300

1.70 7744

1.80 5727

1.90 5085

2.00 4581

2.10 3876

2.20 3529

2.30 2976

2.40 2476

2.50 1942

2.60 1754

2.70 1338

2.80 1160

2.90 772

3.00 685

3.10 465

3.20 311

3.30 275

3.40 186

3.50 160

3.60 106

3.70 47

3.80 44

3.90 33

4.00 13



 

B-4 

 

 

 

 
Figure B3. Histogram of maximum positive bending moment ratio (full database) normalized by 

OR Type 3S2 Legal Truck 
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Figure B4. Count of maximum positive bending moment ratio (full database) normalized by OR 

Type 3S2 Legal Truck 
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Figure B5. Histogram of maximum positive bending moment ratio (2.0+ ratio) normalized by 

OR Type 3 Legal Truck 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B6. Count of maximum positive bending moment ratio (2.0+ ratio) normalized by OR 

Type 3 Legal Truck 
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Figure B7. Histogram of maximum positive bending moment by truck type (2.0+ ratio) 

normalized by OR Type 3 Legal Truck 

 

 

Figure B8. Count of maximum positive bending moment by truck type (2.0+ ratio) normalized 

by OR Type 3 Legal Truck 
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Figure B9. Histogram of maximum positive bending moment ratio (2.0+ ratio) normalized by 

OR Type 3S2 Legal Truck 
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Figure B10. Count of maximum positive bending moment ratio (2.0+ ratio) normalized by OR 

Type 3S2 Legal Truck 
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Figure B11. Histogram of maximum positive bending moment by truck type (2.0+ ratio) 

normalized by OR Type 3S2 Legal Truck 

 

 

 

 
Figure B12. Count of maximum positive bending moment by truck type (2.0+ ratio) normalized 

by OR Type 3S2 Legal Truck 
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Figure B13. Histogram of maximum positive bending moment (the 95th percentile) normalized 

by OR Type 3 Legal Truck 

 

 
Figure B14. Count of maximum positive bending moment (the 95th percentile) normalized by 

OR Type 3 Legal Truck 
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Figure B15. Histogram of maximum positive bending by truck type (the 95th percentile) 

normalized by OR Type 3 Legal Truck 

 

 
Figure B16. Count of maximum positive bending by truck type (the 95th percentile) normalized 

by OR Type 3 Legal Truck 
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Figure B17. Histogram of maximum positive bending moment (the 95th percentile) normalized 

by OR Type 3S2 Legal Truck 

 

 

 
Figure B18. Count of maximum positive bending moment (the 95th percentile) normalized by 

OR Type 3S2 Legal Truck 
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Figure B19. Histogram of maximum positive bending by truck type (the 95th percentile) 

normalized by OR Type 3S2 Legal Truck 

 

 

 
Figure B20. Count of maximum positive bending by truck type (the 95th percentile) normalized 

by OR Type 3S2 Legal Truck 
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Figure B21. Histogram of maximum negative bending moment ratio (full database) normalized 

by OR Type 3 Legal Truck 



 

B-15 

 
Figure B22. Count of maximum negative bending moment ratio (full database) normalized by 

OR Type 3 Legal Truck 
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Figure B23. Histogram of maximum negative bending moment ratio (full database) normalized 

by OR Type 3S2 Legal Truck 
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Figure B24. Count of maximum negative bending moment ratio (full database) normalized by 

OR Type 3S2 Legal Truck 
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Figure B25. Histogram of maximum negative bending moment ratio (4.5+ ratio) normalized by 

OR Type 3 Legal Truck 

 

 

 

 

 
Figure B26. Count of maximum negative bending moment ratio (4.5+ ratio) normalized by OR 

Type 3 Legal Truck 
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Figure B27. Histogram of maximum negative bending moment by truck type (4.5+ ratio) 

normalized by OR Type 3 Legal Truck  

 

 

 

 

 

 
Figure B28. Count of maximum negative bending moment by truck type (2.0+ ratio) normalized 

by OR Type 3 Legal Truck 
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Figure B29. Histogram of maximum negative bending moment ratio (3.0+ ratio) normalized by 

OR Type 3S2 Legal Truck 

 

 

 

 

 
Figure B30. Count of maximum negative bending moment ratio (3.0+ ratio) normalized by OR 

Type 3S2 Legal Truck 

Class Count

3.00 552

3.10 286

3.20 135

3.30 28

3.40 8

3.50 4



 

B-21 

 
Figure B31. Histogram of maximum negative bending moment (the 95th percentile) normalized 

by OR Type 3 Legal Truck 

 

 

 

 

 

 
Figure B32. Count of maximum negative bending moment (the 95th percentile) normalized by 

OR Type 3 Legal Truck 
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Figure B33. Histogram of maximum negative bending moment (the 95th percentile) normalized 

by OR Type 3 Legal Truck 

 

 

 
 

Figure B34. Count of maximum negative bending moment (the 95th percentile) normalized by 

OR Type 3 Legal Truck 
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Figure B35. Histogram of maximum negative bending by truck type (the 95th percentile) 

normalized by OR Type 3 Legal Truck 

 

 

 

 

 

 
Figure B36. Count of maximum negative bending by truck type (the 95th percentile) normalized 

by OR Type 3 Legal Truck 
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Figure B37. Histogram of maximum negative bending moment (the 95th percentile) normalized 

by OR Type 3S2 Legal Truck 

 

 

 

 

 
Figure B38. Count of maximum negative bending moment (the 95th percentile) normalized by 

OR Type 3S2 Legal Truck 
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Figure B39. Histogram of maximum negative bending by truck type (the 95th percentile) 

normalized by OR Type 3S2 Legal Truck 

 

 

 

 

 

 
Figure B40. Count of maximum negative bending by truck type (the 95th percentile) normalized 

by OR Type 3S2 Legal Truck 
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Figure B41. Histogram of maximum shear ratio (full database) normalized by OR Type 3 Legal 

Truck 
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Figure B42. Count of maximum shear ratio (full database) normalized by OR Type 3 Legal 

Truck  
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Figure B43. Histogram of maximum shear ratio (full database) normalized by OR Type 3S2 

Legal Truck 
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Figure B44. Count of maximum shear ratio (full database) normalized by OR Type 3S2 Legal 

Truck 
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Figure B45. Histogram of maximum shear ratio (3.5+ ratio) normalized by OR Type 3 Legal 

Truck 

 

 

 
Figure B46. Count of maximum shear ratio (3.5+ ratio) normalized by OR Type 3 Legal Truck 
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Figure B47. Histogram of maximum shear by truck type (3.5+ ratio) normalized by OR Type 3 

Legal Truck 

 

 

 

 
Figure B48. Count of maximum shear by truck type (3.5+ ratio) normalized by OR Type 3 Legal 

Truck 
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Figure B49. Histogram of maximum shear ratio (2.2+ ratio) normalized by OR Type 3S2 Legal 

Truck 

 

 

 
Figure B50. Count of maximum shear ratio (2.2+ ratio) normalized by OR Type 3S2 Legal 

Truck 
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Figure B51. Histogram of maximum shear by truck type (2.5+ ratio) normalized by OR Type 

3S2 Legal Truck 

 

 

 

 

 
Figure B52. Count of maximum shear by truck type (2.5+ ratio) normalized by OR Type 3S2 

Legal Truck 
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Figure B53. Histogram of maximum shear (the 95th percentile) normalized by OR Type 3 Legal 

Truck 

 

 
Figure B54. Count of maximum shear (the 95th percentile) normalized by OR Type 3 Legal 

Truck 
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Figure B55. Histogram of maximum shear by truck type (the 95th percentile) normalized by OR 

Type 3 Legal Truck 

 

 

 
Figure B56. Count of maximum shear by truck type (the 95th percentile) normalized by OR Type 

3 Legal Truck  
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Figure B57. Histogram of maximum shear (the 95th percentile) normalized by OR Type 3S2 

Legal Truck 

 

 

 
Figure 58. Count of maximum shear (the 95th percentile) normalized by OR Type 3S2 Legal 

Truck 
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Figure B59. Histogram of maximum shear by truck type (the 95th percentile) normalized by OR 

Type 3S2 Legal Truck 

 

 

 
Figure B60. Count of maximum shear by truck type (the 95th percentile) normalized by OR Type 

3S2 Legal Truck
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Figure B61: Effect of Head Spacing on Average Max Negative Moment of Two versus Three-

Truck Platoons 

 

 

 

igure B62: Effect of Head Spacing on Average Max Shear of Two versus Three-Truck Platoons 
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Figure B63: Effect of Head Spacing on Max Negative Moment of Two versus Three-Truck 

Platoons 

 

 

Figure B64: Effect of Head Spacing on Max Shear Moment of Two versus Three-Truck Platoons 
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Figure B65: Effect of Head Spacing on Average Max Positive Moment of Single Truck Platoon 

Ratios for Two versus Three-Truck Platoons 

 

 

Figure B66: Effect of Head Spacing on Average Max Negative Moment of Single Truck Platoon 

Ratios for Two versus Three-Truck Platoons 
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Figure B67: Effect of Head Spacing on Average Max Shear of Single Truck Platoon Ratios for 

Two versus Three-Truck Platoons 

 

 

 
Figure B68: Effect of Head Spacing on Max Positive Moment of Single Truck Platoon Ratios for 

Two versus Three-Truck Platoons 
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Figure B69: Effect of Head Spacing on Max Negative Moment of Single Truck Platoon Ratios 

for Two versus Three-Truck Platoons 

 

Figure B70: Effect of Head Spacing on Max Shear of Single Truck Platoon Ratios for Two 

versus Three-Truck Platoons 
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Figure B71: ODOT Bridge Section Tier 2 Load Rating Summary Report for Bridge 20026 
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Figure B72: Rating Factor versus Head Spacing for the OR Type 3 Legal Truck 

 

 

 
 

Figure B73: Rating Factor versus Head Spacing for the OR Type 3S2 Legal Truck 
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Figure B74: Rating Factor versus Head Spacing for the Type 3-3 Legal Truck 

 

 

 

 
Figure B75: Rating Factor versus Head Spacing for the OR SU4 Truck 
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Figure B76: Rating Factor versus Head Spacing for the OR SU5 Truck 

 

 
Figure B77: Rating Factor versus Head Spacing for the OR SU6 Truck 
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Figure B78: Rating Factor versus Head Spacing for the OR SU7 Truck 

 

 
Figure B79: Rating Factor versus Head Spacing for the Type OR CTP-2A Truck 
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Figure B80: Rating Factor versus Head Spacing for the Type OR CTP-2B Truck 

 

 

 

 
Figure B81: Rating Factor versus Head Spacing for the Type OR CTP-3 Truck 
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