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ABSTRACT
Bridge decks, deemed critical components of the infrastructure network, 
have been observed to have premature deteriorations and shortened 
service life. Deterioration is usually modeled to depict reduction in bridge 
condition over time which can assist highway agencies in predicting bridge 
service life. However, bridge deterioration models are generally based on 
condition ratings from visual inspection data that do not include quantifiable 
measures of dominant contributors such as environmental conditions and 
overweight-truckload spectra. 

This paper presents results from a study that established a relationship 
between truckload spectra and bridge service life at the national, regional, 
and State levels. Weigh-in-motion data and bridge inspection data were 
obtained nationwide from the Long-Term Pavement Performance and 
Long-Term Bridge Performance Programs, respectively. The study used 
weigh-in-motion data to obtain various truck-loading statistics for all trucks 
fleet weights, overweight trucks fleet weights, single-axle weights, tandem 
weights, and tridem-axle weights. Condition ratings from the National 
Bridge Inventory (NBI) database were used to develop the deck deterioration 

1Research Associate, Rutgers Infrastructure Monitoring and Evaluation (RIME) Group, 
Department of Civil and Environmental Engineering, Rutgers, The State University of 
New Jersey (now affiliated with HNTB Corporation as bridge engineer)

2Research Associate, RIME Group, Department of Civil and Environmental 
Engineering, Rutgers, The State University of New Jersey

3Professor and Director, RIME Group, Department of Civil and Environmental 
Engineering, Rutgers, The State University of New Jersey

SUMMARYREPORT

Research, Development,  
and Technology 
Turner-Fairbank Highway  
Research Center 
6300 Georgetown Pike 
McLean, VA 22101-2296

https://highways.dot.gov/research

mailto:shri.bhide@dot.gov?subject=
https://highways.dot.gov/research


2

models. The impact of the various truckloads on bridge 
deterioration were then evaluated. The results of the 
study indicated that the design load of bridge deck is 
unable to envelop the actual traffic loadings, thereby 
imposing risks of premature deterioration of bridge 
decks. Additionally, the study found that daily axle 
counts had negative impacts on bridge deck service 
life and that increases in single-axle and tandem-axle 
load spectra correlate inversely with bridge deck 
service lives.

INTRODUCTION
Highway agencies have remitted numerous expenditures 
on inspection, maintenance, repair, and rehabilitation 
of infrastructures to ensure their safe load-carrying 
capacity. Among various factors, overweight trucks have 
been major contributors in expediting the deterioration 
processes of various types of bridge decks. Although 
Federal and State laws legislate legal weight limits, the 
actual truck loadings do not always conform to legal 
weight limits due to the loose enforcement. 

It is well accepted that reinforced-concrete bridge decks, 
directly carrying traffic loading, are vulnerable to heavy 
truck loadings.(1) Their performance has been the subject 
of many research projects for decades because they 
are observed to have premature deteriorations due to 
various reasons, among which the load-driven factors 
are deemed to make great contributions. Moreover, 
studies from the early 1990s presented a probabilistic 
procedure to evaluate the impacts of truckloads on 
bridges based on limited data from bridge weigh in 
motion WIM (B-WIM) and truck surveys collected 
from sites and weigh stations on Michigan highways.(2,3) 
Nowadays, truck traffic tends to be even greater and 
heavier. Lou et al. processed consecutive weigh in 
motion (WIM) data for 20 years and found that both the 
annual maximum gross vehicle weight (GVW) and the 
daily number of overweight trucks exhibited increasing 
trends.(4) With the truck industry’s introduction of 
specialized hauling vehicles (SHVs) in the past two 
decades, the number of tandem and tridem axles also 
shows great potential to grow.(5,6) Yang, Lou, and Nassif 
investigated the statistics of the single-, tandem-, and 
tridem-axle weights by using 32 nationwide WIM sites.(7) 
The authors found that design load may not envelop 
actual load spectra. Additionally, tridem axles are likely 
to cause higher load effects than do single and tandem 
axles, since axles with heavier total weight are closely 
spaced to provide amplified load effects on decks; 
however, tridem axles are not considered in American 
Association of State Highway and Transportation 
Officials (AASHTO) Load and Resistance Factor 
Design (LRFD) deck design procedures.(8)

State agencies are under increasing pressure to 
make optimal funding allocations to maintenance, 
rehabilitation, and replacement for bridges because of 
aging structures and funding shortages. Agencies to a 
great extent rely on the deterioration model to predict 
future bridge condition and to allocate funding. For 
the state of practice, deterioration models are, mostly, 
statistical models originated from visual inspection data, 
and agencies have successfully used them in bridge 
management systems. 

Because the shortened service lives of bridge decks and 
the increasing truck loadings were observed together, 
there could be an inherent relationship between truck 
loading and bridge deck service life. Lou et al. proved 
the above statement by correlating the expected service 
lives of bridge decks and axles per day, equivalent wheel 
load, and percentage of overweight trucks.(1) However, 
that study used bridge inspection data and WIM data 
from New Jersey only, so the conclusion may not be 
applicable nationally. 

On account of the above-mentioned grim facts for bridge 
decks, the objectives of this study were twofold: The 
first objective was to quantify truck traffic loading on 
bridge decks, with a focus on overweight trucks and 
concentrated axle loads (i.e., single-axle, tandem-axle, 
and tridem-axle loads). With the development of the 
Long-Term Pavement Performance (LTPP) Program, 
nationwide traffic data were accessible to quantify the 
truckload statistics.(9) After truckload spectra became 
known, the second objective of this study was to 
correlate bridge deck service life and load spectra. 
Taking advantage of the Long-Term Bridge Performance 
(LTBP) Program, the service life of the bridge decks 
was quantified, and eventually, the correlation between 
service life and truckload spectra were developed.(10)

DATABASE 
To accomplish the twofold objective of this study, data 
from both truckload spectra and bridge deck inspection 
have to be considered. Therefore, the study used two 
databases supported by the Long-Term Infrastructure 
Performance (LTIP) Programs: one for truck weight data 
and another one for bridge inspection data. 

WIM Data
Truck axle loads and configurations were obtained 
from WIM sites available from the LTPP InfoPave™ 
website.(9) For the design and evaluation of bridges, 
full truck configurations are of more concern (i.e., axle 
weights and axle spacings). The LTPP InfoPave collects 
and stores individual vehicle configuration records in the 
Ancillary Data Selection and Download function. 
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Until the date that the authors extracted the WIM 
data, there were 684 accessible WIM sites from more 
than 40 States in the United States, and the authors 
extracted all of them. However, data from many of 
the WIM sites were deemed not beneficial for this 
study. The front axle weights (FAWs) of Federal 
Highway Administration (FHWA) Class 9 trucks 
(3S2, semi-tractor trailers) are regressed to first-axle 
spacing by using the WIM data validating approach 
described by Southgate.(11,12) These Class 9 3S2 type 
trucks were utilized by Southgate not only because 
they are typical commercial vehicles but also because 
the FAW and steering axle spacings are in a steady 
relationship. The first-axle spacing (S12) and the 
ratio of the steering axle weight to the first-axle 
spacing (A1/S12) were established by using this 
technique as a logarithmic relation. The 12-kip 
practical weight limit serves as the upper bound, and 
the minimum requirements for truck manufacturers 
serve as the lower bound. The quality of the WIM 
data is deemed satisfactory if most of the class 9 
truck data fall within the upper and lower bounds. 

After filtering out of all the above-mentioned WIM 
sites, 203 sites remain from interstate highways, U.S. 
highways, and State highways across 37 States in the 
United States. In the later study, bridge deck service 
life is obtained for nine climate zones.(13) Therefore, 
the WIM sites were also classified into climate zones 
to capture regional traffic load variations and to better 
correlate with deck condition in the same region. The 
numbers of WIM sites in different climate regions and 
on different highways are summarized in table 1. It 
is worth noting that WIM data available in the LTPP 
database represent only a subset of all of the WIM data 
collected from agencies nationwide. With more data 
available in the future, truckload spectra would become 
more representative and accurate.

Bridge Inspection Data
The bridge inspection data were obtained from the 
LTBP InfoBridge™ website. The LTBP InfoBridge 
offers NBI and NBE data, however, this study used 
only NBI data because it covers an extensive number of 
historical records.

The NBI database has very detailed information 
for highway bridges in the United States, including 
identification and location, structure type and materials, 
dimensions and clearances, inspections, condition 
ratings and evaluations, load ratings and postings, and 
traffic and roadway data. For the purposes of this study, 
the authors extracted the following information from the 

NBI database: 

1. State name.

2. Structure number.

3. Record signing prefix.

4. Location.

5. Deck structure type.

6. Deck condition rating.

7. Inspection date.

8. Year built.

9. Year reconstructed. 

Items 1 to 4 provide a structure’s identification 
and location. Since this study focused on the 
reinforced-concrete bridge deck, item 5 is necessary to 
distinguish deck types. Deck structure type coded as “1,” 
representing a concrete cast-in-place deck, is the target of 
the study. In the NBI database, bridge deck condition is 
evaluated as condition rating (CR) on a scale from 9 to 0, 
and the corresponding condition descriptions are tabulated 
in Table 2.(14) This inspection scheme rates the deck as 
a whole component, assigning only one deck rating for 
one bridge. The aforementioned item 6 provides CR 
information. Items 7 to 9 are for calculation of bridge age, 
which counts number of years from either year built or 
year of reconstruction to year of inspection. 

Table 1. Number of WIM sites.

Climate  
Region

Interstate 
Highway

U.S. 
Highway

State 
Highway

Northeast 9 5 7

Upper Midwest 8 11 3

Ohio Valley 20 12 7

Southeast 6 14 2

Northern  
Rockies  

and Plains
3 2 4

South 5 13 3

Southwest 8 1 1

Northwest 4 7 7

West 18 4 5
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DATA PROCESSING
WIM Data Processing
A bridge safety evaluation relies largely on a load 
demand analysis. The development of WIM technology 
enhances bridge engineers’ understanding of truckload 
spectra. Nowak, Nassif, and DeFrain applied WIM data 
to investigate the effects of truckloads on steel bridges.(2) 
Lou et al. used WIM data to quantify the impact of 
overweight trucks on bridge girders.(4)

With the prior experience in developing the live-load 
statistics for bridge decks by using WIM data, the authors 
have found that tandem- and tridem-axle weights are 
critical parameters in addition to the single-axle load.(7) 
Therefore, the axle group statistics were of interest while 
processing WIM data. To detect the various axle groups, 
including single, tandem, and tridem axles, a previously 
developed algorithm was followed.(7) 

In addition to the axle group statistics, this paper also 
investigates overweight-vehicle statistics. For interstate 
highway bridges across the United States, overweight 
trucks are defined as vehicles that do not conform to 
Federal weight limits:(15)

• GVW exceeds 80 kips.

• Single axle exceeds 20 kips.

• Tandem axle exceeds 34 kips.

• Axle configuration does not follow Federal 
Bridge Formula B (FBF-B).

For non-interstate highways, State weight limits that 
may or may not be the same as Federal limits are used to 
restrict truck weight. According to a previous literature 
review, 20 States follow Federal weight limits, while 
the 30 other States exceed at least one of the Federal 
weight limits.(16 ) However, to derive a standardized 

Table 2. Description of NBI condition ratings.(14)

Condition Rating Condition Description

9 Excellent —

8 Very good No problem noted.

7 Good Some minor problems.

6 Satisfactory Structural elements showing some minor deterioration.

5 Fair All primary structural elements sound but may have minor section 
loss, cracking, spalling, or scour.

4 Poor Advanced section loss, deterioration, spalling, or scour.

3 Serious Loss of section, deterioration of primary structural elements, 
perhaps fatigue cracks in steel or shear cracks in concrete.

2 Critical

Advanced deterioration of primary structural elements, perhaps 
fatigue cracks in steel or shear cracks in concrete or scour, which 
may have removed substructure support, and unless closely 
monitored, may necessitate closing the bridge until corrective 
action is taken.

1 Imminent  
failure

Major deterioration or section loss present in critical structural 
components or obvious vertical or horizontal movement that is 
affecting structure stability; bridge closed to traffic, but corrective 
action may put it back in light service.

0 Failed Out of service; beyond corrective action.

— No data.
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Figure 1. Flowchart for WIM Data Processing.

Source: FHWA.

overweight-truck statistic, Federal weight limits are 
applied to both interstate highway and non-interstate 
highway routes.

In summary, the WIM data processing program was 
developed as shown in figure 1. The truckload statistics are 
presented in a series of box plots from figure 2 to figure 6. 
In the box plot, the line inside the box is the median 
value. The top and bottom edges of the box are the upper 
and lower quartiles, respectively. The vertical whisker 
lines connect the quartiles to the nonoutlier maximum 
and minimum values, and the circle markers beyond the 
maximum and minimum values are the outliers.

As aforementioned, it is well recognized that bridge decks 
are subjected to truck loading with increasing volume 
and weight, yet there is a lack of study to quantify how 
much and how heavy the loads are nationwide. This study 
hereby intended to provide insight into truckload spectra 
on bridge decks. The truck traffic information is presented 
in the following sections. Qualified trucks envelop all 
truck types passing through WIM stations. The qualified 
vehicle population were obtained by performing step 1 as 
shown in figure 1. The average daily truck traffic (ADTT) 
in different climate zones and for different roadway types 
is plotted in figure 2. Interstate highways have the highest 
truck counts, and state highway and U.S. highway carry 
comparable amount of truck traffic. 

The axle group, being regarded as the major contributor to 
the damage of bridge decks, was extracted from the WIM 
data by performing step 2 as shown in figure 1. Current 
AASHTO LRFD Bridge Design Specifications (BDS) 
prescribe deck design load as a 32-kip single axle or a 
50-kip tandem axle(8). However, a National Cooperative 
Highway Research Program (NCHRP) Project 12-76(17) 
and Transportation Research Board consensus study 
report(18) pointed out that actual load spectra could be 
much heavier than design load. Moreover, tridem axles, 
emerging along with SHVs, could be even heavier and are 
not reflected in design loads. Figure 3, figure 4, and figure 
5 show the upper-tail mean value of the single-, tandem-, 
and tridem-axle weights, respectively. The top-5-percent 
tail was selected to represent the uppertail statistics. The 
plots indicate the great potential of axle loads to exceed 
the design load, implying the tendency of load-induced 
deterioration of bridge decks. 

Furthermore, the overweight truck populations are 
quantified. The overweight trucks were identified from 
WIM data by performing step 3 as shown in figure 1. 
Figure 6 depicts the overweight-truck percentage. It is 
observed that overweight trucks actually take up a great 
portion of the truck population, thereby alerting State 
agencies to tighten enforcement on illegal overweight 
trucks because such trucks could significantly increase 
the lifecycle cost of bridges and pavements. 
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Figure 2. Average Daily Truck Traffic (ADTT).

Figure 3. Average of top-5-percent single-axle weight.

Figure 4. Average of top-5-percent tandem-axle weight.

Source: FHWA.

Source: FHWA.

Source: FHWA.
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Bridge Inspection Data Processing
The authors obtained bridge inspection data from LTIP 
InfoBridge™, and they identified sufficient bridge 
populations on different highway systems in nine climate 
zones, thereby ensuring a reliable statistical analysis of 
deck service life. Before adoption of inspection data for 
service life analysis, certain filtering works are necessary 
to eliminate the impact of erroneous or biased data. The 
detailed explanations are as follows.

There are various reasons for questioning data quality. 
First, faulty records exist whose CR values are 
non-integers or larger than nine, whereas correctly 
recorded CR should be integers from 9 to 0 per FHWA’s 
Recording and Coding Guide for the Structure Inventory 
and Appraisal of the Nation’s Bridges.(14) Second, there are 
inspection records earlier than the structure’s built year, 

Figure 5. Average of top-5-percent tridem-axle weight.

Figure 6. Percent of overweight trucks.

Source: FHWA.

Source: FHWA.

resulting in a negative bridge age. The authors’ experience 
with agencies’ bridge inventory has shown instances in 
which a newly constructed bridge has been assigned the 
same structure number of a demolished bridge at the same 
location. In such a situation, inspection records may be 
served for the historical bridge that no longer exists, so 
that the CR records are no longer valuable. Therefore, 
the records with negative bridge age calculated from the 
year of reconstruction were filtered out. Last, because 
a bridge deterioration model intends to capture and 
predict the natural deterioration of bridge components 
without interference by repair and rehabilitation work, it 
is necessary to omit inspection records after preservation 
work. However, LTBP Info Bridge does not include 
detailed work history data for individual bridges, and even 
for agencies’ in-house records, maintenance history might 
not be complete.(19,20) Therefore, in this study, inspection 
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Figure 7. Frequency distribution of bridge age at different conditions: Southeast region interstate highway bridges.

Source: FHWA.

records of bridges whose decks showed improvement in 
condition were excluded from the analysis. Although that 
filtering criterion is widely accepted when there are no 
maintenance histories, its potential defects were pointed 
out: The first is that maintenance may not improve deck 
condition but may slow down deterioration rate, and a 
second is that condition improvement may result from 
random error rather than preservation work, such as 
inspector’s bias.(21) 

After the authors bridge inspection data were filtered 
and cleaned, the data were grouped into different climate 
regions because climates are deemed to have an impact 
on bridge condition.(21) For example, bridge decks in the 
northern region would experience more chloride-induced 
rebar corrosion due to the use of deicing salt. 

The cleaned data should present particular distribution of 
bridge age at a rating. For example, figure 7 shows the 
frequency distribution of the bridge age of bridges in the 
Interstate Highway System in the southeast region. It is 
observed that for good conditions (e.g., CR 9 and CR 8) 
age distributions skew to the left, meaning that newer 
bridges tend to be in better condition than older bridges 
are. As bridge deck deteriorates, the skew of the age 
distribution started to move toward the right, meaning 
that older bridges tend to be in worse condition.

CORRELATION BETWEEN TRUCK LOADING 
AND DECK SERVICE LIFE
Truckload Spectra 
For bridge decks of slab-on-girder bridges, the 
truckload-induced load effects result mainly from the 
concentrated axle loads, so number of loading cycles is 
defined by daily axle count in this study. Load spectra 
for single, tandem, and tridem axles, which are deemed 
influential to bridge decks, are extracted respectively. 
Equation 1 converted wheel load spectra into one 
value—namely, the equivalent wheel load. In addition, 
the authors collected daily overweight counts to analyze 
the potential impact of overweight loadings on bridge 
deck service life. The statistics of the truckload spectra 
are presented in a later section. 

(1)

Where:

P = equivalent wheel load from weight distribution.

pi = value of wheel weight in wheel weight 
distribution (kips).

fi(pi) = frequency for that wheel load.
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Figure 8. Average age of bridge deck at different conditions.

Source: FHWA.

Bridge Deck Service Life
State agencies have widely used deterioration models 
that present condition rating (CR) versus bridge age to 
predict bridge service life. Previous studies concluded 
that a bridge deck would be planned for major repair or 
rehabilitation when its condition rating was downgraded 
to 4.(22,23) In addition, NBI data have few records with CR 
equal to or smaller than 4, indicating that agencies are 
not willing to allow their structure to downgrade to “poor 
condition” or “critical condition” (i.e., CR 4 or CR 3). As 
a result, in this study, bridge deck service life is defined as 
the age when a deck is downgraded to CR 4.

To derive the deterioration model, the average age of each 
condition rating is obtained. For example, bridge records 
of the Interstate Highway System in the southeast region, 
as a continuation of figure 7, are plotted in figure 8. It is 
observed that the bridge deck on the interstate highway 
route deteriorates faster than the others. This phenomenon 
resulted from the larger truck volume on the interstate 
highway, as shown in figure 2. Additionally, figure 8 
shows that the deck smoothly downgrades from CR 9 to 
CR 6, and then the deterioration starts to accelerate when 
the deck is in worse condition. That deterioration trend is 
observable among all the other cases under investigation. 
Such a phenomenon could be explained by the fact that 
once cracks formed on the deck, cyclic truck loading 
accelerates deterioration by expediting the transport of 
chloride ions through the developed deck cracks rather 

than by regular diffusion of chlorides in a good-condition 
deck. The experimental test proved that cyclic loading 
stimulates crack opening on bridge decks, allowing 
water penetration and eventually compromising ultimate 
strength.(24) From a microscopic view, rebar corrosion rate 
in an acidic environment also exhibits an accelerating rate, 
being smooth in the crack initiation phase and aggressive 
in the crack propagation phase.(25)

To capture the nature of the deck deterioration rate, 
the third-order polynomial was adapted to develop the 
deterioration model, and figure 9 shows the fitted models. 
While fitting the data with the regression curve, CR4 
records were not taken into consideration due to their 
small population. The R-squared (R²) value is presented 
in the plot to show how well the data fit the regression 
model. R² values range from 0 to 1. A value of 1 indicates 
a perfect goodness of fit, and a value of 0 indicates that 
the model could not explain the variability of the variable. 
In the fitted model, all of the R² values are close to 1, 
indicating adequate strength of the relationship between 
the fitted model and the real measurement. 

The third-order polynomial fitted well with the data 
except for State highway bridges in the west region. In the 
west region, the regression model bounces back to good 
condition as age increases, overfitting the actual data and 
overlooking the nature of the deterioration trend. Thus, 
the data point from the west region on the State highway 
was disregarded from the later analysis.
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Figure 9. Deterioration model (A) Interstate highway, (B) U.S. highway, (C) State highway.

Source: FHWA.

A. Interstate highway.

B. U.S. highway.
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Figure 9. Deterioration model (A) Interstate highway, (B) U.S. highway, (C) State highway. (Continued)

Source: FHWA.

Correlation Between Deck Service Life 
and Truckload Spectra
Load spectra and expected service life obtained from 
the previous analysis are tabulated in table 3. For 
visualization, the relationship between load parameters 
and service life is plotted in figure 10. From figure 10(A), 
the daily axle count was observed to have a clearly 
negative relationship to service life, indicating that 
load cycles reduce service life. According to the linear 
regression line, an increment of 1,000 axle counts would 

reduce service life 1.2 years. From figure 10(B) and 
figure 10(C), the single and tandem axle equivalent loads 
also adversely affect service life, indicating that heavier 
axle loads are more likely to damage concrete decks. 
Similarly, the overweight axle count was also found to 
have a negative relationship with service life, further 
confirming the inverse impact of heavy, overweight 
axles on bridge decks. The tridem axle load spectra 
were not found to have a strong correlation with deck 
service life, possibly due to the insufficient population 
of tridem axles. 

C. State highway.
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Table 3. Load spectra and expected service life.

Route—Region

Deck  
Service 
Life (yr)

Daily 
Axle  

Count

Single Axle Tandem Axle

Equivalent 
Weight  
(kips)

Daily 
Overweight 

Count

Equivalent 
Weight  
(kips)

Daily 
Overweight 

Count

Interstate

Northeast 32.4 7,284 11.5 16.9 21.7 133.1

Upper Midwest 35.0 13,882 11.8 9.6 25.1 159.3

Northern 39.0 5,868 9.9 1.4 20.6 26.2

Northwest 32.7 5,088 11.6 26.4 22.1 181.5

Southeast 38.2 6,507 12.0 20.3 23.5 254.2

Ohio Valley 38.0 14,548 12.2 19.5 22.9 182.3

South 39.2 16,221 12.4 18.4 24.9 148.3

Southwest 32.5 6,507 12.0 17.4 22.5 149.1

West 31.0 17,477 11.9 15.1 23.0 131.6

United  
States

Northeast 50.8 4,406 11.9 3.3 22.9 33.8

Upper Midwest 41.5 5,136 10.6 1.4 22.8 24.0

Northern 49.4 7,961 9.9 7.1 20.1 49.4

Northwest 44.5 9,900 11.8 6.6 22.5 57.5

Southeast 49.3 6,200 11.6 8.8 23.3 96.3

Ohio Valley 55.0 6,496 11.0 3.9 21.0 44.8

South 54.0 12,374 12.5 16.1 26.0 118.7

Southwest 50.5 6,200 12.1 8.2 22.9 65.5

West 34.5 4,758 10.8 7.9 21.8 24.0

State

Northeast 54.3 3,755 11.2 1.8 21.4 17.6

Upper Midwest 46.7 11,236 9.8 2.1 23.3 27.9

Northern 46.5 8,473 10.7 14.1 21.2 106.7

Northwest 60.3 10,646 10.7 3.9 20.2 26.0

Southeast 58.0 4,705 10.6 1.5 20.8 12.3

Ohio Valley 57.8 2,057 11.0 3.2 20.2 17.7

South 51.3 5,494 11.7 10.6 22.4 41.9

Southwest 40.0 4,705 11.5 2.0 22.8 20.5

West — 7,849 11.1 6.4 21.4 86.8

—No data.
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Figure 10. Relationship between expected service life and truckload (A) Daily axle count, (B) Single-axle-load spectra, 
(C) Tandem-axle-load spectra. 

Source: FHWA.

A. Daily axle count. 1

B. Single-axle-load spectra.
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CONCLUSIONS
This study used WIM data to identify truck traffic loading 
spectra for bridge decks, and it used condition ratings 
from the NBI database to derive deck deterioration 
models. The correlation between truckload spectra and 
bridge deck service life was quantified. The results of this 
study led to the following conclusions:

• Interstate highway bridge decks are subjected to more 
truck volume, resulting in shorter service life than 
decks located on the other routes.

• Bridge decks are subjected to single and tandem loads 
that are heavier than the design load as specified in 
the AASHTO LRFD BDS.(8) Additionally, a large 
number of heavy, tridem axles are not well accounted 
for in the BDS. There is a need to reassess design axle 
loads for bridge decks. 

• All of the highway systems are subjected to 
overweight trucks, accounting for more than 
15 percent, on average, of total truck traffic, on 
average, damaging bridges and roadways.

• The deterioration rate for bridge decks between good 
and satisfactory conditions (CR 9 to CR6) is relatively 

steady and smooth; however, the deterioration 
rate accelerated when decks downgraded to worse 
conditions—below CR 6.

• The authors found that based on data from all regions, 
truckload spectra closely correlated with bridge deck 
service life. In particular, an increment of 1,000 axle 
counts would reduce deck service life 1.2 years. 
Single- and tandem-axle load spectra are also 
inversely related to deck service life.
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Figure 10. Relationship between expected service life and truckload (A) Daily axle count, (B) Single-axle-load spectra,  
(C) Tandem-axle-load spectra. (Continued)

Source: FHWA.

C. Tandem-axle-load spectra.



15

REFERENCES
1. James, R. W., R. A. Zimmerman, and 
C. R. McCreary, Jr. 1987. “Effects of Overloads on 
Deterioration of Concrete Bridges.” Transportation 
Research Record 1118: 65–72. https://trid.trb.org/
view/282333, last accessed April 21, 2023.

2. Nowak, A. S., H. Nassif, and L. DeFrain. 1993. 
“Effect of Truck Loads on Bridges.” Journal of 
Transportation Engineering 119, no. 6: 853–867. 
https://ascelibrary.org/author/DeFrain,%20Leo, last 
accessed April 21, 2023.

3. Nowak, A. S., and H. Nassif. “Live Load Models Based 
on WIM Data.” 1992. Presented at the Probabilistic 
Mechanics and Structural and Geotechnical Reliability, 
Specialty Conference. New York, NY: American Society of 
Civil Engineers. https://cedb.asce.org/CEDBsearch/record.
jsp?dockey=0077482, last accessed April 21, 2023.

4. Lou, P., H. Nassif, D. Su, and P. Truban. 2017. “Impact 
of Overweight Trucks on the Service Life of Bridge 
Girders.” Transportation Research Record 2642, no. 1: 
103–117. https://journals.sagepub.com/doi/10.3141/2642-
12?icid=int.sj-abstract.similar-articles.1, last accessed 
April 21, 2023.

5. Lou, P., H. Nassif, D. Su, and P. Truban. 2016. “Effect of 
Overweight Trucks on Bridge Deck Deterioration Based 
on Weigh-in-Motion Data.” Transportation Research 
Record 2592, no. 1: 86–97. https://journals.sagepub.com/
doi/10.3141/2592-10, last accessed April 21, 2023.

6. Lou, P., D. Gao, H. Nassif, and M. Reddy. 2019. 
“Reliability Assessment of Steel Bridges for Specialized 
Hauling Vehicles.” Transportation Research Record 2673, 
no. 12: 391–403. https://journals.sagepub.com/doi/
abs/10.1177/0361198119835512?journalCode=trra, 
last accessed April 21, 2023.

7. Yang, C., P. Lou, and H. Nassif. 2022. 
“Reliability-Based Assessment of Concrete Decks 
Designed Using Approximate Method at the Strength 
I Limit State.” Transportation Research Record 2676, 
no. 10. https://doi.org/10.1177/03611981221090, 
last accessed April 21, 2023.

8. AASHTO. 2020. Load and Resistance Factor (LRFD) 
Bridge Design Specifications, 9th edition. Washington, DC: 
AASHTO. https://trid.trb.org/view/1704698, last accessed 
April 21, 2023.

9. FHWA. n.d. “LTPP InfoPave” (web page). https://
infopave.fhwa.dot.gov, last accessed October 12, 2023.

10. FHWA. n.d. “LTBP InfoBridge” (web page). 
https://infobridge.fhwa.dot.gov/Data, last accessed 
October 12, 2023.

11. FHWA. Traffic Monitoring Guide. Appendix C. 
Vehicle Type. 2014. Washington DC: FHWA. https://
www.fhwa.dot.gov/policyinformation/tmguide/tmg_2013/
vehicle-types.cfm, last accessed October 3, 2023.

12. Southgate, H. F. 2000. “Quality Assurance 
of Weigh-in-Motion Data.” FHWA Contract No. 
DTFH61-P-00724. Washington, DC: FHWA. https://
www.fhwa.dot.gov/ohim/tvtw/wim.pdf, last accessed 
April 21, 2023.

13. Karl, T. R., & Koss, W. J. 1984. Regional and National 
Monthly, Seasonal, and Annual Temperature Weighted 
by Area, 1895-1983. Historical Climatology Series 4-3. 
Asheville, NC: National Climatic Data Center. https://
repository.library.noaa.gov/view/noaa/10238, last accessed 
October 3, 2023.

14. Guide, N. C. 1995. Recording and Coding Guide for 
the Structure Inventory and Appraisal of the Nation’s 
Bridges. Report No. FHWA-PD-96-001. Washington, DC: 
FHWA. https://www.fhwa.dot.gov/bridge/mtguide.pdf, last 
accessed April 21, 2023.

15. FHWA. Report to Congress on Compilation of Existing 
State Truck Size and Weight Limit Laws. 2015. Washington 
DC: FHWA. https://ops.fhwa.dot.gov/freight/policy/
rpt_congress/truck_sw_laws/index.htm, last accessed 
April 21, 2023.

16. Lou, P., C. Yang, and H. Nassif. 2021. “Impact of 
Specialized Hauling Vehicles and Emergency Vehicles 
on Bridge Load Rating.” Transportation Research Record 
2675, no. 10: 1012–1024. https://journals.sagepub.com/
doi/abs/10.1177/03611981211014531, last accessed 
April 21, 2023.

17. Sivakumar, B., M. Ghosn, and F. Moses. 2011. 
Protocols for Collecting and Using Traffic Data in Bridge 
Design. NCHRP Project No. 12-76(01); Report No. 683. 
Washington, DC: Transportation Research Board. 
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.
asp?ProjectID=365, last accessed April 21, 2023.

18. National Academies of Sciences, Engineering, and 
Medicine. 2019. Research to Support Evaluation of Truck 
Size and Weight Regulations. Special Report No. 328. 
Washington, DC: Transportation Research Board. 
https://nap.nationalacademies.org/25321, last accessed 
April 21, 2023.

https://trid.trb.org/view/282333
https://trid.trb.org/view/282333
https://ascelibrary.org/author/DeFrain,%20Leo
https://cedb.asce.org/CEDBsearch/record.jsp?dockey=0077482
https://cedb.asce.org/CEDBsearch/record.jsp?dockey=0077482
https://journals.sagepub.com/doi/10.3141/2642-12?icid=int.sj-abstract.similar-articles.1
https://journals.sagepub.com/doi/10.3141/2642-12?icid=int.sj-abstract.similar-articles.1
https://journals.sagepub.com/doi/10.3141/2592-10
https://journals.sagepub.com/doi/10.3141/2592-10
https://journals.sagepub.com/doi/abs/10.1177/0361198119835512?journalCode=trra
https://journals.sagepub.com/doi/abs/10.1177/0361198119835512?journalCode=trra
https://doi.org/10.1177/03611981221090942
https://trid.trb.org/view/1704698
https://infopave.fhwa.dot.gov
https://infopave.fhwa.dot.gov
https://infobridge.fhwa.dot.gov/Data
https://www.fhwa.dot.gov/policyinformation/tmguide/tmg_2013/vehicle-types.cfm
https://www.fhwa.dot.gov/policyinformation/tmguide/tmg_2013/vehicle-types.cfm
https://www.fhwa.dot.gov/policyinformation/tmguide/tmg_2013/vehicle-types.cfm
https://www.fhwa.dot.gov/ohim/tvtw/wim.pdf
https://www.fhwa.dot.gov/ohim/tvtw/wim.pdf
https://repository.library.noaa.gov/view/noaa/10238
https://repository.library.noaa.gov/view/noaa/10238
https://www.fhwa.dot.gov/bridge/mtguide.pdf
https://ops.fhwa.dot.gov/freight/policy/rpt_congress/truck_sw_laws/index.htm
https://ops.fhwa.dot.gov/freight/policy/rpt_congress/truck_sw_laws/index.htm
https://journals.sagepub.com/doi/abs/10.1177/03611981211014531
https://journals.sagepub.com/doi/abs/10.1177/03611981211014531
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=365
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=365
https://nap.nationalacademies.org/catalog/25321/research-to-support-evaluation-of-truck-size-and-weight-regulations


16

19. Caltrans Division of Research, Innovation and System 
Information. 2020. Bridge Deterioration Models and 
Rates. Preliminary Investigation No. PI-0274. Sacramento, 
CA: Office of Asset Management. https://dot.ca.gov/-/
media/dot-media/programs/research-innovation-system-
information/documents/preliminary-investigations/pi-
0274-a11y.pdf, last accessed April 21, 2023. 

20. Agrawal, A. K., A. Kawaguchi, and 
Z. Chen. 2010. “Deterioration Rates of Typical 
Bridge Elements in New York.” Journal of Bridge 
Engineering 15, no. 4: 419–429. https://ascelibrary.org/doi/
abs/10.1061/%28ASCE%29BE.1943-5592.0000123, last 
accessed April 21, 2023.

21. Thompson, P. D. 2018. “National-Scale Bridge Element 
Deterioration Model for the USA.” In Maintenance, Safety, 
Risk, Management and Life-Cycle Performance of Bridges. 
London: CRC Press. https://www.taylorfrancis.com/
chapters/edit/10.1201/9781315189390-321/national-scale-
bridge-element-deterioration-model-usa-thompson, last 
accessed April 21, 2023. 

22. Bolukbasi, M., J. Mohammadi, and D. Arditi. 2004. 
“Estimating the Future Condition of Highway Bridge 

Authors—The authors confirm contributions to the paper as follows: study conception and design: Hani Nassif, Peng 
Lou, and Chan Yang; data collection: Chan Yang and Peng Lou; analysis and interpretation of results: Chan Yang, 
Peng Lou, and Hani Nassif; draft manuscript preparation: Chan Yang, Peng Lou, and Hani Nassif. All authors reviewed 
the results and approved the final version of the manuscript.

Researchers—This study was conducted by Chan Yang, Peng Lou, and Hani Nassif at Rutgers University.

Distribution—This summary report is being distributed according to a standard distribution. Direct distribution is being 
made to the FHWA divisions and Resource Center.

Availability—This summary report may be obtained at https://highways.dot.gov/research.

Key Words—Bridge deck, bridge deterioration model, NBI, weigh-in-motion (WIM), LTBP, LTPP

Notice—This document is disseminated under the sponsorship of the U.S. Department of Transportation (USDOT) in 
the interest of information exchange. The U.S. Government assumes no liability for the use of the information contained 
in this document. The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers’ 
names appear in this summary report only because they are considered essential to the objective of the document.

Non-Binding Contents—Except for the statutes and regulations cited, the contents of this document do not have the 
force and effect of law and are not meant to bind the States or the public in any way. This document is intended only to 
provide information regarding existing requirements under the law or agency policies.

Quality Assurance Statement—The Federal Highway Administration (FHWA) provides high quality information to 
serve Government, industry, and the public in a manner that promotes public understanding. Standards and policies 
are used to ensure and maximize the quality, objectivity, utility, and integrity of its information. FHWA periodically 
reviews quality issues and adjusts its programs and processes to ensure continuous quality improvement.

Disclaimer for Product Names and Manufacturers—The U.S. Government does not endorse products or 
manufacturers. Trademarks or manufacturers’ names appear in this document only because they are considered 
essential to the objective of the document. They are included for informational purposes only and are not intended to 
reflect a preference, approval, or endorsement of any one product or entity.

MAY 2024 FHWA-HRT-24-032
HRDI-30/05-24(WEB)E

Recommended citation: Federal Highway Administration,  
Correlation of Bridge Deck Deterioration With Truckload Spectra  

Based on NBI Condition Rating and Weigh-in-Motion Data  
(Washington, DC: 2024) https://doi.org/10.21949/1521458

Components Using National Bridge Inventory 
Data.” Practice Periodical on Structural Design and 
Construction 9, no. 1: 16–25. https://ascelibrary.
org/doi/epdf/10.1061/%28ASCE%291084-
0680%282004%299%3A1%2816%29, last accessed 
April 21, 2023.

23. Hatami, A., and G. Morcous. 2011. Developing 
Deterioration Models for Nebraska Bridges. Report No. 
SPR-P1(11) M302. Lincoln, NE: Nebraska Department of 
Roads. https://digitalcommons.unl.edu/matcreports/31/, 
last accessed April 21, 2023.

24. Kato, T., and Y. Goto. 1984. “Effect of Water Infiltration 
of Penetrating Cracks on Deterioration of Bridge Deck 
Slabs.” Transportation Research Record 950: 202–209. 
https://trid.trb.org/view/210147, last accessed April 21, 2023.

25. Zhou, J., D. W. Coit, H. Nassif, and Z. Li. 2022. 
“Two-Stage Degradation Modeling Combined With 
Machine Learning for Steel Rebar Degradation 
Prediction.” Published in 2022 Annual Reliability and 
Maintainability Symposium (RAMS). Tucson, AZ: Institute 
of Electrical and Electronics Engineers. https://ieeexplore.
ieee.org/document/9894005, last accessed April 21, 2023.

https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/preliminary-investigations/pi-0274-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/preliminary-investigations/pi-0274-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/preliminary-investigations/pi-0274-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/preliminary-investigations/pi-0274-a11y.pdf
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29BE.1943-5592.0000123
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29BE.1943-5592.0000123
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315189390-321/national-scale-bridge-element-deterioration-model-usa-thompson
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315189390-321/national-scale-bridge-element-deterioration-model-usa-thompson
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315189390-321/national-scale-bridge-element-deterioration-model-usa-thompson
https://highways.dot.gov/research
https://doi.org/10.21949/1521458
https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%291084-0680%282004%299%3A1%2816%29
https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%291084-0680%282004%299%3A1%2816%29
https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%291084-0680%282004%299%3A1%2816%29
https://digitalcommons.unl.edu/matcreports/31/
https://trid.trb.org/view/210147
https://ieeexplore.ieee.org/document/9894005
https://ieeexplore.ieee.org/document/9894005

	ABSTRACT
	INTRODUCTION
	DATABASE
	WIM Data
	Bridge Inspection Data

	DATA PROCESSING
	WIM Data Processing
	Bridge Inspection Data Processing

	CORRELATION BETWEEN TRUCK LOADING AND DECK SERVICE LIFE
	Truckload Spectra
	Bridge Deck Service Life
	Correlation Between Deck Service Life and Truckload Spectra

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

