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Extended Abstract 

Precast prestressed adjacent box beam bridges are a common component of national bridge 
infrastructure. In the State of Ohio, for example, there are approximately 8,000 such bridges, accounting 
for 27% of the state’s bridge inventory. They offer rapid construction, ease of installation, and strength 
needed for short to medium spans. As with any type of bridge, the accurate load rating of adjacent box 
beam bridges is essential for determining the safe load capacities, posting requirements, and making 
informed permit decisions. Load rating is the process of evaluation of the existing bridges carried out to 
provide a basis for the safe live load-carrying capacity of bridges based on its design and prevailing site 
conditions. Despite their popularity, the availability of automated tools for the load rating of adjacent 
box beam bridges lags behind those for other types of bridges. The use of hand calculations or general-
purpose load rating tools is complex and time-consuming due to the large number of box beam sections 
used over the years and the extensive calculations required for shear, flexure, and stress limits.  

To address this need, this project has developed a specialized computer tool, aimed at automating and 
simplifying the load rating process for simply supported adjacent box beam bridges. The tool is named 
AD-BOX, which stands for Adjacent Box Beam Bridge Analysis and Rating. AD-BOX is developed using the 
Visual Basic for Applications (VBA) programming language and is included in a user-friendly Microsoft 
Excel spreadsheet. This approach is intended to provide engineers and researchers with a familiar 
working environment without the need to install and learn a new computer program.  

The project objectives include developing AD-BOX, verifying its accuracy through independent hand 
calculations, and comparing its performance against established, general-purpose bridge rating software. 
18 sample bridges are load rated for 15 vehicle types required by the ODOT Bridge Design Manual (BDM, 
2020) and custom vehicles with up to 35 axles, using AD-BOX, independent hand calculations, and the 
general-purpose bridge rating software. The bridge samples consist of seven non-skewed bridges and 
eleven skewed bridges. All non-skewed bridges consist of single-cell box beams, while nine skewed 
bridges consist of single-cell box beams, and the remaining two skewed bridges consist of multicell box 
beams. Eight have non-composite sections while the remaining ten have composite sections. The 15 
vehicle types include the Design Vehicle (HL-93), Ohio legal loads (2F1, 3F1, 5C1), AASHTO legal loads 
(Type 3, Type 3S2, Type 3-3), special hauling vehicles (SU4, SU5, SU6, SU7), emergency vehicles (EV2, 
EV3), permit loads (PL 60T, PL 65T). 

The verification results with independent hand calculations provide a mean of approximately 1.0 with a 
coefficient of variation (CV) nearly equal to 0% for the rating factor (RF) ratios of AD-BOX divided by hand 
calculations. The comparison results with the general-purpose bridge rating software provide a mean of 
approximately 1.0 with a CV up to 3.72% for the RF ratios of AD-BOX divided by the bridge rating software. 

AD-BOX uses the maximum moment capacity calculations due to vehicular loadings at the exact maximum 
moment location instead of the conventional one-tenth-of-the-span method. The research results 
indicate that this approach provides approximately 3% more accurate maximum moments. In addition, it 
dramatically reduces the output produced and the associated burden on the users to process the output. 

AD-BOX performs shear load rating for all potential shear critical locations, including the point at a 
distance equal to the effective shear depth (dv) away from the internal face of the bearing at the support 
and other points where shear reinforcement details change. In addition, AD-BOX has the capability to 
load rate the older box beam sections with multicell configurations. To consider the future needs for 
vehicles beyond the 15 vehicle types listed in the ODOT BDM (2020), AD-BOX has been developed with 
the capability to include custom vehicles with up to 35 axles. A high axle count is selected to consider 
vehicles that may emerge in the future. 

To allow engineers to use the developed tool for any type of simply supported bridge, a capability is 
developed to calculate moment and shear envelopes due to one of the 15 vehicle types and a custom 
vehicle. AD-BOX presents the envelope values in both tabular and chart formats. The tabular format 
allows engineers to copy and use the values in other analysis software or hand calculations, while the 
chart format offers a visual representation of the variation of the envelopes along with their peak values. 

The result of this study demonstrates the accuracy and reliability of AD-BOX for load rating simply 
supported precast prestressed adjacent box beam bridges for the vehicle types noted above. It is 
expected that AD-BOX will reduce the time and effort required for load rating adjacent box beam bridges. 
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1. Problem Statement 

Precast prestressed adjacent box beam bridges are a common component of the national bridge 
inventory. They offer the advantage of rapid construction, low cost, and strength and serviceability 
performance required for short to medium spans. As with any type of bridge, accurate load rating of 
adjacent box beam bridges is essential for determining the safe load capacities, posting requirements, 
and making informed permit decisions. Load rating is the process of evaluation of the existing bridges 
carried out to provide a basis for the safe live load-carrying capacity of bridges based on its design and 
prevailing site conditions. 

The load rating of bridges has numerous challenges, as engineers must perform rigorous calculations for 
many types of vehicles according to various standards. Despite their popularity, the availability of 
automated tools for the load rating of adjacent box beam bridges lags behind those for other types of 
bridges. The use of hand calculations or general-purpose load rating tools is complex and time-consuming 
due to the large number of box beam sections used over the years and the extensive calculations required 
for shear, flexure, and stress limits. 
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2. Research Background

2.1. Research Objectives 

The project objectives include the development of a specialized computer tool, aimed at automating 
and simplifying the load rating process for simply supported adjacent box beam bridges, verification of 
its accuracy through independent hand calculations, and comparison of its performance against 
established, general-purpose bridge rating software. Named AD-BOX, the computer tool is developed 
using Visual Basic for Applications (VBA) programming language and included in a user-friendly Microsoft 
Excel spreadsheet. The project objectives are designed to ensure that AD-BOX meets the necessary 
standards for reliability and usability in the load rating of precast prestressed adjacent box beam bridges. 

2.2. Literature Review 

Among Ohio's approximately 30,000 bridges, around 8,000, or 27% of the state’s bridge inventory, are 
precast, prestressed adjacent box beam bridges (Abu-Hajar 2023). These bridges are simply supported, 
either skewed or non-skewed, which may be composite or non-composite. A typical cross-section is shown 
in Figure 2-1. Primarily used for short to medium spans, box beam bridges offer advantages due to their 
favorable span-to-depth ratio, making them suitable where clearance is limited. Additionally, their 
aesthetic appeal and rapid construction make prestressed box beams a popular choice. Given the growing 
number of box beam bridges, ensuring the safety and proper evaluation of this infrastructure is crucial. 
The evaluation of box beam bridges is conducted through load rating, guided by the AASHTO Manual for 
Bridge Evaluation (MBE 2018) and specific guidelines set by the Department of Transportation responsible 
for the bridges. AASHTO MBE (2018) outlines methodologies, criteria, and requirements for load rating 
while the essential design criteria in the AASHTO MBE (2018) are derived from the AASHTO LRFD Bridge 
Design Specification (LRFD 2024). Since 2007, the Federal Highway Administration (FHWA) has required 
all new bridges to be designed using the LRFD method. Consequently, bridge load rating is conducted per 
MBE guidelines, adhering to LRFD and the specific Department of Transportation requirements. 

Figure 2-1 Typical cross section of a prestressed precast adjacent box beam bridge. 

The evaluation of the existing bridges carried out using load rating provides a basis for the safe live load-
carrying capacity of bridges. It is usually expressed as a Rating Factor (RF) or as a gross tonnage for each 
vehicle axle configuration. Load rating is generally conducted for the following reasons: 

• As required by the Federal government,

• To monitor the safety of structures over time,

• To help determine when rehabilitation or replacement is needed,

• To determine if a bridge needs to be posted for a load restriction as required by the state code,

• To have a consistent summary of load-carrying capacities of all state bridges, and

• To assist the Office of Permits in their processing of Permits and Super loads.

2.2.1. AASHTO LRFD Bridge Design Specifications (LRFD 2024) 

The AASHTO LRFD Bridge Design Specifications (LRFD 2024) is the primary standard that provides 
comprehensive criteria and guidelines for bridge design across its 15 sections. Section 3 specifically 
addresses the requirements for loads and forces, including load factors and their combinations. This 

Box beam (typ.) 

Wearing surface 

Traffic 

barrier 

Shear key 

Post-tensioning 
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section outlines load combinations for various conditions, such as live loads, dead loads, and 
environmental loads. LRFD Article 3.4.1 within this section details critical load combinations, while Table 
3.4.1-1 presents standard load combinations and associated load factors for different limit states. These 
limit states: strength, service, and fatigue are adopted based on the type of structure and the category 
of vehicle loading applied to the bridge. As specified in AASHTO LRFD Article 5.5.3.1, evaluating the fatigue 
limit state is optional for prestressed beam bridges.  

The dead load and live load requirements are covered in AASHTO LRFD Articles 3.5 and 3.6, respectively. 
Dead loads include the self-weight of beams, barriers, diaphragms, and wearing surfaces, calculated 
using material unit weights from Table 3.5.1.1. For the design of new bridges, the HL-93 vehicular model 
is used as the design vehicle. This standardized HL-93 load model defines a specific set of loads that 
produce similar extreme effects on bridges by considering all types of vehicles individually. Figure 2-2(a) 
presents the representative diagram for the HL-93 truck with a design lane load of 0.64 kips/ft and Figure 
2-2(b) presents the representative diagram for the HL-93 tandem with a design lane load of 0.64 kips/ft. 
The maximum effect due to the HL-93 design truck with a design lane load or HL-93 tandem with the 
design lane load on the bridge is adopted for the design of the bridge.  

  

Figure 2-2 Design vehicle HL-93. 

The structural analysis and evaluation criteria, which are also applicable to precast, prestressed box 
beam bridges are specified in AASHTO LRFD Section 4. This section comprises 9 sub-sections, AASHTO 
LRFD Article 4.6 provides information about static analysis. AASHTO LRFD Article 4.6.2.2.2. discusses the 
distribution factor method for moment and shear. Live load distribution factors for moment in interior 
beam are given in Table 4.6.2.2.2b-1 and for shear force are given in Table 4.6.2.2.3a-1. Similarly, live 
load distribution factors for the moment in the exterior beam are given in Table 4.6.2.2.2d-1 and for 
shear are given in Table 4.6.2.2.3b-1. 

The distribution factors should be corrected for skewed bridges. Skew in bridges occurs when the span 
direction is not perpendicular to the supports, often due to space constraints or obstacles. Skewed 
bridges have load paths angled more than 90°, causing increased shear forces at exterior girders 
compared to straight bridges (Nouri and Ahmadi 2011). When the difference between the skew angles of 
two adjacent lines of support does not exceed 10 degrees, the bending moment in the beams is reduced 
in accordance with AASHTO LRFD Article 4.6.2.2.2e. Additionally, the shear force in the bridge is adjusted 
in accordance with AASHTO LRFD Article 4.6.2.2.3c for the skewed bridges. This adjustment in the 
moment and shear distribution factors has been studied by various authors, including Ebeido and Kennedy 
(1995, 1996) and Theoret et al. (2011). Ebeido and Kennedy (1995, 1996) investigated the influence of 

a. HL-93 truck with lane load 

 

b. HL-93 tandem with lane load 

 

8 kips 32 kips 32 kips 

Lane load 0.64 kips/ft 

14 ft 14 to 30 ft 

4 ft 

25 kips 25 kips 

Lane load 0.64 kips/ft 
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skew, along with other design parameters, on the shear and reaction distribution factors in continuous 
two-span composite steel-concrete bridges, emphasizing the increased complexity in the distribution of 
reactions and shears when the bridge is skewed. Similarly, Theoret et al. (2012) investigated the behavior 
of skewed slab bridges, noting that the development of transverse and secondary moments is influenced 
by the skew angle. Their work suggests that increased skew angles lead to a decrease in longitudinal 
moments while simultaneously increasing transverse moments, highlighting the intricate balance of 
forces in skewed bridge designs. 

The design requirements for concrete structures are specified in AASHTO LRFD Section 5, with 15 sub-
sections providing information about material properties, limit states, and design methodologies. AASHTO 
LRFD Article 5.5.4 gives the strength design requirements at the strength limit state applicable to 
precast, prestressed concrete box beams. The strength limit state ensures that the bridge can safely 
carry the applied loads without experiencing failure.  

The flexural design of precast, prestressed box beam bridges at the strength limit state is performed 
according to AASHTO LRFD Article 5.6.3. This article provides a calculation procedure for nominal flexural 
resistance (Mn) and factored flexural resistance (Mr). The nominal flexural resistance of a beam is 
calculated according to an approximate method using rectangular stress distribution as specified in 
AASHTO LRFD Article 5.6.3.2. Alternatively, the strain compatibility approach may also be used for the 
calculation of flexural resistance. The strain compatibility method is necessary only when a significant 
number of prestressing strands are at the compression side of the neutral axis. As the box beams have 
a significant number of prestressing strands at the tension side, the approximate method provides an 

acceptable value of flexural resistance of the evaluated beam. The resistance factor (ϕ) for calculation 

factored flexural resistance is found based on the strain condition of the tension reinforcement as 
specified in AASHTO LRFD Article 5.5.4.2. At any section, the amount of prestressed and non-prestressed 
tensile reinforcement must be adequate to develop the factored flexural resistance.  

For composite beams where the neutral axis lies below both the deck and the beam, the nominal moment 
capacity is determined using the same equation, incorporating the compressive strength of the deck. 
According to test results by Rizkalla et al. (2007), rather than performing a detailed analysis using two 
different concrete compressive strengths in the compression zone, employing the lower compressive 
strength of the deck provides a sufficiently accurate and conservative estimate of the nominal flexural 
resistance. 

The criteria for minimum reinforcement limits are outlined in AASHTO LRFD Article 5.6.3.3. Minimum 
reinforcement provisions are intended to reduce the probability of brittle failure by providing flexural 
capacity greater than the cracking moment.  

The shear design requirements for the adjacent box beam at the strength limit state are detailed in 
AASHTO LRFD Article 5.7.3. The shear analysis is based on the Modified Compression Field Theory by 
Vecchio and Collins (1986) as specified in AASHTO LRFD Article 5.7.3.3, which accounts for the effects of 
shear stress, axial stress, and tension stiffening on the concrete contribution to the shear resistance. The 
limit in determining the nominal shear capacity in AASHTO LRFD Article 5.7.3.3 has been validated by 
numerous experiments on prestressed and non-prestressed concrete members by Saleh and Tadros (1997) 
and Lee and Hwang (2010). The upper limit of the nominal shear resistance is given by Eq. 5.7.3.3-2 in 
AASHTO LRFD Article 5.7.3.3. This upper limit is intended to ensure that the concrete in the web of the 
beam does not crush before the yield of the transverse reinforcement. 

The performance of a bridge during its service life is governed by the service limit states, which are 
addressed in AASHTO LRFD Article 5.5.2. These service limits ensure that the bridge meets certain criteria 
related to stress, cracking control, and deflection under live loads. In addition to the serviceability 
requirements, AASHTO LRFD Article 5.6.3.5.2 provides guidelines for computing deflections and camber due 
to several factors, including dead load, live load, prestressing, erection loads, concrete creep and shrinkage, 
and steel relaxation. These calculations are crucial for predicting the long-term behavior of the bridge and 
ensuring that it meets the desired performance criteria throughout its service life. Prestressing design 
considerations are specified in AASHTO LRFD Article 5.9, which includes stress limitations and prestressing 
losses. AASHTO LRFD Article 5.9.3 provides guidelines for calculating losses due to factors like elastic 
shortening, concrete creep and shrinkage, and relaxation. Stress limitations specify maximum allowable 
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stress values in the prestressed reinforcement as well as limits on compressive and tensile stresses in the 
concrete at transfer and service limit states.  

2.2.2. AASTHO Manual for Bridge Evaluation (MBE 2018) 

The AASHTO Manual for Bridge Evaluation (MBE 2018) is the prevailing standard that provides guidelines 
for the inspection and evaluation of existing bridges. The evaluation of the existing bridge is performed 
using load rating. The practice of load-rating bridges began as early as 1941 when the American 
Standard Specification for Highway Bridges introduced provisions for evaluating existing structures. 
The Manual for Bridge Evaluation (MBE) was first adopted by the AASHTO Highways Subcommittee 
on Bridges and Structures in 2005. The MBE combined the Manual for Condition Evaluation of Bridges 
with the Guide Manual for Condition Evaluation and Load and Resistance Factor Rating (LRFR) of 
Highway Bridges to provide owners with a single document for evaluating and load rating bridges.   

The AASHTO MBE (2018) has been divided into eight sections, with each section representing a 
distinct phase of an overall bridge inspection and evaluation program. AASHTO MBE Section 6 
provides nationally recognized specifications for the load rating of bridges which includes the Load 
and Resistance Factor (LRFR) method, the Allowable Stress method, and the Load Factor method. 
AASHTO MBE Section 6 is further categorized into two parts. Part A incorporates provisions specific 
to the LRFR method while Part B provides safety criteria and procedures for the Allowable Stress 
and Load Factor Methods of Evaluation. The LRFR method, discussed in Part A is used for load rating 
using strength limit states, and the Allowable Stress method as discussed in Part B is used for load 
rating using Service limit states. The limit states for the load rating are selected based on the type 
of bridge and vehicle loading condition, according to AASHTO MBE Table 6A.4.2.2.1.  

The following general load rating equation, provided in AASHTO MBE Article 6A.4.2 is used in determining 
the load rating factor of each component and connection subjected to a single force effect i.e., flexure, 
shear, or axial force.  
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For the service limit states: 

 
R

C f=  

where:  

C = Capacity, 
DC  = Dead load effect due to structural components and attachments, 
DW  = Dead load effect due to wearing surface and utilities, 
fR  = Allowable stress specified in AASHTO LRFD,  
IM  = Dynamic load allowance expressed as a percentage,  
LL = Live load effect,  
P = Permanent loads other than dead loads, such as earth pressure, shrinkage, etc., 
PL = Pedestrian load effect only to be applied when a sidewalk is present,  
RF = Rating factor,  
Rn = Nominal member resistance, 

DC
  = Load factor for DC load  

DW
  = Load factor for DW load  

p
  = Load factor for permanent load = 1.0  

LL
  = Evaluation of live load factor  
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PL
 = Load factor for sidewalk load = 1.0 

ϕc = Condition factor 

ϕs = System factor  

ϕ = Resistance factor 

The computation of load rating using this equation requires the calculation of the load effects for each 
dead load and live load, capacities of the rated component according to AASHTO LRFD as explained in 
Section 2.2.1 of this report. Dynamic load allowance is the factor that accounts for the dynamic effect 
of the moving vehicle, according to AASHTO MBE Article 6A.4.3.3, applied to the calculated static force 
effect due to the vehicle. The detailed calculation methodologies specific to the precast prestressed box 
beam bridges are discussed in detail in Section 3.1.3 of this report. 

2.2.3. ODOT Bridge Design Manual (BDM 2020) 

The Ohio Department of Transportation Bridge Design Manual (BDM 2020) is developed for the State of 
Ohio and supplements AASHTO LRFD and AASHTO MBE. It comprises 10 sections, from Sections 100 to 
1000, each addressing critical aspects of bridge design. Out of these sections, Section 300 provides Ohio-
specific guidelines for design, and 900 provides guidelines for load rating the bridges in Ohio. Section 
308.2.3.3 provides design standards specific to precast, prestressed box beam bridges designed over 
Ohio. It incorporates ODOT's design standards and standard box beam sections. The ODOT box beam 
sections are either 36 in. or 48 in. wide and of varying depth from 12 in. to 42 in. The box beams used in 
Ohio bridges should comply with the prevailing standard bridge drawing PSBD 02-07. The PSBD 02-07 
provides detailed drawings and notes for the design of a new box beam design in Ohio. These beams may 
be non-composite or composite with skewed or non-skewed spans. The minimum thickness of the 
composite reinforced deck slabs shall be 6 in. and reinforced with #6 bars. The skew limitation according 
to ODOT BDM (2020) is a maximum of 30 degrees for box beam bridges. Section 900 provides 
supplementary guidelines for load rating of the bridges, implementing the procedures provided in AASHTO 
MBE, and following the AASHTO LRFD specifications. These sections include ODOT's methodologies for 
describing requirements, load cases and combinations, calculating rating factors, and recommendations 
for postings or load capacity adjustments based on the AASHTO MBE provisions. 

Section 908.2 of ODOT BDM provides the required vehicles for rating the bridges in Ohio. Bridges in Ohio 
are load rated for Design Vehicle (HL-93) at inventory and operating conditions, for Ohio Legal Vehicles 
(2F1, 3F1, 5C1), AASHTO Legal Vehicles (Type 3, Type 3S2, Type 3-3), Specialized Hauling Vehicles (SU4, 
SU5, SU6, SU7) at operating condition. Emergency vehicles (EV2, EV3) shall also be rated at operating 
conditions with load factors as defined in the Fixing America’s Surface Transportation ACT (FAST Act). 
ODOT bridges shall also be rated for permit loads. Owners of non-ODOT bridges may or may not decide 
to rate bridges for permit loads of their choice. Agencies that are issuing routine permits are required to 
rate their bridges for Permit Loads (PL 60T, PL 65T) according to the Federal Highway Administration 
(FHWA) rules. The representative diagrams of the Ohio legal vehicles, AASHTO legal vehicles, specialized 
hauling vehicles, emergency vehicles, and permit loads are shown in Figure 2-3, Figure 2-4, Figure 2-5, 
Figure 2-6, and Figure 2-7, respectively. 
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Figure 2-3 Ohio legal vehicles. 

  

a. 2F1, weight= 30 kips (15 tons) 
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Figure 2-4 AASHTO legal vehicles. 
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Figure 2-5 Special hauling vehicles. 

a. SU4, weight= 54 kips (27 tons) 

b. SU5, weight= 62 kips (31 tons) 

 

c. SU6, weight= 69.5 kips (34.5 tons) 

 

d. SU7, weight= 77.5 kips (38.75 tons) 
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Figure 2-6 Emergency vehicles. 

 

 

Figure 2-7 Permit loads. 
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2.2.4. PCI Bridge Design Manual (PCI BDM 2014)  

The PCI Bridge Design Manual (2014) provides guidance and resources in the design process of new 
adjacent box beam bridges according to the AASHTO LRFD Specifications. It has two design examples 9.4 
and 9.5 of precast, prestressed box beams for composite and non-composite sections, respectively. These 
examples illustrate in detail the design of a typical interior beam. 

2.3. Report Outline 

The report includes six chapters and three appendices. Chapter 1 introduces box beam bridges and 
discusses the problem statement. Chapter 2 outlines the project objectives and reviews the research 
literature in the context of precast, prestressed box beam bridges. Chapter 3 presents the research 
approach, including the development, verification, application, and limitations of the developed load 
rating tool. Chapter 4 includes the research findings and conclusions. Chapter 5 presents the 
recommendations for implementation of the developed tool. Appendix A presents details of 
comprehensive shear check, Appendix B presents independent hand calculations for the load rating of a 
sample bridge, and Appendix C presents AD-BOX solved examples. 
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3. Research Approach

3.1. Development of AD-BOX 

3.1.1. Introduction 

AD-BOX is an innovative computer tool specialized in the load rating of precast prestressed adjacent box 
beam bridges. It is developed using the Visual Basic for Applications (VBA) programming language and 
implemented into a Microsoft Excel spreadsheet. Approximately 3,000 lines of VBA code are written to 
automate AD-BOX. It uses the Load and Resistance Factor Rating (LRFR) method for the strength limit 
state and the Allowable Stress Method (ASD) for the service limit state, according to the AASHTO LRFD 
Bridge Design Specifications (LRFD 2024) and the AASHTO Manual for Bridge Evaluation (MBE 2018). This 
tool accommodates 15 vehicle types required by the ODOT Bridge Design Manual (BDM 2020) which 
includes the Design Vehicle (HL-93), Ohio legal loads (2F1, 3F1, 5C1), AASHTO legal loads (Type 3, Type 
3S2, Type 3-3), special hauling vehicles (SU4, SU5, SU6, SU7), emergency vehicles (EV2, EV3), permit 
loads (PL 60T, PL 65T). To consider the future needs for vehicles beyond the 15 vehicle types listed in the 
ODOT BDM (2020), AD-BOX has been developed with the capability to include custom vehicles with up to 
35 axles. A high axle count is selected to consider vehicles that may emerge in the future.  

3.1.2. Structure of the Spreadsheet 

For a user-friendly interface, AD-BOX is developed with two primary tabs (Main and Calculation Summary) 
and one optional tab (Envelopes). In addition, hidden, on-demand tabs are available for displaying the 
detailed calculations if the user requests. Section 3.3 of this report provides detailed guidance for the 
application of these tabs in AD-BOX.  

3.1.2.1. Primary Tabs 

The primary tabs in AD-BOX are as follows. 

a. Main Tab

This tab is developed to facilitate the input of bridge data and obtain load rating results. It is further 
divided into four sections: bridge information, material properties, box beam section properties, and 
load rating. For load rating, a ‘Compute Load Rating’ button is provided in the load rating section. It 
computes the load rating for the evaluated bridges with a single click. All necessary calculations and 
iterations are performed automatically.  

b. Calculation Summary Tab

This tab provides a summary of all detailed calculations involved in the bridge’s load rating. Various 
buttons are embedded in the spreadsheet to allow users to show or hide detailed calculations if the user 
requests. Detailed explanations of the calculations involved in the load rating are discussed in Section 
3.1.3. 

3.1.2.2. On-demand Tabs 

The on-demand tabs are hidden tabs, which are available if the user requests. The on-demand tabs are 
developed to display the detailed calculations discussed in Section 3.1.3 of this report. In AD-BOX, the 
on-demand tabs include one tab each for the calculations of distribution factors, capacity, prestress 
losses, load rating for interior beams, load rating for exterior beams, and 17 tabs for the calculation of 
unfactored maximum moment and shear force due to the vehicle types. Out of the 17 tabs, two tabs are 
for the design vehicle HL-93 (HL-93 and HL-93 Tandem), three tabs are for Ohio legal loads (2F1, 3F1, 
5C1), three tabs are for AASHTO legal loads (Type 3, Type 3S2, Type 3-3), four tabs are for special hauling 
vehicles (SU4, SU5, SU6, SU7), two tabs are for emergency vehicles (EV2, EV3), two tabs are for permit 
loads (PL 60T, PL 65T), and one tab is for the custom vehicle. Using a separate tab for each purpose 
provides improved organization by keeping calculations distinct, enhanced usability by allowing users to 
access only the necessary functions, and customization flexibility to focus on specific calculations as 
needed. Section 3.3 provides detailed guidance for the application of these tabs in AD-BOX. 
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3.1.2.3. Optional Tab 

In AD-BOX, an optional tab (Envelopes) is developed as a standalone feature, independent of other tabs. 
This tab is designed to present moment and shear envelopes for the selected vehicle type on any single 
span, simply supported bridge. Section 3.1.4 of this report provides details of the envelope calculation 
method and Section 3.3.3 provides guidance for the application of this tab. 

3.1.3. Detailed Calculations 

The load rating process initiates with the input of essential bridge information, design data, material 
properties, and load rating settings. Then, it involves calculations for loads, live load distribution factors, 
maximum bending moments, and shear forces resulting from both dead and live loads, along with the 
assessment of beam capacities. The maximum moment and shear due to each vehicle on the bridge is 
calculated using the influence line method as explained in Section 3.1.3.4 of this report. Finally, the load 
rating values are calculated, which are categorized into three types based on vehicle types: design load 
rating, legal load rating, and permit load rating, using the limit states based on the type of structure and 
vehicle as outlined in AASHTO MBE Table 6A.4.2.2-1. The flow chart for each input and calculation 
involved is presented in Figure 3-1. 

 

 
Figure 3-1 Flow chart for load rating in AD-BOX. 
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3.1.3.1. Loads 

The loads to be used for the load rating of the bridges include dead loads and vehicular live loads. 
Environmental loads such as wind, ice, temperature, streamflow, and earthquake are usually not 
considered in load rating. 

3.1.3.1.1 Dead loads 

The load due to structural components and attachments, wearing surface, and utilities on the bridge 
span are dead load acting on the bridge. The dead loads are further classified into two categories: DW 
and DC, to supplement the use of different load factors as specified in AASHTO MBE Table 6A.4.2.2-1. 
The details of load factors specific to precast prestressed adjacent box beam bridges are presented in 
Section 3.1.3.6 of this report.  

DW includes structural components, and attachment loads which include the self-weight of the beam, 
including the deck slab for composite beams, diaphragm weight, and weight due to barrier or railing.  

DC includes weight due to the wearing surface and utilities. 

Dead loads are equally distributed on each beam of the bridge when the conditions are satisfied as 
specified below, according to AASHTO LRFD Article 4.6.2.2.1. 

• The width of the deck is constant.

• The number of beams is not less than four.

• Beams are parallel and have approximately the same stiffness.

• The roadway part of the overhang, de ≤ 3.0 ft.

• The curvature in the plan is less than specified in the LRFD Specifications.

Section B1.2 of Appendix B presents the detailed calculation of the dead loads for a sample bridge. 

3.1.3.1.2 Live loads 

The live loads for the load rating of bridges include vehicle loads as categorized in AASHTO MBE Article 
6A.2.3.1. These live loads consist of Design Loads, Legal Loads, and Permit Loads. As this research project 
is conducted in accordance with the ODOT BDM, the live loads have been selected based on ODOT BDM 
(2020), Section 908.3. The detailed configuration of these vehicles is presented in Section 2.2 of this 
report. The vehicles included for load rating in AD-BOX are listed below: 

a. Design Vehicle: HL-93
b. Legal Vehicles:

- Ohio Legal Loads: 2F1, 3F1, 5C1
- Specialized Hauling Vehicles: SU4, SU5, SU6, SU7
- AASHTO Legal Loads: Type 3, Type 3S2, Type 3-3
- Emergency Vehicles: EV2, EV3

c. Permit Vehicles: PL60T, PL65T
d. Custom Vehicle: with up to 35 axles

To consider the future needs for vehicles beyond the 15 vehicle types listed in the ODOT BDM (2020), AD-
BOX has been developed with the capability to include custom vehicles with up to 35 axles. A high axle 
count is selected to consider vehicles that may emerge in the future. The custom vehicle is treated as a 
permit load, and permit load conditions are adopted for its load rating using AD-BOX. Details on custom 
vehicle load rating are provided in Section 3.2.2.3.4 of this report. 

The Maximum moment and shear due to live load are calculated and are distributed to each beam of the 
bridge according to AASHTO LRFD Table 4.6.2.2.2d-1. The live load distribution factors specific to box 
beam bridges is presented in Section 3.1.3.2 of this report.  

3.1.3.2. Live Load Distribution Factors 

The distribution factor method is used to distribute the moment and shear due to live load among all 
beams across the bridge section according to AASHTO LRFD Article 4.6.2.2.2. Live load distribution factors 
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specific to box beam bridges for moment and shear for interior and exterior beams are presented in 
subsequent sections. 

3.1.3.2.1 Live Load Distribution Factor for Interior Beam 

For a typical interior box beam, the live load distribution factors for the moment are presented in Table 
3-1, and for shear is presented in Table 3-2. These factors are valid for non-skewed bridges and should
be corrected for skewed bridges using correction factors as specified in Section 3.1.3.2.3 of this report.

The live load distribution factors are inclusive of a multiple presence factor of 1.2 as specified in AASHTO 
LRFD Table 4.6.2.2.2b-1. The multiple presence factor is the factor defined to incorporate the effect of 
other vehicles within the bridge, along with the evaluated vehicle. Refer to AASHTO LRFD Article 4.6.2.2 
for the details of multiple presence factors considered for the evaluation of the bridge. 

Table 3-1 Live load distribution factors for the moment in a typical interior box beam. 

Distribution factors Range of applicability 

One design lane loaded: 

   
   
   

0.5 0.25

33.3

b I
k

L J

Two or more design lanes loaded: 

     
     
     

0.6 0.2 0.06

305 12.0

b b I
k

L J

where: k = 2.5 ( 0.2

bN
− )≥ 1.5

35 ≤ b ≤ 60 

20 ≤ L ≤ 120 

5 ≤ Nb ≤ 20 

Table 3-2 Live load distribution factors for the shear in a typical interior box beam. 

Distribution factors Range of applicability 

One design lane loaded: 

 
   
   
   

0.15 0.05

 130
b I

L J

Two or more design lanes loaded: 

       
       
       

0.4 0.1 0.05

156 12.0 48

b b I b

L J

where:   1.0
48

b


35 ≤ b ≤ 60 

20 ≤ L ≤ 120 

5 ≤ Nb ≤ 20 

25,000 ≤ J ≤ 610,000 

40,000 ≤ I ≤ 610,000 

where: 

b = Width of box beam (in.) 
L = Design span of the bridge (ft) 
Nb

  = Number of box beams 
I  = Moment of inertia of the beam (in4) 
J = St. Venant’s torsional constant (in4) 
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The St. Venant's equation for calculating the torsional constant of single hollow box beams is specified 
in AASHTO LRFD Article 5.7.2.1. To illustrate the relevant dimensions and variables of St. Venant's 
equation, Figure 3-2 presents a thin-walled, single-cell box beam section. A small section, ds, is 
considered, and by integrating the shear stress from 0 to lm (mid-length perimeter), the value of the 
torsional constant is determined. 

Figure 3-2 Typical single-cell box beam section. 

in figure: 
b = Width of beam section, 
h = Height of beam section, 
t1 = Thickness of beam flange section, and 
t2 = Thickness of beam web section. 

The St. Venant’s equation is given by: 
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where: 

J = Torsional constant, 

Ao = The area enclosed by the centerline of elements of the beam, Ao = (b-t) *(h-t)  

s = Length of side element, 
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The earlier box beam standards from the ODOT contain multicell box beam sections, which have more 
than two webs. The AASHTO LRFD specifications only provide a calculation procedure for the torsional 
constant of box beam sections with two webs. Multicell box beams introduce additional complexity due 
to the multiple compartments formed by the webs. This complexity requires a more detailed approach 
to determining the torsional constant, as the same equation used for single-cell box beams cannot be 
directly applied. Therefore, a study is necessary to determine a methodology for calculating the torsional 
constant of multicell box beam sections. 

In multicell box beams, shear flow is essential for understanding the distribution of torsional stresses 
across compartments. It describes how these stresses vary along the closed sections of the beam. Boresi 
and Schmidt (2003), provide a framework for calculating the torsional constant in multicell box beams, 
assuming consistent shear flow in each compartment and uniform angles of twist. 

f 

t2 

b 

Shear flow 

t2 

t1 

h 

t1 

ds 
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Figure 3-3 illustrates the shear flow distribution in multicell box beams. According to Boresi and Schmidt 
(2003), each cell in a box beam exhibits a distinct shear flow, represented as f1 and f2 for cells 1 and 2, 
respectively. The shear flow in the adjacent cell affects the calculation of the twist in each cell, which 
is assumed to be uniform throughout. In the shared webs between cells 1 and 2, the shear flows act in 
opposite directions. If the areas of both cells sharing a web are equal, these opposite shear flows cancel 
out, resulting in no effect on the torsion due to the middle web. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3 Typical multicell box beam section. 

in figure: 
b = Width of beam section, 
h = Height of beam section, 
t1 = Thickness of beam flange section, and 
t2 = Thickness of beam web section. 

The detailed procedure for calculating the torsional constant of a multicell box beam is outlined below: 
The total torque carried by a cross-section with i-compartments is given by 
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where: 

T   = Total torque 

fi   = Shear flow in a compartment 

Ami = Centerline area of a compartment, and 

 

Twist per unit length in each compartment is given by 
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where:  

lmi = Length of the mean perimeter of ith cell, 

G  = Shear Modulus, 

fj  = Shear flow of the cell adjacent to the ith cell where ds is located, 0 at the outer boundary  
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t   = Thickness where ds is located.  

The unknowns f1, f2, f3, …, and fi are determined by equating the twists from each cell. Then the torsional 
constant is calculated using the following equations. 

T
J

G
=                

where: 
J = Torsional constant. 

In the multicell box beams, if the areas of cells sharing the common web are equal (identical cells), the 
shear flows cancel each other, resulting in no effect of torsion in the middle-shared web. Therefore, St. 
Venant’s equation can be used to calculate the torsional constant of multicell box beams, disregarding 
the middle web's effect on torsion. 

3.1.3.2.2 Live Load Distribution Factor for Exterior Beam 

The live load distribution factors for a typical exterior box beam for the moment are presented in Table 
3-3, and for shear is presented in Table 3-4. These factors are valid for non-skewed bridges and should 
be corrected for skewed bridges using correction factors as specified in Section 3.1.3.2.3 of this report 

Same as for the interior beam, the distribution factors for the exterior beam are also inclusive of a 
multiple presence factor of 1.2 as specified in AASHTO LRFD Table 4.6.2.2.2b-1. 

Table 3-3 Live load distribution factors for the moment in a typical exterior box beam. 

Distribution factors Range of applicability 

One design lane loaded: 

g = e ginterior 

e = 1.125 + 
30

ed
 ≥ 1.0 

Two or more design lanes loaded: 

g = e ginterior 

e = 1.04 + 
25

ed
 ≥ 1.0 

 ed ≤ 2.0 

Table 3-4 Live load distribution factors for the shear in a typical exterior box beam. 

Distribution factors Range of applicability 

One design lane loaded: 

g = e ginterior   

e = 1.25 + 
20

ed
 ≥ 1.0 

Two or more design lanes loaded: 

g = e ginterior

48
 

b

 
 
 

 where, 
48

 
b

 
 
 

 ≤ 1.0 

e = 1 + 

0.5

  2.0 
12

40

e

b
d

 
+ − 

 
 
 
 

≥ 1.0 

 ed ≤ 2.0 

35 ≤ b ≤ 60 

where: 

ginterior = live load distribution factor for an interior beam  
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g = live load distribution factor for an exterior beam 

b = width of the box beam section (in.) 

de = horizontal distance from the centerline of the exterior web to the interior edge of the curb 

or traffic barrier (ft) 

3.1.3.2.3 Effect of Skew 

In the case of skewed bridges, when the difference in skew angles of the adjacent support is less than 
10 degrees, the live load distribution factors for the moment in the beams are reduced according to 
AASHTO LRFD Table 4.6.2.2.2e-1. AASHTO LRFD (2024) has a range of applicability up to skew angles of 
60 degrees, and ODOT BDM (2020) permits a maximum skew of 30 degrees. Hence, the skew angle is 
capped between 0 and 30 degrees in the development of AD-BOX. Reduction factors of live load 
distribution factor for the moment in skewed bridges specific to box beam bridges are presented in Table 
3-5.

Table 3-5 Reduction factor of live load distribution factor for the moment in skewed box beam bridges. 

Reduction factor Range of applicability 

1.05 - 0.25 tan   1.0

If  > 60  , use 60

 

   = 
0 60    

The live load distribution factors for the shear in the beams are reduced according to AASHTO LRFD Table 
4.6.2.2.3c-1. Reduction factors of live load distribution factor for the shear force in skewed bridges 
specific to box beam bridges are presented in Table 3-6. 

Table 3-6 Reduction factor of live load distribution factor for the shear force in skewed box beam 
bridges. 

Reduction factor Range of applicability 

12.0
1 tanθ

90

L

d
+

0 ° ≤ θ ≤ 60° 

20 ≤ L ≤ 120 

17 ≤ d ≤ 60 

35 ≤ b ≤ 60 

5 ≤ 𝑁𝑏 ≤ 20 

Section B1.3 of Appendix B presents the detailed calculation of the live load distribution factors, 

including the skew effects for a sample bridge. 

3.1.3.3. Moment and Shear Critical Locations 

3.1.3.3.1 Moment Critical Location 

Using the conventional one-tenth-of-the-span method for calculating the moment due to vehicular load 
on simply supported bridges, the maximum moment occurs at the mid-span of the bridge. However, the 
exact location of the maximum moment can be determined by applying the absolute maximum method. 
This method states that the maximum moment location, for any vehicle configuration on the bridge, 
occurs where the axle closest to the resultant of all axles within the bridge is positioned equidistant from 
the resultant and the center of the bridge. An illustration of this method is provided below. 

Suppose a three-axled vehicle is moving on a bridge with a span of L = 50 ft, as shown in Figure 3-4. Point 
C is the center of the bridge span. Fr represents the resultant of the vehicle's axles on the bridge. The 
maximum moment occurs at point Z, located at Lz = 22.67 ft, where the axle closest to the resultant 
force Fr is positioned equidistant from the center and the resultant. 
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Figure 3-4 Exact maximum moment location due to a vehicle on a simply supported bridge. 

3.1.3.3.2 Shear Critical Location 

The typical shear critical point on the simply supported bridge is located at a point at a distance equal 
to the effective shear depth dv away from the face of bearings at the supports as shown in Figure 3-5. 
The shear check is typically performed at this location. The maximum moment and shear force due to 
the vehicle on the bridge is calculated at this location using the influence line as discussed in Section 
3.1.3.3 and shear capacity using the modified filed theory as discussed in Section 3.1.3.5.2 of this report. 

 

Figure 3-5 Typical shear critical location on a simply supported beam. 
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The distance dv is given by: 

, but (0.9 ) or (0.72 )
2

v e e

a
d d d h= −   

where: 

dv = Shear critical location from the face of the bearing at the supports 

de = Effective depth from the extreme compression fiber to the centroid of the tensile force    

in the tensile reinforcement 

a  = Depth of compression block 

h  = Depth of beam 

The shear check should also be performed at other points, particularly where the shear reinforcement 
details change, to check if the shear is governing at any other location than the typical shear check point. 
In Figure 3-6, the provided shear reinforcement varies across different sections. The reinforcement 
provided in Regions 1 and 2 is not the same. Region 1 is provided with a complete set of U bars, i.e., 
both top and bottom U bars, as shown in Section A-A, with a lap length greater than or equal to 1.3 times 
the development length ld. Region 2 is provided with a complete set of U bars and only the top U bar at 
alternate locations as shown in Section B-B. This top U bar does not act as shear reinforcement due to 
insufficient development length. This results in a reduced nominal shear capacity due to the increased 
spacing of the stirrups in this region. Consequently, it is necessary to evaluate the shear at points where 
the reinforcement and its spacing change. 

Appendix A presents a detailed study for shear checks at different locations where shear reinforcement 
and its spacing change, including the typical shear check point along the bridge. 

 

Figure 3-6 Typical beam elevation and section showing typical shear check location and probable shear 
critical location. 
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3.1.3.4.  Maximum Moment and Shear Calculations 

The load effect due to dead and live loads is expressed in bending moment and shear force, which are 
calculated at each section of the bridge span. For simply supported spans, the bending moment and shear 
forces due to specific loads, either point loads or uniformly distributed loads, are determined using the 
influence line equation as presented in the following subsections. 

3.1.3.4.1 Moment and Shear Influence Lines for Point Load  

For the point load P at a distance x from support A on the simply supported bridge span L, the bending 
moment Mz at any section Z at the distance Lz from the same support A is determined using the influence 
line equations. The schematic representation of the point load on the beam is shown in Figure 3-7. 

  

Figure 3-7 Schematic diagram for point load on a simply supported beam. 
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The shear force Vz at section Z due to point load P is determined using the following influence line 
equations. 

 
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3.1.3.4.2 Moment and Shear Influence Lines for Uniformly Distributed Load  

For uniformly distributed load w on the bridge span L, the bending moment Mz at any section Z at the 
distance Lz from the support A is determined using the following influence line equation. The schematic 
representation of the uniformly distributed load on the beam is shown in Figure 3-8. 

 

Figure 3-8 Schematic diagram for uniformly distributed load on a simply supported beam. 
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( ); for  0
2

z
z z z

w L
M L L L L


=  −        

Similarly, the shear force Vz at section Z due to point load P is determined using the following influence 
line. 

; for  0
2

z z z

L
V w L L L

 
=  −   

 
  

3.1.3.4.3 Maximum Moment Calculations 

The maximum moment due to a vehicle crossing a simply supported bridge may be accurately determined 
by positioning the vehicle on the bridge by using the absolute maximum method, as described in Section 
3.1.3.3.1 of this report. The moment generated by each axle at the maximum moment location is 
calculated using the influence line equations. The sum of these moments gives the maximum moment 
due to the vehicle at the exact maximum moment location on the bridge. When vehicle length is shorter 
than the bridge span, all axles are within the bridge span for calculating the moment at the exact 
maximum location. For vehicles longer than the bridge span, the vehicle is positioned on the bridge by 
eliminating some axles, which lie outside the bridge span. The detailed procedure for positioning the 
vehicle lying outside the bridge span is explained in Section 3.1.3.4.3.3 of this report. 

An illustration of the maximum moment calculation due to the HL-93 truck on a 50 ft span bridge is 
presented in subsequent sections. 

3.1.3.4.3.1 Moment at the Exact Maximum Point 

Let the axles be denoted as a, b, and c, corresponding to 8 kips, 32 kips, and 32 kips, located at 0 ft, 14 
ft, and 28 ft, respectively. The exact maximum moment location, Z, for this vehicle configuration on a 
50 ft span bridge is at Lz = 22.67 ft, when axle b is positioned at location Z, as shown in Figure 3-9. The 
distances of each axle from the left support are as follows: 

Axle Distance from left Support 

Axle a, Pa = 8 kips xa = 8.67 ft 

Axle b, Pb = 32 kips xb = 22.67 ft 

Axle c, Pc = 32 kips xc = 36.67 ft 

 

 

Figure 3-9 Axle positions for the maximum moment due to a vehicle on a simply supported bridge.  
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Moment due to each axle at the maximum moment location Z is determined using influence line 
equations: 

Axle a  

Pa = 8 kips 

( )
  

=  −  − −  =   
   

_ 1 ; for  0 8.67 fta
z a a z z a a z

x
M P L L x x L

L
 

( )_ 8 1 22.67 22.67 8.67 37.91 kips-ft
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50
z aM

  
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  
 

Axle b 

Pb = 32 kips 
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x
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22.67

50
z bM

  
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  
 

Axle c 

Pc = 32 kips 

  
=  −   

   
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Finally, the sum of the moments due to each axle gives the maximum moment due to the vehicle 
configuration at the exact maximum moment location Z on the bridge. 

_ _ _

= (37.91 + 396.53 + 193.40) kips-ft

= 627.84 kips-ft

z z a z b z c

z

z

M M M M

M

M

= + +

 

The moment due to the HL-93 truck on the 50 ft span bridge at the exact maximum moment location is 
found to be 627.84 kips-ft. this value is then distributed among the adjacent box beams using distribution 
factors as explained in Section 3.1.3.2 and factored based on the vehicle type and condition of load 
rating as explained in Section 3.1.3.6 of this report.  
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3.1.3.4.3.2 Moment at the Center 

To conclude that the moment at point Z is the exact maximum location, a calculation is conducted using 
the same vehicle by positioning its axle a, b, and c at center C simultaneously as shown in Figure 3-10. 

i. When axle a = 8 kips is placed at the center 

 

ii. When axle b = 32 kips is placed at the center 

 

iii. When axle c = 32 kips is placed at the center 

 

Figure 3-10 Axle positions for the moment at center due to a vehicle on a simply supported bridge. 
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The moment due to each axle with axles a, b, and c positioned at the center C is determined using the 
influence line equations. The maximum moment due to the vehicle, when axles a, b, and c are positioned 
at the center of the bridge, is found to be 276 kips-ft, 620 kips-ft, and 576 kips-ft, respectively. In 
contrast, the maximum moment due to the vehicle at the exact maximum location using the absolute 
maximum method is found to be 627 kips-ft, which is greater than that calculated at the center of the 
bridge.  

These moment values are then distributed among the adjacent box beams using distribution factors as 
explained in Section 3.1.3.2 of this report and factored based on the vehicle type and condition of load 
rating as explained in Section 3.1.3.6 of this report. 

3.1.3.4.3.3 Maximum Moment Due to Vehicles Lying Outside the Bridge Span 

When a very long vehicle passes over the bridge, to obtain the maximum moment, the vehicle is 
positioned on the bridge by eliminating some axles lying outside the bridge span. Only the axles lying 
within the bridge span must be considered for the calculation. Multiple iterations are required to obtain 
the exact maximum location and the maximum moment due to the vehicle. AD-BOX is developed with 
the algorithm presented in the flow chart as shown in Figure 3-11 to obtain the maximum moment at the 
exact maximum location. Calculations are performed by replicating the vehicle moving on the bridge in 
both forward and backward directions. Iterations are performed by eliminating the axles lying outside 
the bridge span while moving the vehicle in both directions on the bridge. 
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Figure 3-11 Flow chart to determine the maximum moment due to a vehicle on a bridge. 
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As an illustration, AD-BOX results for a vehicle ‘Type 3-3’ with some of its axles lying outside the 50 ft 
span bridge presented in Table 3-7. Among the six axles of Type 3-3, axles a, b, and c are eliminated to 
obtain the maximum moment at the exact maximum location on the bridge as shown in Figure 3-12. The 
exact maximum location for the vehicle configuration is found to be at Z = 27.27 ft. The vehicle 
positioned with the axle e at the exact maximum location Z gives the maximum moment due to the 
vehicle on the bridge. 

 

Figure 3-12 Axle positions for the maximum moment due to vehicle Type 3-3 on a 50 ft span bridge. 

 

Table 3-7 AD-BOX results for the maximum moment due to vehicle Type 3-3 on a 50 ft span bridge. 

Axle 
Load 
(kips) 

Position form 
first axle (ft) 

Position from 
support A (ft) 

Moment 
(kips-ft) 

a 12.00 -34.00 -22.73 0.00 

b 12.00 -19.00 -7.73 0.00 

c 12.00 -15.00 -3.73 0.00 

d 16.00 0.00 11.27 81.98 

Fr 44.00 11.45 22.73 - 

e 14.00 16.00 27.27 173.55 

f 14.00 20.00 31.27 143.01 

   Total 398.55 

The maximum moment due to the vehicle Type 3-3 is found to be 398.55 kips-ft, which is then distributed 
among the adjacent box beams using distribution factors as explained in Section 3.1.3.2 and factored 
based on the load rating conditions as explained in Section 3.1.3.6 of this report. 

3.1.3.4.4 Maximum Shear Calculations 

The maximum shear force due to a vehicle passing over the bridge is calculated at the shear-critical 
location, which is situated a distance equal to the effective shear depth dv from the face of the bearing 
at the supports, as explained in Section 3.1.3.3.2 of this report. This maximum shear force is achieved 
when the vehicle is positioned such that its heaviest axle among the extreme ends is at the shear-critical 
location. The influence line equations can determine the shear force contributed by each axle within the 
bridge span. The total maximum shear at the shear-critical point is then calculated by summing the shear 
forces from all axles located within the span. 

An illustration for the calculation of the maximum shear due to the HL-93 truck on a 50 ft span bridge is 
presented here. Let the axles be denoted as a, b, and c, corresponding to 8 kips, 32 kips, and 32 kips, 
located at 0 ft, 14 ft, and 28 ft, respectively. Assuming the shear critical location S is at dv = 2.5 ft for 
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the bridge beam, the position of each axle for obtaining maximum shear due to the vehicle on the bridge 
is presented in Figure 3-13. 

 

Figure 3-13 Axle positions for the maximum shear due to a vehicle on a simply supported bridge. 
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Then, the sum of shear due to each axle gives the maximum shear due to the vehicle configuration on 
the bridge. 

= + +
_ _ _

= (3.12 + 21.44 + 30.40) kips = 54.96 kips

S S a S b S c

S

V V V V

V
 

The maximum shear due to the HL-93 truck on the 50 ft span bridge is found to be 54.96 kips. This value 
is then distributed among the adjacent box beams using distribution factors as explained in Section 
3.1.3.2 and factored based on the vehicle type and condition of load rating as explained in Section 3.1.3.6 
of this report. 

Note: Drawing not to scale 
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The maximum shear may occur at other points along the span of the bridge, including the typical shear 
check location (distance dv, from the internal face of the support) and other points where the shear 
reinforcement and its spacing change. The details of the shear critical locations are presented in Section 
3.1.3.3.2 of this report and the detailed study for shear checks at different locations, including the 
typical shear check point along the bridge is presented in Appendix A. 

3.1.3.5. Moment and Shear Capacity 

3.1.3.5.1 Moment Capacity 

The moment capacity of the beams is calculated using an approximate method or rectangular stress 
blocks method according to AASHTO LRFD Article 5.6.3.2. The strain compatibility method may also be 
used as explained in AASHTO LRFD Article 5.6.3.2.5. The moment capacity calculated using the equations 
of the approximate method is found to be sufficient for load rating purposes, which is further discussed 
in Section 3.2.2.1 of this report. These equations are valid for normal-weight concrete with design 
compressive strengths up to 15.0 ksi and lightweight concrete up to 10.0 ksi. 

The factored moment capacity Mr is given by: 

 Mr = ϕMn 

where: 

 Mr = Factored moment capacity (kips-in) 

 Mn = Nominal moment capacity (kips-in) 

 ϕ   = Resistance factor 

In AD-BOX, the box beam is distinguished as having T-section behavior or rectangular section behavior 
based on the depth of the compression block of the beam. If the depth of the compression block is less 
than the depth of the top flange (hf), then the beam is considered to have rectangular section behavior 
and if the depth of the compression block is greater than the depth of the top flange of the beam, the 
beam is considered to have T-section behavior. 

The depth of compression block (a) is calculated as: 

=
1

a c  

where: 

 c   = Distance from the extreme compression fiber to the neutral axis (in.) 

 
1
 = Stress block factor specified in AASHTO LRFD Article 5.6.2.2 

The distance from the extreme compression fiber to the neutral axis (c) is determined using the following 
equations: 

For T-section behavior (when a > hf) 

 
( )1

1

ps pu s s s s c w f

pu
c w ps

p

A f A f A f f b b h
c

f
f b kA

d



 

  



+ − − −
=

+

 

For rectangular section behavior (when a ≤ hf) 
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where: 
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 Aps = Area of prestressing steel (in2) 

 fpu = Specified tensile strength of prestressing steel (ksi) 

 fpy = Yield strength of prestressing steel (ksi) 

 k = fpu / fpy 

 As = Area of non-prestressed tension reinforcement (in2) 

 As’ = Area of compression reinforcement (in2)  

fs   = Stress in the non-prestressed tension reinforcement at nominal flexural resistance (ksi) 

fs’ = Stress in the non-prestressed compression reinforcement at nominal flexural resistance (ksi) 

b = Width of the compression face of the member (in.) 

bw = Web width (in.) 

hf = Compression flange depth (in.) 

dp = Distance from extreme compression fiber to the centroid of the prestressing force (in.) 

C = distance from the extreme compression fiber to the neutral axis (in.) 

α1 = Stress block factor specified in AASHTO LRFD Article 5.6.2.2 

β1 = Stress block factor specified in AASHTO LRFD Article 5.6.2.2 

The stress block factor (α1) is determined according to AASHTO LRFD Article 5.6.2.2. The values of α1 

vary according to the design compressive strength (fc’) of the concrete, which is calculated as follows: 
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The stress block factor (β1) is determined according to AASHTO LRFD Article 5.6.2.2. The values of β1 
vary according to the compressive strength (fc’) of the concrete, which is calculated as follows: 
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The nominal moment capacity is determined using the following equation. This equation is basically for 
the beam with T-section behavior. In the case of beams with rectangular section behavior, the width of 
the web (bw) is taken equal to the width of the compression face (b) of the beam i.e., b = bw.  
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where: 

Aps = Area of prestressing steel (in2)  

fps = Average stress in prestressing steel at nominal bending resistance, as specified in AASHTO 
LRFD Article 5.6.3.1.1-1(ksi)  

dp = Distance from extreme compression fiber to the centroid of prestressing tendons (in.)  

As = Area of non-prestressed tension reinforcement (in2)  

fs = Stress in the non-prestressed tension reinforcement at nominal flexural resistance (ksi), as 
specified in AASHTO LRFD Article 5.6.2.1  

ds = Distance from extreme compression fiber to the centroid of non-prestressed tensile 
reinforcement (in.)  

As’ = Area of compression reinforcement (in2)  
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fs’ = Stress in the non-prestressed compression reinforcement at nominal flexural resistance 
(ksi), as specified in AASHTO LRFD Article 5.6.2.1  

ds’ = Distance from extreme compression fiber to the centroid of compression reinforcement 
(in.)  

fc’ = Design concrete compressive strength (ksi)  

For composite beams where the neutral axis lies below both the deck and the beam, the nominal moment 
capacity is determined using the same equation, incorporating the compressive strength of the deck. 
According to test results by Rizkalla et al. (2007), rather than performing a detailed analysis using two 
different concrete compressive strengths in the compression zone, employing the lower compressive 
strength of the deck provides a sufficiently accurate and conservative estimate of the nominal flexural 
resistance. AD-BOX calculates the moment capacity of composite beams by using the lower compressive 
strength between the deck concrete and the beam concrete. 

The resistance factor (ϕ) is determined according to the AASHTO LRFD Article 5.5.4.2. The resistance 

factor accounts for ensuring a ductile failure occurs in the designed section and maximum reinforcement 
is not exceeded. The beam sections are classified as tension-controlled, transition, or compression-
controlled based on net tensile strain (εt) in extreme tension steel. Compression-controlled and tension-
controlled sections are those sections that have net tensile strain in the extreme tension steel at nominal 
strength less than or equal to the compression-controlled strain limit (εcl), and equal to or greater than 
the tension-controlled strain limit (εtl), respectively. For prestressed concrete beams, the compression-
controlled strain limit εcl = 0.002 and the tension-controlled strain limit εtl = 0.005. The sections with net 
tensile strain in between these limits are transition sections. Classifying sections as tension-controlled, 
transition or compression-controlled, and linearly varying, the resistance factor in the transition zone 

between reasonable values for the two extremes provides a rational approach for determining ϕ and 

limiting the capacity of over-reinforced sections. The value of ϕ for the prestressed section is calculated 

using the following relation: 
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AD-BOX also checks for minimum reinforcement in the evaluated beam. The amount of prestressed and 
non-prestressed tensile reinforcement shall be adequate to develop the following conditions: 

 min(1.33 , )
r u cr

M M M  

where: 

 Mu = factored moment required by the applicable strength load combination 

 Mcr = cracking moment of the beam (kips-in) 

 

The cracking moment (Mcr) is calculated using the AASHTO LRFD Eqn. 5.6.3.3-1, which is given by: 
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where: 

 Mcr = Cracking moment (kips-in)  
fr = Modulus of rupture of concrete specified in AASHTO LRFD Article 5.4.2.6 
fcpe = Compressive stress in concrete due to effective prestress forces only (after allowance for 

all prestress losses) at the extreme fiber of section where tensile stress is caused by 
externally applied loads (ksi)  
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Sc = Section modulus for the extreme fiber of the composite section where tensile stress is caused 
by externally applied loads (in3)  

Mdnc = Total unfactored dead load moment acting on the monolithic or non-composite section    
(kips-in) 

Snc = Section modulus for the extreme fiber of the monolithic or non-composite section where 
tensile stress is caused by externally applied loads (in3)  

 
1 = Flexural cracking variability factor = 1.2 for precast segmental structure 

 
2 = Prestress variability factor = 1.1 for bonded tendons 

 3 = 1.0 for prestressing steel 

Section B1.7 of Appendix B presents the detailed calculation of the nominal moment capacity for a sample 
bridge. 

3.1.3.5.2 Shear Capacity 

The nominal shear capacity is calculated using the sectional method according to AASHTO LRFD Article 
5.7.3.3 derived from Modified Compression Field Theory by Vecchio and Collins (1986). The nominal shear 
resistance (Vn) is determined as lesser of the following: 

n c s pV V V V= + +  

0.25n c v v pV f b d V= +   

in which: 

Vp = component of prestressing force in the direction of the shear force; positive if resisting the 
applied shear, which is equal to zero for box beams because all prestressing strands are 
along the longitudinal axis. 

0.0316c c v vV f b d =  
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For box beam bridges, the angle of inclination of the traverse reinforcement to the longitudinal axis (α) 
is equal to 90 degrees. So, the equation for Vs reduces to: 

 
cotv y v

s duct

A f d
V

s
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where: 

bv  = Effective web width (in.) 

dv  = Effective shear depth (in.) 

λ  = Concrete density modification factor  

s  = Spacing of transverse reinforcement measured in a direction parallel to the longitudinal 
reinforcement (in.) 

Av  = Area of transverse reinforcement within a distance s (in2) 

λduct  = Shear strength reduction factor taken as 1.0 because of the use of ungrouted post-
tensioning in box beam bridges 

   = Factor indicating the ability of diagonally cracked concrete to transmit tension and shear 

θ  = Angle of inclination of diagonal compressive stresses (degrees) 
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The values of   and θ parameters are found according to the general procedure specified in AASHTO 

LRFD Article 5.7.3.4.2.  

The longitudinal reinforcement should be checked to ensure that the tensile capacity of the member is 
sufficient to resist the tension induced by the shear force, according to AASHTO LRFD 5.7.3.5-1 as 
presented in the following equilibrium equation. This check is required to ensure the longitudinal tension 
flexural reinforcement is adequate to achieve the calculated shear capacity. 

0 5 0 5
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where: 

As = Area of non-prestressed tension reinforcement (in2) 

Aps = Area of prestressing steel (in2)  

fy = Yield strength of non-prestressed tension reinforcement (ksi) 

fps = Effective stress in prestressing strands (ksi) 

ϕf, ϕv, ϕc = resistance factors taken from AASHTO LRFD Article 5.5.4.2 as appropriate for the 
moment, shear, and axial resistance 

Vu = Shear demand (kips) 

Mu = Concurrent bending moment (kips-in.) 

Nu = Axial force in the member (kips) 

dv = Effective shear depth (in.) 

Vp = Component of prestressing force in the direction of the shear force (kips) 

Vs = Shear strength due to shear reinforcement (kips) 

θ = Angle of inclination of diagonal compressive stresses (degrees) 

This longitudinal reinforcement criterion may govern for bridges that were not designed according to this 
criterion. If the equilibrium is not satisfied, the shear capacity of the beam should be reduced based on 
the maximum shear demand (Vu) that can be applied on the beam. This is an iterative process performed 
with the assumption of reduced shear demand and concurrent moment until the equilibrium is satisfied. 
The detailed procedure for calculating the shear capacity considering the longitudinal reinforcement 
criterion is proposed by the Federal Highway Administration (FHWA) report, FHWA-HIF-22-025 (Holt et al. 
2022). 

AD-BOX checks the longitudinal reinforcement criterion to confirm that the longitudinal reinforcement 
provided is adequate to achieve the shear capacity calculated using the sectional method. However, if 
the equilibrium is not satisfied, AD-BOX informs the user to perform this check manually using an 
appropriate method, such as the one proposed in the FHWA report. 

Section B1.8 of Appendix B presents the detailed calculation of the nominal shear capacity for a sample 
bridge. 

3.1.3.6. Load Rating 

The Load rating of the bridge is performed according to the methods incorporated in AASHTO MBE Section 
6. This section incorporates two parts: Part A provides specifics to the Load and Resistance Factor Rating 
(LRFR) method and Part B provides specifics to allowable stress and load factor methods. AD-BOX uses 
the LRFR method using the strength limit states to load rate the vehicles listed in Section 3.1.3.1.2 of 
this report. For inventory condition for design vehicle HL-93, the service limit state is also checked using 
the allowable stress method as specified in AASHTO MBE (2018). Based on load types, the load rating is 
comprised of three distinct procedures: design load rating, legal load rating, and permit load rating. 
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The load rating of a bridge is performed based on the structural condition, material properties, loads, 
and traffic conditions at the bridge site. Prior to the load rating, the condition information of the bridge 
is collected from the site inspection record. The structural design information and the material properties 
are collected from the drawings. The vehicular loads and traffic conditions are selected as per the 
specific standards of the load rating department. The following general expression is used in determining 
the load rating of the bridges. 
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For strength limit states: 

   = c s nC R  where:    0.85c s
 

For the service limit states: 

 =
r

C f  

where: 

RF = Rating factor 

C = Capacity 

fr = Allowable stress  

Rn = Nominal member resistance 

Dc = Dead load effect due to structural components and attachments 

DW = Dead load effect due to wearing surface and utilities 

P = Permanent loads other than dead loads 

LL = Live load effect  

IM = Dynamic load allowance  

γDC = Load factor for structural components and attachments  

γDW = Load factor for wearing surfaces and utilities  

γp = Load factor for permanent loads other than dead loads = 1.0  

γLL = Live load factor  

ϕc= Condition factor  

ϕs = System factor  

ϕ = Resistance factor 

The load rating is carried out to each applicable limit state and load effect. The lowest factor amongst 
the applicable limit states is the controlling rating factor. The load factors are applied to each load effect 
according to the limit states as specified in AASHTO MBE Table 6A.4.2.2.2-1. The limit states and load 
factors specific to each of the three procedures are specified in the subsequent sections of this report. 

The condition factor (ϕc) is provided to account for the uncertainty in the resistance of the deteriorated 
beams and likely increased future deterioration. This factor is tied to the structural condition of the 
member and only accounts for the member's deterioration due to natural causes (e.g., atmospheric 
corrosion). THE Damage caused by accidents is specifically not considered. In AD-BOX, the condition 
factor should be selected based on the information collected from the site inspection and according to 
AASHTO MBE Table C6A.4.2.3-1, as presented herein Table 3-8. 
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Table 3-8 Condition factors. 

Superstructure 

condition rating 

Structural condition 

of member 
ϕc 

6 or higher Good or Satisfactory 1.00 

5 Fair 0.95 

4 or lower Poor 0.85 

The system factor (ϕs) is a multiplier applied to the nominal resistance to account for the redundancy of 
the complete superstructure. The structural members of a bridge do not behave independently; they 
interact with one another to form a unified system. Bridge redundancy refers to the capability of a 
bridge's structural system to carry loads even after damage to or failure of one or more of its members. 
The system factors are selected according to AASHTO MBE Article 6A.4.2.4. In AD-BOX, for box beam 
bridges, the system factor is set at 1.00. 

3.1.3.6.1 Design Load Rating 

The design load rating is for the assessment of the bridge using the design loading (HL-93). The design 
load rating is performed for the inventory and operating level for the HL-93 loading. The design-load 
rating is performed using dimensions and properties for the bridge in its present condition, obtained from 
a recent field inspection. For the inventory level, the design load rating shall be performed for Strength-
I as well as Service-III limit states. For the operating level, the design load rating shall be performed for 
the Strength-I limit state. The limit states and load factors for design load rating are adopted according 
to AASHTO MBE Table 6A.4.2.2.2-1. The load factors specific to the design load rating of prestressed 
concrete bridges are presented in Table 3-9. 

Table 3-9 Limit states and load factors for the design vehicle.  

Limit state 
Dead load Dead load 

Design Vehicle (HL-93) 

Inventory Operating 

γDC  γDW  γLL  γLL 

Strength-I 1.25 1.50 1.75 1.35 

Service-III 1.00 1.00 0.80 - 

The dynamic allowance (IM) for design load rating is adopted according to AASHTO LRFD Article 3.6.2. 
The load effects due to the HL-93 truck increased by IM = 33% to account for the dynamic effects due to 
moving vehicles. The dynamic allowance is not applied to the lane load. 

Section B1.10 of Appendix B presents the detailed calculation of the design load rating for a sample 
bridge.   

3.1.3.6.2 Legal Load Rating 

The primary purpose of legal load rating is to assess bridges that lack sufficient capacity under design 
load rating. The legal load rating establishes ratings for the AASHTO family of legal loads and state-
specific legal loads. In AD-BOX, the legal load rating includes three Ohio legal loads (3F1, 4F1, and 5C1), 
three AASHTO legal vehicles (Type 3, Type 3S2, and Type 3-3), and four specialized hauling vehicles (SU4, 
SU5, SU6, and SU7). The legal load ratings shall be conducted using the Strength-I limit state, and the 
Service-III limit state which is optional. 

The load factor for Strength-I limit states shall be adopted according to AASHTO MBE Table 6A.4.2.2.2-1, 
as presented in Table 3-10. The load factors are based on the average daily truck traffic (ADTT) of the 
bridge. A linear interpolation is permitted for ADTT values between 1000 and 5000. For the Service-III 
limit state, the load factors are taken 1.00 for both the dead load and live loads.  

  



49 

Table 3-10 Live load factors for legal vehicles. 

Traffic volume (one direction) Load factor (γLL) 
a 

Unknown 1.45 

ADTT ≥ 5000 1.45 

ADTT ≤ 1000 1.30 

Note:  
a Linear interpolation is permitted for ADTT values between 1000 and 5000 

The dynamic allowance (IM) for legal load rating is adopted according to AASHTO LRFD Article 3.6.2, 
where the load effects from legal vehicles are increased by 33% to account for dynamic effects. The 
bridge's response to moving vehicles is influenced by the pavement conditions and the dynamic 
characteristics of both the bridge and the vehicle. Most bridge load tests indicate that roadway 
imperfections significantly impact bridge responses to traffic loads. The 33% dynamic load allowance is 
intentionally conservative, reflecting conditions that may arise with distressed approaches or bridge 
decks featuring bumps, sags, or other surface irregularities. In AD-BOX, an IM of 33% is used by default 
for all legal vehicles. Moreover, for longitudinal members with spans greater than 40 feet and less severe 
conditions, the dynamic load allowance (IM) may be reduced according to AASHTO MBE Table C6A.4.4.3-
1, as presented in Table 3-11. 

Table 3-11 Dynamic allowance based on riding surface conditions. 

Riding Surface Conditions IM 

Smooth riding surface at approaches, bridge 

deck, and expansion joints 

10% 

Minor surface deviations or depressions 20% 

Section B1.11 of Appendix B presents the detailed calculation of the permit load rating for a sample 
bridge. 

3.1.3.6.3 Permit Load Rating 

Bridge owners have established procedures for permitting vehicles that exceed legal weight limits. This 
usually involves issuing a permit that outlines the vehicle's specifications and the approved travel routes. 
The permit load rating procedure enables bridge owners to determine the load rating factor necessary 
to issue permits for rated bridges. The permit load rating is performed for the Strength-II state, and 
Service-I limit state which is optional for prestressed concrete bridges. Permits are further categorized 
as routine or annual permit and special or limited permit.  

a. Routine or Annual Permit  

The routine permits generally allow unlimited trips for vehicles within specified weight limits over a year. 
These permit vehicles may mix in the traffic stream and move at normal speeds without any movement 
restrictions. 

b. Special or Limited Permit  

The special permits are typically valid for a single trip or a limited number of trips, often for heavier 
vehicles than those with routine permits. The single-trip permits are valid for a specified period (usually 
3–5 days), while multiple-trip permits allow overweight shipments over 30–90 days.  

The single trip permits for excessively heavy loads may include conditions to mitigate load effects, such 
as: 

• Escort requirements to restrict other traffic on the bridge. 

• Specific positioning of the permit vehicle on the bridge to reduce stress on critical components. 

• Crawling speed (<10 mph) to minimize dynamic load effects. 

  



50 

Based on the type of permit loads, the load factors for the permit vehicle are adopted according to the 
AASHTO MBE Table 6A.4.5.4.2a.1, as presented herein Table 3-12. 

Table 3-12 Live load factors for permit vehicles. 

Permit 
type 

Frequency 
Loading 

condition 
DFa 

ADTT 
(one 

direction) 

Load factor by permit weight ratiob 

GVW / AL < 2.0 (kip/ft)  

GVW / AL 
< 2.0 

(kip/ft)  

2.0 < GVW / 
AL < 3.0 
(kip/ft) 

GVW / 
AL >3.0 
(kip/ft) 

 

 
 

Routine 
or 

annual 

Unlimited 
crossings 

Mix with traffic 
(other vehicles 
may be on the 
bridge) 

Two 
or 

more 
lanes 

> 5000 1.40 1.35 1.30  

=1000 1.35 1.25 1.20  

<100 1.30 1.25 1.15  

Unlimited 
crossings 
(Reinforced 
concrete box 
culverts)c 

Mix with traffic 
(other vehicles 
may be on the 
bridge) 

One 
lane 

All ADTTs 1.40 

 

 

 

 
 

     All weights  

Special 
or 

limited 
crossing 

Single trip 

Escorted with 
no other 
vehicles on the 
bridge 

One 
lane 

N/A 1.10 

 

 

 

Single trip 

Mix with traffic 
(other vehicles 
may be on the 
bridge) 

One 
lane 

All ADTTs 1.20 

 

 

 
 

Multiple 
trips (less 
than 100 
crossings) 

Mix with traffic 
(other vehicles 
may be on the 
bridge) 

One 
lane 

All ADTTs 1.40 

 

 

 

 

Notes: 
a  DF = LRFD-distribution factor. When a one-lane distribution factor is used, the built-in multiple 

presence factor should be divided out. 
b  Permit Weight Ratio = GVW/AL; GVW = Gross Vehicle Weight; AL = Front axle to rear axle length; 

Use only axles on the bridge. 
c  Refer to AASHTO MBE Article 6A.5.12. 

The dynamic load allowance to be applied to the permit load rating is specified in Section 3.1.3.6.2 of 
this report. For slow-moving (≤10 mph) permit vehicles, the dynamic load allowance may be eliminated.  

Section B1.12 of Appendix B presents the detailed calculation of the permit load rating for a sample 
bridge. 

3.1.4. Presentation of Envelopes 

In AD-BOX, an optional tab (Envelopes) is developed as a standalone feature to present bending moment 
and shear force envelopes due to a selected vehicle type on any single span simply supported bridge, 
including box beam bridges. Envelopes for bending moment and shear force represent the maximum 
possible values of these forces at different locations along the bridge span due to moving loads. The 
envelopes are calculated at 12 intermediate points on the bridge span including the exact maximum 
location, providing a detailed representation of force distribution along the bridge. The calculated values 
do not include any distribution or impact factors. Appropriate distribution and impact factors should be 
applied. The value of moment and shear force at each location is the maximum of moment and shear 
force due to the vehicle with all possible axle positioning, calculated using the influence line method as 
specified in Section 3.1.3.4 of this report. These envelopes, providing pre-calculated maximum forces, 
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can be independently used in the design and evaluation process of bridges. Combination with dead loads 
and multiple vehicles is not included to maintain the simplicity of the AD-BOX interface.  

The envelopes for bending moments are presented in both tabular and graphical formats, where the 

bending moments due to the selected vehicle type are plotted on the y-axis, and the distance from the 

support of the bridge is plotted on the x-axis, as shown in Figure 3-14. This graph helps visualize how 

bending moments vary along the bridge span, making it easier to identify the maximum bending moments 

and their specific locations on the bridge span.  

Similarly, the envelopes for shear forces are also presented in both tabular and graphical formats, where 
the shear forces due to the selected vehicle type are plotted on the y-axis, and the distance from the 
support of the bridge is plotted on the x-axis, as shown in Figure 3-15. Figure 3-15 is an example of a 
shear envelope for the vehicle Type 3-3 on a 65.50 ft simply supported bridge. This graph helps visualize 
how shear forces vary along the bridge span, making it easier to identify the maximum shear forces and 
their specific locations on the bridge span. Only positive shear force is shown in the graph. The negative 
shear force also acts on the simply supported bridge, which is the exact mirror of the presented values. 

These envelopes provide critical moment and shear values to use independently for the design and 

evaluation of any single span, simply supported bridges. 

 

Figure 3-14 Moment envelope for vehicle Type 3-3 on a 65.50 ft simply supported bridge span. 

 

Figure 3-15 Shear envelope for vehicle Type 3-3 on a 65.50 ft simply supported bridge span. 
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3.1.5. Notes, Warnings, and Error Messages 

Notes, warnings, and error messages are added to the AD-BOX interface. Notes are information for the 
users. Warning messages indicate that something is unusual, and the users should check the input. Error 
messages indicate that there is an error in the input and terminate the execution until the error is 
corrected. The list of the notes, warnings, and error messages is presented in Table 3-13, Table 3-14, and 
Table 3-15 respectively. 

Table 3-13 List of notes in AD-BOX. 

  

 Particulars Notes 

1.  Bridge span Input bridge span between 20 and 120 ft. 

2.  End offset 
Input distance from the edge of beam to the center of 
bearing. 

3.  Thickness of deck slab Thickness must include hunch and deck slab. 

4.  Skew angle Input skew angle between 0 and 30. 

5.  Appraisal rating Input appraisal rating from 0 to 9. 

6.  ADTT 
Input average daily traffic in one direction. 
Input 'unknown,’ if data is not available. 

7.  Average annual humidity Input average annual humidity between 0% and 100%. 

8.  Additional beam weight Miscellaneous load added to beam self-weight. 

9.  Additional barrier weight Miscellaneous load added to barrier weight. 

10.  Input for service limit states 
Long-term prestress losses are based on refined analysis 
according to AASHTO LRFD Article 5.9.3.4. 

11.  Box beam section used 
The listed Sections are from ODOT standard PSBD 02-07. 
Select ‘Custom’ to input other sections. 

12.  
Concrete compressive strength at 
transfer 

Input concrete compressive strength up to 10 ksi. 

13.  
Concrete compressive strength in 
design 

Input concrete compressive strength up to 10 ksi. 

14.  
Concrete compressive strength of 
the deck concrete 

Input concrete compressive strength up to 10 ksi. 

15.  Unit weight of concrete 
Input unit weight of normal weight concrete between 
0.135 and 0.155 kcf. 

16.  Reinforcement bars Input reinforcement bars at the bottom flange only. 

17.  Shear reinforcement 
Region 1: Zone near the Support. 
Region 2: Zone away from support towards the center. 

18.  Add custom vehicle 
Custom vehicles are treated as permit vehicles. 
Input a maximum of 35 axles. 
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Table 3-14 List of warning messages in AD-BOX. 

 Particulars Warning Messages 

1.  Change of input 
Click on the ‘COMPUTE LOAD RATING’ button. 

Some input values have been changed. 

2.  Negative total width Unusual total width detected. Check input. 

3.  Negative end offset Unusual end offset detected. Check input. 

4.  
Negative width of 

bearing 
Unusual width of bearing detected. Check input. 

5.  
Negative width of the 

barrier 
Unusual width of the barrier detected. Check input. 

6.  
Negative thickness of the 

deck slab 
Unusual thickness of the deck slab detected. Check input. 

7.  
Unusual additional beam 

weight 
Unusual additional beam weight detected. Check input. 

8.  
Unusual additional 

barrier weight 
Unusual additional barrier weight detected. Check input. 

9.  Negative ADTT Unusual ADTT detected. Check input. 

10.  
Unusual thickness of 

diaphragms 
Unusual thickness of diaphragms detected. Check input. 

11.  Unusual yield strength Unusual yield strength detected. Check input. 

12.  
Unusual modulus of 

elasticity 
Unusual modulus of elasticity detected. Check input. 

13.  
Unusual unit weights of 

surfacing material  
Unusual unit weights of surfacing material detected. Check input. 

14.  
Unusual unit weights of 

the barrier 
Unusual unit weights of the barrier detected. Check input. 

15.  
Unusual dynamic load 

allowance 
Unusual dynamic load allowance detected. Check input. 
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Table 3-15 List of error messages in AD-BOX. 

 Particulars Error Messages 

1.  Invalid bridge span Invalid bridge span. 

2.  Invalid appraisal rating Invalid appraisal rating. 

3.  
Invalid position of 
diaphragms 

Invalid position of diaphragms. 

4.  
Invalid average annual 
humidity 

Invalid average annual humidity. 

5.  
Invalid number of box 
beams 

Invalid number of box beams. 

6.  
Invalid number of 
prestressing strands 

Invalid number of prestressing strands. 

7.  
Invalid concrete 
compressive strength at 
transfer 

Invalid concrete compressive strength at transfer. 

8.  
Invalid concrete 
compressive strength in 
design 

Invalid concrete compressive strength in design. 

9.  
Invalid concrete 
compressive strength of 
the deck concrete 

Invalid concrete compressive strength of the deck concrete. 

10.  
Invalid unit weight of 
concrete 

Invalid unit weight of concrete. 

11.  
Negative load rating 
results 

Unusual load rating results. Check the input. 

12.  
Load rating cannot be 
completed 

Load rating cannot be completed. 
Some input values are either invalid or undefined. 
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3.2. Verification of AD-BOX 

3.2.1. Verification with Independent Hand Calculations 

To check the accuracy and reliability of AD-BOX, independent hand calculations are performed, and the 
load rating results are compared. A total of 18 sample bridges, including 16 with single-cell box beams 
and two with multicell box beams, are load-rated using independent hand calculations and AD-BOX. These 
sample bridges are existing bridges located in Ohio and are provided for research purposes by ODOT. The 
general information on bridges used for the verification with independent hand calculations is presented 
in Table 3-16.  

The bridges selected for this study include a mix of skewed and non-skewed bridges, which have either 
non-composite or composite beams. The samples include a total of seven non-skewed bridges (three with 
non-composite and four with composite cross sections) and eleven skewed bridges (five with non-
composite and six with composite cross sections). Among the skewed bridges, nine have single-cell box 
beams, while two have multicell box beams. This diverse selection of bridge types allowed for a thorough 
examination of rating factors for different bridge types under the required vehicular loading conditions. 

Table 3-16 List of sample bridges used for verification. 

Sample 
no 

Year of 
Construction 

Design Span 
(ft) 

Composite/  
Non-composite 

Box Beam 
Section 

Skew/ 
Non-skew 

Skew 
(Degrees) 

Single-cell Box Beam Bridges 

1 2024 30 Non-composite B17-48 Non-skew 0 

2 2018 50 Non-composite B21-48 Non-skew 0 

3 1982 62 Non-composite B33-48 Non-skew 0 

4 2023 25 Composite CB17-36 Non-skew 0 

5 2021 45 Composite CB17-48 Non-skew 0 

6 2018 55 Composite CB17-48 Non-skew 0 

7 2021 80 Composite CB27-48 Non-skew 0 

8 2018 42 Non-composite B21-48 Skew 28 

9 1984 65 Non-composite B27-48 Skew 5 

10 2009 65.5 Non-composite B21-48 Skew 12 

11 1985 74.85 Non-composite B33-36 Skew 30 

12 2016 75 Non-composite B33-36 Skew 10 

13 2021 26 Composite CB17-48 Skew 30 

14 2022 47.71 Composite CB21-48 Skew 19 

15 2018 60 Composite CB27-48 Skew 24 

16 2019 83 Composite CB33-48 Skew 20 

Multicell Box Beam Bridges 

17 1996 35 Composite CB17-48 Skew 30 

18 2007 45 Composite CB21-48 Skew 10 

The bridges are load rated for 15 vehicle types required by ODOT BDM, including the Design Vehicle (HL-
93), Ohio legal loads (2F1, 3F1, 5C1), AASHTO legal loads (Type 3, Type 3S2, Type 3-3), special hauling 
vehicles (SU4, SU5, SU6, SU7), emergency vehicles (EV2, EV3), and permit loads (PL 60T, PL 65T). The 
load rating procedure is based on the guidelines specified in the AASHTO MBE (2018) and AASHTO LRFD 
(2024), with specific details from ODOT BDM (2020), as reviewed in Section 2.2 of this report. 

The RF values obtained from AD-BOX are verified with independent hand calculations. Verifications of 
the rating factors are based on the ratio of RFs from AD-BOX to those from hand calculations. The mean 
and coefficient of variation (CV) of these ratios are computed to evaluate the accuracy and reliability of 
AD-BOX calculations. Separate verifications are conducted for non-skewed and skewed bridges for each 
vehicle type, ensuring verification across various bridge configurations and vehicular loading conditions. 
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Figure 3-16 presents the results of the verification of AD-BOX with independent hand calculations. The 
RFs obtained from AD-BOX for 15 vehicle types across 18 sample bridges are plotted against the ratio of 
RFs from AD-BOX to independent hand calculations. A mean line is drawn, which is found to be 
approximately equal to 1.0. Table 3-17 presents the CVs obtained from the verification for each vehicle 
type. The CVs for each vehicle type are found to be approximately 0%. The mean of the ratios of 
approximately 1.0 with a CV of approximately 0% confirms the accuracy and reliability of AD-BOX. The 
detailed results of the verification are presented in the subsequent sections. 

 

Figure 3-16 Rating factor comparisons for AD-BOX versus independent hand calculations. 

Table 3-17 Coefficient of variations for verification for AD-BOX versus independent hand calculations. 

Vehicle types 

Coefficient of variation (CV) 

AD-BOX/Hand calc. 

Non skewed bridges Skewed bridges 

Single-cell box  
beam bridges 

Single-cell box  
beam bridges 

Multicell box  
beam bridges 

Design vehicle HL-93 
Inventory 0.01% 0.05% 0.03% 

Operating 0.01% 0.01% 0.03% 

Ohio legal loads 

2F1 0.01% 0.01% 0.01% 

3F1 0.01% 0.01% 0.02% 

5C1 0.02% 0.01% 0.02% 

AASHTO legal loads 

Type 3 0.01% 0.02% 0.03% 

Type 3S2 0.01% 0.01% 0.02% 

Type 3-3 0.02% 0.01% 0.03% 

Specialized hauling 
vehicles 

SU4 0.03% 0.01% 0.02% 

SU5 0.01% 0.01% 0.02% 

SU6 0.02% 0.01% 0.03% 

SU7 0.02% 0.02% 0.03% 

Emergency vehicles 
EV2 0.02% 0.02% 0.03% 

EV3 0.02% 0.02% 0.02% 

Permit loads 
PL60T 0.02% 0.00% 0.02% 

PL65T 0.02% 0.00% 0.02% 

Appendix B presents the detailed hand calculations for sample bridge 15 as a representative sample and 
the results for all other sample bridges. Refer to Appendix C for the input values and AD-BOX results for 
all sample bridges. 

0.80

0.90

1.00

1.10

1.20

1.30

1.40

1.50

0 1 2 3 4 5 6 7 8 9A
D

-B
O

X
/
In

d
e
p
e
n
d
e
n
t 

H
a
n
d
 C

a
lc

.

AD-BOX Rating Factors 

Rating Factor Comparisons
AD-BOX versus Independent Hand Calc.

Design vehicle Ohio legal loads

AASHTO legal loads Specialized hauling vehicles

Emergency vehicles Permit loads

Mean line



57 

3.2.1.1. Non-Skewed Bridges 

The verification is performed using seven non-skewed bridges comprising three non-composite and four 
composite cross sections. The design vehicle HL-93, at the inventory condition, is load rated for the 
Strength-I and Service-III limit states. At the operating condition, HL-93, Ohio legal vehicles, AASHTO 
legal vehicles, specialized hauling vehicles, and emergency vehicles are load rated using the Strength-I 
limit state, as discussed in Section 3.1.3.6 of this report. The verification results are detailed in Table 
3-18 through Table 3-27 , which presents the comparison of rating factors obtained from independent 
hand calculations and AD-BOX. The load rating results from the independent hand calculations for the 
non-skewed sample bridges are presented in Section B2.1 of Appendix B.  

Table 3-18 presents a comparison of the RF ratios for non-skewed sample bridges for the design vehicle, 
HL-93 at inventory, and operating conditions for the Strength-I limit state. The mean of the ratios is 
found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
HL-93 that are well aligned with independent hand calculations.  

Table 3-18 AD-BOX versus independent hand calculations of non-skewed bridges for the design vehicle. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Design load (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

1 Non-composite 2024 31 1.703 1.703 1.000 2.207 2.207 1.000 

2 Non-composite 2018 50 1.546 1.546 1.000 2.005 2.004 1.000 

3 Non-composite 1982 62 1.036 1.036 1.000 1.343 1.343 1.000 

4 Composite 2023 28 2.258 2.258 1.000 2.928 2.928 1.000 

5 Composite 2021 45 1.548 1.548 1.000 2.007 2.007 1.000 

6 Composite 2018 55 1.183 1.183 1.000 1.876 1.876 1.000 

7 Composite 2021 80 1.769 1.769 1.000 2.293 2.293 1.000 

 Mean 1.000  Mean 1.000 

CV 0.01% CV 0.01% 

 

HL-93 at the inventory condition is also checked using the Service-III limit state. The governing load 
rating factor is the minimum value of the rating factor at Strength-I and Service-III limit states. Table 
3-19 presents verification for seven non-skewed bridges for HL-93 at inventory condition. 

Table 3-19 AD-BOX versus independent hand calculations of non-skewed bridges for the design vehicle. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Design Vehicle (HL-93) 

Governing 
Limit State 

Inventory 

Ratio 
(a/b) 

AD-BOX 
(a) 

Independent 
hand calcs.  

(b) 

1 Non-composite 2024 31 1.703 1.703 1.000 Strength-I 

2 Non-composite 2018 50 1.546 1.546 1.000 Strength-I 

3 Non-composite 1982 62 1.036 1.036 1.000 Strength-I 

4 Composite 2023 28 2.258 2.258 1.000 Strength-I 

5 Composite 2021 45 1.495 1.495 1.000 Service-III 

6 Composite 2018 55 1.183 1.183 1.000 Service-III 

7 Composite 2021 80 1.395 1.395 1.000 Service-III 
     Mean 1.000  

     CV 0.01%  
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Table 3-20 and Table 3-21 present a comparison of the RF ratios for non-skewed sample bridges for Ohio 
legal vehicles: 2F1, 3F1, and 5C1. The RF values for these vehicles are calculated using Strength-I limit 
states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is found to be 1.000, with 
a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for Ohio legal vehicles that are 
well aligned with those calculated by independent hand calculation. 

Table 3-20 AD-BOX versus independent hand calculations of non-skewed bridges for Ohio legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Ohio legal loads 

2F1 

Ratio 
(a/b) 

3F1 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

1 Non-composite 2024 31 4.411 4.411 1.000 3.107 3.107 1.000 

2 Non-composite 2018 50 4.430 4.429 1.000 3.001 3.001 1.000 

3 Non-composite 1982 62 3.214 3.214 1.000 2.157 2.157 1.000 

4 Composite 2023 28 5.853 5.853 1.000 4.237 4.237 1.000 

5 Composite 2021 45 4.243 4.243 1.000 2.888 2.888 1.000 

6 Composite 2018 55 4.794 4.794 1.000 3.234 3.234 1.000 

7 Composite 2021 80 5.994 5.994 1.000 3.993 3.993 1.000 

 Mean 1.000  Mean 1.000 

CV 0.01% CV 0.01% 

 

Table 3-21 AD-BOX versus independent hand calculations of non-skewed bridges for Ohio legal load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Ohio legal load 

5C1 

Ratio 
(a/b) AD-BOX (a) 

Independent 
hand calcs. 

(b)  

1 Non-composite 2024 31 3.257 3.257 1.000  

2 Non-composite 2018 50 3.077 3.075 1.001  

3 Non-composite 1982 62 2.199 2.199 1.000  

4 Composite 2023 28 4.501 4.501 1.000  

5 Composite 2021 45 2.971 2.971 1.000  

6 Composite 2018 55 3.306 3.306 1.000  

7 Composite 2021 80 3.557 3.557 1.000  

     Mean 1.000  

     CV 0.02%  
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Table 3-22 and Table 3-23 present a comparison of the RF ratios for non-skewed sample bridges for 
AASHTO legal vehicles: Type 3, Type 3S2, and Type 3-3. The RF values for these vehicles are calculated 
using Strength-I limit states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is 
found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
AASHTO legal vehicles that are well aligned with those calculated by independent hand calculations.  

Table 3-22 AD-BOX versus independent hand calculations of non-skewed bridges for AASHTO legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

1 Non-composite 2024 31 3.472 3.472 1.000 3.520 3.520 1.000 

2 Non-composite 2018 50 3.054 3.053 1.000 3.301 3.300 1.000 

3 Non-composite 1982 62 2.147 2.147 1.000 2.062 2.062 1.000 

4 Composite 2023 28 4.575 4.575 1.000 4.814 4.814 1.000 

5 Composite 2021 45 2.982 2.982 1.000 3.514 3.513 1.000 

6 Composite 2018 55 3.255 3.255 1.000 3.319 3.319 1.000 

7 Composite 2021 80 3.896 3.896 1.000 3.405 3.405 1.000 

 Mean 1.000  Mean 1.000 

CV 0.01% CV 0.01% 

Table 3-23 AD-BOX versus independent hand calculations of non-skewed bridges for AASHTO legal load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) AD-BOX (a) 

Independent 
hand calcs. 

(b)  

1 Non-composite 2024 31 4.276 4.276 1.000  

2 Non-composite 2018 50 3.638 3.636 1.001  

3 Non-composite 1982 62 2.232 2.232 1.000  

4 Composite 2023 28 5.555 5.554 1.000  

5 Composite 2021 45 3.579 3.579 1.000  

6 Composite 2018 55 3.634 3.634 1.000  

7 Composite 2021 80 3.501 3.501 1.000  

     Mean 1.000  

     CV 0.02%  
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Table 3-24 and Table 3-25 present a comparison of the RF ratios for non-skewed sample bridges for 
specialized hauling vehicles: SU4, SU5, SU6, and SU7. The RF values for these vehicles are calculated 
using Strength-I limit states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is 
found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
specialized hauling vehicles that are well aligned with those calculated by independent hand 
calculations.  

Table 3-24 AD-BOX versus independent hand calculations of non-skewed bridges for specialized hauling 
vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design  
span  
(ft) 

Specialized hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

1 Non-composite 2024 31 2.860 2.860 1.000 2.664 2.664 1.000 

2 Non-composite 2018 50 2.665 2.664 1.000 2.456 2.456 1.000 

3 Non-composite 1982 62 1.898 1.898 1.000 1.728 1.728 1.000 

4 Composite 2023 28 3.863 3.863 1.000 3.564 3.563 1.000 

5 Composite 2021 45 2.579 2.579 1.000 2.397 2.397 1.000 

6 Composite 2018 55 2.858 2.858 1.001 2.619 2.619 1.000 

7 Composite 2021 80 3.486 3.486 1.000 3.138 3.138 1.000 

 Mean 1.000  Mean 1.000 

CV 0.03% CV 0.01% 

Table 3-25 AD-BOX versus independent hand calculations of non-skewed bridges for specialized hauling 
vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Specialized hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

1 Non-composite 2024 31 2.432 2.432 1.000 2.333 2.333 1.000 

2 Non-composite 2018 50 2.213 2.212 1.000 2.053 2.052 1.000 

3 Non-composite 1982 62 1.552 1.552 1.000 1.427 1.427 1.000 

4 Composite 2023 28 3.305 3.305 1.000 3.250 3.250 1.000 

5 Composite 2021 45 2.163 2.163 1.000 2.017 2.017 1.000 

6 Composite 2018 55 2.356 2.356 1.000 2.176 2.176 1.000 

7 Composite 2021 80 2.812 2.812 1.000 2.569 2.568 1.000 

 Mean 1.000  Mean 1.000 

CV 0.02% CV 0.02% 
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Table 3-26 presents a comparison of RF values for seven non-skewed bridges for Emergency vehicles (EV2 
and EV3). The RF values for these vehicles are calculated using Strength-I limit states, and load factors 
according to the FAST act as explained in Section 2.2.3. The mean of the ratios is found to be 1.000, with 
a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for emergency vehicles that 
are well aligned with those calculated by independent hand calculations. 

Table 3-26 AD-BOX versus independent hand calculations of non-skewed bridges for emergency vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent 
 hand calcs.  

(b) 

AD-BOX 
 (a) 

Independent  
hand calcs. 

 (b) 

1 Non-composite 2024 31 2.932 2.932 1.000 2.060 2.060 1.000 

2 Non-composite 2018 50 2.644 2.643 1.000 1.730 1.729 1.000 

3 Non-composite 1982 62 1.868 1.868 1.000 1.612 1.612 1.000 

4 Composite 2023 28 3.926 3.925 1.000 3.637 3.637 1.000 

5 Composite 2021 45 2.582 2.582 1.000 1.682 1.682 1.000 

6 Composite 2018 55 2.824 2.824 1.000 2.002 2.002 1.001 

7 Composite 2021 80 4.469 4.469 1.000 2.940 2.940 1.000 

 Mean 1.000  Mean 1.000 
 0.02% CV 0.02% 

Table 3-27 presents the verification of AD-BOX with independent hand calculations for seven non-skewed 
bridges for permit loads. Permit loads are rated using the Strength-II limit states. For permit loads also, 
the mean of the ratios is found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX 
computes RF values for permit vehicles that are well aligned with those calculated by independent hand 
calculations.  

Table 3-27 AD-BOX versus independent hand calculations of non-skewed bridges for permit loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Permit loads 

PL 60T 

Ratio 
(a/b) 

PL 65T 

Ratio  
(a/b) 

AD-BOX  
(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
hand calcs. 

(b) 

1 Non-composite 2024 31 2.573 2.573 1.000 2.468 2.468 1.000 

2 Non-composite 2018 50 2.596 2.595 1.000 2.369 2.368 1.000 

3 Non-composite 1982 62 1.887 1.887 1.000 1.513 1.513 1.000 

4 Composite 2023 28 4.478 4.476 1.000 4.187 4.186 1.000 

5 Composite 2021 45 2.707 2.707 1.000 2.490 2.490 1.000 

6 Composite 2018 55 3.921 3.921 1.000 3.350 3.350 1.000 

7 Composite 2021 80 3.759 3.759 1.000 2.630 2.630 1.000 

 Mean 1.000  Mean 1.000 

CV 0.02% CV 0.02% 

These verification tables for the seven non-skewed bridges, for all vehicle types required by ODOT BDM, 
show a mean of 1.000 and a CV of nearly equal to 0.00%. This indicates that the calculations from AD-
BOX are well aligned with the independent hand calculations for load rating non-skewed precast 
prestressed adjacent box beam bridges with composite and non-composite cross sections. 
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3.2.1.2. Skewed Bridges 

The verification is further carried out for the eleven skewed bridges with five non-composite and six 
composite cross sections. Load rating is performed for these bridges for 15 vehicle types required by 
ODOT BDM. A separate verification is carried out for nine single-cell and two multicell box beam cross 
sections. The verification results for nine skewed box beam bridges having single-cell box beam 
configurations are detailed from Table 3-28 through Table 3-37, which compares the RF values obtained 
from independent hand calculations and AD-BOX. Section B2.2 of Appendix B presents the load rating 
results from the independent hand calculations for the skewed sample bridges. 

Table 3-28 presents a comparison of the RF ratios for nine skewed sample bridges for the design vehicle, 
HL-93 at inventory, and operating conditions for the Strength-I limit state. The mean of the ratios is 
found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
HL-93 that are well aligned with those calculated by independent hand calculations. 

Table 3-28 AD-BOX versus independent hand calculations of skewed bridges for the design vehicle. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Design Vehicle (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio 
(a/b) AD-BOX 

 (a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 1.639 1.639 1.000 2.124 2.124 1.000 

9 Non-composite 1984 65 5 1.004 1.004 1.000 1.301 1.301 1.000 

10 Non-composite 2021 65.5 12 1.022 1.022 1.000 1.325 1.325 1.000 

11 Non-composite 1985 74.85 30 0.726 0.726 1.000 0.941 0.941 1.000 

12 Non-composite 2016 76 10 1.718 1.717 1.001 2.228 2.228 1.000 

13 Composite 2021 27 30 3.473 3.473 1.000 4.502 4.502 1.000 

14 Composite 2022 50 19 3.314 3.313 1.000 4.296 4.295 1.000 

15 Composite 2018 60 24 2.032 2.032 1.000 2.634 2.634 1.000 

16 Composite 2019 83 20 1.517 1.517 1.000 1.966 1.966 1.000 

Mean 1.000 Mean 1.000 

CV 0.01% CV 0.01% 

HL-93 at inventory condition is also checked using the Service-III limit state, and the governing load rating 
factor is adopted as the minimum value of the rating factors between the Strength-I and Service-III limit 
states. Table 3-29 presents verification of AD-BOX at inventory condition at the Strength-I and Service-III 
limit states for nine skewed bridges. 

Table 3-29 AD-BOX versus independent hand calculations of skewed bridges for inventory loading. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Design Vehicle (HL-93) 

Governing 
limit states 

Inventory 

Ratio 
(a/b) AD-BOX 

 (a) 
Independent 

hand calcs. (b) 

8 Non-composite 2020 42 28 1.639 1.639 1.000 Strength-I 

9 Non-composite 1984 65 5 1.004 1.003 1.000 Strength-I 

10 Non-composite 2021 65.5 12 1.004 1.003 1.001 Service-III 

11 Non-composite 1985 74.85 30 0.341 0.341 1.000 Service-III 

12 Non-composite 2016 76 10 1.718 1.718 1.000 Strength-I 

13 Composite 2021 27 30 3.473 3.473 1.000 Strength-I 

14 Composite 2022 50 19 3.314 3.313 1.000 Strength-I 

15 Composite 2018 60 24 2.023 2.023 1.000 Strength-I 

16 Composite 2019 83 20 1.001 1.002 0.999 Service-III 

Mean 1.000 

CV 0.05% 
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Table 3-30 and Table 3-31 present a comparison of the RF ratios for nine skewed sample bridges for Ohio 

legal vehicles: 2F1, 3F1, and 5C1. The RF values for these vehicles are calculated using Strength-I limit 

states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is found to be 1.000, with 

a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for Ohio legal vehicles that are 

well aligned with those calculated by independent hand calculations. 

Table 3-30 AD-BOX versus independent hand calculations of skewed bridges for Ohio legal loads. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Ohio legal loads 

2F1 

Ratio 
(a/b) 

3F1 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 4.359 4.359 1.000 2.982 2.982 1.000 

9 Non-composite 1984 65 5 3.165 3.166 1.000 2.120 2.120 1.000 

10 Non-composite 2021 65.5 12 3.234 3.234 1.000 2.165 2.165 1.000 

11 Non-composite 1985 74.85 30 2.406 2.406 1.000 1.605 1.605 1.000 

12 Non-composite 2016 76 10 5.697 5.697 1.000 3.803 3.803 1.000 

13 Composite 2021 27 30 8.988 8.987 1.000 6.467 6.466 1.000 

14 Composite 2022 50 19 8.846 8.846 1.000 6.011 6.011 1.000 

15 Composite 2018 60 24 6.235 6.235 1.000 4.193 4.193 1.000 

16 Composite 2019 83 20 5.209 5.209 1.000 3.466 3.466 1.000 

Mean 1.000 Mean 1.000 

CV 0.01% CV 0.01% 

Table 3-31 AD-BOX versus independent hand calculations of skewed bridges for Ohio legal load. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Ohio legal load 

5C1 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

Non-composite 2020 42 28 3.075 3.075 1.000 

9 Non-composite 1984 65 5 2.160 2.160 1.000 

10 Non-composite 2021 65.5 12 2.206 2.206 1.000 

11 Non-composite 1985 74.85 30 1.512 1.512 1.000 

12 Non-composite 2016 76 10 3.520 3.520 1.000 

13 Composite 2021 27 30 6.847 6.847 1.000 

14 Composite 2022 50 19 6.171 6.170 1.000 

15 Composite 2018 60 24 4.277 4.277 1.000 

16 Composite 2019 83 20 3.036 3.036 1.000 

Mean 1.000 

CV 0.01% 
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Table 3-32 and Table 3-33 present a comparison of the RF ratios for nine skewed sample bridges for 
AASHTO legal vehicles: Type 3, Type 3S2, and Type 3-3. The RF values for these vehicles are calculated 
using Strength-I limit states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is 
found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
AASHTO legal vehicles that are well aligned with those calculated by independent hand calculations. 

Table 3-32 AD-BOX versus independent hand calculations of skewed bridges for AASHTO legal loads. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 3.108 3.108 1.000 3.367 3.367 1.000 

9 Non-composite 1984 65 5 2.102 2.102 1.000 1.982 1.982 1.000 

10 Non-composite 2021 65.5 12 2.146 2.146 1.000 2.018 2.018 1.000 

11 Non-composite 1985 74.85 30 1.574 1.574 1.000 1.413 1.413 1.000 

12 Non-composite 2016 76 10 3.726 3.724 1.001 3.320 3.319 1.000 

13 Composite 2021 27 30 7.063 7.063 1.000 7.343 7.343 1.000 

14 Composite 2022 50 19 6.148 6.148 1.000 6.781 6.781 1.000 

15 Composite 2018 60 24 4.182 4.182 1.000 4.069 4.069 1.000 

16 Composite 2019 83 20 3.375 3.375 1.000 2.917 2.917 1.000 

Mean 1.000 Mean 1.000 

CV 0.02% CV 0.01% 

Table 3-33 AD-BOX versus independent hand calculations of skewed bridges for AASHTO legal load. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design span 
(ft) 

Skew 
angle 

(degree) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

8 Non-composite 2020 42 28 3.745 3.745 1.000 

9 Non-composite 1984 65 5 2.134 2.134 1.000 

10 Non-composite 2021 65.5 12 2.170 2.170 1.000 

11 Non-composite 1985 74.85 30 1.469 1.469 1.000 

12 Non-composite 2016 76 10 3.468 3.468 1.000 

13 Composite 2021 27 30 8.577 8.577 1.000 

14 Composite 2022 50 19 7.339 7.339 1.000 

15 Composite 2018 60 24 4.428 4.428 1.000 

16 Composite 2019 83 20 2.980 2.980 1.000 

Mean 1.000 

CV 0.01% 
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Table 3-34 and Table 3-35 present a comparison of ratios of RF values for nine skewed sample bridges for 
specialized hauling vehicles: SU4, SU5, SU6, and SU7. The RF values for these vehicles are calculated 
using Strength-I limit states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is 
found to be 1.000, with CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for 
specialized hauling vehicles that are well aligned with those calculated by independent hand 
calculations.  

Table 3-34 AD-BOX versus independent hand calculations of skewed bridges for specialized hauling 
vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Specialized hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio 
(a/b) 

AD-BOX 
(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 2.673 2.673 1.000 2.496 2.496 1.000 

9 Non-composite 1984 65 5 1.863 1.863 1.000 1.693 1.693 1.000 

10 Non-composite 2021 65.5 12 1.902 1.902 1.000 1.728 1.728 1.000 

11 Non-composite 1985 74.85 30 1.404 1.404 1.000 1.268 1.268 1.000 

12 Non-composite 2016 76 10 3.325 3.325 1.000 3.000 3.000 1.000 

13 Composite 2021 27 30 5.953 5.953 1.000 5.466 5.466 1.000 

14 Composite 2022 50 19 5.348 5.348 1.000 4.941 4.941 1.000 

15 Composite 2018 60 24 3.693 3.693 1.000 3.366 3.366 1.000 

16 Composite 2019 83 20 3.023 3.023 1.000 2.720 2.720 1.000 

Mean 1.000 Mean 1.000 

CV 0.01% CV 0.01% 

Table 3-35 AD-BOX versus independent hand calculations of skewed bridges for specialized hauling 
vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Specialized hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 2.258 2.258 1.000 2.116 2.116 1.000 

9 Non-composite 1984 65 5 1.519 1.519 1.000 1.394 1.394 1.000 

10 Non-composite 2021 65.5 12 1.550 1.550 1.000 1.422 1.422 1.000 

11 Non-composite 1985 74.85 30 1.136 1.136 1.000 1.039 1.039 1.000 

12 Non-composite 2016 76 10 2.690 2.691 1.000 2.461 2.460 1.000 

13 Composite 2021 27 30 5.050 5.050 1.000 4.935 4.935 1.000 

14 Composite 2022 50 19 4.460 4.461 1.000 4.148 4.149 1.000 

15 Composite 2018 60 24 3.025 3.025 1.000 2.786 2.786 1.000 

16 Composite 2019 83 20 2.435 2.435 1.000 2.221 2.221 1.000 

Mean 1.000 Mean 1.000 

CV 0.01% CV 0.02% 
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Table 3-36 presents a comparison of RF values for nine skewed bridges for Emergency vehicles (EV2 and 
EV3). The RF values for these vehicles are calculated using Strength-I limit states, and load factors 
according to the FAST act as explained in Section 2.2.3 of this report. The mean of the ratios is found to 
be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX computes RF values for emergency 
vehicles that are well aligned with those calculated by independent hand calculations.  

Table 3-36 AD-BOX versus independent hand calculations of skewed bridges for emergency vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio 
(a/b) AD-BOX 

(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 2.679 2.679 1.000 2.306 2.306 1.000 

9 Non-composite 1984 65 5 1.831 1.830 1.001 1.199 1.198 1.000 

10 Non-composite 2021 65.5 12 2.085 2.085 1.000 1.613 1.613 1.000 

11 Non-composite 1985 74.85 30 1.532 1.532 1.000 1.186 1.186 1.000 

12 Non-composite 2016 76 10 3.240 3.240 1.000 2.131 2.131 1.000 

13 Composite 2021 27 30 6.808 6.808 1.000 5.106 5.106 1.000 

14 Composite 2022 50 19 5.307 5.307 1.000 3.468 3.468 1.000 

15 Composite 2018 60 24 4.048 4.048 1.000 3.138 3.138 1.000 

16 Composite 2019 83 20 2.944 2.944 1.000 1.933 1.933 1.000 

Mean 1.000 Mean 1.000 

CV 0.02% CV 0.02% 

Table 3-37 presents verification of AD-BOX with independent hand calculations for nine skewed sample 
bridges for permit loads. Permit loads are rated using the Strength-II limit states. For permit loads also, 
the mean of the ratios is found to be 1.000, with a CV of nearly equal to 0.00%, indicating that AD-BOX 
computes RF values for permit vehicles that are well aligned with those calculated by independent hand 
calculations. 

Table 3-37 AD-BOX versus independent hand calculations of skewed bridges for permit loads. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Permit loads 

PL 60T 

Ratio 
(a/b) 

PL 65T 

Ratio 
(a/b) 

AD-BOX 
(a) 

Independent 
hand calcs. 

(b) 

AD-BOX 
 (a) 

Independent 
hand calcs. 

 (b) 

8 Non-composite 2020 42 28 2.551 2.551 1.000 2.358 2.358 1.000 

9 Non-composite 1984 65 5 1.859 1.859 1.000 1.444 1.444 1.000 

10 Non-composite 2021 65.5 12 2.071 2.071 1.000 1.602 1.602 1.000 

11 Non-composite 1985 74.85 30 1.406 1.406 1.000 1.011 1.011 1.000 

12 Non-composite 2016 76 10 3.996 3.996 1.000 2.740 2.740 1.000 

13 Composite 2021 27 30 6.878 6.878 1.000 6.443 6.443 1.000 

14 Composite 2022 50 19 6.792 6.792 1.000 5.990 5.990 1.000 

15 Composite 2018 60 24 3.662 3.662 1.000 2.998 2.998 1.000 

16 Composite 2019 83 20 2.966 2.966 1.000 2.061 2.061 1.000 

Mean 1.000 Mean 1.000 

CV 0.00% CV 0.00% 

These verification tables for nine skewed bridges, for 15 vehicles required by ODOT BDM, show a mean 
of 1.000 and a CV of nearly equal to 0.00%. This indicates that the calculations from AD-BOX are well 
aligned with the independent hand calculations for load rating skewed precast prestressed adjacent box 
beam bridges with composite and non-composite cross sections.  
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3.2.1.3. Multicell Box Beam Bridges 

The verification is further conducted for two skewed multicell box beam bridges among the eleven 
skewed sample bridges presented in Table 3-16. According to AASHTO MBE Table 6A.4.2.2.2-1, design 
vehicle, HL-93 at inventory condition, are load rated for Strength-I and Service-III limit states, while HL-
93 at operating condition, Ohio legal vehicles, AASHTO legal vehicles, specialized hauling vehicles, and 
emergency vehicles are load rated using the Strength-I limit state as discussed in Section 3.1.3.6 of this 
report. Section B2.3 of Appendix B presents the load rating results from the independent hand 
calculations for the sample multicell box beam bridges. 

The verification results of RF values for two skewed multicell box beam bridges are presented in Table 

3-7 through Table 3-45. The comparison is based on the ratio of results from AD-BOX to independent hand 

calculations. The mean and coefficient of variation (CV) of the ratio are calculated to assess the 

reliability and accuracy of the results. 

Table 3-38 AD-BOX versus independent hand calculations for multicell box beam bridges for the design 

vehicle. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Design Vehicle (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 1.159 1.158 1.000 1.947 1.946 1.000 

18 Composite 2007 45 10 1.428 1.428 1.000 2.090 2.090 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.03% CV 0.03% 

Table 3-39 AD-BOX versus independent hand calculations for multicell box beam bridges for Ohio legal 
loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Ohio legal loads 

2F1 

Ratio 
(a/b) 

3F1 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 3.962 3.961 1.000 2.745 2.744 1.000 

18 Composite 2007 45 10 4.936 4.936 1.000 3.364 3.364 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.01% CV 0.02% 

 

Table 3-40 AD-BOX versus independent hand calculations for multicell box beam bridges for Ohio legal 
load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Ohio legal load 

5C1 

Ratio 
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

17 Composite 1996 35 30 2.853 2.853 1.000 

18 Composite 2007 45 10 3.460 3.460 1.000 

  Mean 1.000 

 CV 0.02% 
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Table 3-41 AD-BOX versus independent hand calculations for multicell box beam bridges for AASHTO 
legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 2.960 2.960 1.000 3.104 3.103 1.000 

18 Composite 2007 45 10 3.469 3.468 1.000 3.796 3.795 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.03% CV 0.02% 

Table 3-42 AD-BOX versus independent hand calculations for multicell box beam bridges for AASHTO 
legal load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Skew 
angle 

(degree) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) 

AD-
BOX  
(a) 

Independent  
hand calcs. 

(b)  

17 Composite 1996 35 30 3.627 3.628 1.000  

18 Composite 2007 45 10 4.158 4.157 1.000  

            Mean 1.000  

      CV 0.03%  

 

Table 3-43 AD-BOX versus independent hand calculations for multicell box beam bridges for specialized 
hauling vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Specialized hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 2.493 2.494 1.000 2.373 2.372 1.000 

18 Composite 2007 45 10 3.002 3.002 1.000 2.787 2.787 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.02% CV 0.02% 

 

Table 3-44 AD-BOX versus independent hand calculations for multicell box beam bridges for specialized 
hauling vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Specialized hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 2.153 2.152 1.000 2.034 2.033 1.000 

18 Composite 2007 45 10 2.518 2.519 1.000 2.350 2.349 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.03% CV 0.03% 
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Table 3-45 AD-BOX versus independent hand calculations for multicell box beam bridges for emergency 
vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 2.789 2.790 1.000 2.148 2.149 1.000 

18 Composite 2007 45 10 2.994 2.994 1.000 1.958 1.958 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.03% CV 0.02% 

Table 3-46 AD-BOX versus independent hand calculations for multicell box beam bridges for emergency 
vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
 span  
(ft) 

Skew 
angle 

(degree) 

Permit vehicles 

PL60T 

Ratio 
(a/b) 

PL65T 

Ratio  
(a/b) 

AD-BOX 
(a) 

Independent  
hand calcs. 

(b) 

AD-BOX 
(a) 

Independent 
 hand calcs. 

(b) 

17 Composite 1996 35 30 3.393 3.392 1.000 3.081 3.080 1.000 

18 Composite 2007 45 10 4.135 4.135 1.000 3.664 3.664 1.000 

  Mean 1.000  Mean 1.000 

 CV 0.02% CV 0.02% 

The verification tables for the multicell box beam bridges indicate that AD-BOX calculates RF values with 
high accuracy and reliability for 15 vehicle types required by the ODOT BDM. This is confirmed by the 
mean ratio of approximately 1.0 and the coefficient of variation (CV) of nearly 0.00% compared to 
independent hand calculations.  

3.2.1.4. Conclusions 

Considering 18 sample bridges, a mean of 1.000 and a coefficient of variation of approximately 0.00% 
are obtained for the rating factor values calculated by AD-BOX divided by those calculated by the 
independent hand calculations for 15 vehicle types.  

These verification studies, encompassing skewed, non-skewed, composite, and non-composite bridges, 
including both single-cell and multicell box beam configurations, demonstrate the accuracy and 
reliability of AD-BOX for the load rating of the simply supported adjacent box beam bridges considered 
in this study. 
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3.2.2. Comparison with AASHTOWare BrR 

To evaluate the reliability of AD-BOX, its results are compared with those obtained from AASHTOWare 
BrR, as summarized in the BR100 summary sheet provided by the ODOT. The input parameters and output 
criteria for load rating using AD-BOX is used same as that used for load rating using AASHTOWare BrR. A 
total of 18 sample bridges, the same ones used for the verification in Section 3.2.1 of this report are 
used for the comparison. 

Figure 3-17 presents the comparisons of RFs obtained from AD-BOX with RFs from AASHTOWare BrR. The 
RFs obtained from AD-BOX for 15 vehicle types across 18 sample bridges are plotted against the ratio of 
RFs from AD-BOX to BrR. A mean line is drawn, which is found to be approximately equal to 1.0. Table 
3-47 presents the CVs obtained from the comparison for each vehicle type. The maximum CV obtained is 
3.72%. The mean of the ratios are approximately 1.0, with a CV of up to 3.72%, which confirms the 
reliability of AD-BOX. The detailed results of the comparison are presented in the subsequent sections. 

 

Figure 3-17 Rating factor comparisons for AD-BOX versus AASHTOWare BrR. 
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Table 3-47 Coefficient of variations for verification for AD-BOX versus independent hand calculations. 

Vehicle types 

Coefficient of variation (CV) 

AD-BOX/BrR 

Non skewed bridges Skewed bridges 

Single-cell box  
beam bridges 

Single-cell box  
beam bridges 

Multicell box  
beam bridges 

Design vehicle 
HL93 

Inventory 2.05% 3.72% 1.17% 

Operating 2.16% 2.27% 0.60% 

Ohio legal loads 

2F1 1.27% 2.73% 0.86% 

3F1 1.26% 2.58% 1.02% 

5C1 1.65% 3.38% 0.99% 

AASHTO legal 
loads 

Type 3 1.13% 3.01% 0.74% 

Type 3S2 1.19% 2.82% 1.00% 

Type 3-3 1.27% 3.11% 0.47% 

Specialized 
hauling vehicles 

SU4 1.16% 2.61% 0.91% 

SU5 1.35% 2.70% 1.22% 

SU6 1.37% 2.61% 1.19% 

SU7 1.13% 2.66% 0.86% 

Emergency 
vehicles 

EV2 2.57% 2.69% 0.58% 

EV3 2.07% 2.63% 0.06% 

Custom vehicles 

12-axle 0.97% 2.18% 1.16% 

15-axle 0.98% 2.06% 0.87% 

19-axle 2.71% 2.15% 0.22% 

35-axle 2.69% 2.13% 0.22% 

Appendix B presents the input and AD-BOX results for all sample bridges used for the comparison. 

3.2.2.1. Flexural Capacity Comparisons 

To check the reliability of flexure capacity calculation in AD-BOX, the flexural capacities calculated by 
AD-BOX and AASHTOWare BrR are compared, with separate comparisons for composite and non-composite 
beams. The comparison, based on the ratio of AD-BOX results to BrR, is presented for non-composite 
beams in Table 3-48 and composite beams in Table 3-49. The mean and CV of these ratios are calculated 
to quantify deviation.  

AD-BOX calculates the flexural capacity of box beams using an approximate method with a rectangular 
compression block as specified in Section 3.1.3.5.1 of this report. According to AASHTO LRFD Article 
5.6.3.2.5, a more complex, iterative strain compatibility method may also be used. AASHTOWare BrR 
employs this method to calculate beam flexural capacities. Before the comparison of AD-BOX rating 
factor results with AASHTOWare BrR, its flexural capacity is first compared with that from AASHTOWare 
BrR. 
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Table 3-48 Comparison of flexure capacity of non-composite beams using AD-BOX and AASHTOWare BrR. 

Sample no. 
Year of 

construction 

Design 
Span 
(ft) 

Beam 
section 

Flexure Capacity 
Ratio 

(AD-BOX/BrR) 
AD-BOX 
(kips-ft) 

BrR 
(kips-ft) 

1 2024 30 B17-48 693.31 697.75 0.994 

2 2018 50 B21-48 1266.16 1264.03 1.002 

3 1982 62 B33-48 1571.11 1571.3 1.000 

8 2018 42 B33-48 1571.11 1571.3 1.000 

9 1984 65 B27-48 1641.06 1643.63 0.998 

10 2009 65.5 B21-48 1680.55 1685.27 0.997 

11 1985 74.85 B33-48 1687.07 1686.29 1.000 

12 2016 75 B33-36 2086.94 2108.44 0.990 
     Mean 0.998 
     CV 0.40% 

Table 3-49 Comparison of flexure capacity of composite beams using AD-BOX and AASHTOWare BrR. 

Sample no. 
Year of 

construction 

Design 
Span 
(ft) 

Beam 
section 

Flexure Capacity 
Ratio 

(AD-BOX/BrR) 
AD-BOX 
(kips-ft) 

BrR 
(kips-ft) 

4 2023 25 CB17-36 569.38 598.52 0.951 

5 2021 45 CB17-48 1164.04 1132.86 1.028 

6 2018 55 CB17-48 1549.99 1533.42 1.011 

7 2021 80 CB27-48 3115.47 3161.57 0.985 

13 2021 26 CB17-48 920.79 935.1 0.985 

14 2022 47.71 CB21-48 2019.36 2016.49 1.001 

15 2018 60 CB27-48 2121.87 2052.02 1.034 

16 2019 83 CB33-48 3341.57 3272.3 1.021 
     Mean 1.002 
     CV 2.74% 

 

As shown in Table 3-48, the non-composite flexural capacity exhibits minor deviation, with a mean of 
0.998 and CV of 0.40%, indicating that both methods yield similar values. For composite beams, as shown 
in Table 3-49, the deviation is higher, with a mean of 1.002 and CV of 2.74%, possibly due to the 
unaccounted differences in concrete strength between the deck slab and beam in the approximate 
method. The mean of 0.998 for non-composite beams indicates flexural capacity calculated by AD-BOX 
is slightly lower than those calculated by BrR, while the mean of 1.002 indicates the flexural capacity 
calculated by AD-BOX is slightly higher than that calculated by BrR for the composite beams. The CV of 
the ratios, which is less than or equal to 2.74%, confirms that the flexural capacity calculated by AD-BOX 
is reliable for the load rating of adjacent box beam bridges. 

3.2.2.2. Maximum Moment Comparisons 

AD-BOX uses the maximum moment capacity calculations due to the vehicular loading at the exact 
maximum moment location, as presented in Section 3.1.3.4 of this report. AASHTOWare BrR calculates 
the moments due to vehicular loading using the conventional one-tenth-of-the-span of the span method, 
which gives the maximum moment at the center of the bridge span, which may not be accurate. To 
quantify the deviation between AD-BOX and BrR’s maximum moment calculations, the unfactored 
maximum moments from both tools are compared using sample bridge 15 as a representative sample, 
among the 18 sample bridges, across 13 vehicle types. The comparison is conducted based on the 
percentage deviation of AD-BOX results from the theoretical values and AD-BOX with BrR, which is 
presented in Table 3-50. 
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Table 3-50 Comparison of maximum moments for sample bridge 15 using AD-BOX and AASHTOWare BrR. 

 Vehicle Type 
AD-BOX 
(kips-ft) 

Theoretical  
(kips-ft) 

BrR 
(kips-ft) 

% Deviation 
(AD-BOX with Theoretical) 

% Deviation 
(AD-BOX with BrR) 

1 HL-93 truck 322.12 322.12 319.63 0.00% 0.78% 

2 2F1 160.31 160.31 159.82 0.00% 0.31% 

3 3F1 238.14 238.14 238.13 0.00% 0.00% 

4 5C1 233.46 233.46 233.33 0.00% 0.05% 

5 SU4 270.53 270.53 270.09 0.00% 0.16% 

6 SU5 297.15 297.15 295.66 0.00% 0.50% 

7 SU6 330.20 330.20 329.62 0.00% 0.18% 

8 SU7 358.38 358.38 358.39 0.00% 0.00% 

9 EV2 276.34 276.34 272.69 0.00% 1.34% 

10 EV3 419.64 419.64 418.72 0.00% 0.22% 

11 Type 3 239.02 239.02 238.13 0.00% 0.38% 

12 Type 3S2 246.98 246.98 240.53 0.00% 2.68% 

13 Type 3-3 225.48 225.48 225.34 0.00% 0.06% 

As shown in Table 3-50, AD-BOX calculated the maximum moments exactly the same as the theoretical 
maximum values. BrR, on the other end, provided consistently smaller values with a maximum deviation 
of up to 2.68% from the theoretical value for vehicle Type 3S2. This indicates the importance of 
calculating the maximum moment at the exact location and AD-BOX's improved accuracy in calculating 
maximum moments for load rating. 

3.2.2.3. Rating Factor Comparisons 

3.2.2.3.1 Non-skewed Bridges  

The comparison of RF values from AD-BOX and AASHTOWare BrR values from the BR100 summary sheet 
provided by ODOT is performed separately for seven non-skewed bridges, among the sample bridges 
presented in Table 3-16, which consists of three non-composite and four composite beams. According to 
AASHTO MBE Table 6A.4.2.2.2-1, Design vehicle, HL-93 at inventory condition, are load rated for strength-
I and Service-III limit states, while HL-93 at operating condition, Ohio legal vehicles, AASHTO legal 
vehicles, specialized hauling vehicles, and emergency vehicles are load rated using the Strength-I limit 
state as discussed in Section 3.1.3.6 of this report. The RF value for HL-93 at inventory is the adopted 
minimum value of the results from Strength-I and Service-III limit states.  

The comparison results of RF values for the non-skewed bridges are presented through Table 3-51 through 
Table 3-58. The comparison is based on the ratio of results from AD-BOX to BR100. All input parameters 
are taken the same while calculating the RF values using AD-BOX and AASHTOWare BrR. The mean and 
CV of the ratios are calculated to check the reliability of the results. Section C1 of Appendix C presents 
the input and AD-BOX results for the non-skewed sample bridges. 
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Table 3-51 presents a comparison of the RF ratios for the HL-93 design vehicle under inventory and 
operating conditions. For the inventory condition, the minimum RF values from the Strength-I and 
Service-III limit states are applied, while the RF values for the operating condition are calculated using 
the Strength-I limit state. The mean of the ratios is found to be approximately 1.0, with a CV of up to 
2.16%, indicating that AD-BOX computes RF values for HL-93 that closely align with those calculated by 
AASHTOWare BrR. 

Table 3-51 AD-BOX versus AASHTOWare BrR for non-skewed bridges for the design vehicle. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Design Vehicle (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio  
(a/b) AD-BOX  

(a) 
BrR  
(b) 

AD-BOX  
(a) 

BrR  
(b) 

1 Non-composite 2024 31 1.703 1.645 1.035 2.207 2.132 1.035 

2 Non-composite 2018 50 1.546 1.546 1.000 2.005 2.004 1.000 

3 Non-composite 1982 62 1.036 1.039 0.997 1.343 1.346 0.998 

4 Composite 2023 28 2.258 2.275 0.993 2.928 2.95 0.993 

5 Composite 2021 45 1.495 1.434 1.043 2.007 2.068 0.971 

6 Composite 2018 55 1.183 1.189 0.995 1.876 1.907 0.984 

7 Composite 2021 80 1.395 1.392 1.002 2.293 2.351 0.975 

     Mean 1.009  Mean 0.994 

     CV 2.05%  CV 2.16% 

Table 3-52 and Table 3-53 present a comparison of the ratios of RF values for the non-skewed sample 
bridges for Ohio legal vehicles: 2F1, 3F1, and 5C1. The RF values for these vehicles are calculated using 
Strength-I limit states as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is found to 
be slightly less than 1.0, with a CV of up to 1.65%, indicating that AD-BOX computes RF values for Ohio 
legal vehicles that closely align with those calculated by AASHTOWare BrR. The mean of less than 1.0 
confirms the effect of the greater maximum moment calculated at the exact maximum location rather 
than at the center span of the bridge.  

Table 3-52 AD-BOX versus AASHTOWare BrR of non-skewed bridges for Ohio legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Ohio legal loads 

2F1 

Ratio 
(a/b) 

3F1 

Ratio  
(a/b) AD-BOX  

(a) 
BrR 
(b) 

AD-BOX  
(a) 

BrR  
(b) 

1 Non-composite 2024 31 4.411 4.457 0.990 3.107 3.107 1.000 

2 Non-composite 2018 50 4.430 4.424 1.001 3.001 2.989 1.004 

3 Non-composite 1982 62 3.214 3.224 0.997 2.157 2.161 0.998 

4 Composite 2023 28 5.853 5.832 1.004 4.237 4.326 0.979 

5 Composite 2021 45 4.243 4.365 0.972 2.888 2.963 0.975 

6 Composite 2018 55 4.794 4.872 0.984 3.234 3.28 0.986 

7 Composite 2021 80 5.994 6.148 0.975 3.993 4.094 0.975 

         Mean 0.989  Mean 0.988 
    

 CV 1.27%  CV 1.26% 
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Table 3-53 AD-BOX versus AASHTOWare BrR of non-skewed bridges for Ohio legal load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design span  
(ft) 

Ohio legal load 

5C1 

Ratio 
(a/b) AD-BOX  

(a) 
BrR  
(b) 

 
1 Non-composite 2024 31 3.257 3.263 0.998  

2 Non-composite 2018 50 3.077 3.065 1.004  

3 Non-composite 1982 62 2.199 2.204 0.998  

4 Composite 2023 28 4.501 4.571 0.985  

5 Composite 2021 45 2.971 3.047 0.975  

6 Composite 2018 55 3.306 3.354 0.986  

7 Composite 2021 80 3.557 3.718 0.957  

         Mean 0.986  

    
 CV 1.65%  

Table 3-54 and Table 3-55 present a comparison of the RF ratios for non-skewed sample bridges for 
AASHTO legal loads: Type3, Type3S2, and Type3-3. The RF values for these vehicles are calculated using 
Strength-I limit states as explained in Section 3.1.3.6.2 of this report. For AASHTO legal loads also, the 
mean of the ratios is found slightly less than 1.0, with a CV of up to 1.27%, indicating that AD-BOX 
computes RF values for AASHTO legal loads that closely align with those calculated by AASHTOWare BrR. 
The mean of less than 1.0 confirms the effect of the greater maximum moment calculated at the exact 
maximum location rather than at the center span of the bridge.  

Table 3-54 AD-BOX versus AASHTOWare BrR of non-skewed bridges for AASHTO legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio  
(a/b) AD-BOX  

(a) 
BrR  
(b) 

AD-BOX  
(a) 

BrR 
(b) 

1 Non-composite 2024 31 3.472 3.529 0.984 3.520 3.521 1.000 

2 Non-composite 2018 50 3.054 3.052 1.001 3.301 3.330 0.991 

3 Non-composite 1982 62 2.147 2.154 0.997 2.062 2.097 0.984 

4 Composite 2023 28 4.575 4.603 0.994 4.814 4.915 0.979 

5 Composite 2021 45 2.982 3.070 0.971 3.259 3.342 0.975 

6 Composite 2018 55 3.255 3.310 0.983 3.319 3.428 0.968 

7 Composite 2021 80 3.896 3.997 0.975 3.405 3.515 0.969 

          Mean 0.986   Mean 0.981 
      CV 1.13%   CV 1.19% 
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Table 3-55 AD-BOX versus AASHTOWare BrR of non-skewed bridges for AASHTO legal load. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design span  
(ft) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) AD-BOX  

(a) 
BrR  
(b) 

 
1 Non-composite 2024 31 4.276 4.285 0.998  

2 Non-composite 2018 50 3.638 3.649 0.997  

3 Non-composite 1982 62 2.232 2.237 0.998  

4 Composite 2023 28 5.555 5.589 0.994  

5 Composite 2021 45 3.579 3.699 0.967  

6 Composite 2018 55 3.634 3.687 0.986  

7 Composite 2021 80 3.501 3.597 0.973  

          Mean 0.988  

      CV 1.27%  

 
Table 3-56 and Table 3-57 present a comparison of the RF ratios for non-skewed sample bridges for 
Specialized hauling vehicles: SU4, SU5, SU6, and SU7. The RF values for these vehicles are calculated 
using Strength-I limit states as explained in Section 3.1.3.6.2 of this report. For specialized hauling 
vehicles also, the mean of the ratios is found to be slightly less than 1.000, with a CV of up to 1.37%, 
indicating that AD-BOX computes RF values for specialized hauling vehicles that closely align with those 
calculated by AASHTOWare BrR. The mean of less than 1.0 confirms the effect of the greater maximum 
moment calculated at the exact maximum location rather than at the center span of the bridge. 

Table 3-56 AD-BOX versus AASHTOWare BrR of non-skewed bridges for specialized hauling vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Special hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio  
(a/b) AD-BOX  

(a) 
BrR  
(b) 

AD-BOX  
(a) 

BrR  
(b) 

1 Non-composite 2024 31 2.860 2.878 0.994 2.664 2.662 1.001 

2 Non-composite 2018 50 2.665 2.657 1.003 2.456 2.458 0.999 

3 Non-composite 1982 62 1.898 1.903 0.997 1.728 1.735 0.996 

4 Composite 2023 28 3.863 3.939 0.981 3.564 3.66 0.974 

5 Composite 2021 45 2.579 2.65 0.973 2.397 2.473 0.969 

6 Composite 2018 55 2.858 2.902 0.985 2.619 2.666 0.982 

7 Composite 2021 80 3.486 3.574 0.975 3.138 3.22 0.975 

         Mean 0.987  Mean 0.985 
    

 CV 1.16%  CV 1.35% 
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Table 3-57 AD-BOX versus AASHTOWare BrR of non-skewed bridges for specialized hauling vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Special hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio  
(a/b) AD-BOX  

(a) 
BrR 
(b) 

AD-BOX  
(a) 

BrR  
(b) 

1 Non-composite 2024 31 2.432 2.43 1.001 2.333 2.342 0.996 

2 Non-composite 2018 50 2.213 2.208 1.002 2.053 2.044 1.004 

3 Non-composite 1982 62 1.552 1.556 0.997 1.427 1.43 0.998 

4 Composite 2023 28 3.305 3.400 0.972 3.250 3.289 0.988 

5 Composite 2021 45 2.163 2.223 0.973 2.017 2.069 0.975 

6 Composite 2018 55 2.356 2.393 0.984 2.176 2.207 0.986 

7 Composite 2021 80 2.812 2.884 0.975 2.568 2.632 0.976 

     Mean 0.986  Mean 0.989 

     CV 1.37%  CV 1.13% 

Table 3-58 presents a comparison of the RF ratios for non-skewed sample bridges for emergency vehicles 
EV2 and EV3. The RF values for these vehicles are calculated using Strength-I limit states, and load factors 
according to FAST act. For emergency vehicles, the mean of the ratios is found slightly less than 1.0, 
with a CV of up to 2.57%, indicating that AD-BOX computes RF values for emergency vehicles that closely 
align with those calculated by AASHTOWare BrR. The mean of less than 1.0 confirms the effect of the 
greater maximum moment calculated at the exact maximum location rather than at the center span of 
the bridge. 

Table 3-58 AD-BOX versus AASHTOWare BrR of non-skewed bridges for emergency vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio  
(a/b) AD-BOX  

(a) 
BrR  
(b) 

AD-BOX  
(a) 

BrR  
(b) 

1 Non-composite 2024 31 2.932 2.935 0.999 2.060 2.097 0.982 

2 Non-composite 2018 50 2.644 2.699 0.980 1.730 1.726 1.002 

3 Non-composite 1982 62 1.868 1.881 0.993 1.612 1.616 0.997 

4 Composite 2023 28 3.926 4.023 0.976 3.637 3.668 0.992 

5 Composite 2021 45 2.582 2.688 0.961 1.682 1.730 0.972 

6 Composite 2018 55 2.824 2.892 0.976 2.002 2.034 0.984 

7 Composite 2021 80 4.469 4.299 1.039 2.940 2.838 1.036 

          Mean 0.989   Mean 0.995 
      CV 2.57%   CV 2.07% 

The comparison tables for non-skewed sample bridges indicate that AD-BOX calculates RF values with 
reliability for all vehicle types required by the ODOT BDM, which is confirmed by the mean ratio of 
approximately 1.0 and a CV of up to 2.57%.  

3.2.2.3.2 Skewed Bridges  

The comparison is further carried out for the eleven skewed bridges with five non-composite and six 
composite cross sections. Load rating is performed for these bridges for all vehicle types required by 
ODOT BDM. A separate comparison is made for nine single-cell and two multicell box beam cross sections. 
According to AASHTO MBE Table 6A.4.2.2.2-1, Design vehicle, HL-93 at inventory condition, are load rated 
for Strength-I and Service-III limit states, while HL-93 at operating condition, Ohio legal vehicles, AASHTO 
legal vehicles, specialized hauling vehicles, and emergency vehicles are load rated using the Strength-I 
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limit state as discussed in Section 3.1.3.6 of this report. RF value for HL-93 at inventory is adopted 
minimum value of the results from Strength-I and Service-III limit states.  

The comparison of RF values from AD-BOX and AASHTOWare BrR values from the BR100 summary sheet 
provided by ODOT for nine skewed bridges are detailed through Table 3-59 to Table 3-66. The comparison 
is based on the ratio of results from AD-BOX to BR100. All input parameters are taken the same while 
calculating the RF values using AD-BOX and AASHTOWare BrR. Mean and CV of the ratio are calculated, 
to check the reliability of the results. Section C2 of Appendix C presents the input and AD-BOX results for 
the skewed sample bridges. 

Table 3-59 presents a comparison of the RF ratios for skewed bridges for the HL-93 design vehicle under 
inventory and operating conditions. For the inventory condition, the minimum RF values from the 
Strength-I and Service-III limit states are applied, while the RF values for the operating condition are 
calculated using the Strength-I limit state. The mean of the ratios is found to be approximately 1.0, with 
a CV of up to 3.72%, indicating that AD-BOX computes RF values for HL-93 that closely align with those 
calculated by AASHTOWare BrR. 

Table 3-59 AD-BOX versus AASHTOWare BrR for skewed bridges for the design vehicle. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Design Vehicle (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 1.639 1.655 0.990 2.124 2.146 0.990 

9 Non-composite 1984 65 5 1.004 0.999 1.005 1.301 1.295 1.005 

10 Non-composite 2021 65.5 12 1.004 1.004 1.000 1.325 1.301 1.018 

11 Non-composite 1985 74.85 30 0.341 0.361 0.945 0.941 0.925 1.018 

12 Non-composite 2016 76 10 1.718 1.632 1.053 2.228 2.299 0.969 

13 Composite 2021 27 30 3.473 3.541 0.981 4.502 4.590 0.981 

14 Composite 2022 50 19 3.314 3.271 1.013 4.296 4.241 1.013 

15 Composite 2018 60 24 2.032 1.950 1.042 2.634 2.577 1.022 

16 Composite 2019 83 20 1.001 1.057 0.947 1.966 1.886 1.042 

Mean 0.997 Mean 1.006 

CV 3.72% CV 2.27% 
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Table 3-60 and Table 3-61 present a comparison of the RF ratios for skewed sample bridges for Ohio legal 
vehicles: 2F1, 3F1, and 5C1. The RF values for these vehicles are calculated using Strength-I limit states 
as explained in Section 3.1.3.6.2 of this report. The mean of the ratios is found approximately 1.0, with 
a CV of up to 3.38%, indicating that AD-BOX computes RF values for Ohio legal vehicles that closely align 
with those calculated by AASHTOWare BrR. 

Table 3-60 AD-BOX versus AASHTOWare BrR of skewed bridges for Ohio legal loads. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Ohio legal loads 

2F1 

Ratio 
(a/b) 

3F1 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 4.359 4.389 0.993 2.982 2.990 0.997 

9 Non-composite 1984 65 5 3.165 3.153 1.004 2.120 2.111 1.004 

10 Non-composite 2021 65.5 12 3.234 3.176 1.018 2.165 2.126 1.018 

11 Non-composite 1985 74.85 30 2.406 2.366 1.017 1.605 1.578 1.017 

12 Non-composite 2016 76 10 5.697 5.883 0.968 3.803 3.923 0.969 

13 Composite 2021 27 30 8.987 9.214 0.975 6.467 6.581 0.983 

14 Composite 2022 50 19 8.846 9.18 0.964 6.011 6.215 0.967 

15 Composite 2018 60 24 6.235 6.098 1.022 4.193 4.092 1.025 

16 Composite 2019 83 20 5.209 4.994 1.043 3.466 3.323 1.043 

Mean 1.001 Mean 1.003 

CV 2.73% CV 2.58% 

Table 3-61 AD-BOX versus AASHTOWare BrR of skewed bridges for Ohio legal load. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Ohio legal load 

5C1 

Ratio 
(a/b) AD-BOX 

(a) 
BrR 
(b) 

8 Non-composite 2020 42 28 3.075 3.085 0.997 

9 Non-composite 1984 65 5 2.160 2.150 1.005 

10 Non-composite 2021 65.5 12 2.206 2.165 1.019 

11 Non-composite 1985 74.85 30 1.512 1.501 1.007 

12 Non-composite 2016 76 10 3.520 3.688 0.954 

13 Composite 2021 27 30 6.847 6.990 0.980 

14 Composite 2022 50 19 6.171 6.384 0.967 

15 Composite 2018 60 24 4.277 4.176 1.024 

16 Composite 2019 83 20 3.036 3.291 0.923 

Mean 0.986 

CV 3.38% 
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Table 3-62 and Table 3-63 present a comparison of the RF ratios for skewed sample bridges for AASHTO 

legal loads: Type3, Type3S2, and Type3-3. The RF values for these vehicles are calculated using Strength-

I limit states as explained in Section 3.1.3.6.2 of this report. For AASHTO legal loads also, the mean of 

the ratios is found slightly less than 1.0, with a CV of up to 3.11%, indicating that AD-BOX computes RF 

values for AASHTO legal loads that closely align with those calculated by AASHTOWare BrR.  

Table 3-62 AD-BOX versus AASHTOWare BrR of skewed bridges for AASHTO legal loads. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 3.108 3.135 0.991 3.367 3.376 0.997 

9 Non-composite 1984 65 5 2.102 2.095 1.003 1.982 1.993 0.994 

10 Non-composite 2021 65.5 12 2.146 2.108 1.018 2.018 1.999 1.010 

11 Non-composite 1985 74.85 30 1.574 1.548 1.017 1.413 1.392 1.015 

12 Non-composite 2016 76 10 3.726 3.848 0.968 3.320 3.458 0.960 

13 Composite 2021 27 30 7.063 7.214 0.979 7.343 7.474 0.982 

14 Composite 2022 50 19 6.148 6.388 0.962 6.781 7.011 0.967 

15 Composite 2018 60 24 4.182 4.092 1.022 4.069 4.052 1.004 

16 Composite 2019 83 20 3.375 3.610 0.935 2.917 3.139 0.929 

Mean 0.988 Mean 0.984 

CV 3.01% CV 2.82% 

Table 3-63 AD-BOX versus AASHTOWare BrR of skewed bridges for AASHTO legal load. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design span 
(ft) 

Skew 
angle 

(degree) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) AD-BOX 

(a) 
BrR 
(b) 

8 Non-composite 2020 42 28 3.745 3.801 0.985 

9 Non-composite 1984 65 5 2.134 2.125 1.004 

10 Non-composite 2021 65.5 12 2.170 2.131 1.018 

11 Non-composite 1985 74.85 30 1.469 1.446 1.016 

12 Non-composite 2016 76 10 3.468 3.589 0.966 

13 Composite 2021 27 30 8.577 8.760 0.979 

14 Composite 2022 50 19 7.339 7.662 0.958 

15 Composite 2018 60 24 4.428 4.325 1.024 

16 Composite 2019 83 20 2.980 3.189 0.935 

Mean 0.987 

CV 3.11% 
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Table 3-64 and Table 3-65 present a comparison of the RF ratios for skewed sample bridges for Specialized 
hauling vehicles: SU4, SU5, SU6, and SU7. The RF values for these vehicles are calculated using Strength-
I limit states as explained in Section 3.1.3.6.2 of this report. For specialized hauling vehicles also, the 
mean of the ratios is found approximately 1.0, with a CV of up to 2.70%, indicating that AD-BOX computes 
RF values for Specialized Hauling Vehicles that closely align with those calculated by AASHTOWare BrR. 

Table 3-64 AD-BOX versus AASHTOWare BrR of skewed bridges for specialized hauling vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Special hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 2.673 2.686 0.995 2.496 2.523 0.989 

9 Non-composite 1984 65 5 1.863 1.855 1.004 1.693 1.687 1.004 

10 Non-composite 2021 65.5 12 1.902 1.868 1.018 1.728 1.698 1.018 

11 Non-composite 1985 74.85 30 1.404 1.380 1.017 1.268 1.247 1.017 

12 Non-composite 2016 76 10 3.325 3.432 0.969 3.000 3.100 0.968 

13 Composite 2021 27 30 5.953 6.050 0.984 5.466 5.552 0.985 

14 Composite 2022 50 19 5.348 5.54 0.965 4.941 5.142 0.961 

15 Composite 2018 60 24 3.693 3.608 1.024 3.366 3.296 1.021 

16 Composite 2019 83 20 3.023 2.898 1.043 2.720 2.607 1.043 

Mean 1.002 Mean 1.001 

CV 2.61% CV 2.70% 

Table 3-65 AD-BOX versus AASHTOWare BrR of skewed bridges for specialized hauling vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Special hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 2.258 2.270 0.995 2.116 2.121 0.998 

9 Non-composite 1984 65 5 1.519 1.513 1.004 1.394 1.388 1.004 

10 Non-composite 2021 65.5 12 1.550 1.522 1.018 1.422 1.396 1.019 

11 Non-composite 1985 74.85 30 1.136 1.117 1.017 1.039 1.021 1.018 

12 Non-composite 2016 76 10 2.690 2.777 0.969 2.461 2.539 0.969 

13 Composite 2021 27 30 5.050 5.130 0.984 4.935 5.053 0.977 

14 Composite 2022 50 19 4.460 4.621 0.965 4.148 4.289 0.967 

15 Composite 2018 60 24 3.025 2.956 1.023 2.786 2.719 1.025 

16 Composite 2019 83 20 2.435 2.335 1.043 2.221 2.129 1.043 

Mean 1.002 Mean 1.002 

CV 2.61% CV 2.66% 
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Table 3-66 presents a comparison of the RF ratios for skewed sample bridges for Emergency vehicles EV2 
and EV3. The RF values for these vehicles are calculated using Strength-I limit states and load factors 
according to the FAST Act. For Emergency Vehicles, the mean of the ratios is found slightly less than 1.0 
with a CV of up to 2.69%, indicating that AD-BOX computes RF values for Emergency vehicles that closely 
align with those calculated by AASHTOWare BrR. 

Table 3-66 AD-BOX versus AASHTOWare BrR of skewed bridges for emergency vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

8 Non-composite 2020 42 28 2.679 2.709 0.989 2.306 2.319 0.994 

9 Non-composite 1984 65 5 1.831 1.828 1.002 1.199 1.194 1.004 

10 Non-composite 2021 65.5 12 2.085 2.091 0.997 1.613 1.614 0.999 

11 Non-composite 1985 74.85 30 1.532 1.506 1.017 1.186 1.167 1.016 

12 Non-composite 2016 76 10 3.240 3.357 0.965 2.131 2.200 0.969 

13 Composite 2021 27 30 6.808 6.910 0.985 5.106 5.215 0.979 

14 Composite 2022 50 19 5.307 5.545 0.957 3.468 3.605 0.962 

15 Composite 2018 60 24 4.048 3.986 1.016 3.138 3.068 1.023 

16 Composite 2019 83 20 2.944 2.822 1.043 1.933 1.854 1.043 

Mean 0.997 Mean 0.999 

CV 2.69% CV 2.63% 

The comparison tables for skewed sample bridges indicate that AD-BOX calculates RF values with 
reliability for skewed bridges for all vehicle types required by the ODOT BDM, which is confirmed by the 
mean ratio of approximately 1.0 and a CV of up to 3.72%. 

3.2.2.3.3 Multicell Box Beam Bridges 

The comparison of RF values from AD-BOX with AASHTOWare BrR values, obtained from the BR100 
summary sheet provided by ODOT, is performed separately for two skewed multicell box beam bridges, 
among the sample bridges presented in Table 3-16.  

The comparison results of RF values for the two skewed multicell box beam bridges are presented through 
Table 3-67 to Table 3-72. The comparison is based on the ratio of results from AD-BOX to BR100. All input 
parameters are taken the same while calculating the RF values using AD-BOX and AASHTOWare BrR. The 
mean and CV of the ratio are calculated to check the reliability of the results. Section C3 of Appendix C 
presents the input and AD-BOX results for the sample multicell box beam bridges. 

Table 3-67 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for the design vehicle. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Design Vehicle (HL-93) 

Inventory 

Ratio 
(a/b) 

Operating 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

17 Composite 1996 35 30 1.159 1.191 0.973 1.947 1.972 0.987 

18 Composite 2007 45 10 1.428 1.492 0.957 2.090 2.135 0.979 

Mean 0.965 Mean 0.983 

CV 1.17% CV 0.60% 
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Table 3-68 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for Ohio legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design  
span  
(ft) 

Skew 
angle 

(degree) 

Ohio legal loads 

2F1 

Ratio  
(a/b) 

3F1 

Ratio  
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

AD-
BOX  
(a) 

BrR  
(b) 

17 Composite 1996 35 30 3.962 3.984 0.994 2.745 2.744 1.000 

18 Composite 2007 45 10 4.936 5.025 0.982 3.364 3.412 0.986 

            Mean 0.988   Mean 0.993 
      CV 0.86%  CV 1.02% 

 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design  
span  
(ft) 

Skew 
angle 

(degree) 

Ohio legal load 

5C1 

Ratio  
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

17 Composite 1996 35 30 2.853 2.855 0.999 

18 Composite 2007 45 10 3.460 3.511 0.985 

            Mean 0.992 
      CV 0.99% 

Table 3-69 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for AASHTO legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Skew 
angle 

(degree) 

AASHTO legal loads 

Type 3 

Ratio 
(a/b) 

Type 3S2 

Ratio  
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

AD-
BOX  
(a) 

BrR 
(b) 

17 Composite 1996 35 30 2.959 2.986 0.991 3.104 3.104 1.000 

18 Composite 2007 45 10 3.469 3.537 0.981 3.796 3.850 0.986 

            Mean 0.986   Mean 0.993 
      CV 0.74%  CV 1.00% 

 

Table 3-70 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for AASHTO legal loads. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Skew 
angle 

(degree) 

AASHTO legal load 

Type 3-3 

Ratio 
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

 
17 Composite 1996 35 30 3.627 3.693 0.982  

18 Composite 2007 45 10 4.158 4.262 0.976  

            Mean 0.979  

      CV 0.47%  
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Table 3-71 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for specialized hauling 
vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Specialiazed hauling vehicles 

SU4 

Ratio 
(a/b) 

SU5 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

17 Composite 1996 35 30 2.493 2.501 0.997 2.373 2.382 0.996 

18 Composite 2007 45 10 3.002 3.051 0.984 2.787 2.847 0.979 

Mean 0.990 Mean 0.987 

CV 0.91% CV 1.22% 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design 
span 
(ft) 

Skew 
angle 

(degree) 

Specialized hauling vehicles 

SU6 

Ratio 
(a/b) 

SU7 

Ratio 
(a/b) 

AD-
BOX 
(a) 

BrR 
(b) 

AD-
BOX 
(a) 

BrR 
(b) 

17 Composite 1996 35 30 2.153 2.152 1.000 2.034 2.038 0.998 

18 Composite 2007 45 10 2.518 2.560 0.984 2.350 2.383 0.986 

Mean 0.992 Mean 0.992 

CV 1.19% CV 0.86% 

Table 3-72 AD-BOX versus AASHTOWare BrR for multicell box beam bridges for emergency vehicles. 

Sample 
No. 

Types of 
 beams 

Year 
of 

constr. 

Design span 
(ft) 

Skew 
angle 

(degree) 

Emergency vehicles 

EV2 

Ratio 
(a/b) 

EV3 

Ratio 
(a/b) AD-BOX 

(a) 
BrR 
(b) 

AD-BOX 
(a) 

BrR 
(b) 

17 Composite 1996 35 30 2.789 2.838 0.983 2.148 2.186 0.982 

18 Composite 2007 45 10 2.994 3.071 0.975 1.958 1.991 0.983 

Mean 0.979 Mean 0.983 

CV 0.58% CV 0.06% 

The comparison tables for sample multicell box beam bridges indicate that AD-BOX calculates RF values 
with reliability for all vehicle types required by the ODOT BDM, which is confirmed by the mean ratio of 
approximately 1.0 and a CV of up to 1.22%. 

3.2.2.3.4 Custom Vehicles 

To consider the future needs for vehicles beyond the 15 vehicle types listed in the ODOT BDM (2020), AD-
BOX has been developed with the capability to include custom vehicles with up to 35 axles. A high axle 
count is selected to consider vehicles that may emerge in the future. 

To check the reliability of load rating for custom vehicles using AD-BOX, four custom vehicles with 12, 
15, 19, and 35 axles are tested across 18 sample bridges. The axle configurations and load rating results 
for the 12-, 15-, and 19-axle vehicles, calculated using AASHTOWare BrR, are provided by ODOT. The 35-
axle vehicle is a hypothetical model configured for the comparison. The axle configurations of the 12-, 
15-, 19-, and 35-axle custom vehicles used for comparison are presented in Table 3-73, Table 3-74, Table 
3-75, and Table 3-76, respectively.
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Table 3-73 Axle configuration for 12-axle custom vehicle. 

Axle a b c d e f g h i j k l 

Load  
(kips) 

16.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 

Spacing 
(ft) 

0.00 16.25 1.00 4.50 2.00 5.00 3.00 40.17 4.00 5.00 5.00 5.17 

Distance 
from first 
axle (ft) 

0.00 16.25 20.75 25.25 41.00 46.00 51.00 91.17 96.17 101.17 117.42 122.58 

Table 3-74 Axle configuration for 15-axle custom vehicle. 

Axle a b c d e f g h i j k l 

Load  
(kips) 

14.00 18.00 18.00 18.00 18.00 18.00 18.00 20.00 20.00 18.00 18.00 18.00 

Spacing 
(ft) 

0.00 12.17 4.50 4.50 15.67 5.00 5.00 76.92 5.00 12.50 5.00 5.00 

Distance 
from first 
axle (ft) 

0.00 12.17 16.67 21.17 36.83 41.83 46.83 123.75 128.75 141.25 146.25 151.25 

             
Axle m n o          
Load  
(kips) 

18.00 18.00 18.00 
         

Spacing 
(ft) 

14.00 5.00 5.00 
         

Distance 
from first 
axle (ft) 

165.25 170.25 175.25 

         

Table 3-75  Axle configuration for 19-axle custom vehicle. 

Axle a b c d e f g h i j k l 

Load  
(kips) 

20.00 20.00 20.00 20.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 

Spacing 
(ft) 

0.00 13.50 5.00 5.00 15.00 5.00 5.00 14.67 5.00 5.00 4.50 5.00 

Distance 
from first 
axle (ft) 

0.00 13.50 18.50 23.50 38.50 43.50 48.50 63.17 68.17 73.17 77.67 82.67 

             
Axle m n o p q r s      
Load  
(kips) 

19.00 19.00 19.00 19.00 19.00 19.00 19.00 
     

Spacing 
(ft) 

5.00 4.50 5.00 5.00 14.08 5.00 5.00 
     

Distance 
from first 
axle (ft) 

87.67 92.17 97.17 102.17 116.25 121.25 126.25 
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Table 3-76  Axle configuration for 35-axle custom vehicle. 

Axle a b c d e f g h i j k l 

Load  
(kips) 

20.00 20.00 20.00 20.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 

Spacing 
(ft) 

0.00 13.50 5.00 5.00 15.00 5.00 5.00 14.67 5.00 5.00 4.50 5.00 

Distance 
from first 
axle (ft) 

0.00 13.50 18.50 23.50 38.50 43.50 48.50 63.17 68.17 73.17 77.67 82.67 

             
Axle m n o p q r s t u v w x 

Load  
(kips) 

19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 

Spacing 
(ft) 

5.00 4.50 5.00 5.00 4.50 5.00 5.00 4.50 5.00 5.00 4.50 5.00 

Distance 
from first 
axle (ft) 

87.67 92.17 97.17 102.17 106.67 111.67 116.67 121.17 126.17 131.17 135.67 140.67 

             
Axle y z aa ab ac ad ae af ag ah ai  
Load  
(kips) 

19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 19.00 
 

Spacing 
(ft) 

5.00 4.50 5.00 5.00 4.50 5.00 5.00 4.50 14.08 5.00 5.00 
 

Distance 
from first 
axle (ft) 

145.67 150.17 155.17 160.17 164.67 169.67 174.67 179.17 193.25 198.25 203.25 

 

 

The RF values for these vehicles are calculated using the Strength-II limit state, considering the custom 

vehicles as permit vehicles, and load factors for load conditions presented in Table 3-77, according to 

AASHTO MBE Table 6A.4.5.4.2a.1.  

Table 3-77 Custom vehicle load conditions used for the comparison. 

Permit type Special or Limited crossing 

Frequency Multiple trips (<100 crossings) 

Loading condition Mixed with traffic 

DF using One lane 

 

Table 3-78 and Table 3-79 present a comparison of the RF ratios for 16 sample bridges for 12-, 15-, 19-, 

and 35-axle custom vehicles.  For custom vehicles, the mean of the ratios is found slightly less than 1.0 

with a CV of up to 3.29%, indicating that AD-BOX computes RF values for custom vehicles that closely 

align with those calculated by AASHTOWare BrR. The mean of less than 1.0 confirms the effect of the 

greater maximum moment calculated at the exact maximum location rather than at the center span of 

the bridge. 
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Table 3-78 AD-BOX versus AASHTOWare BrR for custom vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Skew 
angle 

(degree) 

Custom Vehicles 

12-Axle 

Ratio 
(a/b) 

15-Axle 

Ratio  
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

AD-
BOX  
(a) 

BrR  
(b) 

Single-Cell Box Beam Bridges 

1 Non- composite 2024 30 0 2.840 3.051 0.931 3.008 3.220 0.934 

2 Non- composite 2018 50 0 3.139 3.151 0.996 3.083 3.065 1.006 

3 Non- composite 1982 62 0 1.978 1.991 0.993 1.873 1.883 0.995 

4 Composite 2023 25 0 3.776 3.907 0.966 4.004 4.124 0.971 

5 Composite 2021 45 0 3.083 3.161 0.975 2.999 3.015 0.995 

6 Composite 2018 55 0 2.883 2.923 0.986 3.003 2.779 1.081 

7 Composite 2021 80 0 3.426 3.515 0.975 3.157 3.238 0.975 

8 Non- composite 2018 42 28 3.306 3.373 0.980 3.212 3.193 1.006 

9 Non- composite 1984 65 5 1.958 1.955 1.002 1.842 1.838 1.002 

10 Non- composite 2009 65.5 12 2.042 2.016 1.013 1.920 1.893 1.014 

11 Non- composite 1985 74.85 30 1.335 1.313 1.017 1.237 1.216 1.017 

12 Non- composite 2016 75 10 2.920 3.021 0.967 2.707 2.797 0.968 

13 Composite 2021 26 30 6.001 6.078 0.987 6.361 6.416 0.991 

14 Composite 2022 47.71 19 6.191 6.214 0.996 6.191 6.060 1.022 

15 Composite 2018 60 24 3.869 3.796 1.019 3.683 3.608 1.021 

16 Composite 2019 83 20 2.893 2.789 1.037 2.660 2.563 1.038 

Multicell Box Beam Bridges 

17 Composite 1996 35 30 2.860 2.905 0.985 2.945 3.022 0.975 

18 Composite 2007 45 10 3.209 3.311 0.969 3.128 3.169 0.987 

          
 

Mean 0.989 
 

Mean 1.000 
     

 
CV 2.47% 

 
CV 3.18% 
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Table 3-79 AD-BOX versus AASHTOWare BrR for custom vehicles. 

Sample 
No. 

Types of  
 beams 

Year  
of  

constr. 

Design 
span  
(ft) 

Skew 
angle 

(degree) 

Custom Vehicles 

19-Axle 

Ratio 
(a/b) 

35-Axle 

Ratio  
(a/b) 

AD-
BOX  
(a) 

BrR  
(b) 

AD-
BOX  
(a) 

BrR  
(b) 

Single-Cell Box Beam Bridges 

1 Non- composite 2024 30 0 2.174 2.337 0.930 2.536 2.726 0.930 

2 Non- composite 2018 50 0 1.896 1.888 1.004 2.177 2.168 1.004 

3 Non- composite 1982 62 0 1.266 1.259 1.006 1.344 1.337 1.006 

4 Composite 2023 25 0 3.210 3.335 0.963 3.745 3.891 0.963 

5 Composite 2021 45 0 1.851 1.873 0.988 2.148 2.174 0.988 

6 Composite 2018 55 0 1.911 1.770 1.080 1.946 1.973 0.986 

7 Composite 2021 80 0 2.180 2.233 0.976 2.130 2.182 0.976 

8 Non- composite 2018 42 28 2.013 2.016 0.999 2.337 2.340 0.999 

9 Non- composite 1984 65 5 1.268 1.254 1.011 1.318 1.303 1.011 

10 Non- composite 2009 65.5 12 1.323 1.295 1.022 1.168 1.150 1.016 

11 Non- composite 1985 74.85 30 0.862 0.844 1.021 0.856 0.838 1.021 

12 Non- composite 2016 75 10 1.889 1.941 0.973 1.874 1.926 0.973 

13 Composite 2021 26 30 4.997 5.065 0.987 5.830 5.909 0.987 

14 Composite 2022 47.71 19 3.735 3.735 1.000 3.709 3.719 0.997 

15 Composite 2018 60 24 2.453 2.375 1.033 2.647 2.563 1.033 

16 Composite 2019 83 20 1.821 1.752 1.039 1.769 1.702 1.039 

Multicell Box Beam Bridges 

17 Composite 1996 35 30 1.927 1.959 0.984 1.927 1.959 0.984 

18 Composite 2007 45 10 1.931 1.968 0.981 1.922 1.959 0.981 

          
 

Mean 1.000 
 

Mean 0.994 
     

 
CV 3.30% 

 
CV 2.62% 

The comparison tables for custom vehicles indicate that AD-BOX calculates RF values with reliability, 
which is confirmed by the mean ratio of approximately 1.0 and a CV of up to 3.30%.  

3.2.2.4. Conclusions 

Considering 18 sample bridges, a mean of approximately 1.0 and a CV of up to 3.72% are obtained for 
the ratio of the rating factors from AD-BOX divided by the rating factors from AASHTOWare BrR.  

Due to the influence of moving loads, the maximum moment may not occur at the center of the bridge 
span. While dead loads generally create maximum moments at the center, the moving loads shift these 
moments slightly away from the centerline. Consequently, the moment values generated by AD-BOX are 
slightly higher than those obtained from the center, resulting in a more accurate load rating.  

These comparisons, encompassing skewed, non-skewed, composite, and non-composite bridges, 
including both single-cell and multicell box beam configurations, demonstrate the reliability of AD-BOX 
for the load rating of the simply supported adjacent box beam bridges considered in this study.  
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3.3. Application of AD-BOX 

The AD-BOX interface is developed with two primary tabs (Main and Calculation Summary) and one 
optional tab (Envelopes). In addition, hidden, on-demand tabs are available for displaying the detailed 
calculations if the user requests. All user activities for load rating a box beam bridge are conducted 
within the main tab, which serves as the primary workspace. The calculation summary tab provides a 
concise overview of all calculations performed within AD-BOX and includes buttons that allow users to 
unhide specific on-demand tabs to view the detailed calculations if the user requests. In essence, the 
calculation summary tab functions as a navigation tab for accessing detailed calculations.  The optional 
envelopes tab is developed as a standalone feature, independent of other tabs in AD-BOX, to present the 
moment and shear envelopes for a selected vehicle type on any single span, simply supported bridge. 

A sample image of the AD-BOX interface is presented in Figure 3-18. A ‘reset all data’ button is provided 
at the top of the main tab, allowing users to clear all input data and start fresh for a new bridge load 
rating. 

 

Figure 3-18 Sample image of AD-BOX interface. 
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As shown in Figure 3-18, cells in the AD-BOX interface are color-coded to distinguish between input and 
output. The following color coding is used consistently throughout the interface. 

a. Essential input: Light orange 

Input Cell 

b. Default Built-in input: Light orange with asterisks in the description 

Input Cell* 

c. Optional input: Light grey 

Input Cell 

d. Calculated values: white (output) 

Output Cell 

The following sections provide a detailed explanation of how to use AD-BOX. 

3.3.1. Main Tab 

The main tab is developed to facilitate the input of bridge data and obtain load rating results. It is further 
divided into four sections: bridge information, material properties, box beam section properties, and 
load rating.  

3.3.1.1. Bridge Information 

This is the first section of the main tab. The general bridge information such as bridge span, width of the 
bridge, barrier type and its width, box beam section type (composite or non-composite), skew angles, 
surfacing material information, and diaphragm dimensions are input in this section. A sample image of 
AD-BOX Section 1 of the main tab is shown in Figure 3-19. Users can also input the bridge appraisal rating 
in this section. Users can also optionally include additional weight for the beam and barrier. 
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Figure 3-19 AD-BOX main tab, Section 1 bridge information 

The input cells include notes to guide users, indicated by a red triangle marker in the top right corner of 
each cell. Notes can be viewed by hovering over these cells. A sample of such a cell is shown in Figure 
3-20. A complete list of all notes in AD-BOX is provided in Section 3.1.5 of this report. 

 

Figure 3-20 Sample image of input cells with notes. 

3.3.1.2. Material Properties 

This is the second section of the main tab, which is designed for inputting the required material 
properties. The material properties include compressive strengths of concrete, unit weight of concrete, 
strengths of reinforcing bars, properties of prestressing strands, unit weights of surfacing materials, and 
barriers of the bridge. The sample image of Section 2 of the main tab is presented in Figure 3-21. 
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Figure 3-21 AD-BOX main tab, Section 2 material properties. 

3.3.1.3. Box Beam Section Properties 

The third section of the main tab is designed for inputting detailed data on the box beam section used 
in the evaluated bridges. Here, users can specify the box beam section, along with details of prestressing 
strands, longitudinal reinforcement bars, and shear reinforcement. A sample image of Section 3 in the 
Main Tab is provided in Figure 3-22. 
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Figure 3-22 AD-BOX main tab, Section 3 box beam section properties. 

Users can select the box beam section used from the drop-down list, as shown in Figure 3-23, which 
includes all sections from Ohio Standards PSBD 02-07. The properties of the box beam are automatically 
extracted from the standard table, according to the selected section from the drop-down menu.  
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Figure 3-23 Dropdown list to select the box beam section used. 

For sections other than those included in PSBD 02-07, users can select ‘Custom’ from the drop-down list, 
as shown in Figure 3-24 and manually input its properties, which are highlighted in light orange cells. 

 

Figure 3-24 Example of input for custom box beam section in AD-BOX. 

The ODOT standard box beams earlier than PSBD 02-07 include multicell box beams. AD-BOX is capable 
of load rating bridges with box beams that have multiple cells. Users can input the properties of box 
beams with up to three webs by selecting ‘Custom.’ The input cell for specifying the number of webs in 
the beam is activated, allowing users to select between 2 or 3 webs from the drop-down list, as shown 
in Figure 3-25. Users can manually input the properties, which are highlighted in light orange cells. 
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Figure 3-25 Example of input for custom box beam section with three webs in AD-BOX. 

3.3.1.4. Load Rating 

The fourth section of the main tab is for inputting the load rating settings and obtaining the load rating 
results. A sample image of the load rating setting part of this section is presented in Figure 3-26. Users 
can set the beam to be rated as an exterior or interior beam. Users can use the default dynamic 
allowance (IM) for each vehicle type as specified in Section  3.1.3.6 by clicking the provided button. IM 
can also be manually overwritten as required. Users can input average daily truck traffic (ADTT) in this 
section. ADTT is used to calculate the live load factors for legal vehicles as specified in Section 3.1.3.6.2. 
The live load factors for emergency vehicles can be input in this section. Users can input the average 
annual humidity of the bridge location, prestressing strands condition, and age of concrete required for 
calculations using service limit states in this section. 

Permit load conditions can be selected using the drop-down provided to switch between conditions as 
presented in Table 3-12. The load factors for permit loads will be automatically calculated based on the 
selected conditions.  
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Figure 3-26 AD-BOX main tab, Section 4 load rating. 

In this section, a custom vehicle with up to 35 axles can be added by selecting ‘YES’ from the drop-down 

menu. An example of a custom vehicle with 19 axles is shown in Figure 3-27. The custom vehicle is 

treated as a permit load, and the live load factor will be automatically calculated based on the selected 

custom vehicle load conditions. 
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Figure 3-27 Inputting custom vehicle in AD-BOX. 

After inputting all values and selecting the load rating setting, the load rating for all vehicle types is 
computed by a click of the ‘Compute Load Rating’ button as shown in  Figure 3-28. The load rating values 
for each vehicle type will also be displayed in the load rating results of this section. A sample image of 
the load rating results is presented in  Figure 3-28. 
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 Figure 3-28 Load rating results in AD-BOX. 

To prevent errors in results due to updates in any input, a warning will be displayed, as shown in the 
Figure 3-29, whenever a change in input is detected. This prompts the user with the warning that some 
input values have changed, and re-computation is required. 

 

Figure 3-29 Message to users to indicate some input values have been changed. 

3.3.2. Calculation Summary Tab 

The calculation summary tab provides a summary of the detailed calculations involved in the bridge's 
load rating. Detailed explanations of the calculations involved in the load rating are discussed in Section 
3.1.3 of this report. This tab consists of a summary of calculations such as unfactored moment for interior 
and exterior beams due to dead load and live loads, live load distribution factors, unfactored shear for 
interior and exterior beams due to dead loads and live loads, moment and shear capacities, and load 
rating factors. Buttons are provided along with the summary to navigate through the on-demand tabs 
containing the detailed calculations involved in the summarized values.  
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A sample image of the summary of unfactored moments for interior and exterior beams due to dead loads 
is presented in Figure 3-30. The summary of unfactored moments consists of results due to all dead loads 
at the center, at the shear critical point, and at the moment critical point for all vehicle types. The 
details of the calculation can be viewed or hidden by clicking the ‘Show Moment and Shear Calculations’ 
button provided along with the summary.  

 

Figure 3-30 AD-BOX summary tab, example of summary of unfactored moment for interior and exterior 
beam due to dead loads. 

The list of buttons included in the Summary tab is presented in Figure 3-31. Buttons labeled as ‘Show’ 
can be used to display the on-demand tabs as mentioned with the button itself. Similarly, the button 
labeled as ‘Hide’ can be used to hide the on-demand tabs displayed using the show buttons. This design 
keeps the interface clear and simple by displaying detailed information only when requested by the user. 
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Figure 3-31 List of buttons in the summary tab in AD-BOX. 

A sample of the on-demand tab containing the detailed calculations displayed upon clicking the ‘Show 
Moment and Shear Calculations’ button is presented in Figure 3-32. This figure provides a sample image 
of the detailed calculations specifically for the HL-93 vehicle type. The unfactored moment and shear 
force calculations at the critical moment point are visible in this figure. Each vehicle type has a separate 
tab, shown in dark blue in Figure 3-32 to ensure a clean and user-friendly interface within AD-BOX. 
Similarly, calculations for distribution factors, capacity, and load rating each have their own dedicated 
tabs. 
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Figure 3-32 Sample image of the detailed calculations displayed using a button in the summary tab. 

3.3.3. Envelopes Tab 

An optional tab (Envelopes) is developed for the presentation of envelopes for bending moment and shear 
force due to a selected vehicle type on any single span, simply supported bridge, including box beam 
bridges. This tab is independent of other tabs in AD-BOX.  

In this tab, users can input bridge span and vehicle type in the light orange input cell as presented in 
Figure 3-33. A drop-down menu with a list of 15 vehicle types is provided to reduce user effort in adding 
the vehicle type. The axle configuration for the selected vehicle type is generated automatically. As the 
16th vehicle type, a custom vehicle can be selected from the drop-down menu. For a custom vehicle, 
input is required for the number of axles and axle configuration. The moment and shear envelopes are 
calculated with the click of the ‘Compute Envelopes’ button. The moment and shear envelopes are 
generated in both tabular and chart formats as presented in Figure 3-33 and Figure 3-34. The calculated 
moment and shear force do not contain any distribution and impact factors. Appropriate factors should 
be applied. The values in tabular format allow the engineering community to copy and utilize them for 
independent analysis, while the chart format provides a visual presentation of the variation of moment 
and shear values along the bridge span. 
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Figure 3-33 Sample image of the envelopes tab. 
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Figure 3-34 Sample of moment and shear envelopes chart in AD-BOX. 

3.4. Limitations of AD-BOX 

Recognizing a computer tool’s boundaries is essential for the proper use of it. Understanding these 
limitations fosters a more effective and accurate application of AD-BOX in various bridge load rating 
scenarios. 

These limitations are categorized into three groups as follows: 

3.4.1. Code Limitations 

AD-BOX is designed in accordance with AASHTO MBE (2018) and AASHTO LRFD specifications (2024), 
with specific elements drawn from the ODOT BDM (2020). While it incorporates equations and 
methodologies from these standards, certain limitations remain, as outlined below: 

a. Range of bridge span

The live load distribution factors used in AD-BOX calculations follow AASHTO LRFD Article 4.6.2.2, 
applicable only to bridge spans between 20 and 120 ft. AD-BOX cannot perform load ratings for bridges 
with spans outside this range. To guide the user, a note has been added in the input cell, and AD-BOX will 
display a warning if a span outside this limit is entered. 

b. Skew angle

AASHTO LRFD provides equations to adjust live load distribution factors for skewed bridges with angles 
up to 60 degrees, but the ODOT BDM restricts skew angles to a maximum of 30 degrees. Since AD-BOX 
prioritizes ODOT BDM guidelines, a 30-degree upper limit is adopted for the skew angles. Additionally, to 
apply the skew correction factors, the angle between skewed supports must be less than 10 degrees. 
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c. Strength of concrete 

The equations used for calculations of the moment capacity of the beam are valid for normal-weight 
concrete strength up to 15.0 ksi. 

d. Weight of concrete 

AD-BOX can load rate bridges designed with normal-weight concrete, having a unit weight greater than 
0.135 kcf and not exceeding 0.155 kcf. 

3.4.2. Geometric Limitations 

To reduce complexities in the calculations, AD-BOX is developed considering the specific geometry of the 
bridge section. Users should be aware of the following limitations. 

a. Multi-span bridges 

AD-BOX is specifically designed for the load rating of single span, simply supported adjacent box beam 
bridges. It effectively handles load rating for individual spans of these bridge types but does not support 
continuous beam bridges. For multi-span, simply supported bridges, users should use multiple instances 
of AD-BOX and load rate each span individually. The capability to handle multiple spans is omitted to 
maintain a more straightforward user interface in AD-BOX. 

b. Multicell box beams 

The box beam sections included in AD-BOX are based on the Ohio Standards PSBD 02-07, featuring 
rectangular box beams with two webs. For other sections not included in PSBD 02-07, AD-BOX offers an 
additional function for adding custom sections. AD-BOX can load rate beams with up to three webs i.e., 
multicell beams. However, AD-BOX is only capable of load rating the multicell box beams, which have 
both cells with identical dimensions.  

3.4.3. Calculation Limitations 

AD-BOX is designed with a simple, user-friendly interface. To maintain the ease of use, certain 
capabilities have been intentionally limited, as explained below: 

a. Beam capacity calculations 

For strength limit state beam capacity calculations, AD-BOX uses approximate flexural resistance 
equations as outlined in AASHTO LRFD Article 5.6.3. While the strain compatibility method, specified in 
AASHTO LRFD Article 5.6.3.2.5, may also be used, it requires complex, iterative calculations that would 
significantly increase complexity. For load rating purposes, the approximate method has been found to 
provide acceptable estimates of beam capacities as discussed in Section 3.2.2.1 of this report; therefore, 
the strain compatibility method has not been incorporated into AD-BOX.   

b. Bridges designed with multiple box beam sections  

AD-BOX can load rate simply supported adjacent box beam bridges with only one type of box beam in 
the cross-section of the bridge. Exceptional cases with multiple box beams within a single bridge cross-
section are not included with AD-BOX. 
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4. Research Findings and Conclusions

This research developed an innovative computer tool, AD-BOX, which stands for Adjacent Box Beam 
Bridge Analysis and Rating, to address the need for a simple, reliable, and user-friendly tool specialized 
in the load rating of simply supported adjacent box beam bridges. AD-BOX is developed using the Visual 
Basic for Applications (VBA) programming language and is included in a user-friendly Microsoft Excel 
spreadsheet to eliminate the need to install and learn new software. AD-BOX is developed according to 
the load rating criteria from the AASHTO Manual for Bridge Evaluation (2018), with standards from the 
AASHTO LRFD Bridge Design Specifications (2024), and specific guidelines from the ODOT Bridge Design
Manual (BDM 2020). 

AD-BOX is verified with independent hand calculations and compared with an established general-purpose 
bridge rating software. 18 sample bridges are load rated for 15 vehicle types required by ODOT BDM 
(2020) and custom vehicles with up to 35 axles, using AD-BOX, independent hand calculations, and the 
general-purpose bridge rating software. The 15 vehicle types include the Design Vehicle (HL-93), Ohio 
legal loads (2F1, 3F1, 5C1), AASHTO legal loads (Type 3, Type 3S2, Type 3-3), special hauling vehicles 
(SU4, SU5, SU6, SU7), emergency vehicles (EV2, EV3), permit loads (PL 60T, PL 65T). The bridge samples 
consist of seven non-skewed bridges and eleven skewed bridges. All non-skewed bridges consist of single-
cell box beams, while nine skewed bridges consist of single-cell box beams, and the remaining two 
skewed bridges consist of multicell box beams. Eight have non-composite sections while the remaining 
ten have composite sections.  

The verification results with independent hand calculations provide a mean of approximately 1.0 with a 
coefficient of variation (CV) nearly equal to 0% for the rating factor (RF) ratios of AD-BOX divided by hand 
calculations. The comparison results with the bridge rating software provide a mean of approximately 
1.0 with a CV with up to 3.72% for the RF ratios of AD-BOX divided by the bridge rating software.   

AD-BOX uses the maximum moment capacity calculations due to vehicular loadings at the exact maximum 
moment location instead of the conventional one-tenth-of-the-span method. The research results 
indicate that this approach provides approximately 3% more accurate maximum moments. In addition, it 
dramatically reduces the output produced and the associated burden on the users to process the output. 

AD-BOX performs shear load rating for all potential shear critical locations, including the point at a 
distance equal to the effective shear depth (dv) away from the internal face of the support and other 
points where shear reinforcement details change. In addition, AD-BOX has the capability to load rate the 
older box beam sections with multicell configurations. 

To consider the future needs for vehicles beyond the 15 vehicle types listed in the ODOT BDM (2020), AD-
BOX has been developed with the capability to include custom vehicles with up to 35 axles. A high axle 
count is selected to consider vehicles that may emerge in the future. 

To allow engineers to use the developed tool for any type of simply supported bridge, a capability is 
developed to calculate moment and shear envelopes due to one of the 15 vehicle types and a custom 
vehicle. AD-BOX presents the envelope values in both tabular and chart formats. The tabular format 
allows engineers to copy and use the values in other analysis software or hand calculations, while the 
chart format offers a visual representation of the variation of the envelopes along with their peak values. 

The result of this study demonstrates the accuracy and reliability of AD-BOX for load rating simply 
supported precast prestressed adjacent box beam bridges for the vehicle types noted above. It is 
expected that AD-BOX will reduce the time and effort required for load rating adjacent box beam bridges. 
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5. Recommendations for Implementation 

The computer tool, AD-BOX, has been developed for use by practicing engineers and researchers, 
ensuring readiness for implementation. The following features have been incorporated to facilitate 
implementation into bridge load rating practice. 

• Familiar Microsoft Excel spreadsheet environment, 

• Color coded input cells, supported by floating notes that appear when the cursor is hovered, 

• Warning and error messages included to minimize input errors, 

• Section 3.3 of this report developed as a practical user guide, 

• Tutorial videos prepared for dissemination through YouTube, 

• A dedicated web page for hosting related documents, user guides, and videos, 

• An article in the ODOT’s Research Newsletter if requested by ODOT, 

• A journal paper to reach a broader audience and facilitate further research in this area, and 

• Transportation Research Board (TRB) committee presentations to reach state bridge engineering 
officials and decision makers. 

The following actions are recommended for the users of AD-BOX. 

• Review the appropriate resources noted above for the proper use of AD-BOX,  

• Load rate a few bridges with known results (e.g., bridges load rated previously using another tool, 
or sample bridges included in this report) to establish proficiency with AD-BOX, 

• Do not proceed in the presence of warning or error messages, 

• In the case of unusual results, use another tool or hand calculations to verify, and 

• Be wary of the limitations and intended applications of AD-BOX.  
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Appendix A: Comprehensive Shear Check 

Appendix A contains the detailed shear check at different locations along the bridge span. It explains the 
process of determining the shear critical location for load rating, including the typical shear check 
location (distance dv, from the internal face of the bearing at the support) and other points where the 
shear reinforcement and its spacing change.  
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Appendix A: Comprehensive Shear Check 

A1. Objective 

The objective of this Appendix is to check if the load rating in shear is required at any other location 
than the typical shear check point, which is at a distance equal to the effective shear depth (dv) away 
from the internal face of the bearing at the support. 

A2. Methodology 

This Appendix investigates the shear load rating of simply supported precast prestressed adjacent box 
beam bridges at different locations along the bridge span due to the design vehicle HL-93 in the Strength-
I limit state at the operating condition. Four cases are studied, considering four bridge samples 2, 7, 11, 
and 16, among those listed in Table 3-16 of the report, provided by the Ohio Department of Transportation 
(ODOT), each for the following cases: non-composite non-skew, non-composite skew, composite non-
skew, and composite skew. Shear forces, nominal shear capacities, and rating factors are calculated at 
the typical shear check point and at other locations as the vehicle moves across the bridge span. This 
Appendix compares shear load rating factors from these different locations, particularly when the 
provided shear reinforcement details change. 

A3. Shear Load Rating 

The typical shear critical point on the simply supported bridge is located at a point at a distance equal 
to the effective shear depth dv away from the face of bearings at the supports. Apart from the distance 
dv away from the face of the bearing at the support, shear on the beam could be critical at other 
locations when the shear reinforcement details change as discussed in Section 3.1.3.3.2 of the report. 

The nominal shear capacity of the beam is calculated according to the AASHTO LRFD Article 5.7.3.3, as 
discussed in Section 3.1.3.5.2 of the report. The nominal shear capacity of a beam is governed by factors 
such as the concrete's strength, and the type and quantity of shear reinforcement, as well as the shear 
resistance parameters, theta (θ) and beta (β). The values of θ and β are determined by the net 
longitudinal tensile strain in the section at the centroid of the tensile reinforcement, denoted as εs. In 
the bridge samples provided by ODOT, the εs value tends to be minimal, approaching zero, while the β 
and θ values consistently remain at 4.8 and 29 degrees, respectively. Therefore, the critical factor in 
determining the nominal shear capacity is the amount of transverse shear reinforcement provided. 

According to ODOT standards PSBD 02-07, the shear reinforcements are closely spaced near the supports, 
as shown in Region 1, and the spacing is increased towards the center, as shown in Region 2 of the typical 
beam elevation shown in Figure A3-1. Region 1 has complete set of U bars with sufficient development 
to act as shear reinforcement. Region 2 has a complete set of U bars and only alternative top U bars. The 
alternate top U bar in Region 2 alone does not act as a shear reinforcement due to insufficient leg length 
after development. This reduces shear capacity due to increased reinforcement spacing. 
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Figure A3-1 Typical beam section and elevation showing typical shear check location and probable 
critical point. 

Development length is the minimum length of a reinforcing bar required to safely transfer stress between 
the bar and surrounding concrete without slipping. Two types of development length are typically 
considered: tension development length and compression development length. As the stirrup resists 
shear, it experiences tensile stresses along its legs. Therefore, the tensile development length is 
considered while checking shear. AASHTO LRFD Bridge Design Specifications (2024) Article 5.10.8.2 
provides guidelines for calculating the tension development length. The development length shall be 
greater of (a) and (b): 
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 rl  = Reinforcement location factor, 1 

 cf  = Coating factor, 1 

 rc  = Reinforcement confinement factor, 1 


er   = Excess reinforcement factor, er  = (Requires As/Provided As) 

   = Concrete density modification factor 

The detailed calculations for the load rating for the four cases at different locations are presented in 
subsequent sections. 

Case-1:  Non-Composite Non-Skew (Box Beam Section: B21-48) 

The non-composite, non-skew adjacent box beam bridge, with a design span length of 50 ft and beam 
section B21-48, is analyzed for shear load rating at different locations from the left end to the center of 
the bridge. The box beam section has a height of 21 in and a width of 48 in. The detailed section and 
elevation of the B21-48 box beam are presented in Figure A3-2. The detailed calculations are presented 
below: 

Design bridge length (l) = 50 ft 
Diameter of the #4 U bars (db)= 0.5 in. 
Specified yield strength of #4 bar (fy) = 60 ksi 
Specified compressive strength of concrete (f’

c) = 7 ksi 
Required area of transverse reinforcement (As) = 0.092 in2 
Provided area of transverse reinforcement (As) = 0.4 in2 

Development length ( dl ) = 2.4 * 0.5 x 
60

7
 x 

0.092
1 x 1 x 1 x 

0.4

1
 = 6.259 in < 12 in. ∴  dl  = 12 in. 

From standard drawings, 
Vertical leg length of U bar A = 17 in. 
Vertical leg length of U bar B = 17 in. 
Vertical leg length of U bar C = 17 in. 

1.3* dl .  = 15.6 in. < 17 in.  

 
Figure A3-2 Typical beam section and elevation of B21-48 beam. 
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In Region 1, U bars A-B and U bars A-C overlap to form a complete stirrup, as shown in Figure A3-2. In 
Region 2, as shown in Section B-B, single U bar C has 17 inches of vertical leg, of which 12 inches are 
required to fully develop the bar. This leaves only 5 inches available to contribute to the shear resistance, 
which is insufficient to transfer the shear stress across the section. Therefore, there is no contribution 
of U bar C to the shear resistance in Region 2, which results in increased spacing of the shear 
reinforcement compared to Region 1. 

The nominal shear capacity and the shear load rating factors for this non-composite, non-skew bridge 
due to the design vehicle HL-93 in Strength-I limit state at the operating condition, with the vehicle 
positioned at different locations on the bridge, are presented in Table A3-1.  

Table A3-1 Nominal shear capacity and shear load rating factors at different vehicle positions for the 
non-composite non-skew bridge. 

The nominal shear capacity is higher in Region 1 due to the closer spacing of the shear reinforcement, 
while the nominal shear capacity in Region 2 decreases significantly because the shear reinforcement 
spacing is increased compared to Region 1. As a result, the shear load rating factor is minimum at the 
starting point of Region 2 rather than at the typical shear check point. This demonstrates that shear load 
rating is required at locations where shear reinforcement details change. 

Case-2: Composite Non-Skew (Box Beam Section: CB27-48) 

The composite, non-skew adjacent box beam bridge section, with a design span length of 80 ft and beam 
section CB27-48, is analyzed for shear load rating at different locations from the left extreme end to the 
center of the bridge. The box beam section has a height of 27 in. and a width of 48 in. The detailed 
section and elevation of the CB27-48 box beam are presented in Figure A3-3.  The detailed calculations 
are presented below: 

Design bridge length (l) = 80 ft 
Diameter of the #4 U bars (db)= 0.5 in. 
Specified yield strength of #4 bar (fy) = 60 ksi 
Specified compressive strength of beam concrete (f’

c) = 7 ksi 
Required area of transverse reinforcement (As) = 0.092 in2 
Provided area of transverse reinforcement (As) = 0.4 in2 

Development length ( dl ) = 2.4 x 0.5 x 
60

7
 x 

0.092
1 x 1 x 1 x 

0.4

1
 = 6.259 in < 12 in. ∴ dl  = 12 in.  

From standard drawings, 
Vertical leg length of U bar A = 23 in. 
Vertical leg length of U bar B = 17 in. 
Vertical leg length of U bar C = 21 in. 

1.3* dl  = 15.6 in. < 17 in.  

 Distance from the 
left support (ft) 

Nominal shear 
capacity (kips) 

Rating 
factors 

Region 1 

1 200.74 2.426 

1.8 200.74 2.492 Typical shear check point 

2 200.74 2.512 

3 200.74 2.603 

4 200.74 2.700 

Region 2 

5 138.46 1.819 Shear critical point 

6 138.46 1.896 

7 138.46 1.978 

8 138.46 2.067 

16 138.46 3.080 

31 138.46 5.869 Midspan  
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Figure A3-3 Typical beam section and elevation of CB27-48 beam. 

In Regions 1, 2, and 3, U bars A and B, as well as U bars A and C, overlap to form a complete stirrup, as 
shown in Figure A3-3. The lap length exceeds 1.3 times the development length (ld), ensuring sufficient 
force transfer between the overlapping sections, as shown in Section A-A and Section B-B in Figure A3-3. 

The nominal shear capacity and shear load rating factors for the composite, non-skew bridge due to the 
design vehicle HL-93 in Strength-I limit State at operating condition, with the vehicle positioned at 
different locations on the bridge, are presented in Table A3-2. 

Table A3-2 Nominal shear capacity and shear load rating factors at different vehicle positions for the 
composite non-skew bridge. 

 Distance from the 
left support (ft) 

Nominal shear 
capacity (kips) 

Rating 
factors 

  

  

Region 1 
1 333.47 3.418   

2 333.47 3.494  

Region 2 

2.45 289.83 2.978 Typical shear check point  

3 289.83 3.016   

4 289.83 3.088   

Region 3  

5 192.60 1.876 Shear critical point 

6 192.60 1.929   

7 192.60 1.984   

8 192.60 2.042   

16 192.60 2.594   

20 192.60 2.954   

40 192.60 6.909 Midspan  

The nominal shear capacity is higher in Region 1 due to the closer spacing of the shear reinforcement, 
while the nominal shear capacity in Region 2 decreases significantly because the shear reinforcement 
spacing is increased compared to Region 1. As a result, the shear load rating factor is minimum at the 
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starting point of Region 2 rather than at the typical shear check point. This demonstrates that shear load 
rating is required at locations where shear reinforcement details change. 

Case-3: Non-Composite Skew (Box Beam Section: B33-36) 

The non-composite, skew adjacent box beam bridge, with a design span length of 74.85 ft and beam 
section B33-36, is analyzed for shear load rating at different locations from the left end to the center of 
the bridge. The box beam section has a height of 33 in. and a width of 36 in. The detailed section and 
elevation of the B33-36 box beam are presented in Figure A3-4. The detailed calculations are presented 
below: 

Design bridge length (l) = 74.85 ft 
Diameter of the #4 U bars (db)= 0.5 in. 
Specified yield strength of #4 bar (fy) = 60 ksi 
Specified compressive strength of concrete (f’

c) = 6.5 ksi 
Required area of transverse reinforcement (As) = 0.081 in2 
Provided area of transverse reinforcement (As) = 0.4 in2 

Development length ( dl ) = 2.4 x 0.5 x 
60

6.5
x 

0.081
1 x 1 x 1 x

0.4

1
 = 5.51 in. < 12 in.   dl  = 12 in. 

From standard drawings, 
Vertical leg length of U bar A = 23 in. 
Vertical leg length of U bar B = 14 in. 
Vertical leg length of U bar C = 14 in. 

1.3* dl  = 15.6 in. > 14 in.  

 
Figure A3-4 Typical beam section and elevation of B21-48 beam. 

In Region 1, U bars A and B, as well as U bars A and C, overlap to form a complete stirrup, as shown in 
Figure A3-4. In Region 2, as shown in Section B-B, U bar C has insufficient development length to transfer 
the shear stress across the section. Therefore, there is no contribution of U bar C to the shear resistance 
in Region 2, which results in increased spacing of the shear reinforcement compared to Region 1. 
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The nominal shear capacity and shear load rating factors for the non-composite, skew bridge due to the 
design vehicle HL-93 in Strength-I limit state at operating condition, with the vehicle positioned at 
various locations on the bridge, are illustrated in Table A3-3. 

Table A3-3 Nominal shear capacity and shear load rating factors at different vehicle positions for a non-

composite skew bridge. 

 Distance from the 
left support (ft) 

Nominal shear 
capacity (kips) 

Rating 
factors 

  

  

Region 1 

1 284.11 3.335   

2 284.11 3.409  

2.7 284.11 3.406 Typical shear check point  

3 284.11 3.486   

Region 2 

4 199.04 2.354 Shear critical point  

5 199.04 2.414  

6 199.04 2.476   

7 199.04 2.540   

8 199.04 2.608   

16 199.04 3.265   

20 199.04 3.703   

37.425 199.04 7.795 Midspan  

The nominal shear capacity is higher in Region 1 due to the closer spacing of the shear reinforcement, 
while the nominal shear capacity in Region 2 decreases significantly because the shear reinforcement 
spacing is increased compared to Region 1. As a result, the shear load rating factor is minimum at the 
starting point of Region 2 rather than at the typical shear check point. This demonstrates that shear load 
rating is required at locations where shear reinforcement details change. 

Case-4:  Composite Skew (Box Beam Section: CB33-48) 

The composite, skew adjacent box beam bridge, with a design span length of 83 ft and beam section 
B33-48, is analyzed for shear load rating at different locations from the left end to the center of the 
bridge. The box beam section has a height of 33 in and a width of 48 in. The detailed section and elevation 
of the CB33-48 box beam are presented in Figure A3-5. The detailed calculations are presented below: 

Design bridge length (l) = 83 ft 
Diameter of the #4 U bars (db)= 0.5 in. 
Specified yield strength of #4 bar (fy) = 60 ksi 
Specified compressive strength of beam concrete (f’

c) = 7 ksi 
Required area of transverse reinforcement (As) = 0.18 in2 
Provided area of transverse reinforcement (As) = 0.4 in2 

Development length ( dl ) = 2.4 x 0.5 x 
60

7
 x 

0.18
1 x 1 x 1 x 

0.4

1
 = 12.25 in. > 12 in. ∴ dl  = 12.25 in. 

From standard drawings, 
Vertical leg length of U bar A = 29 in. 
Vertical leg length of U bar B = 17 in. 
Vertical leg length of U bar C = 21 in. 

1.3* dl  = 15.93 in. > 17 in.  



116 

 

Figure A3-5 Typical beam section and elevation of CB33-36 beam. 

In Region 1, U bars A and B overlap to form a complete stirrup, while U bar C has an open end and lacks 
hoops, as shown in Figure A3-5. In Region 2, as shown in Section B-B, U bar C has insufficient development 
length to transfer the shear stress across the section. Therefore, there is no contribution of U bar C to 
the shear resistance in Region 2, which results in increased spacing of the shear reinforcement compared 
to Region 1. 

The nominal shear capacity and shear load rating factors for the composite, skew bridge due to the 

design vehicle HL-93 in Strength-I limit state at operating condition, with the vehicle positioned at 

various locations on the bridge, are illustrated in Table A3-4. Table A3-4 Nominal shear capacity and 

shear load rating factors at different vehicle positions for a composite skew bridge. 

 Distance from the 
left support (ft) 

Nominal shear 
capacity (kips) 

Rating 
factors 

  

  

Region 1 

1 352.89 2.773   

2 352.89 2.837  

2.9 352.89 2.900 Typical shear check point  

3 352.89 2.903   

Region 2 

4 234.57 1.714 Shear critical point  

5 234.57 1.763  

6 234.57 1.814   

7 234.57 1.867   

8 234.57 1.921   

16 234.57 2.444   

24 234.57 3.185   

32 234.57 4.320   

41.5 234.57 6.806 Midspan  
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The nominal shear capacity is higher in Region 1 due to the closer spacing of the shear reinforcement, 
while the nominal shear capacity in Region 2 decreases significantly because the shear reinforcement 
spacing is increased compared to Region 1. As a result, the shear load rating factor is minimum at the 
starting point of Region 2 rather than at the typical shear check point. This demonstrates that shear load 
rating is required at locations where shear reinforcement details change. 

A4. Conclusion 

The load rating values in all four cases for four different bridge configurations in the Strength-I limit 
state at the operating condition indicate that the rating factor is not always minimum at the typical 
shear check point. The rating factor value depends on the provided shear reinforcement details. The 
regions with increased shear reinforcement spacing result in a reduced nominal shear capacity, and thus 
a lower shear load rating factor at those regions. Consequently, the shear load rating should be performed 
at every location when the shear reinforcement details change, in addition to the typical shear check 
point. 

AD-BOX is developed with the capability to perform shear load rating at the typical shear check point 
and other locations, particularly when the shear reinforcement and its spacing details change.  
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Appendix B: Independent Hand Calculations 

Appendix B includes the detailed hand calculations performed for the verification of AD-BOX, which is 
presented in Section 3.2.1 of the report. Sample bridge 15, among the 18 sample bridges provided by 
ODOT, as presented in Table 3-16, is adopted as the representative sample for this Appendix. The general 
data of the sample bridge 15 is provided below: 

Bridge Sample no: 15 
Year of Construction: 2018 
Design Span: 60 ft. 
Type of Bridge: Skew 
Skew Angle: 24 degrees 
Type of Beam: Composite 
Box Beam Section: CB27-48 

The page count for the detailed hand calculations for each sample bridge is 54 pages. For 18 sample 
bridges, the total page count is 972 pages. The input data for all 18 sample bridges is consistent with 
that used for calculations with AD-BOX, as presented in Appendix C. To ensure the conciseness of the 
report, the representative bridge Sample 15 is presented with detailed calculations, while the results for 
the remaining 17 sample bridges are presented in a tabular format.  
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QZ 

@ Moment ove fo Aophnagn coerghd , 

166s Pp 662 1663 1 G62 

_ 4_ 4 i, 
2 <4 

4 go' | 

Va 4 ' | 

bk 
Vo 7| | 

= SHI2e 8 At 

Me= MOBS [C1- ch.23, ) XIP6EC - Cap eae 22s) [7 

APES e MOORE [(t- 52:38) r 96a | 

09 Me = 37.428 kipapd [beam 

© Moment owe fo bareran coeighys 
Me= d02 KobeGas x (So- 97-666) 

668% [Cr 2g, 4a9-6eS - 9-Ges-20)] + ressr((t- $B 
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\ 

) Moment due fo len¬ load9, 

4)a.= 069k 82-685 y (60 - 24 66S) X O30 DEM) 

= 85-96) Kjpe-¢4] bean 

Stee Fhansperned Seokion froperhes. 

4 Sranefhe, 

8 8 Dap = 28820 = S69. 

Y286 23 

bral, 
Ar essa = 96/9 

B0P2 24 

Cenworye of me preswesiing ofrande fron 

C Yoo) = LAND 4ANY = 9/82 1) 
Q2. 

f-t i 

5ohorn 

of no-composite 4 fransforw Co Secharn ax 
Proper Kroes 

PONE, 

Brea. va | Ye | A* Ye A*CYor4Yo)| xz Tray 4 Vey 

me | | me ne ind Pa) 

bean | W3.80 |/3:29|\ISS7IM 60.36 | 66292 | 66282.86 
layort | 17-28 | 2.00 | 34S? | 9129. 23 nla 2199.23 

lay 2 | ) #3 | 900) Og YZ 61g nla 193.10 

> 722.8) 9699.26 B56 62 

Yor? = pas i / = JE39-26 4 ZO, 

Area of franspormeds Secton of treanspen, Aap = %S2.8115 

Moment of inertia of fransgormad geoktlon af transgen, 

Peis 6at Sy. 6g in9. 
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Cocentricrky a Bfrancs COM" Tespecrt fro fronapenm aA 

Seckon at transper = 13:/04 &1/32= (0:92 ), 

bratance from Ye centrotr of the franspermed Seok 

fo é exfreme bottom brbéen ar transper. 

Yori = '3:10In 

Section mooutus for rhe extreme bottom fiber ¥ the 

tranapormed Seokion at franeper » So¢r= 5222.00 1nS 

Sectton moots for me extreme fop prober op the 

transpormnedt secktan af fronspornned, Ste} = VIS 2/ mS 

LROPPHES OF Nen~ Compes/4e franspormed section ont Dry a/, 
7 

et! Ye LAB YS |4*VereYe)"| T+ 4" (Vere YoY 
a) Ya) ne in? tnt aka 

beam | HZ Bo |18- 29 9SS4-R | woFy 6622200) E60969.44 

layert| (41% | $00 | 29.97 | hFS#.96 we) (FSRYS 
(ayer 2) ney Goo | G.ce | 2 Be Dla MSeB6 

ibs FOSS 3S9)-FO 681S8:SF 

Nrea a fransfonmed secbior at bho! time , ee = FOG.ZE 1D | 

Merment oP martia ap the tronspormed eeck/on at btna! 
tne, Lep= 6813857 

Eccenprrosty of 8I9VANds worth hespeck 0 transpormed Se e- 

Yon ab Brno! tme , Cep= IP in, 

134



Okatance frem he cenfroio a ne MVANSLONMNECS SwWokren 

~ ME extreme boon, Groer of the beam af brnal Me, 

Yorn = IBIS 

SeCHOn Moctuius for pha extreme lohiem fiben op fhe 

transpermed seotion of Frnal Mme , Soy = 9781-1! pn? 

Seoten modules fon Me axpeme rg preen of Me 

fransponmey geotan ar pinal time, Sptp= YI. ep tn> 

<Orporhes ob composrte _rranspormed sechten at grnal, 

Pranspormal 
Ones (A) Y, ay YW At te YN wi Tt APCYone~ Yel 

ty rh | aS in tho tho 
Sab | 230-9 | SO | 639d | S786. FL | SI2-44 | ZRSOPYS 

beam | HE80 | 13.39} IES4-74| (0296.50 | Gen00 00] F6Egk: CO 
layer 1| tyiZ | 2-00| 26:24 | 3266.60 | N/a 3 266.60 
foyers| bY | 4:00) Sé6S | 246-27 Nila 2466.3 

> | Jéo.26 (6S19:)) N262.0.9 2. 

_ S4ty, 4 pesraut _ . Tote = -T = anne = (#20 th 

Area op frons formed Composite asc hen af brnal me 

Ato= 26026 N® 

Moment of nerktia op the frensfernec9 Composite Sec ton 

at btrol Yme, Ly. = 11862092 in 

Eccenmnrarty Of afronas co negpeck to ~fransfermed 

Composite, Se@oKWn at thal HMO, Ctoa fF. 20-2 /B= [F021 
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7 es ee BIB = Hye EKer + 
UWieq OH we OI ayanuc WO) Cub KUO soUEys 

au, FP Ryravue do Ayes ayp UBE0HCA SOURPVP BH = Sf 

_\- 
> 4_> 
Cerk DO] WIOAUS? [22¢4 (40 4 

b t 

4BA'0' BPL.0 Veud Sea] you 4° Og -BP = AO 

<yuoddn? ou fo ou} 

MLMPYALY OCHA wast AO BOUCPJGYO Te SUNP0Q VA0YE /Daiso 

piled TOYS /PAGIIO|9' 9 

HUIIE'SOBH =P#S / Olu jour} 40 

oye? 84/G0ALO2 pouuaeuoy Jat FE 7o@P aus do 

uagit def BUBYKO ove wal srynpolu Lope? ByleodWa 

9G! OS#OIG/ = OMG AU JOUR? FO LVoPrq7O3 

ayisoduag pauniwsleuoey Vey weed yscooud Ou db L0NUF 

ey OUEY XD BY. ve seyAapoul UoryxP OS BAI COPUA 

gH AA SEB? = VFA 

Duy, [OmD CUE 49 UarWeS B4/90IU100 ROLES SUON 

ay do Bugis Way09 BUAYKO OLY ua) eRApOU UEFIES 

UW Ook) = 99F 

elu Jour} yO Wwoeg ay do Bug Wuayoq AWANKA OU) O} 

Ueoloos pauwalsuoy om 40 QICHVED BY War) BoUMsIC 
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de= eppechue veph from tne erfsene Compression 

fibre fy the centrora of tenella rernfercemen ft 

=h-Yos 

Bde= 808210. 

FO BOS , fon Panu cksi 
ae OB25C | 

Assuming reckhangulan Sectebn behavidur, 

on clepm op neutral Owg 

= Ape fea # Aoty4As' fy! 

0°86 floBibo +k Aps fou [otp 

O1SBx OZ yo 

BBXYHXO-SLSKYUEE 
0.280! [Sgn gar 2F0/4, 

-_ 
4_ 

where, Apsh-qus = 30:22. '- 

4~£.92 "Nn 
¥0 c= S 9 

"on O:G2ZSX ome) 
°o 

9-¥eain + Ctpets9) (0k) 

28:23 in , 7FO'Ide HLM 29/ 4 
AIS0, oy = de-%a = 30 g24 EW, = 

0. #F#26,7-= 23:FiIn 

arrangement fr MektiMen Ghear 

Bey 
5" p 2365) P 

: t ! 

: aT tog! | D= Shear oneal Pornt 

20.5%" [ 
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[Shear force at shean cytiood pornt D, 
@ Sheor ove Yo 4t-2% 

= + 
Up [22x (1- 25 BSF 2) + 32 (r- BB Hey) + B x(t 32 sth ,\ Je oru 

Up = C80:6SF23:1C+ 3:92) % 0: 623 

\Up= 39-44 kips/beem 

@ Sheer foroe sue to beam self coeghd 

th = 0: F2IK (Op 4 2-57) 

= 214! eres/[oeom 

(a) Sheon fence attire fo deck Slab, 

= Oaisr (b0/o-2 SF) 

=2: 64 kypelbean 
Vp 

I) Shear perce due fo bamien werght 

Up = 0:02 % (6% ~2' 8SF) 

Vp = oss kipslbeam 

(2) Shear ferce owe % Araphragm 

Uo= [fj **%ho) + (t~ °Mea) + (1M) 
= &3Y kips | beam 

e % jwaarln=g Sunpace , 

tt 02/,,) [I-86 

& Shean force oles 

vorO 

3) Sheer force Sue to fane loac9 

Wp = 0-6Y X (60fg~ 2-54) = 99 kips/berm | 138



Moment at Shear criMdal pornk B, 

@moment due to MAS load9 

Mo = [C1-? =a) yoszr Zot S2x(p- I6Dafpy) * 2A + en(- oe 

xo.ce [XDPM 

Moz UL59 kip pt[beam 

@moment aue te beam selp woergnt 

Np 0: F8Ix (C25 E)K CODED) = a7-6@ kips-pt [beam 

@ <Moment awe & deck gbbo 

Mp = orsrer (25% n(60-2 SE = 23-94 zips -ft[beem 

(A) moment ue fo banven coerght 

Mp = 0-02" (24¥e) K (60-2-S#) - puUe eipa-ftlbeom 

( morment ave fo dtaphragm 

Moz 3. 3YUk2:S# = |@so Lips. ce [beam 

(A) Momenk owe eoeertng suUnpace 

Mp =0 

3) Moment Aue 6 lane foart 

Mp = 0:64x 2.5 4/oX(60-2'S%) = Ny go Lips- f+ /egam, 

1. zaeminal Flexural Realatonee 

Nuerage efreas /4y preatres3ing ahtonds.s » fee = fou (1-kap) 

60 {pe = ero (1 0:22 + hoeo) 

bo {pe = 28S: 94 est %o0-Sfpy (13S Ke!) (Ok) 
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61-8 

Aom'no/ bfekuro/ reerafance ,Mn 

Nn = Spates (lp-%) + Ast Cla) As!fs cael-2fa)t Hf Co-b oop 

Np = Q1er,et Kips-ft - 

for nes stance focter, 

Ce ht 4 
4 Cc 0:00 

mw Ep = 01008¥ BO:S- Fe 

; SOL 

Jo Obs 00124 (> Bzy,0:008) 

Me seckion ta renelor wntrl/ec/ preetresse 1 concrete 

SCCHO= . 

facbred ptexure[ rearatence ,Mr= @Mn = QIDNOF Kips-fh. 

Shear Qpouty 

Ajtom/nol ahear pesiatance C tha mrn 4 Ue tVetYe ) 
0.25 fabydo tp 

(9 Nomina! aheon resistance C Va) 

Ve = 0:08(6 BA Vee bye Caz! for pormol coerght concrete) 

SOOZIEXBKIKVUSX It x 2BZS 

aUy = 70-938 4Ci) 

B= 8 ery as064) 140



& ¬s= Poel 2aSMy ¢(ty-Up] - Apstpo 

bah + EpAps 

for sheng) I» inventory, 

My =fesde prsodby Fee CLLFT#) 

= QUO" kpo.ft < eck % 

Mu ahoulintt be fess han 

CWwUpodty = 366.98 kipsfF 

[3 Mey 3659 kipe-pe./' ,applioe! factored berrling mom errs. 

Vs = ASDC HNSOOO F LFS Cet+ #) 

= 155.20 kips , applred factored shear force | 

So, fro = 0% fpy = /89&8/ 

Q = SAE 4 O50 +] 129.Y9- 0} 4 OFS SHOR AI 

Gt ZESIONOUESS HD O 

8) = -0: 00489 20 

Adopt ¬sy=0 

be me 7 
O= 294 350065 = 28° 

Up = 90:98 4.8 = 100-42 Lips 
. Vp =0 
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() @hear resistence provicled9 by transverse remnforceme 

Ve = Aufyd Cees Ot optor) IOK 
8 

Oe 930° 

Ay = & gine , 4= 6'n 

Ay a O8te Av fs vs (oy 

7 OOF in? (p+. 

_@ 

& Av,prov ved zw OOF (© /¢t 

ne, on# (ok) 

| verve tp ) - ( 
by, 4 MIN 

= 

v0 Un = (jocetude +Up Bart 

nuns 30819 IPS 

peste+E#) = 21% bipa- fF < (uu -Up)dv 

Vy = 1.26 DC 

= 129:U2 EIPS 

4~ 000816 

Ve= 00S, Vps0, YVs=20U#6 Lips 
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Un=/pyin Yerverve _ a = 308.19 krpa. 
02S Fe by'y HOP Bsiy 

[0% = $08.19 kips | 

Cpleulakon 
/ esfress fesse Bug Pr l S 

_4 

pron fo franaf@= p tpt 

wy Torfans prestress PP 

= OFX D4 

pi - 902 Ske} 

ih) Pai tod prestrass'Ng force prior to frangper 
f 

Ppj = 22x20'98 = GBI 6? kor 

opp} =egr 6eeer 
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presfpess Osses, 

() Eero Shortening losses, CAfy es) 

Afpes = Ep. P Lor * fogp 

LOAGE, 

fogp= Sum or concrete Ssfressey at WE CenfOr of 

BIONY oF prestressig Strands due to presiressing. 

oree af fransfer ano tne sel coerght of Member 

ot Seckens oF moumum moment, 

frgp = Lot.» fet eo? , (Maem) Ce 
He? Ler Le; 

sopere, Pepa 68/62 £9", 

Ayia FS2-a/ Ine. 

C= 10:921In. 

Lyf = 68OS4.62 in? 

Mg = 397-39, kips-ft 

Ma = 37:46 kips-ft 

fo fogp = 13% kal. 

f Alpes = HLESOO x B= Gro ker 

Yno6.e% 

[. Afpes= 9./aksi" | 

144



Z Ime Deperciend losses Between Thanspen ond 

Heck Placement. 

Construction Sceheole/e. 

Concenere age at frensper Cty) = | ay 

Concrete age of cleck placement (ty)= 2.8 AZYS 
Conoere age at final sfage Ct) = 12250 hays 

@® Shrinkage of concrete, ( Afse) 

Afpse = Exit bo Kg 

Sort = eorenefe Shrinkage s¥ra'n F girder Con 

WME perros bekoeen franspen anol deck placement 
= Kus kns Kp kag O08 x 10S 

LOhMETE, 

ne tactor bor the efhect of volume fo sunpace 
fatto on Me beam Kye) 

Kus= Yb - 013 (V/s e, Vac HB.Be0  ___ bY (v/s)  wohene, 1; (og 4 AMRF CYB SSAA 

+ CEP-SENY) tol VRxE> 

4 2Xxs 

[Y= BS #2] 

3 kyg = MB-0IBY BCR = ORT SL Cohoula be 7L) 

Jo Foot kyg= 1 
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fhe jem Roly bacton bor shrinkage (kg) = 206-9014 

cohere N= average amual mean rela tive 

hemiolrey . 

<Hx FO, 

09 Kpg= 2:00- 0.0K FO = (020 

fhe factor for rhe etpect of he Conrete streng t, 

ke= Se S- 0833, 
for tS 

foe time devebement gaclor at cleck placemenf, 

Kral = ¬ = 422-/ 
C4?) 19% 7 0-UR4a;) \, foe (100- YRS)» Ces) 

08+ foj! ]! f sos) ; 
8 -S 

 Eoin= Th 11090 & O1BSSHR OUISH O Uax 10 

= 0:000162 tnfin 

Kfa= transpermed seckor coebgroient Khaft accounk 

fer me dependent Norerackion betoeen converte 

and ponded sfeep tn re Seckion beng Congihered 

bor the time period between hanspen Wb! deck 

Placement, 

ZL 
kid= EB Se le] 146



baa eocenfriorty of prestressing Strand orth nespeot 

fo COD fren of girolen . 

Coa= Yo-Yog = (3.29-2-:/22= 14208 th, 

Yo (tot!) = Cyiroten Weep cooberr/ent ad binal time 
ave fo WOactIng Mnfroduced af fransger, 

Ve cept) = kus ky ke kerey epee 

coheane , 

Mumioity beckon pan creep (Kye) = I66- 0.0084 

<0 Khe= 186 ~ 0.008"90 = 1000 
Also, keat, r) =(12 860-1) [fra (ee xB) + C1esHO | = 0998 

oo Yo lee. tf) = 19x 1000K (020% O8ZSX O-F98r Cry role 

= eo 

oo Kid = rT 4 
00 

I+ 8vtap aa (t 7/3 +80 xX a fre OX 1560] 

6622.2 FI8:80 

joby= 0-868 key] 

fhe prestress (ass due fo Shrinkage Sfosa = 0: 000 168 

APSOOY OBES 
| 0 Afnse= Y\/66 kg 

@ Creep of grroer conmere, C Afoce ) 
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cobere, Yocs,,ti) = girden creep coebsicienf at time af 
deck Placement olewe be loacting tn frecseece 

ar  franscen 

-@ Ne 

i Io kus kyo Ke Kee 8t; 

= 1A 1.000 ¥ WOOXOAVSSY¥ OAWSy | 

= 6549 

-ole 

Py) Afocg = SAO , 1 SEX OCSY ¥ 0866 

YARG: 83 

Afioe = fill ke} 

© Kelera hor ag presfressing sfenus (fpr 1) 

Af pe) = for (Rt 4 0°68) 
Ky, tpy 

anere, 

for = sess 1 presirassing Siren COMea ve fe/y 

aprer transfer, fAEx Nor (E98 Phan OOO Ke, 

= CAOQb4- Fil) keg? te- fpi- A Les 

= ("98.88 kis >OAR OH 35kS? 

(Pt = 193.38 kg 

Ke= Roofer accounting for type of stees 

= 3a fon (000 MEleRa torn Bfranols, 
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fhe beam concrete transformed section Coepprovent 

betwegn eck placement ano final tme , kop 

L 

E, Aps. y/P4 Ae (pe)* 14 O-F ep tt 

rt ee Ac x( Te Je Ot of 
Kop = 

COPEGE , 

Ao= anea of Composite section = 99M PI tin? 
Lo= NS060.22 mY 

Go= 27 fy, 

Ep= 28500 est 

For= Y28623 kai 

Polip. ti) = 1680 

ne) kap = O8FS . 

4 Afpsn = 00002894 PEH00K O'272 4 KGW ES, 

t's Afpon = 6-990 kei 

© Creep F Gncrete. (Afpeo) 

Afpeo= LE Png [ Yebtprti)~ YoCtarti) Shae + BEM Fog FECtpit). 
ci kag 

cohene, 
afoy= Change Concrete stress at can trore af 

prestressing Siranas ove 9 (ong term /osse 

bekdeen wransfen and deck placement , 

COMbINGS tom Seck toe@aght & superimpose 

load. 149



Moo = ~ fost Moet Foe) <ie Aes, *alee) - (se <Te Wot Mas) <, 
Lee 

= 4 C1090)» OBBABA /7 4 _4 [8Mezsa Oe 1FSK [0:TF 
#1380 GO 222-0 63/38 . BF 

@+0)x 2. 
186080 .32 

= - 049 kSt. 

Pme development factor C kaa) = ¬ 
/QX (f= YF ai\ ae 

0 +f ei 

eo Krag = [8250-28 = O92, 

x (100- YUKA 189.50 «28 
ie OF ) #C ) 

beam creep coeégrctens at biol LINE tere fo (oad ing 

ar oeck placemeng, Bcte, tr) 

-oule Yo Cte ta) = Nh 9eKus Kno ke Keae ty 
0 8 

= [INL OLN OBSSHCRE) ~? 

vo Yb (Het) rT. 1066 

8400 V7) 

Afpon = 28600_» [1 3A X[108-0- 6AGIN0-8724 28500, 9 409% 

5079.29 YL86-82 

066% SF#Z 

[4 Adpep = 5-0 Y K st] 
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oo Afpey = (22.68 x( (28:88 - 0°56) 
Oo 

0? Atpet = 58 kg) 

oo Prestress esses between PeNsvern cand deck 
Placement = Afnse + Sfoaet Afro, = 10:90 ka?, 

3) ime. Lepenneng (esses betteoea Lect placemené 

ane Final me. 

@ Siriptage of concrete. (hfrap) 

Afpas = CLap Ep katy 

for the tine penisa betfoeen eck 
Plocemenk ano! final Lime, 

(he tofol ginger Concnere obtinkage Strain berKoeen 

fransper ane! Pinal time 7% faken 2s, 

Ebin= Kus kns Kok rua Ove to S 

= ZRDOLK RBG HK O99R NOULKION 9 

= 0:000409. *n/in 

Cong = bie - Evia = 000000} 4 0000162 = 0-00029 Mm [10, 
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©) Ke laxokron op prestressing, Strands, ( Ano) 

s. Bph2 = Afprr =, 689 Ler, 

bs 4freo = grees? | 

oY) Shrvnteage Of deck concrete. 

ne preswress garn Sue fo ghrinkage af beck 

conorete (Afpss) 

Atpss = Lp. Af oct korg [/4 0-4 Py (br) 

Ec 
tohere, 

Afoap = MNange I) Conmere MESSE af copfroty/ af 

prestessng Stranws dlue fo Sbninkag é op Ofek 

concnere , 

\ = Ext hd Fed /_L _ sacs) 
1-0-4 By Cty ter) Ao. Lea 

COME , 

Cxlp= obrin tage Sian of Aeck concrete befoee=) 

placement and fal AME, 

= Onea a AcE concre9reé . 

Eo = modeius of elasttaky of deck conwe fe, 

WiCterty) = leck concrete ocrecp coelbrcsenk at brnal 

Yme We fo loading Sn frocluced Shon ty 

acter deck placeneny. 

Cot = ecceniricty ap eck orl respect fo the 

Gross Composife Sseckoer . 152



Velome 40 Surface ratio bor dleck (u/s) = ee S.ZZ3 

Kus = /-U0-013(U/S) = 4S-0:1345.233 = 0.959 21, U8 kya=T 

Assome the tnitlal 8frangt) af concrere ar Aeok 

Placement 90 OBKxUS= 3. CksYr. 

kee § 2 = 027. 
Mech More eues 

kids t = (2250-228 

12 / [00- <| rt 12 ( L00- YR O-B¥Y-S\ 4 Cigo50- 
hot fay: POF DBA NS 22) 

00 Kya 0998 

= Lx LO2X 1:08F-¥ 0998 ¥ O1'"N8  Jo-S 
fC gap = 000068}. 

Farce, ta) = b8kuse kyo Kp Ke t, 78 
= /9xNLX 11.087 0-998 1778 

30 Vatterta) = of 06, 

Afeyn = _0:00068) 8x6 108. 89 X a= 5.24 37-16 GiB) 
fp OBX of 06 TYP W5oho-22 7 

bo bfodo= 4O MB kg. 
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Afnag = 8S22 x 4 0-6 x O-893% [14 OFX [0667 
5072.24 

[2 Afoee = 4 /1324ks/] 

frostress esses behoen deck placement an! pina! 

Ine Yotal time olepence yr jossas .C Af per) 

Afur= Afpoe +bf pcr t Afr + (Sfpan t 4 fpcnt Freot4fpes) 

= 10.904 104 
Afr = 22.249 ker 

Jafal prestress esses (fp,) = Mort Afnes 

= 22:344F/9 
for = 31-46 kei | 

foroe per sirand corr) onfy yore! time Wependant 

fosses = (fpi-Afper)x qrer of each Sranus, 

= CR. F- 22:zy)xX O/SS 

= L786 kg/, 

Brel prestrassing ferce (Fea)= 27 36x C00 of strands) 

= 27-26 722. 

= 6064 kay, 
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Compressive stress aue to efgective prestress, fey 

Ate Sate 

4 6oeu op COOUIKIO IF 

429.35 Ste] al 

eo 

prestress'ng Stran 

fene/le efres3= DNOKVETE 
A nocoable 

° foo - gical 

ay conol'tton = Coco to moskerar 

oo Frexuro! reslatance
 Che) = 

fg corrosion 

- otax\l HF = 0:S°S 

fpet allecooble, fenerla stress 

QS 4O'SOS 

[te _ 2.6/8 / 
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G1.10 Load Raksha 

far Strengtn F  limrt sfete 

@corty plexure. 

C= bo be 6° 

(1) A¥¢ Center. 

Yor HNnSO + Yip = inventory = nae 

Yoo Heo,
 

opena hing = h Be 

INI= 3S 4% 

= Bol BAG TIN FSF SFG = 639.3 Lips-p4 

5o 

Dwr O bips-ft 

gtyo. ZYXI2S+ 
BE.YSS= Yoe,.00 

[Lt IM=
 

CO = ERIRX DION BEE 2/212 cips- ft. 

< RE= cu# po Vow DW eYeP 

Ve (UL +2#) 

j= MMI AQIZNEE
 4 [2a 229o3-!' ax0 tO 

peor YOR 

<= Q:08F- 

enfory ) 
BREaQose 

Cine 

ORE = @.6u! Copena ting9) 
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Ch) 4# moment orrkecal lecakon 

Do = BUS: 204 8-9S #IMO-BYHSFUSH SSSU6 cips-fF 

8 to = 0 kips- fF 
LLA LM = WALK SSABS*IG EH HOBO tips-f+ 

SRE = 210S2. C inventory ) 

RES 2 6SY Copercting) 

() cortn ehear 

Cx Be. Pa. d. RN 

CHa IKK BOSNA= ZOCMIEIPS 

N= LHUYHOSOP+E CYA S 3BU= BS IEps 

Dw = O 

LLEIM= BAUS H#MID= 6Y.U4 eips 

eo RF = 2330 C19¢e0 tory) 
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01.11 Legal load Rating. 
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The load factors for other remaining vehicle types were taken from Chapter 3 of this report and rating 

factors were computed for the remaining vehicles: Ohio legal vehicles (2F1, 3F1, 5C1), AASHTO legal 

vehicles (Type 3, Type 3S2, Type3-3), specialized hauling vehicles (SU4, SU5, SU6, SU7), and the 

remaining permit vehicles (PL65T).  

The load rating factors for all 18 sample bridges provided by Ohio DOT were calculated using the same 

formulations as above. The results from the independent hand calculations are presented below for all 18 

sample bridges for all the load cases specified in the ODOT BDM 2020.  

. 
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Sample 1 

Vehicle 

types 

Load factors Dc Dw LL+IM 
RF 

Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 74.59 43.31 179.56 1.703 Flexure 

Operating 1.25 1.50 1.35 74.59 43.31 179.56 2.207 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 73.91 42.96 83.88 4.411 Flexure 

3F1 1.25 1.50 1.45 74.88 43.44 118.66 3.107 Flexure 

5C1 1.25 1.50 1.45 74.72 43.37 113.26 3.257 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 74.40 43.21 129.13 2.860 Flexure 

SU5 1.25 1.50 1.45 75.01 43.48 138.31 2.664 Flexure 

SU6 1.25 1.50 1.45 75.00 43.48 151.54 2.432 Flexure 

SU7 1.25 1.50 1.45 74.59 43.31 158.16 2.333 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 71.41 41.61 127.41 2.932 Flexure 

EV3 1.25 1.50 1.35 74.25 43.14 192.69 2.060 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 73.85 42.93 106.60 3.472 Flexure 

Type3S2 1.25 1.50 1.45 74.87 43.43 104.73 3.52 Flexure 

Type3-3 1.25 1.50 1.45 74.59 43.31 86.31 4.276 Flexure 

E. Permit Vehicles

PL60T 1.25 1.50 1.40 75.07 43.50 148.31 2.573 Flexure 

PL65T 1.25 1.50 1.35 74.59 43.31 160.63 2.468 Flexure 

Sample 2 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 221.98 50.53 337.32 1.546 Flexure 

Operating 1.25 1.50 1.35 221.98 50.53 337.32 2.004 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 223.09 50.75 141.83 4.429 Flexure 

3F1 1.25 1.50 1.45 224.25 50.95 208.97 3.001 Flexure 

5C1 1.25 1.50 1.45 224.05 50.92 203.91 3.075 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 223.66 50.85 235.60 2.664 Flexure 

SU5 1.25 1.50 1.45 222.63 50.66 256.08 2.456 Flexure 

SU6 1.25 1.50 1.45 223.65 50.85 283.68 2.212 Flexure 

SU7 1.25 1.50 1.45 224.30 50.96 305.50 2.052 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 220.24 50.18 238.81 2.643 Flexure 

EV3 1.25 1.50 1.45 223.48 50.82 363.08 1.729 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 223.01 50.74 205.79 3.053 Flexure 

Type3S2 1.25 1.5 1.45 218.75 49.86 191.76 3.300 Flexure 

Type3-3 1.25 1.50 1.45 222.09 50.56 173.04 3.636 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 224.51 50.98 250.08 2.595 Flexure 

PL65T 1.25 1.50 1.35 223.89 50.90 284.57 2.368 Flexure 

B2.1  Non-Skewed Bridges 

B2. Rating Factor Results
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Sample 3 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 428.48 76.90 464.24 1.036 Flexure 

Operating 1.25 1.50 1.35 428.48 76.90 464.24 1.343 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 429.38 77.11 180.26 3.214 Flexure 

3F1 1.25 1.50 1.45 430.41 77.31 268.11 2.157 Flexure 

5C1 1.25 1.50 1.45 430.26 77.28 263.03 2.199 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 429.92 77.22 304.94 1.898 Flexure 

SU5 1.25 1.50 1.45 428.93 77.02 335.50 1.728 Flexure 

SU6 1.25 1.50 1.45 429.91 77.21 372.98 1.552 Flexure 

SU7 1.25 1.50 1.45 430.45 77.32 405.28 1.427 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 426.51 76.55 311.88 2.083 Flexure 

EV3 1.25 1.50 1.10 429.75 77.18 473.50 1.612 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 429.31 77.10 269.91 2.147 Flexure 

Type3S2 1.25 1.50 1.45 425.26 76.24 283.10 2.062 Flexure 

Type3-3 1.25 1.50 1.45 430.40 77.3 259.15 2.232 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 430.56 77.34 317.35 1.887 Flexure 

PL65T 1.25 1.50 1.35 423.05 75.79 416.16 1.513 Flexure 

Sample 4 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 58.44 0.00 125.58 2.258 Flexure 

Operating 1.25 1.50 1.35 58.44 0.00 125.58 2.928 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 57.72 0.00 58.59 5.853 Flexure 

3F1 1.25 1.50 1.45 58.66 0.00 80.75 4.237 Flexure 

5C1 1.25 1.50 1.45 58.52 0.00 76.03 4.501 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1..45 58.73 0.00 88.53 3.863 Flexure 

SU5 1.25 1.50 1.45 58.76 0.00 95.96 3.563 Flexure 

SU6 1.25 1.50 1.45 58.76 0.00 103.48 3.305 Flexure 

SU7 1.25 1.50 1.45 58.44 0.00 105.31 3.250 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 58.79 0.00 87.11 3.925 Flexure 

EV3 1.25 1.50 1.00 58.44 0.00 136.45 3.637 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 58.44 0.00 74.83 4.575 Flexure 

Type3S2 1.25 1.50 1.45 58.65 0.00 71.06 4.814 Flexure 

Type3_3 1.25 1.50 1.45 58.44 0.00 61.62 5.555 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 58.79 0.00 79.10 4.478 Flexure 

PL65T 1.25 1.50 1.40 58.79 0.00 84.59 4.187 Flexure 
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Sample 5 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 1.41 0.15 0.89 1.495 Flexure 

Operating 1.25 1.50 1.35 274.76 43.05 267.55 2.007 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 276.31 43.28 117.44 4.243 Flexure 

3F1 1.25 1.50 1.45 277.81 43.49 172.02 2.888 Flexure 

5C1 1.25 1.50 1.45 277.57 43.46 167.30 2.971 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 277.07 43.39 192.91 2.579 Flexure 

SU5 1.25 1.50 1.45 275.67 43.19 208.14 2.397 Flexure 

SU6 1.25 1.50 1.45 277.06 43.39 230.01 2.163 Flexure 

SU7 1.25 1.50 1.45 277.87 43.50 246.27 2.017 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 272.27 42.68 194.57 2.582 Flexure 

EV3 1.25 1.50 1.45 276.84 43.36 295.92 1.682 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 276.2 43.27 167.13 2.982 Flexure 

Type3S2 1.25 1.50 1.45 277.8 43.49 152.43 3.513 Flexure 

Type3-3 1.25 1.50 1.45 274.92 43.08 139.64 3.579 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 278.07 43.51 189.95 2.707 Flexure 

PL65T 1.25 1.50 1.35 277.37 277.37 43.42 2.490 Flexure 

Sample 6 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 2.03 0.00 1.32 1.183 Flexure 

Operating 1.25 1.50 1.35 376.94 0.00 395.32 1.876 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.30 378.84 0.00 160.29 4.794 Flexure 

3F1 1.25 1.50 1.30 380.15 0.00 237.24 3.234 Flexure 

5C1 1.25 1.50 1.30 380.04 0.00 232.09 3.306 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.30 379.62 0.00 268.59 2.858 Flexure 

SU5 1.25 1.50 1.30 378.20 0.00 293.65 2.619 Flexure 

SU6 1.25 1.50 1.30 379.60 0.00 325.87 2.356 Flexure 

SU7 1.25 1.50 1.30 380.17 0.00 352.47 2.176 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 374.93 0.00 273.39 2.824 Flexure 

EV3 1.25 1.50 1.20 379.37 0.00 415.43 2.002 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.30 378.73 0.00 236.10 3.255 Flexure 

Type3S2 1.25 1.50 1.30 372.67 0.00 233.32 3.319 Flexure 

Type3-3 1.25 1.50 1.30 379.73 0.00 211.19 3.634 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 380.16 0.00 181.67 3.921 Flexure 

PL65T 1.25 1.50 1.40 369.82 0.00 215.43 3.350 Flexure 
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Sample7 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles(HL93)

Inventory 1 1.00 0.8 2.21 0.00 1.16 1.395 Flexure 

Operating 1.25 1.50 1.35 910.00 0.00 638.87 2.293 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 911.77 0.00 227.34 5.994 Flexure 

3F1 1.25 1.50 1.45 913.61 0.00 340.85 3.993 Flexure 

5C1 1.25 1.50 1.45 895.69 0.00 386.99 3.557 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 912.67 0.00 390.70 3.486 Flexure 

SU5 1.25 1.50 1.45 911.03 0.00 434.43 3.138 Flexure 

SU6 1.25 1.50 1.45 912.66 0.00 484.27 2.812 Flexure 

SU7 1.25 1.50 1.45 913.69 0.00 530.03 2.568 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.10 907.26 0.00 403.09 4.469 Flexure 

EV3 1.25 1.50 1.10 912.39 0.00 610.60 2.940 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 911.64 0.00 349.79 3.896 Flexure 

Type3S2 1.25 1.50 1.45 904.89 0.00 401.95 3.405 Flexure 

Type3-3 1.25 1.50 1.45 911.08 0.00 389.38 3.501 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 877.40 0.00 383.57 3.759 Flexure 

PL65T 1.25 1.50 1.35 901.52 0.00 560.02 2.630 Flexure 

B2.2  Skewed Bridges 
Sample 8 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles(HL93)

Inventory 1.25 1.50 1.75 159.09 36.84 243.32 1.639 Flexure 

Operating 1.25 1.50 1.35 159.09 36.84 243.32 2.124 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 160.34 37.07 110.08 4.359 Flexure 

3F1 1.25 1.50 1.45 161.42 37.27 160.53 2.982 Flexure 

5C1 1.25 1.50 1.45 161.25 37.24 155.75 3.075 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 160.88 37.17 179.32 2.673 Flexure 

SU5 1.25 1.50 1.45 159.90 36.97 192.43 2.496 Flexure 

SU6 1.25 1.50 1.45 160.87 37.17 212.24 2.258 Flexure 

SU7 1.25 1.50 1.45 161.44 37.28 226.23 2.116 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 157.58 36.47 180.25 2.679 Flexure 

EV3 1.25 1.50 1.10 160.72 37.14 274.13 2.306 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 160.27 37.05 154.42 3.108 Flexure 

Type3S2 1.25 1.50 1.45 161.41 37.27 142.18 3.367 Flexure 

Type3-3 1.25 1.50 1.45 159.39 36.86 128.4 3.745 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 161.44 37.30 194.33 2.551 Flexure 

PL65T 1.25 1.50 1.40 161.10 37.22 218.25 2.358 Flexure 
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Sample 9 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 411.88 177.76 489.25 1.004 Flexure 

Operating 1.25 1.50 1.35 411.88 177.76 489.25 1.301 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 412.86 178.21 186.86 3.166 Flexure 

3F1 1.25 1.50 1.45 413.77 178.63 278.39 2.120 Flexure 

5C1 1.25 1.50 1.45 403.18 173.77 274.56 2.160 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 413.33 178.43 317.15 1.863 Flexure 

SU5 1.25 1.50 1.45 412.46 178.03 349.71 1.693 Flexure 

SU6 1.25 1.50 1.45 413.33 178.43 389.02 1.519 Flexure 

SU7 1.25 1.50 1.45 413.80 178.64 423.37 1.394 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 410.27 177.02 324.95 1.830 Flexure 

EV3 1.25 1.50 1.45 413.19 178.36 493.14 1.198 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.5 1.45 412.79 178.18 281.4 2.102 Flexure 

Type3S2 1.25 1.5 1.45 408.85 176.37 301.13 1.982 Flexure 

Type3-3 1.25 1.5 1.45 413.7 178.6 276.6 2.134 Flexure 

F. Permit Vehicles

PL60T 1.25 1.5 1.4 413.86 178.68 328.85 1.859 Flexure 

PL65T 1.25 1.5 1.35 406.77 175.43 446.07 1.444 Flexure 

Sample 10 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 1.46 0.83 1.75 1.003 Flexure 

Operating 1.25 1.50 1.35 393.81 223.59 476.39 1.325 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 394.74 224.15 181.46 3.234 Flexure 

3F1 1.25 1.50 1.45 395.59 224.66 270.43 2.165 Flexure 

5C1 1.25 1.50 1.45 385.62 218.65 268.37 2.206 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 395.18 224.42 308.16 1.902 Flexure 

SU5 1.25 1.50 1.45 394.36 223.92 339.91 1.728 Flexure 

SU6 1.25 1.50 1.45 395.18 224.41 378.15 1.550 Flexure 

SU7 1.25 1.50 1.45 395.62 224.68 411.64 1.422 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 392.30 222.68 315.82 2.085 Flexure 

EV3 1.25 1.50 1.10 395.05 224.33 479.26 1.613 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 394.68 224.11 273.52 2.146 Flexure 

Type3S2 1.25 1.50 1.45 390.96 221.87 293.61 2.018 Flexure 

Type3-3 1.25 1.50 1.45 395.53 224.62 269.83 2.17 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 395.70 224.73 292.73 2.071 Flexure 

PL65T 1.25 1.50 1.35 395.70 224.73 386.21 1.602 Flexure 
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Sample 11 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 1.12 0.15 0.90 0.341 Flexure 

Operating 1.25 1.50 1.35 471.17 63.22 379.92 0.941 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 472.03 63.34 138.26 2.406 Flexure 

3F1 1.25 1.50 1.45 472.81 63.45 206.92 1.605 Flexure 

5C1 1.25 1.50 1.45 463.65 62.15 225.82 1.512 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 472.43 63.40 236.75 1.404 Flexure 

SU5 1.25 1.50 1.45 471.68 63.29 262.60 1.268 Flexure 

SU6 1.25 1.50 1.45 472.43 63.40 292.56 1.136 Flexure 

SU7 1.25 1.50 1.45 472.84 63.46 319.69 1.039 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 469.79 63.02 243.75 1.532 Flexure 

EV3 1.25 1.50 1.10 472.31 63.38 369.45 1.186 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 471.97 63.33 211.40 1.574 Flexure 

Type3S2 1.25 1.50 1.45 468.56 62.85 238.07 1.413 Flexure 

Type3-3 1.25 1.50 1.45 471.70 63.29 226.91 1.469 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 472.91 63.47 244.64 1.406 Flexure 

PL65T 1.25 1.50 1.35 472.91 63.47 351.16 1.011 Flexure 

Sample 12 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 1.17 0.22 0.98 1.503 Flexure 

Operating 1.25 1.50 1.35 512.59 96.10 432.97 2.228 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 513.39 96.28 157.46 5.697 Flexure 

3F1 1.25 1.50 1.45 514.27 96.45 235.67 3.803 Flexure 

5C1 1.25 1.50 1.45 504.56 94.48 257.51 3.520 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 513.84 96.37 269.66 3.325 Flexure 

SU5 1.25 1.50 1.45 513.00 96.21 299.13 3.000 Flexure 

SU6 1.25 1.50 1.45 513.83 96.37 333.26 2.691 Flexure 

SU7 1.25 1.50 1.45 514.30 96.46 364.17 2.460 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 510.92 95.80 277.65 3.240 Flexure 

EV3 1.25 1.50 1.45 513.70 96.34 420.83 2.131 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 513.32 96.27 240.81 3.724 Flexure 

Type3S2 1.25 1.50 1.45 509.81 95.54 271.35 3.319 Flexure 

Type3-3 1.25 1.50 1.45 513.03 96.21 258.77 3.468 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 514.21 96.44 232.29 3.996 Flexure 

PL65T 1.25 1.50 1.40 507.91 95.15 341.35 2.740 Flexure 
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Sample 13 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 80.63 2.52 134.31 3.473 Flexure 

Operating 1.25 1.50 1.35 80.63 2.52 134.31 4.502 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 79.72 2.49 62.72 8.987 Flexure 

3F1 1.25 1.50 1.45 81.00 2.53 87.00 6.466 Flexure 

5C1 1.25 1.50 1.45 80.80 2.52 82.19 6.847 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 80.97 2.53 94.50 5.953 Flexure 

SU5 1.25 1.50 1.45 81.09 2.53 102.91 5.466 Flexure 

SU6 1.25 1.50 1.45 81.02 2.53 111.40 5.050 Flexure 

SU7 1.25 1.50 1.45 80.63 2.52 114.08 4.935 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 81.10 2.54 92.16 6.808 Flexure 

EV3 1.25 1.50 1.10 80.63 2.52 145.33 5.106 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 80.63 2.52 79.70 7.063 Flexure 

Type3S2 1.25 1.50 1.45 80.99 2.53 76.62 7.343 Flexure 

Type3-3 1.25 1.50 1.45 80.63 2.52 65.63 8.577 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 81.10 2.53 84.70 6.878 Flexure 

PL65T 1.25 1.50 1.40 81.10 2.54 90.43 6.443 Flexure 

Sample 14 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 293.04 0.00 285.04 3.313 Flexure 

Operating 1.25 1.50 1.35 293.04 0.00 285.04 4.295 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 291.85 0.00 128.99 8.846 Flexure 

3F1 1.25 1.50 1.45 293.58 0.00 189.57 6.011 Flexure 

5C1 1.25 1.50 1.45 293.28 0.00 184.72 6.170 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 292.69 0.00 213.24 5.348 Flexure 

SU5 1.25 1.50 1.45 291.17 0.00 231.06 4.941 Flexure 

SU6 1.25 1.50 1.45 292.68 0.00 255.69 4.461 Flexure 

SU7 1.25 1.50 1.45 293.63 0.00 274.69 4.149 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 287.69 0.00 215.68 5.307 Flexure 

EV3 1.25 1.50 1.45 292.43 0.00 327.98 3.468 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 291.74 0.00 185.61 6.148 Flexure 

Type3S2 1.25 1.50 1.45 293.56 0.00 168.05 6.781 Flexure 

Type3-3 1.25 1.50 1.45 290.39 0.00 155.65 7.339 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 293.56 0.00 173.79 6.792 Flexure 

PL65T 1.25 1.50 1.40 293.04 0.00 197.11 5.990 Flexure 
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Sample 15 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.25 1.50 1.75 536.47 0.00 408.09 2.032 Flexure 

Operating 1.25 1.50 1.35 536.47 0.00 408.09 2.634 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 538.00 0.00 160.31 6.235 Flexure 

3F1 1.25 1.50 1.45 539.36 0.00 238.14 4.193 Flexure 

5C1 1.25 1.50 1.45 539.16 0.00 233.46 4.277 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 538.71 0.00 270.53 3.693 Flexure 

SU5 1.25 1.50 1.45 537.39 0.00 297.15 3.366 Flexure 

SU6 1.25 1.50 1.45 538.70 0.00 330.20 3.025 Flexure 

SU7 1.25 1.50 1.45 539.41 0.00 358.38 2.786 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 534.10 0.00 276.34 4.048 Flexure 

EV3 1.25 1.50 1.10 538.50 0.00 419.64 3.138 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 537.90 0.00 239.02 4.182 Flexure 

Type3S2 1.25 1.50 1.45 531.88 0.00 246.98 4.069 Flexure 

Type3-3 1.25 1.50 1.45 539.25 0.00 225.48 4.428 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 539.53 0.00 282.29 3.662 Flexure 

PL65T 1.25 1.50 1.35 528.76 0.00 360.95 2.998 Flexure 

Sample 16 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 1.85 0.29 0.89 1.001 Flexure 

Operating 1.25 1.50 1.35 1055.86 206.02 645.36 1.966 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.45 1054.25 206.34 226.82 5.209 Flexure 

3F1 1.25 1.50 1.45 1056.50 206.63 340.39 3.466 Flexure 

5C1 1.25 1.50 1.45 1040.87 203.19 394.30 3.036 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.45 1055.32 206.49 390.54 3.023 Flexure 

SU5 1.25 1.50 1.45 1053.40 206.21 434.80 2.720 Flexure 

SU6 1.25 1.50 1.45 1055.30 206.49 484.83 2.435 Flexure 

SU7 1.25 1.50 1.45 1056.61 206.64 531.09 2.221 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.45 1049.14 205.49 403.37 2.944 Flexure 

EV3 1.25 1.50 1.45 1054.99 206.44 610.82 1.933 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.45 1054.11 206.31 350.12 3.375 Flexure 

Type3S2 1.25 1.50 1.45 1051.74 205.03 406.51 2.917 Flexure 

Type3-3 1.25 1.50 1.45 1053.45 206.21 396.94 2.98 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 1010.32 197.61 429.26 2.966 Flexure 

PL65T 1.25 1.50 1.35 1047.70 204.36 620.04 2.061 Flexure 
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Sample 17 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1.00 1.00 0.8 0.78 0.00 0.61 1.158 Flexure 

Operating 1.25 1.50 1.35 143.01 0.00 183.97 1.946 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.43 141.96 0.00 85.50 3.961 Flexure 

3F1 1.25 1.50 1.43 143.48 0.00 122.92 2.744 Flexure 

5C1 1.25 1.50 1.43 143.22 0.00 118.33 2.853 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.43 142.70 0.00 135.60 2.494 Flexure 

SU5 1.25 1.50 1.43 141.36 0.00 142.99 2.372 Flexure 

SU6 1.25 1.50 1.43 143.68 0.00 156.63 2.152 Flexure 

SU7 1.25 1.50 1.43 143.01 0.00 166.07 2.033 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 138.27 0.00 134.97 2.790 Flexure 

EV3 1.25 1.50 1.10 142.47 0.00 204.96 2.149 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.43 141.86 0.00 114.48 2.960 Flexure 

Type3S2 1.25 1.50 1.43 143.47 0.00 108.68 3.103 Flexure 

Type3-3 1.25 1.50 1.43 140.66 0.00 93.70 3.628 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 143.84 0.00 101.57 3.393 Flexure 

PL65T 1.25 1.50 1.40 143.01 0.00 112.10 3.081 Flexure 

Sample 18 

Vehicle types 
Load factors Dc Dw LL+IM 

RF 
Governing 

force ᵞDc ᵞDw ᵞLL kips-ft kips-ft kips-ft 

A. Design Vehicles (HL93)

Inventory 1 1.00 0.8 0.95 0.00 0.76 1.428 Flexure 

Operating 1.25 1.50 1.35 235.73 0.00 281.22 2.090 Flexure 

B. Ohio Legal Vehicles

2F1 1.25 1.50 1.30 236.92 0.00 123.44 4.936 Flexure 

3F1 1.25 1.50 1.30 238.02 0.00 180.81 3.364 Flexure 

5C1 1.25 1.50 1.30 237.86 0.00 175.85 3.460 Flexure 

C. Specialized Hauling Vehicles

SU4 1.25 1.50 1.30 237.50 0.00 202.76 3.002 Flexure 

SU5 1.25 1.50 1.30 236.44 0.00 218.78 2.787 Flexure 

SU6 1.25 1.50 1.30 237.49 0.00 241.76 2.519 Flexure 

SU7 1.25 1.50 1.30 238.06 0.00 258.85 2.349 Flexure 

D. Emergency Vehicles

EV2 1.25 1.50 1.30 233.79 0.00 204.51 2.994 Flexure 

EV3 1.25 1.50 1.30 237.32 0.00 311.04 1.958 Flexure 

E. AASHTO Legal Vehicles

Type3 1.25 1.50 1.30 236.84 0.00 175.67 3.468 Flexure 

Type3S2 1.25 1.50 1.30 238.01 0.00 160.22 3.795 Flexure 

Type3-3 1.25 1.50 1.30 235.86 0.00 146.77 4.157 Flexure 

F. Permit Vehicles

PL60T 1.25 1.50 1.40 238.16 0.00 136.56 4.135 Flexure 

PL65T 1.25 1.50 1.40 237.72 0.00 154.22 3.664 Flexure 

B2.3  Multicell Box Beam Bridges 
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Appendix C: AD-BOX Solved Examples 

Appendix C includes the pages from the main tab of AD-BOX, which includes the input data and load 

rating results for the 18 sample bridges summarized in Table 3-16. The results from these files are used 
in the verification study discussed in Section 3.2. Each bridge sample has 6 pages, resulting in a total of 
108 pages of appendices for 18 sample bridges. 
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Bridge ID Sample bridge 1 Load rated by SD Date 5/13/2025
Construction year 2024 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 30.00 ft
Total width 20.00 ft

Single lane width 18.00 ft
End offset 0.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 30.00 ft
Road way width 20.00 ft

Composite /Non composite*
Thickness of deck slab* 0 in.

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 8 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 0.00 ft 18.00 in.
2 15.00 ft 18.00 in.
3 30.00 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%

Position from left support

Asphalt surface

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel guard rail

Non skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.078 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 17 in.

5 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 590.30 in2

Moment of inertia I 18819.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 8.44 in.

Distance from centroid to 
extreme top fiber

Yt 8.56 in.

Section modulus for extreme 
bottom fiber

Sb 2230.00 in3

Section modulus for extreme 
top fiber

St 2198.00 in3

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 14 2 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.50 #4 3 0.40
Region 2 9.50 #4 6 0.40

Bottom flange
Top flange

Precast beamSection properties

Position from 
extreme tensile face

B17-48

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 8000
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.35

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days

18250 days

1.40
1.35

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.213 HL93 1.703 2.207
3F1 23 2.990
5C1 40 3.257

SU4 27 2.723
SU5 31 2.573
SU6 34.5 2.432
SU7 38.75 2.333

EV2 28.75 2.533
EV3 43 1.866

Type3 25 3.103
Type3S2 36 3.520
Type3_3 40 3.755

PL60T 60 2.573
PL65T 65 2.468

Custom Vehicle 1 113 2.840

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample bridge 2 Load rated by SD Date 5/13/2025
Construction year 2018 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 51.00 ft
Total width 32.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 8.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 50.00 ft
Road way width 32.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 3.375 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 0.00 ft 18.00 in.
2 25.00 ft 18.00 in.
3 50.00 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 2%

Position from left support

Asphalt surface

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel guard rail

Non skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.032 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 21 in.

8 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 647.80 in2

Moment of inertia I 33884.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 10.42 in.

Distance from centroid to 
extreme top fiber

Yt 10.58 in.

Section modulus for extreme 
bottom fiber

Sb 3253.00 in3

Section modulus for extreme 
top fiber

St 3202.00 in3

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 18 2 in.
Layer 2 2 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 25.00 #4 6 0.40

Bottom flange
Bottom flange

Precast beamSection properties

Position from 
extreme tensile face

B21-48

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days

18250 days

1.40
1.35

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.430 HL93 1.546 2.005
3F1 23 3.001
5C1 40 3.077

SU4 27 2.665
SU5 31 2.456
SU6 34.5 2.213
SU7 38.75 2.053

EV2 28.75 2.644
EV3 43 1.730

Type3 25 3.054
Type3S2 36 3.301
Type3_3 40 3.638

PL60T 60 2.596
PL65T 65 2.369

Custom Vehicle 1 113 3.088

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample Bridge 3 Load rated by SD Date 5/13/2025
Construction year 1982 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 64.00 ft
Total width 28.00 ft

Single lane width 12.00 ft
End offset 12.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 62.00 ft
Road way width 28.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 3.33 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 1.00 ft 36.00 in.
2 17.00 ft 36.00 in.
3 45.00 ft 36.00 in.
4 62.00 ft 36.00 in.

Bridge appraisal rating 5
Condition factor 0.95

Additional beam weight 3%
Additional barrier weight 3%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel guard rail

Non skew

Thickness

Asphalt surface

Position from left support
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2. Material Properties

a. Concrete
f'ci 4.00 ksi

f'c 5.50 ksi

f'c_deck 4.00 ksi

wc 0.15 kcf

K1 1

Eci 3834.25 ksi

Ec_beam 4496.06 ksi

Ec_slab 3834.25 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 229.5 ksi
K 0.38

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.047 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Stress-relieved strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 33 in.

7 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.0 in.

Width of end web bw 5.0 in.

Width of chamfer wh 3.0 in.

Area A 733.50 in2

Moment of inertia I 108150.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 16.63 in.

Distance from centroid to 
extreme top fiber

Yt 16.37 in.

Section modulus for extreme 
bottom fiber

Sb 6503.31 in3

Section modulus for extreme 
top fiber

St 6606.60 in3

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 16 1.75 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 31.00 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

Custom

No of box beams

Bottom flange
Top flange

Precast beamSection properties
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 8156
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 3.214 HL93 1.036 1.343
3F1 23 2.157
5C1 40 2.199

SU4 27 1.898
SU5 31 1.728
SU6 34.5 1.552
SU7 38.75 1.427

EV2 28.75 2.083
EV3 43 1.612

Type3 25 2.147
Type3S2 36 2.062
Type3_3 40 2.232

PL60T 60 1.887
PL65T 65 1.513

Custom Vehicle 1 113 1.978
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample Bridge 4 Load rated by SD Date 5/13/2025
Construction year 2023 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 26.00 ft
Total width 33.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 25.00 ft
Road way width 33.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 1.38 ft 18.00 in.
2 15.00 ft 18.00 in.
3 23.62 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 5%
Additional barrier weight 0%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Composite

Steel guard rail

Non skew

Thickness

Asphalt surface

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 36 in.
Height of each box beam h 17 in.

11 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 458.30 in2 631.49 in2

Moment of inertia I 14122.00 in4 31496.01 in2

Distance from centroid to 
extreme bottom fiber

Yb 8.42 in. 11.60 in2

Distance from centroid to 
extreme top fiber

Yt 8.58 in. 11.40 in2

Section modulus for extreme 
bottom fiber

Sb 1677.00 in3 2716.15 in2

Section modulus for extreme 
top fiber

St 1646.00 in3 3444.56 in2

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 8 2 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 1.50 #4 1.5 0.40
Region 2 4.00 #4 3 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

CB17-36

No of box beams

Bottom flange
Top flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.35
EV3* 1.00

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
One lane

Live load factor

18250 days

1.40
1.40

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 5.832 HL93 2.252 2.919
3F1 23 4.223
5C1 40 4.486

SU4 27 3.851
SU5 31 3.552
SU6 34.5 3.295
SU7 38.75 3.241

EV2 28.75 4.026
EV3 43 3.627

Type3 25 4.561
Type3S2 36 4.798
Type3_3 40 5.538

PL60T 60 4.463
PL65T 65 4.174

Custom Vehicle 1 113 3.764
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample Bridge 5 Load rated by SD Date 5/13/2025
Construction year 2021 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 46.00 ft
Total width 56.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 8.08 ft each side

Design span 45.00 ft
Road way width 39.84 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 5 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 1.88 ft 18.00 in.
2 22.50 ft 18.00 in.
3 43.13 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Composite

Steel Guard rail

Non skew

Thickness

Asphalt surface

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 1.170 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel Guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 17 in.

14 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 590.30 in2 821.21 in2

Moment of inertia I 18819.00 in4 41692.79 in2

Distance from centroid to 
extreme bottom fiber

Yb 8.44 in. 11.69 in2

Distance from centroid to 
extreme top fiber

Yt 8.56 in. 11.31 in2

Section modulus for extreme 
bottom fiber

Sb 2230.00 in3 3566.38 in2

Section modulus for extreme 
top fiber

St 2198.00 in3 4597.91 in2

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 16 2 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 22.50 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

CB17-48

No of box beams

Bottom flange
Top flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 5600
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.243 HL93 1.495 2.007
3F1 23 2.888
5C1 40 2.971

SU4 27 2.579
SU5 31 2.397
SU6 34.5 2.163
SU7 38.75 2.017

EV2 28.75 2.582
EV3 43 1.682

Type3 25 2.982
Type3S2 36 3.259
Type3_3 40 3.579

PL60T 60 2.707
PL65T 65 2.490

Custom Vehicle 1 113 3.083
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample Bridge 6 Load rated by SD Date 5/13/2025
Construction year 2018 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 57.00 ft
Total width 28.00 ft

Single lane width 14.00 ft
End offset 12.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 55.00 ft
Road way width 28.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 5 nos

Diaphragm number
1 2.50 ft 36.00 in.
2 15.50 ft 36.00 in.
3 28.50 ft 36.00 in.
4 41.50 ft 36.00 in.
5 54.50 ft 36.00 in.

Bridge appraisal rating 5
Condition factor 0.95

Additional beam weight 2%
Additional barrier weight 0%

Position from left support

None

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Composite

Steel guard rail

Non skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.50 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4496.06 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

None

Steel guard rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 17 in.

7 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 590.30 in2 821.21 in2

Moment of inertia I 18819.00 in4 41692.79 in2

Distance from centroid to 
extreme bottom fiber

Yb 8.44 in. 11.69 in2

Distance from centroid to 
extreme top fiber

Yt 8.56 in. 11.31 in2

Section modulus for extreme 
bottom fiber

Sb 2230.00 in3 3566.38 in2

Section modulus for extreme 
top fiber

St 2198.00 in3 4597.91 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 16 2 in.
Layer 2 12 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 27.50 #4 6 0.40

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam

Position from 
extreme tensile face

CB17-48

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 1000
Live load factor for legal 
vehicles

1.30

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.20

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days

18250 days

1.40
1.40

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
One lane

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.794 HL93 1.183 1.876
3F1 23 3.234
5C1 40 3.306

SU4 27 2.858
SU5 31 2.619
SU6 34.5 2.356
SU7 38.75 2.176

EV2 28.75 2.824
EV3 43 2.002

Type3 25 3.255
Type3S2 36 3.319
Type3_3 40 3.634

PL60T 60 3.821
PL65T 65 2.807

Custom Vehicle 1 113 2.883

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample Bridge 7 Load rated by SD Date 5/13/2025
Construction year 2021 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 81.00 ft
Total width 28.00 ft

Single lane width 15.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 80.00 ft
Road way width 28.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 0 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 5 nos

Diaphragm number
1 0.00 ft 18.00 in.
2 20.00 ft 18.00 in.
3 40.00 ft 18.00 in.
4 60.00 ft 18.00 in.
5 80.00 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 3%
Additional barrier weight 0%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Composite

Steel  guard rail

Non skew

Thickness

Asphalt surface 

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface 

Steel  guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 27 in.

7 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 713.80 in2 944.71 in2

Moment of inertia I 66222.00 in4 115050.22 in2

Distance from centroid to 
extreme bottom fiber

Yb 13.39 in. 17.45 in2

Distance from centroid to 
extreme top fiber

Yt 13.61 in. 15.55 in2

Section modulus for extreme 
bottom fiber

Sb 4945.00 in3 6593.16 in2

Section modulus for extreme 
top fiber

St 4866.00 in3 9227.80 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 16 2 in.
Layer 2 18 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 40.00 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

CB27-48

No of box beams

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.10
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 5.994 HL93 1.395 2.293
3F1 23 3.993
5C1 40 3.557

SU4 27 3.486
SU5 31 3.138
SU6 34.5 2.812
SU7 38.75 2.568

EV2 28.75 4.469
EV3 43 2.940

Type3 25 3.896
Type3S2 36 3.405
Type3_3 40 3.501

PL60T 60 3.759
PL65T 65 2.630

Custom Vehicle 1 113 3.426
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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C2: Skewed Bridges 

220



Bridge ID Sample Bridge 8 Load rated by SD Date 5/13/2025
Construction year 2018 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 43.00 ft
Total width 32.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 42.00 ft
Road way width 32.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 28 Degrees

Surfacing material
Thickness 3.5 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 4.13 ft 12.00 in.
2 21.56 ft 12.00 in.
3 37.88 ft 12.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 0%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel Guard rail

Skew

Thickness

Asphalt surface

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.00 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 3834.25 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel Guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 21 in.

8 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 647.80 in2

Moment of inertia I 33884.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 10.42 in.

Distance from centroid to 
extreme top fiber

Yt 10.58 in.

Section modulus for extreme 
bottom fiber

Sb 3253.00 in3

Section modulus for extreme 
top fiber

St 3202.00 in3

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 14 2 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 3 0.40
Region 2 21.00 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

B21-48

No of box beams

Bottom flange
Top flange

Precast beamSection properties
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.359 HL93 1.639 2.124
3F1 23 2.982
5C1 40 3.075

SU4 27 2.673
SU5 31 2.496
SU6 34.5 2.258
SU7 38.75 2.116

EV2 28.75 2.633
EV3 43 2.306

Type3 25 3.108
Type3S2 36 3.367
Type3_3 40 3.607

PL60T 60 2.551
PL65T 65 2.358

Custom Vehicle 1 113 3.306
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

226



Bridge ID Sample bridge 9 Load rated by SD Date 5/13/2025
Construction year 1984 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 66.00 ft
Total width 28.00 ft

Single lane width 14.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 65.00 ft
Road way width 28.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 5 Degrees

Surfacing material
Thickness 7 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 0.00 ft 21.00 in.
2 22.00 ft 21.00 in.
3 43.00 ft 21.00 in.
4 65.00 ft 21.00 in.

Bridge appraisal rating 6
Condition factor 1.00

Additional beam weight 3%
Additional barrier weight 0%

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel guard rail

Skew

Thickness

Asphalt surface

Position from left support
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2. Material Properties

a. Concrete
f'ci 4.00 ksi

f'c 5.50 ksi

f'c_deck 4.00 ksi

wc 0.15 kcf

K1 1

Eci 3834.25 ksi

Ec_beam 4496.06 ksi

Ec_slab 3834.25 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 229.5 ksi
K 0.38

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.032 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Stress-relieved strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 27 in.

7 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.0 in.

Width of end web bw 5.0 in.

Width of chamfer wh 3.0 in.

Area A 678.80 in2

Moment of inertia I 64649.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 13.61 in.

Distance from centroid to 
extreme top fiber

Yt 13.39 in.

Section modulus for extreme 
bottom fiber

Sb 4750.11 in3

Section modulus for extreme 
top fiber

St 4828.16 in3

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 22 1.75 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 32.50 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

Custom

No of box beams

Bottom flange
Top flange

Precast beamSection properties
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES NO
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 8000
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 3.165 HL93 1.004 1.301
3F1 23 2.120
5C1 40 2.160

SU4 27 1.863
SU5 31 1.693
SU6 34.5 1.519
SU7 38.75 1.394

EV2 28.75 1.831
EV3 43 1.199

Type3 25 2.102
Type3S2 36 1.982
Type3_3 40 2.134

PL60T 60 1.859
PL65T 65 1.444

Custom Vehicle 1 113 1.958
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample Bridge 10 Load rated by SD Date 5/13/2025
Construction year 2009 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 66.50 ft
Total width 32.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 65.50 ft
Road way width 32.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 12 Degrees

Surfacing material
Thickness 8.67 in.

Total number of diaphragm* 6 nos

Diaphragm number
1 1.49 ft 18.00 in.
2 13.99 ft 18.00 in.
3 26.49 ft 18.00 in.
4 38.99 ft 18.00 in.
5 51.49 ft 18.00 in.
6 63.99 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%

Position from left support

Asphalt surface

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Twin steel tube railing 

Skew

Thickness

233



2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Twin steel tube railing 

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 21 in.

8 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 647.80 in2

Moment of inertia I 33884.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 10.42 in.

Distance from centroid to 
extreme top fiber

Yt 10.58 in.

Section modulus for extreme 
bottom fiber

Sb 3253.00 in3

Section modulus for extreme 
top fiber

St 3202.00 in3

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 18 2 in.
Layer 2 12 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #5 6 0.62
Region 2 32.75 #5 6 0.62

Bottom flange
Bottom flange

Precast beamSection properties

Position from 
extreme tensile face

B21-48

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 8000
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days

18250 days

1.40
1.35

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 3.234 HL93 1.004 1.325
3F1 23 2.165
5C1 40 2.206

SU4 27 1.902
SU5 31 1.728
SU6 34.5 1.550
SU7 38.75 1.422

EV2 28.75 2.085
EV3 43 1.613

Type3 25 2.146
Type3S2 36 2.018
Type3_3 40 2.170

PL60T 60 2.071
PL65T 65 1.602

Custom Vehicle 1 113 2.042

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample bridge 11 Load rated by SD Date 5/13/2025
Construction year 1985 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 76.00 ft
Total width 30.00 ft

Single lane width 15.50 ft
End offset 6.90 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 74.85 ft
Road way width 30.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 30 Degrees

Surfacing material
Thickness 2.5 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 0.00 ft 20.75 in.
2 24.95 ft 20.75 in.
3 49.90 ft 20.75 in.
4 74.84 ft 20.75 in.

Bridge appraisal rating 7
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 0%

Position from left support

Asphalt surface

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Steel guard rail

Skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.50 ksi

f'c 6.50 ksi

f'c_deck 4.00 ksi

wc 0.15 kcf

K1 1

Eci 4496.06 ksi

Ec_beam 4887.73 ksi

Ec_slab 3834.25 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 229.5 ksi
K 0.38

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.032 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Steel guard rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Stress-relieved strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 36 in.
Height of each box beam h 33 in.

10 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.0 in.

Depth of bottom flange hc 5.0 in.

Width of end web bw 5.0 in.

Width of chamfer wh 3.0 in.

Area A 594.50 in2

Moment of inertia I 82048.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 16.28 in.

Distance from centroid to 
extreme top fiber

Yt 16.72 in.

Section modulus for extreme 
bottom fiber

Sb 5039.80 in3

Section modulus for extreme 
top fiber

St 4907.18 in3

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 10 2 in.
Layer 2 2 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 37.43 #4 6 0.40

Bottom flange
Bottom flange

Precast beamSection properties

Position from 
extreme tensile face

Custom

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days

18250 days

1.40
1.35

Interior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 2.406 HL93 0.341 0.941
3F1 23 1.605
5C1 40 1.512

SU4 27 1.404
SU5 31 1.268
SU6 34.5 1.136
SU7 38.75 1.039

EV2 28.75 1.532
EV3 43 1.186

Type3 25 1.574
Type3S2 36 1.413
Type3_3 40 1.469

PL60T 60 1.406
PL65T 65 1.011

Custom Vehicle 1 113 1.335

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample bridge 12 Load rated by SD Date 5/13/2025
Construction year 2016 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 76.00 ft
Total width 33.00 ft

Single lane width 16.50 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 75.00 ft
Road way width 33.00 ft

Composite /Non composite*  
Thickness of deck slab* 0 in.  

Skew/Non skew*
Skew angle* 10 Degrees

Surfacing material
Thickness 3.785 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 2.18 ft 24.60 in.
2 25.50 ft 24.60 in.
3 50.50 ft 24.60 in.
4 73.82 ft 24.60 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 0%

Position from left support

Asphalt surface

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Non composite

Deep beam rail

Skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.145 kcf

e. Barrier
Type
Unit weight 0.032 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Asphalt surface

Deep beam rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 36 in.
Height of each box beam h 33 in.

11 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 642.50 in2

Moment of inertia I 86049.00 in4

Distance from centroid to 
extreme bottom fiber

Yb 16.30 in.

Distance from centroid to 
extreme top fiber

Yt 16.70 in.

Section modulus for extreme 
bottom fiber

Sb 5279.00 in3

Section modulus for extreme 
top fiber

St 5153.00 in3

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 12 2 in.
Layer 2 8 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 37.50 #4 6 0.40

Bottom flange
Bottom flange

Precast beamSection properties

Position from 
extreme tensile face

B33-36

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days

18250 days

1.40
1.35

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 5.697 HL93 1.718 2.228
3F1 23 3.803
5C1 40 3.520

SU4 27 3.325
SU5 31 3.000
SU6 34.5 2.690
SU7 38.75 2.461

EV2 28.75 3.240
EV3 43 2.131

Type3 25 3.726
Type3S2 36 3.320
Type3_3 40 3.468

PL60T 60 3.330
PL65T 65 2.368

Custom Vehicle 1 113 2.920

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor
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Bridge ID Sample bridge 13 Load rated by SD Date 5/13/2025
Construction year 2021 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 27.00 ft
Total width 44.00 ft

Single lane width 18.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 26.00 ft
Road way width 44.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 30 Degrees

Surfacing material
Thickness 0.6 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 2.75 ft 12.00 in.
2 13.57 ft 12.00 in.
3 24.40 ft 12.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 0%
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Composite

Steel guard rail

Skew

Thickness

Concrete

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.15 kcf

e. Barrier
Type
Unit weight 0.030 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Concrete

Steel guard rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 17 in.

11 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 590.30 in2 821.21 in2

Moment of inertia I 18819.00 in4 41692.79 in2

Distance from centroid to 
extreme bottom fiber

Yb 8.44 in. 11.69 in2

Distance from centroid to 
extreme top fiber

Yt 8.56 in. 11.31 in2

Section modulus for extreme 
bottom fiber

Sb 2230.00 in3 3566.38 in2

Section modulus for extreme 
top fiber

St 2198.00 in3 4597.91 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 8 2 in.
Layer 2 6 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 3.00 #4 3 0.40
Region 2 13.00 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

B17-48

No of box beams

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 5.639 HL93 2.626 3.403
3F1 23 4.048
5C1 40 4.660

SU4 27 3.722
SU5 31 3.562
SU6 34.5 3.672
SU7 38.75 3.878

EV2 28.75 3.856
EV3 43 3.137

Type3 25 4.277
Type3S2 36 5.111
Type3_3 40 5.231

PL60T 60 4.370
PL65T 65 4.265

Custom Vehicle 1 113 6.001
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample bridge 14 Load rated by SD Date 5/13/2025
Construction year 2022 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 49.00 ft
Total width 36.00 ft

Single lane width 18.00 ft
End offset 7.74 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 47.71 ft
Road way width 36.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 19 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 1.67 ft 28.44 in.
2 24.38 ft 28.44 in.
3 47.09 ft 28.44 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%
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Composite

Twin steel post rail

Skew

Thickness

None

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 75.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.216 in2

Tensile strength* fpu 250 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 225 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

None

Twin steel post rail

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 21 in.

9 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 647.80 in2 878.71 in2

Moment of inertia I 33884.00 in4 65970.46 in2

Distance from centroid to 
extreme bottom fiber

Yb 10.42 in. 13.99 in2

Distance from centroid to 
extreme top fiber

Yt 10.58 in. 13.01 in2

Section modulus for extreme 
bottom fiber

Sb 3253.00 in3 4716.00 in2

Section modulus for extreme 
top fiber

St 3202.00 in3 6323.67 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 16 2 in.
Layer 2 6 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 4 0.40
Region 2 23.86 #4 8 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

CB21-48

No of box beams

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 6.117 HL93 2.481 3.215
3F1 23 4.175
5C1 40 4.501

SU4 27 3.682
SU5 31 3.341
SU6 34.5 3.207
SU7 38.75 3.110

EV2 28.75 3.441
EV3 43 2.331

Type3 25 4.086
Type3S2 36 4.100
Type3_3 40 4.338

PL60T 60 4.676
PL65T 65 3.716

Custom Vehicle 1 113 4.605
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample bridge 15 Load rated by SD Date 5/13/2025
Construction year 2018 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 62.00 ft
Total width 32.00 ft

Single lane width 16.00 ft
End offset 12.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 60.00 ft
Road way width 32.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 24 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 2.33 ft 33.38 in.
2 20.00 ft 33.38 in.
3 40.00 ft 33.38 in.
4 57.28 ft 33.38 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 5%
Additional barrier weight 0%
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Composite

Steel guard rail

Skew

Thickness

None

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

None

Steel guard rail

Concrete unit weight*

264



3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 27 in.

8 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 713.80 in2 944.71 in2

Moment of inertia I 66222.00 in4 115050.22 in2

Distance from centroid to 
extreme bottom fiber

Yb 13.39 in. 17.45 in2

Distance from centroid to 
extreme top fiber

Yt 13.61 in. 15.55 in2

Section modulus for extreme 
bottom fiber

Sb 4945.00 in3 6593.16 in2

Section modulus for extreme 
top fiber

St 4866.00 in3 9227.80 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 20 2 in.
Layer 2 2 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 3 0.40
Region 2 30.00 #4 6 0.40

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

CB27-48

No of box beams

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor

18250 days

1.40
1.35

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Low to moderate corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 6.235 HL93 2.032 2.634
3F1 23 4.193
5C1 40 4.277

SU4 27 3.693
SU5 31 3.366
SU6 34.5 3.025
SU7 38.75 2.786

EV2 28.75 4.048
EV3 43 3.138

Type3 25 4.182
Type3S2 36 4.069
Type3_3 40 4.428

PL60T 60 3.662
PL65T 65 2.998

Custom Vehicle 1 113 3.869
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample bridge 16 Load rated by SD Date 5/13/2025
Construction year 2019 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 84.00 ft
Total width 28.00 ft

Single lane width 12.00 ft
End offset 6.00 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 83.00 ft
Road way width 28.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 20 Degrees

Surfacing material
Thickness 4.8 in.

Total number of diaphragm* 5 nos

Diaphragm number
1 0.00 ft 30.00 in.
2 18.24 ft 30.00 in.
3 38.07 ft 30.00 in.
4 57.91 ft 30.00 in.
5 83.00 ft 30.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%

Position from left support

Concrete

EVALUATION OF PRECAST, PRESTRESSED ADJACENT BOX BEAM BRIDGES

Composite

Steel guard rail

Skew

Thickness
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0.15 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Concrete unit weight*

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

Concrete

Steel guard rail

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 33 in.

7 nos

Section Geometry
No of webs in beam 2 nos
Depth of top flange hf 5.5 in.

Depth of bottom flange hc 5.5 in.

Width of end web bw 5.5 in.

Width of chamfer wh 3.0 in.

Area A 774.50 in2 1005.41 in2

Moment of inertia I 111342.00 in4 180857.97 in2

Distance from centroid to 
extreme bottom fiber

Yb 16.33 in. 20.85 in2

Distance from centroid to 
extreme top fiber

Yt 16.67 in. 18.15 in2

Section modulus for extreme 
bottom fiber

Sb 6816.00 in3 8675.24 in2

Section modulus for extreme 
top fiber

St 6681.00 in3 12426.44 in2

Layers of Prestressing Strands Provided 2

Layer * Number 

Layer 1 16 2 in.
Layer 2 12 4 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 6 0.40
Region 2 41.50 #4 6 0.40

Bottom flange
Bottom flange

Precast beamSection properties Composite Beam

Position from 
extreme tensile face

CB33-48

No of box beams

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from extreme 
tensile face

Top flange
Top flange
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 20% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT Unknown
Live load factor for legal 
vehicles

1.45

Live Load Factors for Emergency Vehicles
EV2* 1.45
EV3* 1.45

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days

18250 days

1.40
1.35

Exterior beam
Minor depression

Routine or Annual
Unlimited crossings
Mixed with traffic
Two or more lanes

Live load factor
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Add custom vehicle* YES
No of axles 12

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 16.00 0.00
b 19.00 16.25
c 19.00 20.75
d 19.00 25.25
e 19.00 41.00
f 19.00 46.00
g 19.00 51.00
h 19.00 91.17
i 19.00 96.17
j 19.00 101.17
k 19.00 117.42
l 19.00 122.58

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 5.209 HL93 1.001 1.966
3F1 23 3.466
5C1 40 3.036

SU4 27 3.023
SU5 31 2.720
SU6 34.5 2.435
SU7 38.75 2.221

EV2 28.75 2.944
EV3 43 1.933

Type3 25 3.375
Type3S2 36 2.917
Type3_3 40 2.980

PL60T 60 2.966
PL65T 65 2.061

Custom Vehicle 1 113 2.893

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles

Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

274
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Bridge ID Sample bridge 17 Load rated by SD Date 5/13/2025
Construction year 1996 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 36.67 ft
Total width 44.00 ft

Single lane width 12.00 ft
End offset 10.02 in.
Width of bearing 5.00 in.
Barrier type
Width of barrier 1.00 ft each side

Design span 35.00 ft
Road way width 42.00 ft

Composite /Non composite*
Thickness of deck slab* 6 in.

Skew/Non skew*
Skew angle* 30 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 3 nos

Diaphragm number
1 2.00 ft 28.00 in.
2 17.50 ft 28.00 in.
3 33.00 ft 28.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 0%
Additional barrier weight 0%
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Composite

TSTRR

Skew

Thickness

None

Position from left support
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2. Material Properties

a. Concrete
f'ci 4.00 ksi

f'c 5.50 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 3834.25 ksi

Ec_beam 4496.06 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 75.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.153 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 229.5 ksi
K 0.38

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.549 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Stress-relieved strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

None

TSTRR

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 17 in.

11 nos

Section Geometry
No of webs in beam 3 nos
Depth of top flange hf 3.0 in.

Depth of bottom flange hc 4.5 in.

Width of end web bw 5.0 in.

Width of middle web bw_m 3.0 in.
Width of chamfer wh 1.5 in.

Area A 464.30 in2 724.81 in2

Moment of inertia I 16778.00 in4 41911.16 in2

Distance from centroid to 
extreme bottom fiber

Yb 7.92 in. 12.26 in2

Distance from centroid to 
extreme top fiber

Yt 9.08 in. 10.74 in2

Section modulus for extreme 
bottom fiber

Sb 2118.43 in3 3418.05 in2

Section modulus for extreme 
top fiber

St 1847.80 in3 4314.90 in2

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 10 1.75 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 0.00 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 1.50 #4 6 0.60
Region 2 17.50 #4 6 0.60

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

Custom

No of box beams

Bottom flange
Top flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 4506
Live load factor for legal 
vehicles

1.43

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.10

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
One lane

Live load factor

18250 days

1.40
1.40

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 15

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 14.00 0.00
b 18.00 12.17
c 18.00 16.67
d 18.00 21.17
e 18.00 36.83
f 18.00 41.83
g 18.00 46.83
h 20.00 123.75
i 20.00 128.75
j 18.00 141.25
k 18.00 146.25
l 18.00 151.25

m 18.00 165.25
n 18.00 170.25
o 18.00 175.25

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 3.962 HL93 1.159 1.947
3F1 23 2.745
5C1 40 2.853

SU4 27 2.493
SU5 31 2.373
SU6 34.5 2.153
SU7 38.75 2.034

EV2 28.75 2.789
EV3 43 2.148

Type3 25 2.959
Type3S2 36 3.104
Type3_3 40 3.627

PL60T 60 3.393
PL65T 65 3.081

Custom Vehicle 1 135 2.945
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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Bridge ID Sample bridge 18 Load rated by SD Date 5/13/2025
Construction year 2007 Checked by YM Date 5/13/2025

1. Bridge Information
Total span* 46.00 ft
Total width 40.00 ft

Single lane width 20.38 ft
End offset 6.00 in.
Width of bearing 8.00 in.
Barrier type
Width of barrier 0.00 ft each side

Design span 45.00 ft
Road way width 40.00 ft

Composite /Non composite*  
Thickness of deck slab* 6 in.  

Skew/Non skew*
Skew angle* 10 Degrees

Surfacing material
Thickness 0 in.

Total number of diaphragm* 4 nos

Diaphragm number
1 1.50 ft 18.00 in.
2 15.50 ft 18.00 in.
3 29.50 ft 18.00 in.
4 43.50 ft 18.00 in.

Bridge appraisal rating 9
Condition factor 1.00

Additional beam weight 2%
Additional barrier weight 0%
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Composite

TSTRR

Skew

Thickness

None

Position from left support
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2. Material Properties

a. Concrete
f'ci 5.00 ksi

f'c 7.00 ksi

f'c_deck 4.50 ksi

wc 0.15 kcf

K1 1

Eci 4286.83 ksi

Ec_beam 5072.24 ksi

Ec_slab 4066.84 ksi

b. Reinforcing Bars
Yield Strength* fy 60.00 ksi

Modulus of elasticity* Es 29000 ksi

c. Prestressing Strands
Type*

Diameter Dp 1/2 in.

Area* Ap 0.167 in2

Tensile strength* fpu 270 ksi

Modulus of elasticity* Ep 28500 ksi

Yield strength fpy 243 ksi
K 0.28

d. Surfacing Material
Type
Unit weight 0 kcf

e. Barrier
Type
Unit weight 0.080 kips/ft/side

Required concrete compressive strength at transfer*

Specified concrete compressive strength for use in design*

Seven-wire strand Low-relaxation strand

Deck concrete compressive strength *

Modulus of elasticity of concrete for precast beam at transfer

Modulus of elasticity of concrete for precast beam at service load

Modulus of elasticity of concrete for deck slab

Correction factor for source of concrete*

None

TSTRR

Concrete unit weight*
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3. Box Beam Section Properties
Box beam section used
Width of each box beam b 48 in.
Height of each box beam h 21 in.

10 nos

Section Geometry
No of webs in beam 3 nos
Depth of top flange hf 3.0 in.

Depth of bottom flange hc 4.5 in.

Width of end web bw 5.0 in.

Width of middle web bw_m 3.0 in.
Width of chamfer wh 1.5 in.

Area A 536.26 in2 767.17 in2

Moment of inertia I 29030.51 in4 62270.04 in2

Distance from centroid to 
extreme bottom fiber

Yb 9.80 in. 14.07 in2

Distance from centroid to 
extreme top fiber

Yt 11.20 in. 12.93 in2

Section modulus for extreme 
bottom fiber

Sb 2962.30 in3 4424.44 in2

Section modulus for extreme 
top fiber

St 2592.01 in3 6008.43 in2

Layers of Prestressing Strands Provided 1

Layer * Number 

Layer 1 12 2 in.
Layer 2 0 0 in.
Layer 3 0 0 in.
Layer 4 0 0 in.

Debonded strands 0 0 in.

Longitudinal Reinforcement Bars

Layer Bar no. Area Number Remark

Layer 1 #5 0.31 2 2 in. Bottom flange

Shear Reinforcement

Zone
Distance to end of 

region from the 
support (ft)

Bar no.
Spacing 

(in.)
Area 

(in2)

Region 1 4.00 #4 3 0.60
Region 2 22.50 #4 6 0.60

Position from extreme 
tensile face

Top flange
Top flange

Remark
*Note: Input 
layers from 

bottom to top of 
the beam

Top flange

Position from 
extreme tensile face

Custom

No of box beams

Bottom flange
Top flange

Precast beamSection properties Composite Beam
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4. Load Rating

Load Rating Settings
Adopted beam for load rating*
Riding surface condition*

Vehicle types
Dynamic 

allowance 
(IM)

Use strength 
limit state

Use service 
limit state

 
A. Design Vehicle 33% YES YES
B. Ohio Legal Vehicles 33% YES NO
C. Specialized Hauling Vehicles 33% YES NO
D. Emergency Vehicles 33% YES NO
E. AASHTO Legal Vehicles 33% YES NO
F. Permit Vehicles 10% YES NO
G. Custom Vehicle 33% YES NO
Input for Service Limit State
Average annual humidity

Prestressing strands condition

Concrete age at transfer
Concrete age at deck 
placement
Final concrete age

Live Load Factors for Legal Vehicles
ADTT 500
Live load factor for legal 
vehicles

1.30

Live Load Factors for Emergency Vehicles
EV2* 1.30
EV3* 1.30

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
PL60T
PL65T

Exterior beam
Smooth surface

Routine or Annual
Unlimited crossings
Mixed with traffic
One lane

Live load factor

18250 days

1.40
1.40

70%

Live Load Factor for Permit Vehicles

Permit Load Condition

Severe corrosion

1 days

28 days
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Add custom vehicle* YES
No of axles 19

Axle No
Load 
(kips)

Distance from 
first axle (ft)

a 20.00 0.00
b 20.00 13.50
c 20.00 18.50
d 20.00 23.50
e 19.00 38.50
f 19.00 43.50
g 19.00 48.50
h 19.00 63.17
i 19.00 68.17
j 19.00 73.17
k 19.00 77.67
l 19.00 82.67

m 19.00 87.67
n 19.00 92.17
o 19.00 97.17
p 19.00 102.17
q 19.00 116.25
r 19.00 121.25
s 19.00 126.25

 
 

Permit type
Frequency
Loading condition
DF using

Vehicle type
Custom vehicle

Live Load Factor for Custom Vehicle
Live load factor

1.40

One lane
Mixed with traffic

Custom Vehicle Load Condition
Special or Limited crossing
Multiple trips(<100 crossings)
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Load Rating Results

GVW Rating Factor

Tons Inventory Operating
2F1 15 4.936 HL93 1.428 2.090
3F1 23 3.364
5C1 40 3.460

SU4 27 3.002
SU5 31 2.787
SU6 34.5 2.518
SU7 38.75 2.350

EV2 28.75 2.994
EV3 43 1.958

Type3 25 3.469
Type3S2 36 3.796
Type3_3 40 4.158

PL60T 60 4.135
PL65T 65 3.664

Custom Vehicle 1 183 1.931
Custom Vehicle

Design Vehicles

Loading TypeLoading Type

Ohio Legal Vehicles

Specialized Hauling Vehicles

Permit Vehicles

Rating Factor

LOAD RATING RESULTS

Emergency Vehicles

AASHTO Legal Vehicles
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