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1 TxDOT Culvert Rating Guide 

I. INTRODUCTION 

A. PURPOSE 

The purpose of this Culvert Rating Guide is to present a clear, repeatable and valid procedure for Texas 
Department of Transportation (TxDOT) engineers and their consultants to use for load rating culverts in the TxDOT 
roadway system. 

The American Association of State Highway and Transportation Officials (AASHTO) defines “load rating” as the 
maximum truck tractor tonnage, expressed in terms of HS load designation, permitted across a bridge [culvert]. 
The load rating is expressed in terms of two separate ratings – an Inventory Rating and an Operating Rating. The 
Inventory Rating (IR) is the maximum truck load that can safely utilize the bridge [or culvert] for an indefinite 
period of time (AASHTO, 2003; TxDOT, 2002). The Operating Rating (OR) is the absolute maximum permissible 
truck load that may use the bridge [culvert]. Load ratings are based on the culvert’s current condition and are 
determined through analysis and engineering judgment by comparing the culvert structure’s capacity and dead 
load demand to live load demand. 

B. TXDOT’S CULVERT DESIGN HISTORY 

Culvert design has evolved throughout TxDOT’s history. TxDOT archives reveal four eras of culvert design, 
each representing substantively different design approaches. These are the 1938 era, the 1946 era, the 1958 era, 
and the 2003 era. 

Culvert designs from the 1938 era were designed using slightly unconservative earth loads, lower truck loads, 
but overly‐conservative concrete construction that resulted in very durable culverts. The 1938 collection consists 
of 428 different culvert designs representing a diverse range of span lengths, number of spans, and barrel heights. 
Fill depths typically range from 0 to 6 feet. 

During the mid‐1940s, principally when the Farm‐to‐Market road system was being constructed, new culvert 
designs (59 total) were added to the body of 1938 designs. The 1946 era culverts were issued under the less 
conservative structural codes of the Texas Highway Department Supplement No. 1. These designs resulted in 
culverts which generally perform well, but which are not as robust as culverts designed per current AASHTO 
standards. 

In 1958, coincident with the advent of the Interstate Highway System, TxDOT redesigned and reissued their 
full set of culvert construction drawings. The 1958 set consists of 380 designs representing a diverse range of span 
lengths, number of spans, and barrel heights, with fill depths from 0 to 6 feet. The 1958‐era designs use slightly 
less conservative soil loads but more conservative structural considerations and HS‐20 truck loads. 

The most recent era of culvert designs dates from 2003. Once again TxDOT redesigned, expanded, and 
reissued their complete set of culvert construction drawings. The 2003 set consists of 610 culvert designs, 
including new designs for deep fill culverts with fill heights up to 23 feet. Culvert designs for the 2003 era are 
based on current AASHTO policy. 

Although a culvert is only constructed one time, culvert inspection and rating is an ongoing activity which 
occurs periodically throughout the culvert’s service life. Due to the historical differences and evolution in culvert 
design, it is necessary to articulate a uniform load rating procedure consistent with current AASHTO policy and 
which considers the fact that most of TxDOT’s culverts have been performing adequately across the design 
generations. 
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C. SCOPE 

This Culvert Rating Guide focuses on reinforced concrete box culverts, this being the culvert type most 
frequently used by TxDOT. The Guide is written to facilitate load rating for reinforced concrete box culverts from 
any design era, for any number of spans, for any culvert geometry, and for any range of backfill heights. 

The procedures described herein specifically apply to load‐rating in‐service culverts with drained backfill 
conditions. It is assumed that culverts which are being load‐rated will have had a visual inspection to establish the 
condition rating of the culvert. 

This Guide includes limited information about load rating for alternative culvert structures with respect to 
shape (circular pipe, arch, etc.), material (aluminum, plastic, steel, etc.), backfill type, and drainage. 

D. RATING PHILOSOPHY 

Load ratings are determined by comparing the culvert capacity and dead load demand to the live load 
demand. Thus, the culvert load rating is strongly dependent on how culvert capacity, culvert dead load, and 
culvert live load are established. 

Typical practice is to determine culvert capacity based on the details found on the original construction 
documents in combination with historical material property assumptions which are correlated by visual inspection 
of the culvert condition. The dead and live load demands on the structure are determined by analytical modeling. 
This means that the culvert load rating process requires engineering decisions about modeling practices and 
procedures, as well as the knowledgeable evaluation and selection of numerous design variables. 

TxDOT policy provides guidance for many aspects of culvert load rating. The official policy concerning culvert 
load rating used by TxDOT is embodied in the AASHTO Standard Specification for Highway Bridges 17th Edition 
(SSHB) (AASHTO, 2002), and the AASHTO Manual for Condition Evaluation of Bridges (MCEB) (AASHTO, 2003). 

Other aspects of the culvert load rating process are not directly addressed by policy, one example being 
selection of the analytical model for determining dead load and live load demand. Modeling can be approached in 
many ways, with each analytical method requiring its own degree of effort and yielding results that predict actual 
load demands with varying degrees of accuracy. 

Recognizing the range of approaches available for culvert modeling, to promote efficiency this Guide identifies 
four analytical models of increasing complexity and sophistication. The first level is a “quick” calculation using a 
stylized two dimensional frame model. The second level uses a traditional two dimensional frame model with the 
culvert structure supported by soil springs. The third level uses a two dimensional finite element model that 
considers soil‐structure interaction effects. That is, the soil surrounding the culvert structure is modeled with finite 
elements. With the guidance presented herein and an appropriate software package, any structural engineer 
should be able to confidently load rate a culvert using the first three levels. 

The fourth level is the general case. Here, applications are open‐ended and highly project‐specific, and use is 
restricted to research or specialized applications. Level 4 assumes the use of more complex, two or three‐
dimensional finite element models with soil‐structure interaction. The selection of modeling approach, model 
details, and rating parameters will be individualized and largely left to the discretion of the engineer rating the 
culvert. 
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E. ABOUT THIS GUIDE 

It is the intent of this Culvert Rating Guide to assemble, summarize and clarify the necessary information for 
culvert load rating, both that portion specifically addressed by policy and that portion which is not, for each of the 
four levels of analysis. The chapters are as follows: 

Chapter I provides an introduction and background to culvert load rating at TxDOT. 

Chapter II is devoted to culvert rating policy. This chapter identifies the governing policy associated with 
culvert load rating, and summarizes applicable policy guidance. 

Chapter III outlines the culvert rating procedure. Whereas the first two chapters provide pertinent 
background information, this chapter lays out how culverts should be load rated at TxDOT. This includes a flow 
chart which summarizes the culvert rating process. 

Chapter IV presents the initial step for load rating a culvert. Beginning with culvert plans, construction details, 
and related documentation, this chapter shows how to obtain the necessary dimensional and material property 
data needed for culvert load rating. 

Chapter V discusses culvert capacity calculations. For culvert load rating, capacity is based on equations and 
approaches specified in AASHTO policy. This chapter presents both the policy and a straightforward approach for 
determining culvert capacity to facilitate the load rating calculation. 

Chapter VI presents the Level 1, Level 2, and Level 3 analytical modeling approaches recommended for 
determining demand loads associated with culvert load rating. The discussion addresses the assumptions 
associated with each modeling level, specification of the analytical model, assigning boundary conditions, and 
defining and applying dead load and live loads. This chapter also discusses available structural analysis software 
packages, and identifies the most common software package used in TxDOT for each level. Finally, this chapter 
presents a detailed, step‐by‐step procedure for calculating demand loads using the representative software 
package. 

Chapter VII discusses Level 4 modeling. This includes generalized guidance about applications, modeling 
approaches, software selection, and analytical procedures. 

Chapter VIII discusses limitations associated with use of this Guide. These include culvert type, deep fill 
culverts, submerged culverts, saturated soils and backfill soil modulus values. 

This Guide includes six appendices. Appendix A presents an example of how to accomplish the first step in 
culvert rating; that is, obtaining the structural rating parameters from the design drawings. Appendix B continues 
this example, explaining how to calculate the culvert capacity. Appendices C through E continue the example by 
presenting how to perform demand load calculations and culvert load rating based on Level 1, Level 2, and Level 3 
modeling approaches. Appendix F presents the policy source documents for culvert load rating. 
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II. POLICY REQUIREMENTS 

A. POLICY SOURCE DOCUMENTS 

As noted, two documents present TxDOT’s official policy for culvert load rating. These are: 

• AASHTO Standard Specification for Highway Bridges 17th Edition (SSHB) (AASHTO, 2002) 
• AASHTO Manual for Condition Evaluation of Bridges (MCEB) (AASHTO, 2003) 

AASHTO’s SSHB provides guidance for basic rating parameters including dead and live load values and distributions 
and strength reduction factors. AASHTO’s MCEB provides the actual rating equations, load factors and material 
property assumptions. The policies do not provide direct guidance for analytical modeling. 

TxDOT has published two other documents which refer to culvert design and rating. These documents are: 

• TxDOT Bridge Design Manual (TxDOT, 2001) 
• TxDOT Bridge Inspection Manual (TxDOT, 2002) 

These documents provide culvert rating and design guidance that differs slightly from the AASHTO specifications. 
It is TxDOT’s policy to satisfy the current AASHTO requirements. Therefore, the TxDOT publications should be 
referenced only for historical interest and clarity while the AASHTO standards should be relied upon for official 
policy. Appendix F contains scans of the actual policy documents. 

The following sections of this document outline and interpret the AASHTO policy requirements for culvert load 
rating at TxDOT. 

B. FAILURE MODES 

The AASHTO SSHB, Section 8, defines three potential failure modes for culvert structural members. These are 
bending moment (or flexure), shear, and axial thrust. Culvert load rating calculations must consider all three 
failure modes, though typically, bending moment is the controlling case. 

C. CRITICAL SECTIONS 

Culverts can be modeled in two dimensions by taking a one‐unit‐wide “slice” normal to the culvert flowline as 
shown in Figure II‐1. Several cross sections from this slice must be analyzed for both capacity and demand in order 
to establish the load rating for a culvert structure. Multiple load ratings must be calculated, with the lowest load 
rating from all cross sections becoming the culvert load rating. 

traffic directions 

flowline 

b = 12 in. cross-section 
FIGURE II.1. THREE DIMENSIONAL VIEW OF A CULVERT INDICATING TWO DIMENSIONAL STRIP. 



         

                               
                                      

                                     
                                         

                               
             

 
                 

 

 
                 

                                 
                                 
                             

                             
                               
                         

6 TxDOT Culvert Rating Guide 

Experience suggests that the controlling location for culvert load rating, known as the critical sections, will 
typically be either near mid‐span or at a corner of the culvert structure. According to the SSHB Section 16.6.4.5, 
the corner capacity and demand for moment may be taken “at the intersection of the haunch and uniform depth 
member” (AASHTO, 2002). In the case of culverts without haunches, it is taken at the face of the wall section. 
Figure II‐2 summarizes the critical section locations for culvert load rating for culverts without haunches (Figure 
II‐2.A) and culverts with haunches (Figure II‐2.B). 

TEC TEM TIC 

WTEC 

WEM 

WBEC 

WTIC 

WIM 

WBIC 

BEC BEM BIC 

FIGURE II.2.A. MOMENT CRITICAL SECTIONS FOR CULVERTS WITHOUT HAUNCHES. 

TEC TIC 

WTIC 

WIM 

WBIC 

BIC BEC 

WBEC 

WEM 

WTEC 

TEM 

BEM 

FIGURE II‐2.B. MOMENT CRITICAL SECTIONS FOR CULVERTS WITH HAUNCHES. 

Abbreviations for the typical critical sections shown in Figure II‐2, listed clockwise, are: top exterior corner (TEC), 
top exterior mid‐span (TEM), top interior corner (TIC), top interior mid‐span (TIM), wall top interior corner (WTIC), 
wall interior mid‐span (WIM), wall bottom interior corner (WBIC), bottom interior mid‐span (BIM), bottom interior 
corner (BIC), bottom exterior mid‐span (BEM), bottom exterior corner (BEC), wall bottom exterior corner (WBEC), 
wall exterior mid‐span (WEM), and wall top exterior corner (WTEC). For multiple‐span box culverts, the sections 
are designated as per the culvert span; e.g., TIC1, TIC2, BIC1, BIC2, etc. 
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The mid‐span capacity and demand may, for convenience, be taken at mid‐span for both top and bottom slabs 
and vertical walls. Technically, the analysis should identify the actual locations with the highest demand, but the 
error introduced by assuming the mid‐span location is not significant. 

Also, it is important to note that the corner critical sections shown in Figure II‐2 correspond to desired 
locations for the calculation of bending moment capacity and demand, as opposed to shear. As has been noted, 
bending moment is the most common controlling failure mode for culvert load rating, so it is standard practice to 
use the moment critical sections for all three potential failure modes (moment, shear, axial), at least initially. This 
is a conservative approach when bending moment controls the rating, and it requires the least amount of effort. 
However, shear sometimes controls or appears to control the load rating. Section VI.C explicitly discusses the 
situation where shear appears to control the load rating, and provides AASHTO policy guidance on how to evaluate 
shear capacity and demand in that instance. 

D. LOAD CASES 

The AASHTO SSHB, Section 3.20.2, requires that two demand analyses must be made to determine the worst case 
loading condition for the culvert structure. These are the “total” load case and the “reduced lateral” load case. 
The total load case is designed to generate the maximum shear and axial demands in the whole culvert and the 
maximum moment demands in all but the top and bottom mid‐spans. The reduced lateral load case is intended to 
generate the maximum moment demands in the top and bottom mid‐spans. The load rater defines these load 
cases by combining basic dead and live loads differently. Section VI.D.5, provides detailed guidance about these 
load cases. 
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E. RATING VARIABLES 

AASHTO policy documents provide rating parameters in addition to location of the critical sections. Table II‐1 
summarizes the basic rating variables specified by policy. These variables provide guidance for either the demand 
or the capacity calculations. 

TABLE II‐1. CULVERT LOAD RATING VARIABLES PROVIDED BY POLICY 

Description Value Policy Section 

HS‐20 
0 < D < 1’ IM = 30% 
1’ < D < 2’ IM = 20% 
2’ < D < 3’ IM = 10% 
3’ < D IM = 0% 
1 or 2 lanes 100% of LL 
3 lanes 90% of LL 
4 lanes 75% of LL 
additional 2 feet of surcharge 
to lateral load 
Calculate based on total unit weight 
for soil of 120 pcf 
Calculate based on equivalent fluid 
weight for soil of 60 pcf 
Calculate based on equivalent fluid 
weight for soil of 30 pcf 

direct contact 

wheel load distributed over a 
square 1.75D to a side; overlapping 
areas are averaged 
wheel load distributed over a 
rectangle 1.75D by 1.75D + 2H 

Capacity Variables 
Shear Strength Reduction Factor φ = .85 SSHB 16.6.4.6 
Flexure and Thrust Strength Reduction Factor φ = .9 SSHB 16.6.4.6 

Assumed Concrete Strength, f’c 
Pre‐1954 2,500 psi 
Post‐1954 3,000 psi 

MCEB 6.6.2.4 

Assumed Reinforcing Steel Strength, Fy 

Pre‐1954 33 ksi 
Structural Gr. 36 ksi 
Gr. 40 40 ksi 
Gr. 50 50 ksi 
Gr. 60 60 ksi 

MCEB 6.6.3.2 

Demand Variables 
Live Load 

Impact Factor 

Reduction in Load Intensity 

Near‐Structure Lateral Live Load 

Vertical Earth Pressure 

Lateral Earth Pressure – Corner Moment 

Lateral Earth Pressure – Positive Moment 

Live Load Distribution to the Top Slab 
(fill depth, D < 2’) 

Live Load Distribution to the Top Slab 
(fill depth, D > 2’) 

Live Load Distribution to the Bottom Slab 

Where: 
D is the depth of fill 
IM is the impact factor 
LL is the live load. 

SSHB 3.7.6 

SSHB 3.8.2.3 

SSHB 3.12.1 

SSHB 3.20.3 

SSHB 6.2.1.B 

SSHB 6.2.1.B 

SSHB 6.2.1.B, 3.20.2 

SSHB 6.4 

SSHB 6.4 

SSHB 16.6.4.3 
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F. RATING EQUATIONS 

The equations which determine the load rating and culvert capacity are provided by the AASHTO policy. 
Within the AASHTO policy, culverts are considered as a subset of bridges and are therefore load rated as a subset 
of bridge load rating. 

The AASHTO MCEB provides the actual load rating equations. The rating factor identified in Equation II‐1 is 
the central element of the culvert load rating process. This rating factor is the ratio of the structural capacity 
minus the dead load demand to the live load demand. 

Equation II‐1 is used to determine the rating factor at each critical section as identified in Figure II‐2 for each 
potential failure mode (moment, shear and thrust), for each load case (total and reduced lateral), at each rating 
level (inventory and operating). The lowest inventory rating factor and the lowest operating rating factor control 
the load rating for the culvert. 

EQUATION II‐1. THE RATING FACTOR EQUATION (MCEB 6.5.1 EQ.6‐1A). 

ܥ െ  ܦଵܣ 
 ሻܫ ሺ1 ܮଶܣ ൌ ܨܴ

where: RF= the rating factor 
C = the structural capacity of the member 
D = the dead load effect on the member 
L = the live load effect on the member 
I = the impact factor, IM from SSHB 3.8.2.3 
A1 = 1.3 = factor for dead loads, from MCEB 6.5.3 
A2 = 2.17 for Inventory Level = factor for live loads, from MCEB 6.5.3 
= 1.3 for Operating Level = factor for live loads, from MCEB 6.5.3 

Once the controlling (lowest) rating factors for the inventory and operating conditions are calculated, the 
inventory and operating load rating can be determined by multiplying the rating factor by the HS rating truck 
tractor tonnage as seen in Equation II‐2: 

EQUATION II‐2. THE LOAD RATING EQUATION (MCEB 6.5.1 EQ.6‐1B): 

ܴܶ ൌ ܴכ ܨ ܹ 

where: RT= the load rating in terms of an HS truck tonnage 
RF= the rating factor from Equation II‐1 
W= the HS truck tractor tonnage; for HS‐20, W = 20 tons 

Note that the variables used in Equation II‐2 are specific to HS loading as per customary TxDOT practice. This 
means that the load rating (RT) will be expressed in terms of an HS‐designation rather than the gross weight of the 
vehicle. 
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III. CULVERT LOAD RATING PROCEDURE 

A. CONTEXT FOR LOAD RATING 

The typical situations at TxDOT for which it becomes necessary to load‐rate a culvert are: 

• The culvert fails visual inspection during the bi‐annual bridge inspection cycle. This means the culvert 
receives a Condition Rating of 5 or less as described in the TxDOT Bridge Inspection Manual (TxDOT 
2002). 

• The culvert needs to be lengthened or otherwise modified as part of a road rehabilitation/ 
construction project. 

• The culvert has structurally deteriorated since its previous inspection. 
• The culvert has been structurally damaged due to vehicular impact. 
• It is desirable to increase the operating rating (OR) of the culvert to negate the requirement for load 

posting. 

Load posting is defined in Chapter 5 of the TxDOT Bridge Inspection Manual (TxDOT 2002) and consists of 
placing signage by the structure indicating the largest truck that may be permitted across the structure. The 
following flow chart from the Bridge Inspection Manual defines the culvert load posting process. Culverts may be 
load posted at the operating rating if the culvert condition rating is greater than that defined in the flow chart. 
Otherwise the culvert must be load posted at the inventory rating. 

FIGURE III.1. LOAD POSTING GUIDELINES (TXDOT BRIDGE INSPECTION MANUAL FIG.5‐3). 
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B. VISUAL INSPECTION OF THE CULVERT 

The culvert load rating process is a component of the inspection process and consists of determining the safe 
load carrying capacity of the culvert structure, determining whether specific legal or overweight vehicles can safely 
cross the culvert, and determining if the culvert needs to be restricted and what level of posting is required. 

The TxDOT Bridge Inspection Manual (TxDOT 2002), Section 3.8.8 of the MCEB (AASHTO 2003), and Section 9.0 
of the FHWA Culvert Inspection Manual (FHWA, 1986) provide specific guidance for performing condition 
evaluations of cast‐in‐place concrete box culverts. The typical types of distress to check for include vertical and 
horizontal misalignment of the culvert barrel, joint defects, cracks and spalls, concrete durability, and footing 
instability. 

Section 6.5.4 of the MCEB specifically addresses the relationship between field inspection and the load rating 
and notes that “the condition and extent of deterioration of structural components of the bridge [culvert] should 
be considered in the computation of… capacity when force or moment is chosen for use in the basic rating 
equation.” Any discrepancies from plan, or excessive distress such as thin sections, spalling, cracking, deflection, 
exposed reinforcing steel, and other items which may affect structural capacity, should be noted and considered 
when establishing actual section capacities. 

C. THE CULVERT LOAD‐RATING PROCESS 

The basic load rating procedure is as follows. Per Equation II‐1, the main variables are culvert capacity, the 
dead load demand, and live load demand. Culvert capacity is established from equations set forth in AASHTO 
policy, whereas dead load and live load demands must be determined by structural modeling (computer analyses). 
While this seems simple enough, the challenge is to obtain reliable values for each of these variables. 

The complexity inherent in the load rating process becomes apparent when one considers that rating 
calculations must be performed for each potential failure mode (moment, shear, and thrust), for multiple load 
cases (total and reduced lateral), for each critical section in the model (12 sections for a single‐barrel culvert to 50 
or more sections for multiple spans), for both inventory and operating conditions. The actual load rating (IR and 
OR) for the culvert will be the minimum values from these different sets of calculations. This means that to load 
rate a one‐barrel box culvert – the simplest type – the load rater will create at least one computer model, conduct 
four separate computer analyses based on this model, interpret thousands of data points, and perform no fewer 
than 144 sets of load rating calculations. 

A “road map” of the culvert rating process helps avoid confusion. Figure III‐2 presents the load‐rating process 
in terms of a flow chart. The first step is to identify the culvert that will be load rated. As noted, this might be 
because the culvert failed a scheduled inspection or for some other reason. Either way, a visual inspection of the 
culvert is necessary. For all intents and purposes, the culvert load rating process begins here. 
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Establish parameters for 
demand calculations: 

material properties, soil 
stiffness, truck loads 

Establish parameters for 
demand calculations: 

material properties, soil 
unit weight, truck loads 

Establish parameters for 
demand calculations: 

material properties, soil 
modulus, truck loads 

LEVEL 1 LEVEL 2 LEVEL 3 

Select demand 
modeling level 

Determine dead and 
live load demands 

(moment, shear and 
thrust) for each 

critical section, for 
each load case. 

Determine dead and 
live load demands 

(moment, shear and 
thrust) for each 

critical section, for 
each load case. 

Determine dead and 
live load demands 

(moment, shear and 
thrust) for each 

critical section, for 
each load case. 

Create analytical 
model: define 

boundary 
conditions, identify 
critical sections, 

apply loads, 
establish load cases 

Create analytical 
model: define 

boundary 
conditions, identify 
critical sections, 

apply loads, 
establish load cases 

Create analytical 
model: define 

boundary 
conditions, identify 
critical sections, 

apply loads, 
establish load cases 

Multiply rating factors by 
tractor tonnage to obtain the 

Inventory Rating and   
Operating Rating 

Calculate Inventory and 
Operating rating factors for 

each critical section, for each 
demand type, for each load 

Identify the controlling 
(minimum) Inventory and 
Operating rating factors 

Select the minimum 
rating factors for 
Inventory and 

Operating levels 

If IRF > 1 

If IRF < 1, select higher‐level model 

Establish parameters for 
capacity calculations: 
section dimensions, 
material properties, 
areas of reinforcing 

Identify culvert for 
load rating 

Perform visual 
inspection to 

establish culvert 
condition  

Perform Inventory and Operating 
rating factor calculations 

Determine culvert 
capacity for each 
critical section 

Culvert Capacity 
Calculations 

CAPACITY DEMAND 

FIGURE III.2. FLOW CHART DEPICTING THE TXDOT CULVERT LOAD RATING PROCESS. 
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The load rating factor calculations require determination of both culvert capacity and dead and live load 
demands. It is helpful, therefore, to think of culvert capacity and demands as separate and distinct aspects of the 
load rating process. 

Capacity calculations are based on equations established in AASHTO policy (see Chapter V). These do not 
require a computer model and are independent of the level of analysis selected for demand calculations. Inputs 
for capacity calculations are obtained from the construction drawings, visual inspection, and AASHTO policy and 
consist of strength properties for concrete and steel, culvert section dimensions, and the location and amount of 
reinforcing steel. The calculations determine moment, shear and thrust capacity for each critical section of the 
culvert structure. 

Determination of dead and live load demands do require computer modeling. Thus the first decision to be 
made is to select the type of analytical model for the load rating process. This Guide describes three levels of 
analysis, each with increasing analytical sophistication. A trade‐off exists between sophistication of analysis and 
required work effort. The advanced models require more work but typically yield more accurate results. Further 
comments about the hierarchy of analyses are presented below. 

Once the level of analysis is chosen, it is necessary to gather data to facilitate creation of the analytical model. 
As discussed in Chapter IV of this Guide, modeling parameters include but are not limited to culvert dimensions, 
properties of the concrete and reinforcing steel, soil parameters, the location and amount of reinforcing steel, and 
culvert installation details. 

With this information, the load rater can create the analytical (computer) model from which s/he will obtain 
demand moments, shears and thrusts (see Chapter VI). This involves laying out the model, specifying boundary 
conditions, identifying critical sections, applying loads, and defining load cases. 

Determining the inventory and operating load rating factors requires multiple sets of calculations from the 
computer model. This is because demand loads and their corresponding capacity must be determined for each 
critical section, for each failure mode, and for multiple load cases. From these sets of calculations, the load rater 
selects the controlling (minimum) operating and inventory rating factor for each critical section, for each load case. 
The minimum operating and inventory rating factors from the critical sections are the rating factors for the culvert. 

A decision is required at this point. If the inventory and operating rating factors are greater than 1.0, the 
culvert will not require load posting as per Section 5, Chapter 5 of the TxDOT Bridge Inspection Manual (2002). This 
means that the culvert load rating can be calculated by multiplying the rating factors by the tractor tonnage (for 
HS‐20 trucks, this is 20 tons) to determine the operating (OR) and inventory (IR) load ratings. However, if either 
the inventory rating factor or the operating rating factor is less than 1.0, the culvert may require load posting. As 
an alternative to posting, the load rater may elect to perform the calculations again, using a higher level (more 
sophisticated) modeling approach. 
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D. SELECTION OF THE PROPER LEVEL OF ANALYSIS 

This Guide recognizes a hierarchy of analysis for the demand calculations. The level of analysis chosen is a 
trade‐off between sophistication of analysis and required work effort. The simpler methods are frequently 
selected as a first choice due to the need to analyze many structures with limited resources. When this analysis 
yields satisfactory results, there is no need to use a more sophisticated model. Satisfactory results would be the 
establishment of safe load carrying capacity that does not require posting the structure and does not unduly 
restrict the flow of permitted overweight trucks. A more sophisticated analysis is justified to avoid posting the 
structure or to ease restrictions on the flow of permitted overweight trucks. 

Of course, the goal of the load rating process is not to force any particular culvert to “rate”, but instead to 
establish a valid load rating for the culvert. The fact that more sophisticated models tend to more accurately model 
the moment, shear and thrust demands, and thus yield higher rating factors, cannot be pressed indefinitely. Load 
rating should reliably depict actual or expected culvert performance. Culverts which cannot safely support design 
traffic loads should be rated accordingly, and culverts which are not performing in a manner that indicates they 
can carry design traffic loads should not be rated as if they can. 

E. REVIEWING AND CHECKING CALCULATIONS 

The load rating process recognizes a balance between safety and economics. Standard quality control 
procedures require that both in‐house and consultants’ load rating results should be checked for accuracy. 

Load rating analyses must be performed under the direct supervision of a Licensed Professional Engineer who 
is knowledgeable about the load rating process. Whenever possible, the load rater should perform long hand 
checks of a portion of the computer analysis to satisfy the load rater that the computer output is valid. It is of 
utmost importance that the load rater understands when computer results are reasonable. Blind faith in any 
computer program should be avoided. 

An independent check of the analysis should be performed. The checker should verify all input data for 
computer programs, verify that the summary of load capacity information accurately reflects the analysis, and be 
satisfied with the accuracy and suitability of the computer output. 
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IV. CULVERT DETAILS 

A. OVERVIEW 

In preparation for the load rating calculation process, culvert‐specific variables must be established. It is 
common practice for most of the variables to be taken directly from the construction documents. These include 
culvert dimensions, material properties, reinforcing schedules and installation methods. However, as noted in the 
previous chapter, data from the construction documents should be confirmed during a visual inspection of the 
culvert, and any discrepancies from the construction documents should be addressed. 

B. UNITS 

It is appropriate to comment on units, both for measurement and analysis. Consistent with TxDOT practice, 
this Guide presents U.S. Customary Units throughout. Gross culvert dimensions including the clear span, clear 
height, and depth of cover soil should be measured in feet. Culvert structural dimensions, wall thicknesses, etc. 
should be measured in inches. The units of measurement will be the units of analysis. 

With respect to material properties, concrete strengths should be presented and analyzed in terms of pounds 
per square inch (psi). Reinforcing steel strength should be presented and analyzed in terms of kips per square inch 
(ksi). 

With respect to loads, soil unit weight is identified in terms of pounds per cubic foot (pcf) but analyzed in kips 
per cubic foot (kcf). Vehicle live loads are presented in kips, converted to stress in terms of kips per square foot 
(ksf), and analyzed in kips per square foot (ksf). Spacing between wheel loads should be presented and analyzed in 
feet. 

Output data from the analytical programs (shear, moment, thrust) are presented in terms of kips and feet. 
Load ratings are expressed in terms of the HS tractor tonnage. 
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C. DIMENSIONS 

The culvert dimensions must be collected from the construction documents or established based on field 
measurements. The required dimensional information is summarized in Table IV‐1 and Figure IV‐1. These values 
will be adequate for defining the gross section properties for all levels of analytical modeling. 

TABLE IV‐1. CULVERT DIMENSIONS REQUIRED FOR LOAD RATING CALCULATIONS 

Dimension Abbr. Units 

number of spans N  ‐

cover soil depth D ft 

clear span S ft 

clear height H ft 

exterior wall thickness TEW in. 

interior wall thickness TIW in. 

top slab thickness TT in. 

bottom slab thickness TB in. 

top haunch dimension FT in. 

bottom haunch dimension FB in. 

D (ft) 

S (ft) 

H (ft) EWT  (in.) 

B 

T  (in.) IW 

T  (in.) 

T  (in.) T 

F  (in.) 

F  (in.) F  (in.) 

F  (in.) 

T 
T 

B B 

FIGURE IV.1. CULVERT DIMENSIONS. 
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D. MATERIAL (STRUCTURAL) PROPERTIES 

The required material properties are the yield strengths and modulus of elasticity for concrete and steel. The 
load rater should use the best (i.e., most accurate) material property information available for the constructed 
culvert. 

In the absence of project‐specific information from design plans or as‐built drawings, the default material 
properties, per policy, are shown in Table II‐1. 

Most of the time original construction documents will be available which will identify the material properties. 
It is customary to rely on this information. In some cases, construction records including quality control data for 
concrete will be available. The load‐rater should use the best available information. 

In certain cases, it may be appropriate to obtain samples of the actual culvert materials and determine 
material properties based on laboratory tests. TxDOT test procedures published in the Departmental Material 
Specifications specify how samples should be taken and how these types of tests should be performed. 
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E. SOIL PARAMETERS 

Soil parameters affecting culvert load rating primarily consist of the weight of soil around the culvert and the 
stiffness of soil used to provide bearing and lateral support to the culvert structure. 

1. SOIL UNIT WEIGHT 
Regardless of level of analysis, soil weight is one of the applied loads for the culvert loading model. In the case 

of a Level 1 analysis, it is the only required soil parameter. The unit weight of soil for culvert load‐rating analyses is 
defined per AASHTO policy and presented in Table II‐1. Although it is possible to conduct a geotechnical 
exploration and directly measure the unit weight of the soils which are over, around and beneath the culvert, this 
is rarely done for culvert load rating. Recommended practice is to use the AASHTO value for soil unit weight. 

2. MODULUS OF SUBGRADE REACTION 
The Level 2 analysis models the culvert as being supported by soil “springs.” The soil property used to define 

the stiffness of these springs is the modulus of subgrade reaction, k. The k‐value used for analysis should 
represent the soil upon which the culvert is built; that is, the soil directly beneath the culvert. Table IV‐2 provides 
representative k‐values for low, medium, and high‐strength soil. Use of this table requires at least a basic idea 
about the type of soil upon which the culvert was constructed, expressed in terms of soil classification by ASTM, 
AASHTO, or TxDOT methods. 

TABLE IV‐2. MODULUS OF SUBGRADE REACTION (K‐VALUES) FOR LEVEL 2 MODEL. 

Modulus of Unified Soil AASHTO Group Texas Triaxial 
Soil Support 

Subgrade Classification Classification Classification 
Description 

Reaction, k (pci) (ASTM D 2487) (AASHTO M 145) (TEX‐117‐E) 

Low: Fine‐grained soils in 
which highly‐plastic silt 

75 CH, OH, MH, OL A5, A6, A7, A8 > 5.0 
and clay‐sized particles 
predominate 

Medium: Sands and sand‐
gravel mixtures with 

150 CL, ML, SC, SP, SM A3, A4 3.5 to 5.0 
moderate amounts of silts 
and clay 

High: Gravels and sand‐
GW, GP, GM, GC, 

gravel mixtures relatively 250 A1, A2 < 3.5 
SW 

free of plastic fines 

(VanTil, 1972; Bowles, 1996; McCarthy, 2002) 

Typical practice for culvert load rating is to select a representative value for k from the table, or to estimate k 
based on correlation with other soil properties. Published data from research studies of beams on elastic 
foundations indicate that demand moments are not particularly sensitive to the k value(Bowles, 1996; McCarthy, 
2002). Parametric analyses on a sample of TxDOT’s culvert designs support this view. Having said that, if the load 
rater feels it is necessary, the k‐value for soils supporting the culvert can be determined directly by performing a 
plate bearing test as per Test Method TEX‐125‐E. 
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3. SOIL ELASTIC MODULUS AND POISSON’S RATIO 
The Level 3 culvert load rating analysis accounts for soil‐structure interaction effects by modeling soil using 

linear elastic finite elements. The soil parameters used to define these finite elements are the elastic modulus (i.e., 
Young’s modulus) and Poisson’s ratio. 

Given the stiffness of concrete box culverts, it is reasonable to assume that structure deflections will be very 
small and soil displacement will be correspondingly limited, thus the appropriateness of the linear‐elastic 
approach. Of course, more sophisticated linear and non‐linear soil constitutive models are available and can be 
used for specialized applications. These are discussed in Chapter VII relative to Level 4 analyses. But for a Level 3 
culvert rating calculation, the Poisson’s ratio and elastic modulus parameters are sufficient. 

a. POISON’S RATIO 
The Poison’s ratio, ν, for soil ranges from 0.10 to 0.50. An acceptable, recommended value is 0.30. Parametric 

analyses on a sample of TxDOT’s culvert designs support the use of 0.3 for Poisson’s ratio, with one exception. 
Inventory ratings for deep fill culverts (fill heights greater than 6 feet) with large wall heights (greater than 8 feet) 
are sensitive to Poisson’s ratio. For these conditions, it would be appropriate to determine Poisson’s ratio based 
on knowledge of the actual soil backfill type. Published data (Bowles, 1996) suggest that clayey backfill soils for 
deep fill/large wall height culverts should be modeled using a Poisson’s ratio of 0.50, and sandy backfill soils for 
such culverts should be modeled using a Poisson’s ratio of 0.30. 

b. SOIL MODULUS OF ELASTICITY 
The elastic modulus, Esoil, should represent the soil conditions above the culvert (vertical), beside the culvert 

(lateral), and below the culvert (bearing). It is possible to model different soil zones for each of these areas, to 
distinguish between native soil and backfill soil, and to introduce other refinements when delineating the soil 
model. In the absence of a project‐specific subsurface soil profile establishing the soil zones, the load‐rater may 
assume homogenous soil conditions around the culvert structure. 

Table IV‐3 provides representative Esoil values for low, medium, and high‐strength soil. It is emphasized that 
modulus values vary widely for a given soil type and actual values depend on factors such as moisture content, unit 
weight, compressibility, stress level, etc. Use of this table requires at least a basic idea about the type of soil, 
expressed in terms of soil classification by ASTM, AASHTO, or TxDOT methods. 

TABLE IV‐3. MODULUS OF ELASTICITY FOR SOIL FOR LEVEL 3 MODEL. 

Elastic Modulus Unified Soil 
Soil Support 

Esoil Classification 
Description 

(psi) (ASTM D2487) 

AASHTO Group 
Classification 

(AASHTO M 145) 

Texas Triaxial 
Classification 
(TEX‐117‐E) 

Low: Fine‐grained soils 
in which highly‐plastic Range: 2,500‐25,000+ 

CH, OH, MH, OL 
silt and clay‐sized Typical: 8,000 

A5, A6, A7, A8 > 5.0 

particles predominate 

Medium: Sands and 
sand‐gravel mixtures 

Range: 5,000‐50,000+ 
with moderate CL, ML, SC, SP, SM 

Typical: 20,000 
amounts of silts and 

A3, A4 3.5 to 5.0 

clay 

High: Gravels and 
sand‐gravel mixtures Range: 10,000‐70,000+ GW, GP, GM, GC, 
relatively free of Typical: 36,000 SW 

A1, A2 < 3.5 

plastic fines 

(NAVFAC, 1986; VanTil, 1972; Coduto, 2001; Bowles, 1996) 



         

                             
                               

                                     
                     
                               

                           
     

                                 
                               

                           
                               
                   

                               
                                 

                           
                           

                                   
                                    

22 TxDOT Culvert Rating Guide 

Site‐specific determination of the soil modulus is desirable for culvert load rating applications. Modulus values 
for soils may be estimated from empirical correlations, laboratory test results on undisturbed specimens, and from 
results of field tests. Laboratory tests that may be used to estimate the soil modulus are the California Bearing 
Ratio test, unconsolidated‐undrained triaxial compression test, or the consolidated‐undrained triaxial compression 
tests. Field tests include the static cone penetration test (CPT), standard penetration test (SPT), Texas cone 
penetrometer (TCP), dynamic cone penetrometer (DCP) test, falling weight deflectometer (FWD) test, and the 
pressuremeter test (PMT). 

Parametric analyses on a sample of TxDOT’s culvert designs show that the culvert inventory rating is highly 
sensitive to the soil modulus value used for demand calculations, especially for deep‐fill culverts (fill heights 
greater than 6 feet). Unfortunately, geotechnical research studies associated with beams on elastic foundations 
indicate that soil modulus is difficult to explicitly determine, with modulus values established from different test 
methods varying by one to two orders of magnitude. 

Data from a very limited culvert instrumentation and field test program (three culverts having different types 
of drained soil backfill) suggest that TxDOT’s culverts are typically backfilled with on‐site soil excavated during the 
culvert construction process. Superior backfill material should not be assumed without verification. Among the 
approaches identified above to determine modulus, data suggest that the falling weight deflectometer (FWD) 
provides the most reliable and repeatable soil modulus values. The data suggest that the soil modulus values in 
Table IV‐3 are reasonable to define the linear elastic constitutive model used for Level 3 culvert rating analyses. 
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F. REINFORCING STEEL SCHEDULE 

Table IV‐4 identify the culvert rating variables associated with reinforcing steel quantities. Figure IV‐2 shows a 
typical cross section to further explain these details. It is customary to do a “take‐off” and determine the amount 
of reinforcing steel directly from the construction documents. The reinforcing steel quantities must be determined 
for each cross section shown in Figure II‐2. This will require analyzing the bar schedules on the drawings to express 
bar size and spacing in terms of area of steel per foot of culvert, normal to the culvert cross section. 

TABLE IV‐4. STEEL REINFORCING VARIABLES 

Variable Abbr. Units 

Area of tensile steel per foot (normal to culvert cross section) As in.2 / ft 

Area of compression steel per foot (normal to culvert cross section) A’s in.2 / ft 

Distance from the extreme compression fiber to the centroid of the tension reinforcement d in. 

Distance from the extreme tension fiber to the centroid of the compression reinforcement d' in. 

b = 12" 

d 

h 

d' 

A 

A's 

s 

FIGURE IV.2. TOP SLAB CROSS SECTION LABELED FOR POSITIVE BENDING. 

It may happen that construction drawings for a culvert are not available. Or, more specific information about the 
reinforcing steel may be required. In either case, both non‐destructive and destructive test methods can be used 
to establish/verify the actual reinforcing steel schedule. 
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G. CULVERT INSTALLATION METHOD 

The typical application represented by this Guide is to load rate culverts that have been in service for many 
years. For these types of culverts, it is safe to assume that soil stresses associated with culvert installation are 
dissipated such that construction and installation loads no longer affect the rating. Thus, the culvert rating process 
for older, in‐service culverts requires no consideration of the installation method. 

For recently‐installed culverts (in service for less than, say, five years), the installation method and 
construction process can significantly impact soil stresses around the culvert and thus affect the culvert load 
rating. The AASHTO MCEB Section 16.6.4.2 (AASHTO 2003) discusses modification of earth loads for soil structure 
interaction and identifies the following approaches: 

• Embankment installation 

• Trench installation 

Culvert load rating parameters associated with these installation methods should be addressed as per the AASHTO 
MCEB. 
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V. CULVERT CAPACITY CALCULATIONS 

A. POLICY GUIDANCE 

The AASHTO SSHB provides equations to determine section capacities for each potential failure mode; that is, 
bending moment, shear, and axial thrust. These section capacities, C, are used in Equation II‐1 when calculating 
the culvert rating factors. SSHB Section 8.16.3 discusses flexural capacity calculations considering maximum 
reinforcing limits in the terms of the balanced reinforcement ratio. The capacity discussion is split between singly 
and doubly reinforced beams. SSHB Section 8.16.4 provides guidelines for determining the thrust capacity. SSHB 
Section 8.16.4.3 in particular provides an equation for checking that the thrust load is small enough to not control 
over moment. SSHB Section 8.16.6.7 provides a complex equation for determining the shear capacity based on 
both the shear and moment demands. This equation has very simple upper and lower limits that may be used 
when shear does not control. 

B. SIGN CONVENTION FOR LOAD RATING CALCULATIONS 

The sign convention that will be used throughout this document is that the layer of the steel on the inside of 
the culvert is placed in tension during positive bending, while the outside layer of steel is placed in the tension 
during negative bending. Stated another way, when the tension face is inside the culvert, bending is positive. 
When the tension face is outside the culvert, bending is negative. 
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C. CULVERT CAPACITY CALCULATIONS FOR CRITICAL SECTIONS 

This section of the Guide discusses how to apply policy to calculate section capacities as part of the load rating 
process. The section capacity must be calculated for each failure mode (bending moment, shear, axial thrust) at 
each critical section of the culvert defined in Figure II‐. The gross section properties are used to calculate the 
capacity of the culvert structure. 

1. BENDING MOMENT CAPACITY 

Bending moment capacity must be calculated in each bending direction; that is, both positive and negative. 
Bending moment capacity may be determined using the following steps which have been derived to follow the 
AASHTO provisions in the SSHB. For reference, the SSHB equation number is shown in parenthesis in the equation 
identifier. 

Capacity Step 1. Determine the centroid of the section at ultimate capacity using Equation V‐1. 

EQUATION V‐1. CENTROID OF THE SECTION AT ULTIMATE CAPACITY (DERIVED FOR SSHB 8.16.3.4). 

ଶ ᇱ ݀ᇱ ሺ87,000 െ 0.85 ݂
ᇱሻܣ௦

ᇱ െ ௦ ሺ87,000 െ 0.85ܣ௬ܨ ݂
ᇱሻܣ௦

ᇱ െ ௦ ܣ௬ܨ 4  
ܿ ௦ܣ87,000 ൌ 0.5 ቐെ   ඨቈ  ൨ቑ 0.85 ݂

ᇱߚଵܾ 0.85 ݂
ᇱߚଵܾ 0.85 ݂

ᇱߚଵܾ 

where: c = the centroid of the section (in.) 
Fy = yield strength of the reinforcement (psi) 
f’c = the compressive strength of concrete (psi) 
As = area of the tension reinforcement (in.2) 
A’s= area of the compression reinforcement (in.2) 
d’ = distance from the extreme compression fiber to the centroid of the compression 

reinforcement (in.) 
b = width of the compression face member (typically 12 inches) 
ଵ= 0.85 when ݂ߚ

ᇱ   4,000psi 
= 1.05 െ ݂

ᇱ כ ሺ. 0005ሻ when 4,000psi  ݂
ᇱ  8,000psi 

= 0.65 when ݂
ᇱ  8,000psi from SSHB 8.16.2.7 

Capacity Step 2. Calculate the stress in the compression steel using Equation V‐2. 

EQUATION V‐2. STRESS IN THE COMPRESSION STEEL (PSI) (DERIVED FOR SSHB 8.16.3.4). 

0  Fୱ
ᇱ ൌ 87,000 

c െ dԢ  
 F୷ c 

where: ܨ௦
ᇱ= the stress in the compression steel (psi) 

Fy = yield strength of the reinforcement (psi) 
c = the centroid of the section (in.) 
d’ = distance from the extreme compression fiber to the centroid of the compression 

reinforcement (in.) 
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Capacity Step 3. Calculate the balanced stress in the compression steel using Equation V‐3. However, if 
Fୱ

ᇱ equals zero (established from Capacity Step 2) then Fୠ
ᇱ equals zero and the load rater may proceed 

to Capacity Step 4. 

EQUATION V‐3. STRESS IN COMPRESSION STEEL AT BALANCED STEEL (SSHB 8.16.3.4.3 EQ.8‐28). 

87,000  ܨ௬ ܨ
ᇱ ൌ 87,000 1 െ 

݀
݀

ᇱ
൬ ൰൨   ௬ 87,000ܨ

where: Fୠ
ᇱ = the stress in the compression steel (psi) 

Fy = yield strength of the reinforcement (psi) 
c = the centroid of the section (in.) 
d = distance from the extreme compression fiber to the centroid of the tension 

reinforcement (in.) 
d’ = distance from the extreme compression fiber to the centroid of the compression 

reinforcement (in.) 
If Fୱ

ᇱ ൌ 0  then Fୠ
ᇱ ൌ 0  

Capacity Step 4. Calculate the balanced steel ratio using Equation V‐4. 

EQUATION V‐4. RHO BALANCED FOR DOUBLY REINFORCED SLABS (SSHB 8.16.3.4.3 EQ8‐27). 

ଵߚ0.85 ݂
ᇱ 87,000 ᇱ ܨ

ᇱ 
ߩ ൌ ቆ ቇ 

 ௦ܣ

 ௬ܨܾ݀ ௬ܨ ௬ 87,000 ܨ

where: ߩ= the balanced ratio of tensile reinforcement 
f’c = the compressive strength of concrete (psi) 
Fy = yield strength of the reinforcement (psi) 
Fୠ

ᇱ = the stress in the compression steel (psi) 
A’s= area of the compression reinforcement (in.2) 
d = distance from the extreme compression fiber to the centroid of the tension 

reinforcement (in.) 
b = width of the compression face member (typically 12 inches) 
ଵ= 0.85 when ݂ߚ

ᇱ   4,000psi 
= 1.05 െ ݂

ᇱ כ ሺ. 0005ሻ when 4,000psi  ݂
ᇱ  8,000psi 

= 0.65 when ݂
ᇱ  8,000psi from SSHB 8.16.2.7 

Capacity Step 5. Check the balanced steel ratio using Equation V‐5. 

EQUATION V‐5. MAXIMUM REINFORCING CHECK (DERIVED FROM SSHB 8.16.3.1.1). 

ߩ ൌ  
 ௦ܣ

ܾ݀ 
 0.75ߩ 

where: ρ = the ratio of tensile reinforcement 
As = area of the tension reinforcement (in.2) 
b = width of the compression face member (typically 12 inches) 
d = distance from the extreme compression fiber to the centroid of the tension 

reinforcement (in.) 
 = the balanced ratio of tensile reinforcement per Equation V‐4ߩ
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Capacity Step 6. Calculate the moment capacity using Equation V‐6 or Equation V‐7. 

EQUATION V‐6. GENERALIZED MOMENT CAPACITY (DERIVED FROM SSHB 8.16). 

ᇱ ܣ௦ܨ௬ െ ௦ܣ
ᇱ  ௦ Ԣ kipܨ

 ൌܯ߮ ߮  ቊ൫ܣ௦ܨ௬ െ ௦ܣ
ᇱ ܨ௦

ᇱ൯ ቈ݀  െ    ᇱܣ 
௦ܨ௦

ᇱሺ݀ െ  ݀ ᇱሻቋ ቆ  
2ሺ0.85ሻ ݂

ᇱܾ 12"
ቇ ൬

1000lb
൰ 

where: φMn = the bending moment capacity of the section (kip‐ft/ft) 
φ = 0.9 = the strength reduction factor from SSHB 16.6.4.6 
f’c = the compressive strength of concrete (psi) 
Fy = yield strength of the reinforcement (psi) 
௦ܨ

ᇱ= the stress in the compression steel (psi) 
As = area of the tension reinforcement (in.2) 
A’s= area of the compression reinforcement (in.2) 
d = distance from the extreme compression fiber to the centroid of the tension 

reinforcement (in.) 
d’ = distance from the extreme compression fiber to the centroid of the compression 

reinforcement (in.) 
b = width of the compression face member (typically 12 inches) 

If no tensile steel reinforcing is provided, the moment capacity may be taken as the cracking moment such that any 
incidental moment in the unreinforced direction does not result in an over‐conservative controlling load rating. 
This should be calculated using Equation V‐7. 

EQUATION V‐7. MINIMUM CRACKING MOMENT CAPACITY. 

kip 
 ൌܯ߮ ݄߮ଶඥ ݂

ᇱ ൬ 1000lb൰ 

where: φMn = the bending moment capacity of the section (kip‐ft/ft) 
φ = 0.9 = the strength reduction factor from SSHB 16.6.4.6 
f’c = the compressive strength of concrete (psi) 
h = the thickness of the total section (in.) 
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2. SHEAR CAPACITY 

Shear capacity must be calculated at each critical section as defined in Figure II‐2. Technically these are the 
moment critical sections, and this is a conservative assumption if moment controls the load rating. In cases where 
shear appears to control the load rating, Section VI.C of this Guide provides additional information. 

Capacity Step 7. Calculate the shear capacity using Equation V‐8 or if needed Equation V‐9. 

Because shear usually does not control the load rating, AASHTO allows a simple, conservative calculation for 
the shear capacity using the minimum shear capacity shown in Equation V‐8. If the culvert load rating is not 
controlled by shear, the simpler calculation is adequate. 

EQUATION V‐8. MINIMUM SHEAR CAPACITY (DERIVED FROM SSHB 8.16.6.7). 

߮ ܸ ൌ ߮3ܾ݀ඥ ݂
ᇱ for single‐span slabs cast monolithic with the culvert walls (typical for TxDOT designs). 

߮ ܸ ൌ ߮2.5ܾ݀ඥ ݂
ᇱ for single‐span slabs simply supported. 

where: φVn=the shear capacity of the section (lb) 
φ = 0.85 from SSHB 16.6.4.6 
f’c = the compressive strength of concrete (psi) 
d = the depth from compression face to tensile reinforcement in the direction of Mu (in.) 
b = width of the compression face member (typically 12 inches) 

If it turns out that the culvert load rating is controlled by shear, Equation V‐9 can be used to determine shear 
capacity in the critical section. Equation V‐9 will yield a more accurate, less conservative value for shear capacity 
but requires knowledge of the shear and moment demands at each section and is therefore tedious and time‐
consuming to apply. 

EQUATION V‐9. SHEAR CAPACITY EQUATION (SSHB 8.16.6.7.1 EQ.8‐59). 

௨݀ 
߮ ܸ ൌ ߮ ൬2.14ඥ ݂

ᇱ  ߩ4,600
ܸ
௨ܯ

൰ ܾ݀   4ܾ݀ඥ ݂
ᇱ 

where: φVn=the shear capacity of the section (lb) 
 3ܾ݀ඥ ݂

ᇱ for single‐span slabs cast monolithic with the culvert walls 

 2.5ܾ݀ඥ ݂
ᇱ for single‐span slabs simply supported 

φ = 0.85 from SSHB 16.6.4.6 
f’c = the compressive strength of concrete (psi) 
ߩ ൌ the tensile steel ratio in the direction of Mu 

d = the depth from compression face to tensile reinforcement in the direction of Mu (in.) 
b = width of the compression face member (typically 12 inches) 
Vu = the shear demand or load (kip) 
Mu =the moment demand or load (kli) 

௨ܸ݀ 
൏ 1.0  ௨ܯ 

mailto:R2.5>@�B��
mailto:L�2.5>@�B��
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3. THRUST CAPACITY 

Axial thrust capacity must be calculated at each critical section as defined in Figure II‐2. Technically these are 
the moment critical sections, but it is standard practice to also calculate axial thrust at these locations. 

Capacity Step 8. Calculate the maximum thrust capacity using Equation V‐10. There is only one thrust 
capacity per critical section. This is a compressive (‐) capacity. 

EQUATION V‐10. THRUST CAPACITY ( SSHB 8.16.4.2.1 EQ.8‐31). 

߮ ܲ ൌ െ߮ൣ0.85 ݂
ᇱ൫ܣ െ ௦ െܣ ௦ܣ

ᇱ ൯   ሺܣ௦  ᇱܣ
௦ሻܨ௬൧ 

where: φPn= the thrust capacity of the section (lb) 
f’c = the compressive strength of concrete (psi) 
Fy = yield strength of the reinforcement (psi) 
Ag = the gross area of the section (in.2) 
As = area of the tension reinforcement (in.2) 
A’s= area of the compression reinforcement (in.2) 

Usually the thrust demand is much smaller than the thrust capacity. In fact, the thrust demand is typically less 
than the incidental axial load assumed in the AASHTO SSHB for beam calculations. The capacity specifications in 
this Guide assume this to be the case. 

A “thrust check” for each critical section is provided in the AASHTO SSHB and is described in Section VI.B of 
this Guide (next chapter). If the thrust check is satisfied then the thrust demand is less than the assumed 
incidental axial load and the culvert slab slices may be accurately modeled for both capacity and demand as beam 
elements. This is the normal situation. 

However, if the thrust check is not satisfied, the slab slices are no longer considered beams for analysis 
purposes, but instead must be modeled as beam‐columns. If this is the situation, combined bending equations 
must be used from AASHTO SSHB Section 8.16.4.3. 
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VI. ANALYTICAL MODELING FOR DEMAND LOADS 

A. OVERVIEW 

Analytical modeling is used to determine the dead load and live load demand on the structure. This Culvert 
Rating Guide describes a hierarchical approach to calculate the demand loads. The lowest tier, Level 1, uses a two‐
dimensional, structural frame model with AASHTO loadings, balancing bottom slab loads, and simply‐supported 
boundary conditions. The next tier, Level 2, also uses a two‐dimensional, structural frame model with AASHTO 
loading, but uses continuous spring supports for the bottom slab instead of balancing bottom slab loads. The Level 
3 analysis uses a two‐dimensional, finite element analysis model of the soil‐structure system to determine 
demands. By modeling soil conditions, Level 3 considers soil‐structure interaction effects such as soil arching. 
These are the main approaches discussed in this Guide. 

As noted, this Guide also discusses the general case for culvert modeling, which is a Level 4 analysis. Level 4 is 
the most sophisticated of the modeling approaches and uses a two or three‐dimensional finite element model of 
the soil‐structure system. Level 4 modeling would typically be used for research or other specialized applications, 
and is discussed in Chapter VII of this Guide. 
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B. GENERALIZED STEP‐BY‐STEP PROCEDURE FOR DETERMINING DEMAND LOADS 

The flow chart in Figure III‐2 provides an overview of the culvert load rating process. This chapter focuses on 
calculation of demand loads using analytical (computer) modeling. Regardless of the level of analysis, the 
following step‐by‐step procedure applies: 

Demand Step 1. Obtain load rating parameters necessary to define each aspect of the computer model: 
dimensional data, strength properties for steel and concrete, soil properties, and loads. 

Demand Step 2. Create the analytical model by laying out the nodes and members and identifying the 
critical sections for the culvert. 

Demand Step 3. Apply appropriate boundary conditions. 

Demand Step 4. Calculate the magnitude of dead and live loads for both vertical and lateral stress 
distributions. 

Demand Step 5. Apply the dead and live load stress distributions to the culvert model. 

Demand Step 6. Define load cases for the model. Briefly stated, this consists of one set of load cases 
designed to induce maximum moment at the culvert haunches, and a second set of load cases 
designed to induce maximum moment at culvert mid‐spans. 

Demand Step 7. Perform demand calculations for each load case. That is, perform separate computer 
runs as necessary to define demand moments, shears and axial thrusts at each critical section as 
defined for each load case. Four computer runs, minimum, are typically required. 

Demand Step 8. After determining the demands, use Equation VI‐1 to check that actual thrust demand is 
lower than the incidental axial load assumed in the moment capacity equations. 

EQUATION VI‐1. THRUST CONTROL LIMIT (SSHB 8.16.4.3 EQ.8‐37). 

௨ܲ  0.1 ݂
ᇱܣ 

where: Pu = the thrust demand (lb) 
f’c = the compressive strength of concrete (psi) 
Ag = the gross area of the section (in.2) 

It is assumed throughout this Guide that Equation VI‐1 will always be satisfied. However, if this check is not 
met, the capacities must be recalculated using beam‐column theory as described in AASHTO SSHB section 8.16.4.3. 

Demand Step 9. This step moves beyond calculation of the demand loads. Once the demand moments, 
shears and thrusts are established for each critical section in the culvert, for each load case, these 
must be combined with the corresponding capacity values to determine the rating factor for both 
inventory and operating conditions per Equation II‐1. 

Demand Step 10.The controlling rating factor for each critical section is determined by selecting the 
minimum rating factor, for both inventory and operating conditions, based on the maximum and 
minimum values for each type of load (moment, shear and thrust) for each load case. 

Demand Step 11. If shear controls the inventory and operating ratings, the load rater should perform a 
less‐conservative analysis of the shear failure mode based on shear critical sections as per the 
provisions in Section C of this chapter. 

Demand Step 12.The controlling rating factors for the culvert are the minimum rating factors for both 
inventory and operating conditions. 

The following sections of this chapter provide details of this step‐by‐step procedure, as it applies to each level of 
analysis. 
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C. SHEAR FAILURE MODE ANALYSIS 

Discussions about culvert load rating commonly acknowledge that in most cases, the mode of failure that 
controls the load rating is moment. The one exception is deep fill culverts which tend to fail in shear. Results from 
a parametric analysis of a representative sample of TxDOT’s reinforced concrete box culvert designs support these 
points. 

Because culvert load ratings are usually controlled by moment, it makes sense to perform initial load rating 
analyses for all failure modes (moment, axial thrust and shear) based on moment critical sections. These analyses 
will be technically accurate both for moment and axial demands, and conservative for shear. 

The reason for this conservatism is that the shear critical section for culvert corners is actually located at a 
distance d away from the wall face consistent with AASHTO SSHB 8.8.2 and 8.16.6.1.2 (see Figure VI‐1.A), rather 
than located at the wall face as is done for moment (see Figure II‐2.A). This distinction only applies to culverts 
without haunches, which is the most common case for TxDOT. For culverts with haunches, the corner critical 
sections for shear are a distance d from the middle of the haunch (Figure VI‐1.B). Mid‐span critical section 
locations for moment and shear are the same. 
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FIGURE VI.1.A SHEAR CRITICAL SECTIONS FOR CULVERTS WITHOUT HAUNCHES. 
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FIGURE VI‐1.B SHEAR CRITICAL SECTIONS FOR CULVERTS WITH HAUNCHES. 
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Only in cases where shear ends up controlling the load rating would it be necessary to reanalyze shear 
demands based on the shear critical sections of Figure VI‐1. The following steps capture this procedure. 

Shear Provision 1. Assume that the controlling failure mode for the load rating is moment. Use the 
moment critical sections (see Figure II‐2) as discussed in this Guide. Perform load rating analyses 
and check all failure modes (moment, axial thrust and shear). 

Shear Provision 2. If moment controls the load rating, there is no need to further refine the shear 
demand or capacity analyses. 

Shear Provision 3. If shear controls the load rating, and the inventory rating is greater than or 
equal to HS‐20 (inventory rating factor (IRF) ≥1), the culvert will not require load posting and 
there is no need to further refine the shear demand or capacity analyses. 

Shear Provision 4. If shear controls the load rating, and the inventory rating is less than HS‐20 
(IRF<1), redo the shear analyses based on the shear critical sections as defined in AASHTO SSHB 
8.8.2 and 8.16.6.1.2, with the critical section located at a distance d away from the point of 
support (see Figure VI‐1). Moment and axial demands are unchanged. Select the new lowest 
rating factors from all failure modes. 

Shear Provision 5. If, based on the revised shear analysis, shear continues to control the load 
rating and the inventory rating is still less than HS-20 (IRF<1), use the demand-dependant shear 
capacity equation (Equation V‐9) to generate capacity values used to calculate rating factors. This 
approach does not include any of the conservative shear assumptions. Select the new lowest 
rating factors from all failure modes. 



         

              

 
                             

                        

  
                       

        
                  
          
                        
                

                    
                      
        
              
        

                                  
                
                        
                          
                          

                             
                             

   

   

35 TxDOT Culvert Rating Guide 

D. LEVEL 1 ANALYSIS: TWO‐DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME 

MODEL 

This level of analysis uses a relatively simple two‐dimensional frame analysis model and AASHTO loading 
parameters. It is designed to provide a quick, conservative, repeatable load rating. 

1. ASSUMPTIONS 
The following assumptions are made in the two‐dimensional structural frame analysis stage: 

• AASHTO loads are applied. 
• Gross section properties control structure behavior at ultimate strength. 
• Culvert corners are considered rigid. 
• Supporting soil pressures are uniform over the length of the bottom slab. 
• All assumptions inherently involved in two‐dimensional, frame analysis. 

o Reinforced concrete behaves elastically with stress related linearly to strain. 
o Reinforced concrete behaves identically regardless of direction of the applied load. 
o All deformations are small. 
o Beams are long relative to their depth. 
o Plane sections remain plane. 

• A one foot (b = 12 in.) section of the culvert may be analyzed as a frame. 
• No hydrostatic pressure (water) exists inside the culvert. 
• Supporting soils are fully drained, i.e. no hydrostatic pressure outside the culvert. 
• Moments resulting in tension on the inside face of the culvert are positive. 
• Moments resulting in tension on the outside face of the culvert are negative. 

Though reinforced concrete does not generally satisfy the first two, two‐dimensional, frame analysis assumptions – 
namely, elasticity and homogeneity – this model will predict approximate and conservative moment, shear and 
thrust demands. 
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2. MODEL DIMENSIONS 
The Level 1 model should be developed so that beam nodes are at the centerline of the slab sections they are 

modeling. Each section should use the gross area properties of a one‐foot wide strip of culvert. 

A node should be placed at each critical section so that the resultant forces and moments will be calculated 
automatically at those points. The location of the corner critical sections can be determined directly as illustrated 
in Figure VI‐2. As noted earlier, AASHTO specifies that the mid‐span critical sections must be determined by 
locating the maximum combined (dead and live load) moment in the mid‐span region. However, for the purposes 
of this Guide, the mid‐span critical section is always assumed to be located at mid‐span. 
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FIGURE VI.2.A MODEL DIMENSIONS FOR A LEVEL 1 ANALYSIS FOR CULVERTS WITHOUT HAUNCHES. 
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FIGURE VI‐2.B MODEL DIMENSIONS FOR A LEVEL 1 ANALYSIS FOR CULVERTS WITH HAUNCHES. 
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3. BOUNDARY CONDITIONS 
In the Level 1 model, the primary function of the boundary conditions is to maintain global stability. Reactions 

are of no concern. The model should be simply supported, with a pin at the bottom left corner (restrain in global X 
and Y directions) and rollers at other bottom wall centerlines (restrain in global Y direction only). See Figure VI‐3. 

Y 

X 

FIGURE VI.3. BOUNDARY CONDITIONS FOR TWO DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME MODEL. 
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4. LOADS 
The loads placed on the structure for Level 1 modeling correspond directly to the provisions of the AASHTO 

policy. Figure VI‐4 shows the load location and direction conventions. The loads are as follows: 

• DLV … Vertical Dead Load 
• DLhT …Horizontal Dead Load, top of culvert 
• DLhB … Horizontal Dead Load, bottom of culvert 
• LLVT … Vertical Live Load, top slab 
• LLVB … Vertical Live Load, bottom slab 
• LLh … Horizontal Live Load 
• SW… Self Weight of the culvert 

LL 

DL v 

vT 

DL hT 

Y 

X 

LLh DL hB  

SW 

DL 
v 

LL vB 

FIGURE VI.4. LOAD CONVENTIONS FOR TWO DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME MODEL. 

A unique aspect of the Level 1 model is that in order to account for upward soil pressure support, whatever 
load is placed downward on the structure should also be placed upward on the bottom slab, uniformly. The result 
is balanced vertical loading and no reactions in the supports. The boundary conditions only keep the model stable. 
They should not contribute significantly to the support of the structure. 
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c. DEAD LOAD 
Per Equation VI‐2, the first load represents the weight of the soil on top of the structure. According to 

AASHTO SSHB 6.2.1.B, the unit weight of soil is 120 pcf. This load must be placed downward on the top slab, and 
balanced by placing it upward on the bottom slab. 

EQUATION VI‐2. VERTICAL DEAD LOAD, DLV (KSF) 

 ܦ ൌ ሺ0.120 ݂݇ܿሻ ݈݅ݏ ݎ݁ݒܿ ௩ ൌܮܦ

where: ܮܦ௩ ൌ the vertical dead load (ksf) 
D = cover soil depth (ft) 

Per Equation VI‐3, the second load represents the self‐weight of the structure. If the chosen analysis tool has 
a gravity feature, this should be used to accurately distribute the self‐weight across the structure. Otherwise, the 
weight of the slabs and walls should be applied manually in the downward direction, expressed in terms of a 
uniformly distributed load. Whether the self‐weight is applied automatically or manually, the total self‐weight of 
the culvert should also be applied upward across the bottom slab, expressed in terms of a uniformly distributed 
load. 

EQUATION VI‐3. SELF‐WEIGHT OF THE CULVERT, SW (KSF) 

12 ൨  2 כ ாܶௐ כ ܪ    ሺܰ െ 1ሻ כ ூܶௐ כ ൠܪ
0.150 ݂݇ܿ 

ܹܵ ൌ ൜ሺ ்ܶ  ܶሻ כ ܵ   
2 כ ாܶௐ  ሺܰ െ 1ሻ ூܶௐ 

12 ܵ כ 12  

where: SW = the vertical dead load (ksf) 
TT = top slab thickness (in.) 
TB = bottom slab thickness (in.) 
TIW = interior wall thickness (in.) 
TEW = exterior wall thickness (in.) 
S = the clear span of a single box (ft) 
H = the clear height of a single box (ft) 
N = the number of box spans 

The third load is the horizontal dead load. This dead load is a trapezoidal load placed on the outside walls of 
the culvert facing inward. The load is determined using the equivalent fluid weight of soil listed in AASHTO SSHB 
6.2.1.B and 3.20.2. Equation VI‐4 and Equation VI‐5 define the horizontal load at the top and bottom of the slab. 
In these equations, the D and H values are in feet, and the T values are in inches. Intermediate points may be 
determined by linear interpolation as necessary. 

EQUATION VI‐4. HORIZONTAL DEAD LOAD AT THE TOP APPLIED TO THE EXTERIOR WALLS OF THE CULVERT, DLHT (KSF) 

 ்ܶ  ܦൌ ሺ0.060 ݂݇ܿሻ ሺ ݁ݎݑݏݏ݁ݎ ݈ܽݎ݁ݐ݈ܽ ݈݈ݑ݂ ் ൌܮܦ

24ሻ 

where: ܮܦ் ൌ the horizontal dead load at the top of the exterior walls (ksf) 
TT = top slab thickness (in.) 
D = cover soil depth (ft) 

EQUATION VI‐5. HORIZONTAL DEAD LOAD AT THE BOTTOM APPLIED TO THE EXTERIOR WALLS OF THE CULVERT, DLHB (KSF) 

ܦൌ ሺ0.060 ݂݇ܿሻ ൬ ݁ݎݑݏݏ݁ݎ ݈ܽݎ݁ݐ݈ܽ ݈݈ݑ݂  ൌܮܦ   ܪ     ்ܶ 

12  ܶ 

24൰ 
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where: ܮܦ ൌ the horizontal dead load at the bottom of the exterior walls (ksf) 
TT = top slab thickness (in.) 
TB = bottom slab thickness (in.) 
H = the clear height of a single box (ft) 
D = cover soil depth (ft) 

d. LIVE LOAD 
The live load on the structure as required by AASHTO SSHB 3.7.6 is an HS‐20 truck. There are three live loads 

due to the HS‐20 truck: (1) the horizontal live load, LLh; (2) the vertical live load applied to the top slab, LLvT; and (3) 
the vertical live load applied to the bottom slab, LLvB. The impact factor, IM, and all other variables used in the live 
load equations are defined in Table III‐1. 

Per Equation VI‐6, the first live load is the horizontal live load, LLh (ksf). This load is constant regardless of the 
number of trucks passing over the culvert. AASHTO SSHB 3.20.3 provides a 2 ft surcharge allowance for trucks 
which are approaching, but not directly above, the culvert. 

EQUATION VI‐6. HORIZONTAL LIVE LOAD APPLIED TO THE EXTERIOR WALLS, LLH (KSF) 

 ൌܮܮ 2ᇱ כ ሺ. 060 ݂݇ܿሻ ൌ  ݂ݏ݇ 120.
where: ܮܮ ൌ the horizontal live load on the exterior walls (ksf) 

The vertical live load applied to the top of the culvert, LLvT (ksf), is the second type of live load. The magnitude 
of the vertical live load depends on the depth of fill, the wheel load, the culvert span, the impact factor, the 
number of lanes, and the number of trucks. For this Guide, the vertical live load has been expressed in terms of 15 
distinct equations derived from AASHTO SSHB 3.7.6, 3.12.1, 3.24.3.2 and 6.4, including the lane reduction factor 
described in AASHTO SSHB 3.12.1. These 15 equations are collectively designated as Equation VI‐7. 

For a given culvert, the load rater must select one of the 15 equations to determine the magnitude of the 
vertical live load. Two variables govern selection of the appropriate live load equation. The first is the number of 
lanes passing over the culvert. Section 3.6 of the SSHB provides guidance for determining traffic lanes. Generally, 
the number of lanes is determined by the number of whole, 12‐foot‐wide lanes that will fit across the roadway. 
Roadways between 20’ and 24’ will have two lanes. The second variable is the depth of fill, D. This fill depth will 
yield the proper load configuration as per the AASHTO stress distribution. Taken together, the number of lanes 
and the fill depth establish the controlling number of trucks and identify the proper equation to use for LLvT. 

Once the magnitude of the live load has been established, it is necessary to define the area over which the live 
load acts. The vertical live load should be applied as a moving load across the top of the culvert structure. This will 
have the effect of creating a moment envelope, with both maximum and minimum values. The length over which 
the pressure should be applied, the center‐to‐center spacing for the distributed loads, and the wheel load, P, used 
to calculate each load are illustrated in Figure VI‐5, Figure VI‐6 and Figure VI‐7 for different cover depths. 

The final live load is the vertical live load applied upward to the bottom slab, LLvB (ksf). This live load is 
derived from AASHTO SSHB 16.6.4.3. For this Guide, the magnitude of the upward live load has been expressed in 
terms of 15 distinct equations. These 15 equations are collectively designated as Equation VI‐8. The load is placed 
upward on the bottom slab to balance the vertical live load on the top slab as illustrated in Figure VI‐5, Figure VI‐6 
and Figure VI‐7. Again, the load rater must select one of the 15 equations. The selected equation should 
correspond to the culvert’s fill height and number of lanes. 
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EQUATION VI‐7. VERTICAL LIVE LOAD APPLIED TO THE TOP SLAB, LLVT (KSF). 

No of Traffic Lanes Depth of Fill, D (ft) Magnitude, LLvT (ksf) Controlling No. of Trucks 

1 0 < D < 2’ ܮܮ௩் ൌ 
ሺ1  כ ሻܯܫ  ܲ  

4  0.06 כ ܵ 
1 truck 

1 2’ < D < 3.4’ ܮܮ௩் ൌ 
ሺ1  כ ሻܯܫ  ܲ  

ሺ1.75 ܦ כሻଶ 1 truck 

1 3.4’ < D < 8’ 
2 כ  ܲ  

  6ᇱሻ ܦ כ ሺ1.75 כ ܦ כ ௩் ൌ 1.75ܮܮ
1 truck 

1 8’ < D 
 ܲ כ 4.5

  6ᇱሻ ܦ כ ሺ1.75 כ  28ᇱሻ ܦ כ ௩் ൌ ሺ1.75ܮܮ
1 truck 

2 0 < D < 2’ ܮܮ௩் ൌ 
ሺ1   IMሻ כ P  

4  0.06 כ S 
1 truck 

2 2’ < D < 2.3’ ܮܮ௩் ൌ 
ሺ1   IMሻ כ P  

ሺ1.75 כ Dሻଶ 1 truck 

2 2.3’ < D < 3.4’ 
ሺ1   IMሻ כ 2 כ  P  

 D  4ᇱሻ כ ሺ1.75 כ D כ ௩் ൌ 1.75ܮܮ
2 trucks 

2 3.4’ < D < 8’ 
4 כ P  

 D  16ᇱሻ כ ሺ1.75 כ D כ ௩் ൌ 1.75ܮܮ
2 trucks 

2 8’ < D 
9 כ P  

 D  16ᇱሻ כ ሺ1.75 כ D  28ᇱሻ כ ௩் ൌ ሺ1.75ܮܮ
2 trucks 

3+ 0 < D < 2’ ܮܮ௩் ൌ 
ሺ1  כ ሻܯܫ  ܲ  

4  0.06 כ ܵ 
1 truck 

3+ 2’ < D < 2.3’ ܮܮ௩் ൌ 
ሺ1  כ ሻܯܫ  ܲ  

ሺ1.75 ܦ כሻଶ 1 truck 

3+ 2.3’ < D < 3.4’ 
ሺ1  כ ሻܯܫ  2 כ ܲ  

  4ᇱሻ ܦ כ ሺ1.75 כ ܦ כ ௩் ൌ 1.75ܮܮ
2 trucks 

3+ 3.4’ < D < 7.2’ 
4 כ P  

 D  16ᇱሻ כ ሺ1.75 כ D כ ௩் ൌ 1.75ܮܮ
2 trucks 

3+ 7.2’ < D < 8’ 
6 כ  .9 כ   ܲ  

  26ᇱሻ ܦ כ ሺ1.75 כ ܦ כ ௩் ൌ 1.75ܮܮ
3 trucks 

3+ 

where: 

 ܲ כ 9. כ 13.5
8’ < D ܮܮ௩் ൌ ሺ1.75 ܦ כ  28ᇱሻ כ ሺ1.75 ܦ כ  26ᇱሻ 

 ൌ the vertical live load on the top slab (ksf) ࢀ࢜ࡸࡸ
IM = the impact factor from Table II‐1 
S = the clear span of a single box (ft) 
P = either 4 or 16 kips as indicated in Figure VI‐5 through Figure VI‐7 
D = cover soil depth (ft) 

3 trucks 
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EQUATION VI‐8. VERTICAL LIVE LOAD APPLIED TO THE BOTTOM SLAB, LLVB (KSF) 

No. of Traffic Lanes Depth of Fill, D (ft) Magnitude, LLvB (ksf) Controlling No. of Trucks 

1 0 < D < 2’ 
ሺ1  כ ሻܯܫ  ܲ  

௩ ൌ 2ܮܮ כ ܪ כ   ሺ4   0.06 כ ܵሻ  
1 truck 

1 2’ < D < 3.4’ 
ሺ1  כ ሻܯܫ  ܲ  

 ሻܪ כ  2 ܦ כ ሺ1.75 כ ܦ כ ௩ ൌ 1.75ܮܮ
1 truck 

1 3.4’ < D < 8’ 
2 כ ܲ  

 6ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
1 truck 

1 8’ < D 
 ܲ כ 4.5

 6ᇱ  ܦ כ ሺ1.75 כ  28ᇱሻ ܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ ሻܪ  
1 truck 

2 0 < D < 2’ 
ሺ1  כ ሻܯܫ  ܲ  

௩ ൌ 2ܮܮ כ ܪ כ   ሺ4   0.06 כ ܵሻ  
1 truck 

2 2’ < D < 2.3’ 
ሺ1  כ ሻܯܫ  ܲ  

 ሻܪ כ  2 ܦ כ ሺ1.75 כ ܦ כ ௩ ൌ 1.75ܮܮ
1 truck 

2 2.3’ < D < 3.4’ 
ሺ1  כ ሻܯܫ  2 כ  ܲ  

 4ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
2 trucks 

2 3.4’ < D < 8’ 
4 כ ܲ  

 16ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
2 trucks 

2 8’ < D 
9 כ ܲ  

 16ᇱ  ܦ כ ሺ1.75 כ  28ᇱሻ ܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
2 trucks 

3+ 0 < D < 2’ 
ሺ1  כ ሻܯܫ  ܲ  

௩ ൌ 2ܮܮ כ ܪ כ   ሺ4   0.06 כ ܵሻ  
1 truck 

3+ 2.1’ < D < 2.3’ 
ሺ1  כ ሻܯܫ  ܲ  

 ሻܪ כ  2 ܦ כ ሺ1.75 כ ܦ כ ௩ ൌ 1.75ܮܮ
1 truck 

3+ 2.3’ < D < 3.4’ 
ሺ1  כ ሻܯܫ  2 כ  ܲ  

 4ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
2 trucks 

3+ 3.4’ < D < 7.2’ 
4 כ ܲ  

 16ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
2 trucks 

3+ 7.2’ < D < 8’ 
6 כ .9 כ  ܲ  

 26ᇱ  ܦ כ ሺ1.75 כ ሻܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
3 trucks 

3+ 8’ < D 
 ܲ כ 9. כ 13.5

 26ᇱ  ܦ כ ሺ1.75 כ  28ᇱሻ ܦ כ ௩ ൌ ሺ1.75ܮܮ 2 כ  ሻܪ  
3 trucks 

where: ࢜ࡸࡸ ൌ the vertical live load on the bottom slab (ksf) 
IM = the impact factor from Table II‐1 
S = the clear span of a single box (ft) 
H = the clear height of a single box (ft) 
P = either 4 or 16 kips as indicated in Figure VI‐5 through Figure VI‐7 
D = cover soil depth (ft) 
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LL (P=4k) LL (P=16k) LL (P=16k)vT vT vT 

14' to 30' 14' 

LLvB  (P=4k) LL (P=16k) 

2 * H 

LL  vB(P=16k) vB 

2 * H 2 * H 

FIGURE VI.5. LIVE LOAD DISTRIBUTION FOR D < 2' FOR TWO DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME ANALYSIS. 

1.75 * D 1.75 * D 1.75 * D 

LL vT  (P=4k) LL  vT(P=16k) LL  vT(P=16k) 

14' to 30' 14' 

LL (P=4k)vB vB vB LL  (P=16k) LL  (P=16k) 

FIGURE VI.6. LIVE LOAD DISTRIBUTION FOR 2' < D < 8' FOR TWO DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME ANALYSIS . 

1.75 * D + 28' 

LL (P=16k)vT 

vBLL (P=16k) 

FIGURE VI.7. LIVE LOAD DISTRIBUTION FOR D > 8' FOR TWO DIMENSIONAL, SIMPLY‐SUPPORTED STRUCTURAL FRAME ANALYSIS. 
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5. LOAD CASES 
In accordance with ASSHTO SSHB 3.20.2, two demand analyses must be made to determine the worst case 

loading conditions on the culvert structure. The two analyses combine the basic loadings differently to produce 
conservative demand moments, shears and thrusts. 

a. TOTAL LOAD CASE 
The first analysis is the “total load case.” The total load case is designed to create the maximum demand in 

most of the culvert structure; that is, critical sections TEC, TIC, BIC, BEC, WIM, WEM, WTIC, WBIC, WBEC, WTEC as 
per Figure II‐. The total load case is designed to yield the maximum shear and axial demands in the whole culvert 
and the maximum moment demands in all but the top and bottom mid‐spans (TEM, TIM, BEM and BIM). This load 
case applies the above‐described loads with a load factor of 1. 

b. REDUCED LATERAL LOAD CASE 
The second analysis is the “reduced lateral load case” as described in AASHTO SSHB 6.2.1.B, 3.20.2. The 

reduced lateral load case is designed to create the maximum demand moment for the positive moment sections 
(TEM, TIM, BEM, BIM). See Figure II‐. This load case is intended to create a worst case scenario for the slab 
moments by reducing the amount of reverse curvature created by lateral pressure on the culvert walls. The 
reduced lateral load case uses the following load factors: 

• Vertical dead load applied to top slab is the same as Equation VI‐2. Load factor of 1. 
• The self‐weight of the culvert is the same as Equation VI‐3. Load factor of 1. 
• Horizontal dead load at the top applied to the exterior walls of the culvert is one‐half the value calculated 

by Equation VI‐4. Load factor of 0.5. 
• Horizontal dead load at the bottom applied to the exterior walls of the culvert is one‐half the value 

calculated by Equation VI‐5. Load factor of 0.5. 
• No horizontal live load is applied to the exterior walls of the culvert. Load factor of 0. 
• Vertical live load applied to the top slab is the same as Equation VI‐7. Load factor of 1. 
• Vertical live load applied upward to the bottom slab is the same as Equation VI‐8. Load factor of 1. 

c. INTERPRETATION OF LOAD CASE DATA 
As a general rule, it is necessary to perform multiple computer runs (at least two) to calculate moment, shear 

and thrust demands for each load case. Once the data are obtained, it is customary practice to interpret the data 
holistically. That is, the load rater should evaluate the maximum and minimum moments, shears and thrusts for 
each critical section, treating the two load cases independently. 

Stated another way, even though the two load cases are designed with the intent to achieve maximum 
demands at either the corners or the mid‐spans, the load rater should not make an a priori decision to only 
evaluate the data this way. This means that the load rater should look at more than just the corner critical sections 
for the total load case results, and more than just the mid‐span critical sections for the reduced lateral load case 
results. Instead, the load rater should evaluate moment, shear and thrust demands for all of the critical sections 
for each load case. 

6. DEMAND LOAD CALCULATIONS 
Having created the analytical model, defined the boundary conditions, determined the magnitude and extent 

of loads, and specified the load cases, the next step is to calculate the moment, shear and thrust demands. This 
requires application of an appropriate structural analysis software package, as discussed in the following section of 
the Guide. 
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7. ANALYTICAL PROGRAM – CULV‐5 

a. OVERVIEW 
The two‐dimensional, simply‐supported frame model (Level 1) can be analyzed using several commercially‐

available structural analysis software programs. Examples include RISA‐2D, BRASS, BOXCAR, CULV‐5 (TxDOT’s 
program) or older frame analysis programs. 

At TxDOT, the program most adept for Level 1 calculations is CULV‐5. Therefore, specific guidance will be 
provided for this tool. If a user is more comfortable with another frame analysis program, the designer is free to 
use it. 

CULV‐5 is an MS‐DOS program developed and distributed by the Texas Department of Transportation. The 
heart of the program is a two‐dimensional frame analysis. Documentation supporting CULV‐5 includes the Version 
1.71 Readme file (TxDOT, 2004), Input Guide (TxDOT, 2003), and CULV5 – Concrete Box Analysis Program (TxDOT, 
2003). The load rater who intends to use CULV‐5 should become familiar with this documentation to better 
understand the input, analysis approach, and program output. 

b. CULV‐5 STRENGTHS AND LIMITATIONS 
The CULV‐5 program has some notable strengths that make it the ideal first choice for a Level 1 culvert load 

rating program. These are: 

• Quick and conservative 
• Program inputs are very simple 
• Appropriate live and dead loads are automatically calculated and applied 
• Influence lines are used to determine maximum moments, shears and thrust 
• A more conservative bottom slab live load is used 
• The sign convention used is the same as the sign convention outlined in Section V.B 

Notwithstanding its many strengths, the CULV‐5 program also has some notable limitations that must be 
recognized and addressed: 

• Demand at the critical corner sections is not automatically calculated. 
• The use of influence lines to calculate live load moments results in an overly conservative live load applied 

to the bottom of the structure. 
• Only culverts with 4 or fewer barrels may be analyzed directly. Culverts with more than 4 barrels may be 

approximated using a 4 barrel model at the expense of slightly more conservative results. 

The limitations may be overcome. Determining the critical section demand requires linear interpolation 
between the 10th point demands which the program does produce. If the culvert fails to rate, not much time has 
been spent and the user may move on to the higher‐level models. 

c. CULV‐5 STEP‐BY‐STEP INSTRUCTIONS 
Culvert load rating for Level 1 using the CULV‐5 program can be accomplished by following these steps. This 

sequence assumes the load‐rater has already defined the input parameters and is prepared to create the Culv‐5 
input file. 

CULV5 Step 1. Using data obtained for the culvert as discussed in Chapter IV of this Guide, write the 
CULV‐5 input file in a basic text editor (eg, Notepad) according to the form in Figure VI‐8. 
Alternatively, the load rater may use the “Culv5 Input” program developed by TechMRT and hosted 
on the TxDOT Bridge Division website to create the input file. 
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PSF # A6 County A15 Highway # A10 Control-Section-Job A11 Coder A3 Date (Automatic) A11 

Line 1. Job ID 

1 6 11 25 31 40 46 56 62 64 70 80 

Description for the run - free form alphanumeric comments A80 

Line 2. Job Description 

1 80 

Card ID Alphanumerica comments - Normally enter structure name or other descriptive comments A75 

Line 3. Problem ID PR B O 

1 4 6 80 

Unit Code (English) 

Line 4. SPEC Card 

Card ID 

LL Code (HS-20) 
Omit LL (included) 

LF Code (Service) 

1 20  

Soil Weight (pcf) F4.0 

1  4  5  6  7  14  20  23  

. SP E EC 2 1 1 

Number of Spans, N F1 B.C. Code (leave blank) Int Wall, T  (in.) F4.1 Top Haunch, F  (in.) F3.0 

Component Output 

Line 5. CULV Card CUL 

Card ID 

V S H D 

Clear Span, S (ft) F4.3 
Clear Height, H (ft) F4.3 

Cover Soil Depth, D (ft) F5.3 

N 

Top Slab, T  (in.) F4.1 

Ext Wall, T  (in.) F4.1 

LL Surcharge (ft) F3.2 Bottom Haunch, F  (in.) F3.0 

Min Hor Soil Pressure (pcf) F3.0 
Bot Slab, T  (in.) F4.1 

T T T T T EW  F F T 2 0  0 30  6 

1011 1 4 6 7 1415 19 3132 35 37 40 42 45 47 50 52 5455 5758 60 65 6768 70 80 

B  IW  B  . . . 

Max Hor Soil Preasure (pcf) F3.0 

1 

FIGURE VI.8. CULV‐5 INPUT FORMAT. 
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CULV5 Step 2. Run the CULV‐5 program using the input file created in Step 1. One of the positive 
features of CULV‐5 is that it is heavily preprogrammed. For culvert rating, this means that all 
calculations can be made based on output from running the CULV‐5 program only one time. 

CULV5 Step 3. Interpretation of the CULV‐5 output requires establishing both corner and mid‐span 
critical sections. 

a. Using Figure VI‐9 select the 10th points to set up the linear interpolation associated with the 
corner critical sections. 

M2 M5 
TEC typ. between 0 and 2 TIC1 typ. between 8 and 10 

WTEC typ. between 8 and 10 

M1 

WBEC typ. between 0 and 2 
M4 

M3 

BEC typ. between 0 and 2 BIC2 typ. between 0 and 2 

WBIC typ. between 0 and 2 
M7 

WTIC typ. between 8 and 10 
TIC2 typ. between 0 and 2 

BIC1 typ. between 8 and 10

FIGURE VI.9. CULV‐5 MEMBER AND CRITICAL SECTION DESIGN. 

With reference to Figure VI‐9, linear interpolation to establish the corner critical sections 
must work from the corner to the nearest corner critical section. For example, the upper 
right corner section, TIC1, for member 2 (M2) might be located between nodes 8 and 9. In 
this example, the calculation would start with the demands at node 9 and add the fraction 
between nodes 9 and 8. 

b. Critical sections for mid‐span demands (TEM, TIM, BEM, BIM, WEM and WIM) do not require 
interpolation. These may be selected at mid‐span (node 5). 

CULV5 Step 4. From the CULV‐5 output file, select the SUMMARY OF INDIVIDUAL UNFACTORED 
MOMENTS, SHEAR AND AXIAL FORCES tables. Record the vertical dead load (VDL), lateral dead load 
(LDL), maximum vertical live load (+VLL), minimum vertical live load (‐VLL), and lateral live load (LLL) 
demands at each critical section. 

CULV5 Step 5. Calculate the dead and live load demand for each demand type (moment, shear and 
axial), for each load case at each critical section using Equation VI‐9 and Equation VI‐10. D is the dead 
load demand and L is the live load demand required for rating in Equation II‐1. Note that the live load 
demands will have a maximum and minimum because these derive from a moving load which 
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produces an “envelope” type solution. To maintain a systematic approach, typical practice is to 
determine both the maximum and minimum live loads for each type of demand at each critical 
section and to select the minimum (controlling) value when calculating rating factors. 

EQUATION VI‐9. TOTAL LOAD CASE . 

ܦ ൌ  ܸ ܮܦ   ܮܦܮ  
ܮܮܸ ൌ ܮ   ܮܮܮ

where: D = the dead load demand 
L = the live load demand 
VDL = the vertical dead load demand from CULV5 output 
LDL = the lateral dead load demand from CULV5 output 
VLL = the vertical live load demand from CULV5 output. (Load rating calculations for this variable 
must be done twice, for the maximum and minimum values.) 
LLL = the lateral live load demand from CULV5 output 

EQUATION VI‐10. REDUCED LATERAL LOAD CASE . 

ܦ ൌ  ܸ ܮܦ    
1
2  ܮܦܮ

ܮ ൌ  ܸ ܮܮ  

where: D = the dead load demand 
L = the live load demand 
VDL = the vertical dead load demand from CULV5 output 
LDL = the lateral dead load demand from CULV5 output 
VLL = the vertical live load demand from CULV5 output. (Load rating calculations for this variable 
must be done twice, for the maximum and minimum values.) 

CULV5 Step 6. Use Equation VI‐1 to verify that actual thrust demand is lower than the incidental axial 
load assumed in the moment capacity equations. 

CULV5 Step 7. This step goes beyond calculation of demand loads and has to do with calculating the 
culvert load rating. Per the culvert rating flow chart (Figure III‐2) proceed to calculate Inventory and 
Operating rating factors for each critical section, for each demand type, for each load case per 
Equation II‐1. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

• Live load and capacity must be in the same sign and direction. 
• If the live load and dead load are in opposite directions or the calculated rating factor is negative, 

a check should be made to insure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3   

CULV5 Step 8. Select the controlling inventory and operating rating factors for each section. 

CULV5 Step 9. Select the overall controlling rating factors for the culvert. 

CULV5 Step 10. If shear controls the load rating, the load rater should perform a less‐conservative 
analysis of the shear failure mode based on shear critical sections as per the provisions in Section 
VI.C. 

CULV5 Step 11. Calculate the Inventory and Operating Ratings per Equation II‐2. 

Appendix C of this Guide presents an example Level 1 culvert load rating calculation based on Culv‐5. 
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E. LEVEL 2 ANALYSIS: TWO DIMENSIONAL STRUCTURAL FRAME MODEL WITH SOIL SPRINGS 

The Level 2 analysis uses a two‐dimensional structural frame model and AASHTO loading parameters, but with 
compression springs to model vertical soil support instead of balanced loading. This is only slightly different from 
the Level 1 model, but the introduction of the soil springs somewhat reduces the over‐conservatism in Level 1. 
Level 2 is designed to provide a quick, accurate, repeatable load rating, and can be considered the general case for 
two‐dimensional structural frame analysis of reinforced concrete box culverts. 

1. ASSUMPTIONS 
The assumptions in the two dimensional structural frame analysis with soil springs (Level 2) are identical to 

those in the two‐dimensional, simply‐supported structural frame analysis (Level 1) with the exception of the 
boundary conditions. The Level 2 model assumes that soil is more accurately modeled using compressive springs 
at intermediate locations along the bottom slab. 

It should be noted that CULV‐5 software will not support a Level 2 analysis because of input limitations; 
namely, CULV‐5 does not allow for intermediate compression springs on the bottom slab. Thus, a Level 2 analysis 
requires the use of two‐dimensional frame analysis software programs other than CULV‐5. 

2. MODEL DIMENSIONS 
Model layout including identifying members and nodes for the Level 2 model is exactly the same as for the 

Level 1 model. Refer to Section VI.D.2 and Figure VI‐2 for details. 
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3. BOUNDARY CONDITIONS 
In the Level 2 model, the boundary conditions serve two primary functions. One is to maintain global stability. 

To that end, the bottom left hand corner of the model should be restrained in the global X direction. The second 
function is to provide displacement‐dependent resistance to the vertical loads by supporting the culvert with 
compression springs. 

Relative to laying out the model and establishing boundary conditions, extra nodes should be added along the 
bottom element of the model (depicting the bottom slab) to create 10 spaces. These nodes should be restrained 
using compression springs in the global Y direction. The compression springs must have a stiffness associated with 
an appropriate modulus of subgrade reaction, k, as per Table IV‐2. The spring constant, κ (pli), can then be 
determined using Equation VI‐11. See Figure VI‐10. 

Note that this model does not place lateral springs on elements used to model the culvert sidewalls. This is 
because the culvert sidewalls are modeled to receive lateral soil loads (trapezoidal pressure distribution). Good 
structural modeling practice dictates that loads and boundary conditions springs are not applied at the same 
location. 

EQUATION VI‐11. SPRING CONSTANT EQUATION 

ߢ ൌ ݇ כ ݏ כ ܾ  
Where: κ = the spring constant (pli) 

k = the modulus of sub‐grade reaction (pci) 
s = the tributary length associated with the node (in.) (This is equal to the span length divided by 
10) 
b = the unit slab width (12 inches) 

Y 

X 

S = model span (in.) M

s     = S  /20 (in.)corn M 

int M s   = S /10 (in.) 

FIGURE VI.10. BOUNDARY CONDITIONS FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 
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4. LOADS 
The loads placed on the structure for Level 2 modeling correspond directly to the provisions of the AASHTO 

policy. The loads are as follows: 

• DLV … Vertical Dead Load 
• DLhT …Horizontal Dead Load, top of culvert 
• DLhB … Horizontal Dead Load, bottom of culvert 
• LLVT … Vertical Live Load, top slab 
• LLh … Horizontal Live Load 

The loads for a Level 2 model are the same as those used for Level 1 with one exception. In the Level 2 model, 
no upward loads are needed on the bottom slab. The spring supports automatically provide the necessary uplift, 
and they do so more realistically. The spring support eliminates the need to calculate the self‐weight and the live 
load applied to the bottom of the slab. Otherwise the details and loading philosophy is the same as for the Level 1 
model. See the Level 1 model for a more thorough explanation. Figure VI‐11 illustrates the loading convention for 
a Level 2 model. 

LL vT 

DL v 

DL hT 

DL LL 

Y 

X 

S  = model span (in.) M

s  = S  /20 (in.)corn M 

int M s = S /10 (in.) 

h hB 

FIGURE VI.11. LOAD CONVENTIONS FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 
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a. DEAD LOAD 
The first load represents the weight of the soil on top of the structure, DLV. Please see Equation VI‐2. 

The second load represents the self‐weight of the structure (this is not shown in Figure VI‐11 for the purposes 
of clarity). If the chosen analysis tool has a gravity feature, this should be used to accurately distribute the self‐
weight across the structure. Otherwise, the weight of the top slab and walls should be applied downward to the 
top slab and the weight of the bottom slab should be placed downward on the bottom slab. See Equation VI‐3. 

The third load is the horizontal dead load. Please see Equation VI‐4 and Equation VI‐5. 

b. LIVE LOAD 
There are two live loads due to the HS‐20 truck: (1) the horizontal live load, LLh, and (2) the vertical live load 

applied to the top slab, LLvT. The impact factor, IM, and all other variables used in the live load equations are 
defined in Table III‐1. 

Per Equation VI‐6, the first live load is the horizontal live load, LLh (ksf). This load is constant regardless of the 
number of trucks passing over the culvert. AASHTO SSHB 3.20.3 provides a 2 ft surcharge allowance for trucks 
which are approaching, but not directly above, the culvert. 

The vertical live load applied to the top of the culvert, LLvT (ksf), is the second type of live load. The magnitude 
of the vertical live load depends on the depth of fill, the wheel load, the culvert span, the impact factor, the 
number of lanes, and the number of trucks. For this Guide, the vertical live load has been expressed in terms of 15 
distinct equations derived from AASHTO SSHB 3.7.6, 3.12.1, 3.24.3.2 and 6.4, including the lane reduction factor 
described in AASHTO SSHB 3.12.1. These 15 equations are collectively designated as Equation VI‐7. For a given 
culvert, the load rater must select one of the 15 equations to determine the magnitude of the vertical live load. 
This is the same as for the Level 1 model. 

Once the magnitude of the live load has been established, it is necessary to define the area over which the live 
load acts. The vertical live load should be applied as a moving load across the top of the culvert structure with the 
load moving from left to right and from right to left. This will have the effect of creating a moment envelope, with 
both maximum and minimum values. The length over which the pressure should be applied, the center‐to‐center 
spacing for the distributed loads, and the wheel load, P, used to calculate each load are illustrated in Figure VI‐12, 
Figure VI‐13 and Figure VI‐14 for different cover depths. 

5. LOAD CASES 
Load cases for the Level 2 model are the same as for the Level 1 model. 

6. DEMAND LOAD CALCULATIONS 
Having created the analytical model, defined the boundary conditions, determined the magnitude and extent 

of loads, and specified the load cases, the next step is to calculate the moment, shear and thrust demands. This 
requires application of an appropriate structural analysis software package, as discussed in the following section of 
the Guide. 
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LL vT  (P=4k) LL  vT(P=16k) LL (P=16k)vT 

14' to 30' 14' 

FIGURE VI.12. LIVE LOAD DISTRIBUTION FOR D < 2' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 

14' to 30' 14' 

1.75 * D 1.75 * D 1.75 * D 

LL   (P=4k) vT LL  (P=16k) vT LL (P=16k)vT 

FIGURE VI.13. LIVE LOAD DISTRIBUTION FOR 2' < D < 8' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 

1.75 * D + 28' 

LL (P=16k)vT 

FIGURE VI.14. LIVE LOAD DISTRIBUTION FOR D > 8' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 
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7. ANALYTICAL PROGRAM – RISA‐2D WITH SPRING SUPPORTS 

a. OVERVIEW 
Most analytical frame programs with compression spring foundation capabilities, such as RISA‐2D, STRUDL and 

others, should be adaptable to the specifications outlined for this modeling level. Because it is widely available 
throughout TxDOT, specific guidance will be given for RISA‐2D. If a load rater is more comfortable with another 
frame analysis program, he/she is free to use it. 

RISA‐2D is a commercially available two‐dimensional frame analysis program. Versatility of input makes RISA‐
2D a strong contender for culvert load rating analysis, though it does require more preparatory hand calculations 
than CULV‐5. 

b. RISA‐2D STRENGTHS AND LIMITATIONS 
The RISA‐2D program has some notable strengths that make it the ideal first choice for a Level 2 culvert load 

rating program. These are: 

• Program inputs are graphically based 
• Deflections, shear, thrust and moments can be represented and analyzed graphically 
• Generality allows for intermediate boundary conditions 
• Critical section demands can be determined directly 

As noted, the one limitation to RISA‐2D is that it requires more preparatory calculations than CULV‐5. Recall 
that CULV‐5 is heavily pre‐programmed so that the analytical model is generated just by specifying one line of code 
on a punch card. RISA‐2D, however, requires that all nodes and beam elements be individually specified. 

c. RISA‐2D/SPRINGS STEP‐BY‐STEP INSTRUCTIONS 
Culvert load rating for Level 2 using the RISA‐2D program can be accomplished by following these steps. This 

sequence assumes the load‐rater has already defined the input parameters and is prepared to create the RISA‐2D 
analytical model. 

RISA‐2D Spring Step 1. Calculate all loads using Equation VI‐2, Equation VI‐4, Equation VI‐5, Equation 
VI‐6 and Equation VI‐7. 

RISA‐2D Spring Step 2. Create a model consistent with Figure VI‐ and Figure VI‐10: 
a. Disable cracked sections and shear deformations within the global parameters. Reduce output to 

three points per member. 
b. Lay out corner nodes. 
c. Connect nodes using members with rectangular cross sections and appropriate concrete properties 

according to Table II‐1 and Table IV‐1. Draw members counterclockwise around the center of the 
culvert to produce consistent moment sign conventions as per Figure VI‐15. More specifically: 

• Bottom elements, lay out left to right 
• Top elements, lay out right to left 
• Wall elements left of center, lay out top to bottom 
• Wall elements right of center, lay out bottom to top 
• Wall elements at center (even spans), lay out top to bottom 

d. Using the “split member” function, add support nodes to the bottom members and set boundary 
conditions according to Figure VI‐11 with spring constants from Equation VI‐11. 
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FIGURE VI.15. RISA‐2D BEAM ELEMENT LAYOUT PATTERN FOR 1, 2, 3, 4 AND 5‐SPAN CULVERTS 

RISA‐2D Spring Step 3. Apply the loads according to Figure VI‐11 in separate Basic Load Cases. 
a. Vertical Dead Load, DLv (Equation VI‐2). Be sure to include the self‐weight gravity loading by including 

a factor of (‐1) in the Y‐gravity direction. 
b. Horizontal Dead Load, DLh (Equation VI‐4 and Equation VI‐5) 
c. Horizontal Live Load, LLh (Equation VI‐6) 

RISA‐2D Spring Step 4. Vertical Live Load, LLVT (Equation VI‐7) must be calculated and placed as a 
moving load as seen in Figure VI‐12, Figure VI‐13 and Figure VI‐14. The moving load will be approximated 
by creating a moving load pattern of 10 equivalent, uniformly‐spaced, point loads over the length of each 
load as seen in Figure VI‐16, Figure VI‐17 and Figure VI‐18. These figures show the moving load 
discretized and grouped in terms of the 10 equivalent, uniformly‐spaced, point loads. The load should be 
applied moving from right to left and from left to right. 
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14' to 30' 14' 
LL (P=4k)vT LL (P=16k)vT LL  (P=16k) vT

Theoretical Model & RISA-2D Moving Load 

FIGURE VI.16. RISA‐2D MOVING LOAD PATTERN FOR D < 2' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 

14' - 1.75*D 14' - 1.75*D 

1.75 * D 1.75 * D 1.75 * D 

LL (P=4k)vT 
LL  (P=16k) vT LL (P=16k)vT 

Theoretical Model 

p = LL * s  (kip) p = LL * s  (kip) vT vT 

14' - 1.75*D + s 14' - 1.75*D + s 
p = LL * s (kip) vT 

RISA-2D Moving Load 

s = 1.75 * D / 10 (ft) s = 1.75 * D / 10 (ft) s = 1.75 * D / 10 (ft) 

FIGURE VI.17. RISA‐2D MOVING LOAD PATTERN FOR 2' < D < 8' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 

1.75 * D + 28' 

LL  (P=16k) vT Theoretical Model 

p = LL  * s  (kip) vT 

RISA-2D Moving Load 

s = (1.75 * D+ 28') / 30 (ft) 

FIGURE VI.18. RISA‐2D MOVING LOAD PATTERN FOR D > 8' FOR TWO DIMENSIONAL STRUCTURAL FRAME ANALYSIS WITH SOIL SPRINGS. 
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RISA‐2D Spring Step 5. Use the “split member” function to split the members and create the critical 
section nodes. Re‐label and sort the critical members using a convention similar to the CULV‐5 naming 
convention. See Figure VI‐19. 

TEC M102 from TIC1 to TEC TIC1 TIC2 M105 

WTEC 

WBEC 

M101 from WTEC to WBEC 

BEC 

M103 

M104 from BEC to BIC1 BIC1 BIC2 M107 

WTIC 

WBIC 

FIGURE VI.19. RISA‐2D MEMBER NAMING CONVENTION. 

RISA‐2D Spring Step 6. Create four Load Combinations for dead and live demands. 

a. Use the following Basic Load Case Factors for the Total Load Case dead load demands 
• DLv factor of 1.0 
• DLh factor of 1.0 

b. Use the following Basic Load Case Factors for the Total Load Case live load demands: 
• LLv factor of 1.0 
• LLh factor of 1.0 

c. Use the following Basic Load Case Factors for the Reduced Lateral Load Case dead load demands: 
• DLv factor of 1.0 
• DLh factor of 0.5 

d. Use the following Basic Load Case Factors the Reduced Lateral Load Case live load demands: 
• LLv factor of 1.0 
• LLh factor of 0.0 

RISA‐2D Spring Step 7. Use RISA‐2D to solve for moment, shear and axial demand, dead and live loads 
separately. This will require four separate computer runs, one for each load combination. 
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RISA‐2D Spring Step 8. Record the dead load and the maximum and minimum live load demands for 
each critical section for both load cases from the member forces table. 

RISA‐2D Spring Step 9. Use Equation VI‐1 to verify that actual thrust demand is lower than the 
incidental axial load assumed in the moment capacity equations. 

RISA‐2D Spring Step 10. This step goes beyond calculation of demand loads and has to do with 
calculating the culvert load rating. Per the culvert rating flow chart (Figure III‐2) proceed to calculate 
Inventory and Operating rating factors for each critical section, for each demand type, for each load case 
per Equation II‐1. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

a. Live load and capacity must be in the same sign and direction. 
b. If the live load and dead load are in opposite directions or the calculated rating is negative, a 

check should be made to insure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3  

RISA‐2D Spring Step 11. Select the controlling inventory and operating rating factors for each section. 

RISA‐2D Spring Step 12. Select the overall controlling rating factors for the culvert. 

RISA‐2D Spring Step 13. If shear controls the load rating, the load rater should perform a less‐
conservative analysis of the shear failure mode based on shear critical sections as per the provisions in 
Section VI.C. 

RISA‐2D Spring Step 14. Calculate the Inventory and Operating Ratings per Equation II‐2. 

Appendix D of this Guide presents an example Level 2 culvert load rating calculation based on RISA‐2D with 
springs. 
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F. LEVEL 3 ANALYSIS: TWO DIMENSIONAL FINITE ELEMENT SOIL‐STRUCTURE INTERACTION 

MODEL. 
The Level 3 analysis is based on a two‐dimensional finite element model of the soil‐structure system, and 

AASHTO vehicle loading parameters. The significant benefit of this model is that it evaluates the interaction 
between the culvert structure and the surrounding soil. Soil is no longer just a load applied to the structural frame 
(culvert), but instead is an integral aspect of the load resistance portion of the model. Because traffic loads are 
applied directly to the soil and are transmitted through the soil elements to impact the culvert, this finite element 
approach obviates the need to use AASHTO assumptions for soil pressure distributions or live load distributions in 
the direction of traffic. 

The defining feature of the Level 3 analysis is that it assumes both the soil and the culvert slab elements 
behave as isotropic, linear‐elastic materials. That is, the dominant property for expressing the engineering 
behavior of these materials is their elastic modulus. This is obviously a simplified view for such complex materials, 
and other, more sophisticated constitutive models for both the culvert structure and the soil exist. However, for 
basic load rating analyses where actual material properties are usually not known, the uncertainty introduced by 
using a simplified linear elastic model for the culvert and soil is consistent with other uncertainties in the modeling 
process. 

1. ASSUMPTIONS 
The assumptions associated with a two‐dimensional finite element model are similar to the two dimensional 

frame analysis with extensions and modifications for using finite elements to model soil behavior and loading. 

• AASHTO vehicle load distributions are applied in the transverse direction. 
• Body weight of soil elements accurately model soil dead loads. 
• A one foot (b = 1 ft) section of the culvert may be analyzed. 
• No hydrostatic pressure (water) inside the culvert. 
• Supporting soils are fully drained, i.e. no hydrostatic pressure outside the culvert. 
• Moments resulting in tension on the inside face of the culvert are positive. 
• Moments resulting in tension on the outside face of the culvert are negative. 

2. MODEL DIMENSIONS 
The culvert model dimensions for Level 3 are exactly the same as those for Level 2. Refer to Section VI.D.2 and 

Figure VI‐2 for details. If the load rater has already developed a Level 2 culvert model, this can be directly 
appropriated into the Level 3 analysis. 

In addition to the culvert structure, Level 3 requires modeling the subsurface regime; that is, the soil 
surrounding the culvert. Figure VI‐20 illustrates the extent of the soil‐structure model. The overall limits of the soil 
model relative to the culvert are D above, 1.5H below, and 2S on either side of the culvert. 

When creating a submesh of the soil elements, it is necessary to define at least 10 soil elements along each 
span of the culvert. Any decrease in the number of soil elements adjacent to the culvert structure will result in 
significant error relative to how soil loads are transmitted to the culvert model. Soil elements should be 
approximately square. 
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3. BOUNDARY CONDITIONS 
Boundary conditions for the Level 3 model must mimic continuous soil surrounding the culvert. This means 

that the outside edges of the model space (soil) will be restrained in the global X direction, while the bottom edge 
of the model space (soil) will be restrained in the global Y direction. The culvert portion of the model is not 
restrained by boundary conditions for the Level 3 model. 

D 

1.5*H 2*S 

H + T /24 + T /24T B 

S + T  /24 + T /24IW EW 

Y 

X 

FIGURE VI.20. SOIL STRUCTURE INTERACTION MODEL LAYOUT. 
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4. LOADS 
Loads for the Level 3 model differ from the Level 1 and Level 2 models because the soil is part of the modeled 

system and is no longer another load applied to the culvert frame. 

This means that all dead loads, both for soil and for the culvert, should be modeled by the body force (gravity) 
on the respective finite elements. 

Live loads must still be established using AASHTO traffic loading guidelines. However, for Level 3, the only 
traffic load is the vertical live load, LLVT. This traffic load must be converted to point loads which are applied to the 
“soil” surface. This is conceptually different from the LLVT calculations for Levels 1 and 2. 

Previously, LLVT represented a distributed load applied to the culvert model. The magnitude of LLVT 

corresponded to an attenuated traffic pressure calculated based on the depth of fill, the wheel load, the culvert 
span, the impact factor, the number of lanes, and the number of trucks. In other words, the live load pressure 
acting on the culvert surface was much reduced (attenuated) from the tire contact pressure due to the distance 
between the point of application (where the rubber hits the road) and the culvert top slab (located some distance 
below ground surface). The attenuation calculations account for prismatic spreading of the load with depth, both 
in‐plane (parallel to culvert cross section) and out‐of‐plane (perpendicular to culvert cross section). 

For Level 3, the in‐plane traffic pressure (wheel load) is modeled directly, since it can be directly applied to the 
soil surface. The modeling challenge, therefore, is to define the magnitude of this pressure (LLVT) such that it 
reasonably accounts for out‐of‐plane attenuation at the culvert surface. To accomplish this, the traffic load is 
distributed over a certain distance in the out‐of‐plane direction to establish the distributed load applied to the 
culvert top slab. This attenuated load, which is a modified type of LLVT specifically for a Level 3 model, is applied as 
a point load to the surface soil elements. 

For this Guide, the vertical live load has been expressed in terms of 10 distinct equations derived from 
AASHTO (AASHTO, 2007). These 10 equations are collectively designated as Equation VI‐12. 

As with the Level 1 and Level 2 models, for a given culvert, the load rater must select one of the 10 equations 
to determine the magnitude of the vertical live load. Two variables govern selection of the appropriate live load 
equation. The first is the number of lanes passing over the culvert. The second variable is the depth of fill, D. This 
fill depth will yield the proper load configuration as per the AASHTO stress distribution. Taken together, the 
number of lanes and the fill depth establish the controlling number of trucks and identify the proper equation to 
use for LLvT. 

The modified point loads are applied to the top of the soil as moving loads as per the HS‐20 load pattern 
moving from right to left and left to right. Figure VI‐21 illustrates the center‐to‐center spacing for the modified 
point loads. Just to be clear, the modified point loads are applied to the “soil” surface as point loads, not as tire 
contact pressures. 
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EQUATION VI‐12. VERTICAL LIVE LOAD APPLIED TO THE TOP SOIL MASS FOR LEVEL 3 ANALYSIS, LLVT (KLF) 

Number of Traffic Lanes Depth of Fill D (ft) Magnitude LLvT (klf) Controlling No. of Trucks 

1 0 < D < 2’ ܮܮ௩் ൌ 
ሺ1  כ ሻܯܫ  ܲ  

4  0.06 כ ܵ 

ሺ1  כ ሻܯܫ  ܲ  
1 2’ < D < 3.8’ ܮܮ௩் ൌ 

 D  1.67Ԣ כ 1.15

1 3.8’ < D ܮܮ௩் ൌ 
2 כ ܲ  

 D  7.67Ԣ כ 1.15

LL୴T ൌ 
ሺ1  IMሻ כ P  

2 0 < D < 2’ 
4  0.06 כ S 

2 2’ < D < 3.8’ LL୴T ൌ 
ሺ1  IMሻ כ 2 כ  P  

 D  5.67Ԣ כ 1.15

4 כ P  
2 3.8’ < D LL୴T ൌ 1.15 כ D  17.67Ԣ 

3+ 0 < D <  ௩் ൌܮܮ ’2
ሺ1  כ ሻܯܫ  ܲ  

4  0.06 כ ܵ 

LL୴T ൌ 
ሺ1  IMሻ כ 2 כ P  

3+ 2’ < D < 3.8’ 
 D  5.67Ԣ כ 1.15

3+ 3.8’ < D < 9.4’ LL୴T ൌ 
4 כ  P  

 D  17.67Ԣ כ 1.15

. 9 כ 6 כ P  
3+ 9.4’ < D LL୴T ൌ 1.15 כ D  27.67Ԣ 

where: ࢀ࢜ࡸࡸ ൌ the vertical live load on the top slab (ksf) 
IM = the impact factor from Table II‐1 
S = the clear span of a single box (ft) 
P = either 4 or 16 kips as indicated in Figure VI‐5 through Figure VI‐7 
D = cover soil depth (ft) 

1 truck 

1 truck 

1 truck 

1 truck 

2 truck 

2 trucks 

1 truck 

2 truck 

2 trucks 

3 trucks 

5. LOAD CASES 
The Level 3 approach directly models the culvert‐soil interaction, so there are no externally‐applied lateral 

loads. This means there is no need for the “total” and “reduced lateral” load cases as per the Level 1 and Level 2 
analyses. The demand at corner critical sections and midspans for the Level 3 analysis is what it is. 

6. DEMAND LOAD CALCULATIONS 
Having created the analytical model, defined the boundary conditions, and determined the magnitude and 

extent of loads, the next step is to calculate the moment, shear and thrust demands. This requires application of 
an appropriate structural analysis software package, as discussed in the following section of the Guide. 
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LL  vT(P=16k) LL  vT(P=16k) 

14' 14' to 30' 

LL  (P=4k) vT

FIGURE VI.21. LIVE LOAD DISTRIBUTION FOR TWO DIMENSIONAL FINITE ELEMENT MODEL WITH SOIL STRUCTURE INTERACTION. 
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7. ANALYTICAL PROGRAM – RISA‐2D WITH LINEAR ELASTIC FINITE ELEMENTS (LEFE) 

a. OVERVIEW 

Numerous computer programs are available to perform two‐dimensional, finite‐element modeling of the 
culvert‐soil system. Some have their origins in structural modeling, such as RISA. Others have their origins in 
geotechnical modeling, such as PLAXIS. Still others have been specifically designed with culverts/buried pipes in 
mind and feature both complex structural response systems and multiple soil models, such as CANDE. Still more 
powerful finite element and finite difference programs, such as ABACUS and FLAC, are available which can model 
complex structure geometries and represent nonlinear variation of soil stiffness with strain and anisotropy. 

Notwithstanding the technological pull of increasingly complex programs available for modeling the culvert‐
soil system, certain features of the culvert rating problem suggest that for many applications, flexibility and ease‐
of‐use are preferable to computational sophistication. First, culvert load rating requires application of a moving 
load across the culvert‐soil system, and this necessitates specification of a non‐symmetrical analytical model. 
Default models for this application are not available, so they must be generated from the most basic input fields. 
Setting up models this way is tedious, time‐consuming, and highly susceptible to user error. 

Second, project‐specific data for the culvert and soil engineering properties are rarely available. Most raters 
will use default parameters for concrete and steel (taken from the construction drawings), and they will assume 
basic strength parameters for soil. This practice is not unreasonable, and is the rule rather than the exception. 
However, the potential for error introduced by these typical practices will, in most situations, overshadow benefits 
that a more complex analytical model may bring to the solution. This means that much of the benefit – that is, 
more refined determination of the moment, shear and thrust demands – from the more advanced programs is 
rarely, if ever, realized. 

A third factor is that culvert rating calculations do specify dead and live loads, but they do not presume to 
specify the extent to which the culvert can suitably support these loads. That is what the rating process is meant 
to determine. Thus, a “weak” or “flexible” culvert will not support the applied load – it will fail either by excess 
deflection or inadequate structural capacity. The more complex structure and soil models will certainly depict this 
failure. But while predicting failure for a weak culvert is a good thing, it does not yield a load rating. It simply 
shows a particular culvert will not work. This means that with the more complex analytical models, determination 
of the load rating for a weak culvert may require iterative reduction of traffic loads until the culvert does not fail. 
This manual convergence solution approach adds more work to the culvert rating process. 

With these factors in mind, for the purposes of Level 3 analyses under this Guide, the decision has been made 
to recommend using RISA‐2D with linear‐elastic finite elements (LEFE) to model the soil structure interaction. 
RISA‐2D seems to reasonably balance computational rigor against the unique requirements of the culvert rating 
problem. 

b. RISA‐2D STRENGTHS AND LIMITATIONS 

The RISA‐2D program has some notable strengths that make it an ideal choice for a Level 3 culvert load rating 
program. These are: 

• Program inputs are graphically based 
• Deflections, shear, thrust and moments can be represented and analyzed graphically 
• The program models in‐plane behavior of plates very well 
• Generality allows for intermediate boundary conditions 
• Critical section demands can be determined directly 

One limitation to using RISA‐2D is that the constitutive models for both concrete and soil are limited to the 
linear elastic model. However, as noted above, this approach allows for direct calculation of the rating factor. 
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c. RISA‐2D/LEFE STEP‐BY‐STEP INSTRUCTIONS 
Culvert load rating for Level 3 using the RISA‐2D program can be accomplished by following these steps. This 

sequence assumes the load‐rater has already defined the input parameters and is prepared to create the RISA‐2D 
analytical model. 

RISA‐2D LEFE Step 1. Modify the model created for the Level 2 analysis to match Figure VI‐20 through the 
following steps: 

a. Remove all Level 2 boundary conditions and loads. 

b. Place new nodes at the outside corners of the soil area as well as at the edges directly above, 
below and outside the outside corners of the culvert according to Figure VI‐20. 

c. Connect the nodes from RISA‐2D LEFE Step 1.b using the plate drawing tool to make eight large 
soil elements surrounding the culvert and filling the soil area. 

i. The elements should have the material properties from Table IV‐3. 

ii. The elements should be 12 in. thick. 

d. Use the “submesh” tool to automatically submesh the large plates. Be sure to specify a 
minimum of 10 elements along each culvert span. 

e. Create a thin “soil” beam at the ground surface, running from the top left corner of the soil area 
to the top right corner. This is necessary to facilitate the application of the moving live load. It is 
required by a limitation in RISA‐2D which requires moving loads to be applied to beams only. 

f. Set the boundary conditions for the outside edge of soil mesh, as shown in Figure VI‐20. 

RISA‐2D LEFE Step 2. Establish the RISA load cases for dead load and live load, as discussed in Section VI.F.4. 

a. The dead load is simply a ‐1 gravity loading in the Global Y direction 

b. The live load is a moving load of magnitude and spacing as illustrated in Figure VI‐21 and 
calculated in Equation VI‐12 along the soil “beam” created in step 2.e. Use the check box to run 
the load both directions along the beam. 

RISA‐2D LEFE Step 3. Use RISA‐2D to solve for moment, shear and axial dead and live loads separately. This 
will require two separate computer runs, one for each load combination. 

RISA‐2D LEFE Step 4. Record the maximum and minimum demands at each critical section from the member 
forces table. 

RISA‐2D LEFE Step 5. Use Equation VI‐1 to check that actual thrust demand is lower than the incidental axial 
load assumed in the moment capacity equations. 

RISA‐2D LEFE Step 6. This step goes beyond calculation of demand loads and has to do with calculating the 
culvert load rating. Per the culvert rating flow chart (Figure III‐2) proceed to calculate Inventory and 
Operating rating factors for each critical section, for each demand type, for each load case per Equation 
II‐1. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

a. Live load and capacity must be in the same sign and direction. 
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b. If the live load and dead load are in opposite directions or the calculated rating is negative, a 
check should be made to ensure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3  

RISA‐2D LEFE Step 7. Select the controlling inventory and operating rating factors for each section. 

RISA‐2D LEFE Step 8. Select the overall controlling rating factors for the culvert. 

RISA‐2D LEFE Step 9. If shear controls the load rating, the load rater should perform a less‐conservative 
analysis of the shear failure mode based on shear critical sections as per the provisions of Section VI.C. 

RISA‐2D LEFE Step 10. Calculate the Inventory and Operating Ratings per Equation II‐2. 

Appendix E contains a culvert rating example using RISA‐2D with LEFE. 



         

                 

          
                                   
                                      
                                  
                          
            

                                   
                                          

                                    
                             

                             
                                      

                                          
                            

                                           
                                        
                                        

                                   
                                

                               

               
                                   
                                      

           

                                  
                                 

                                  
                                 

                                 
                               

                             
                                 
 

                                   
                                       

                                    
                                   

                               

                          
                                     
                                  

   

                                   
                                

67 TxDOT Culvert Rating Guide 

VII. THE GENERAL ANALYTICAL MODEL FOR CULVERT LOAD RATING 

A. THE LEVEL 4 ANALYSIS DEFINED 

Level 4 analyses go beyond the computational sophistication of the Level 1, Level 2, and Level 3 analyses 
discussed in this Guide. The Level 4 analysis for culvert load rating means the engineer uses a more advanced 
modeling approach to determine culvert load demands, culvert capacity, or both. Level 4 analyses will, at a 
minimum, model soil‐structure interaction effects. Level 4 analyses may use either two‐dimensional or three‐
dimensional models for the culvert‐soil system. 

It is important to emphasize that Level 4 means a higher level of analytical sophistication and not better 
quality input. Each of the modeling approaches described in this Guide (Level 1, Level 2, or Level 3) allows the use 
of default input parameters such as may be obtained from policy, from construction drawings, or from this Guide. 
Results from these same modeling approaches may be enhanced by using project‐specific input parameters, such 
as actual concrete compressive strength values, actual reinforcing steel tensile strength values, actual soil modulus 
values, and so on. However, for Level 4 modeling, it is assumed that project‐specific values will always be used. 
The point is that a more sophisticated model warrants more refined project inputs. It is a waste of effort to create 
a Level 4 culvert model but populate it with default or handbook material parameters. 

It is also important to emphasize that the goal of a Level 4 analysis is a more accurate assessment of the live 
load capacity of the culvert structure; i.e., a better load rating. Usually, but not always, this translates to a higher 
load rating than would be obtained from one of the lesser analyses. This is because Level 4 models demand loads 
(moments, shears, and axial thrusts) in a more refined way, and when the demands are more correctly modeled, 
they are generally less conservative. But nothing in the load‐rating process requires that the inventory and 
operating ratings from a Level 4 analysis be higher than for a Level 3 analysis. 

B. WHEN TO USE A LEVEL 4 ANALYSIS 

As discussed in Chapter III, the level of analysis chosen is a trade‐off between sophistication of analysis and 
required work effort. The simpler methods are frequently selected as a first choice due to the need to analyze 
many structures with limited resources. 

When a lower‐level analysis yields satisfactory results, there is no need to use a more sophisticated model. 
Satisfactory results would be the establishment of safe load carrying capacity that does not require posting the 
structure and does not unduly restrict the flow of permitted overweight trucks. A more sophisticated analysis is 
justified to avoid posting the structure or to ease restrictions on the flow of permitted overweight trucks. 

Typically, then, a Level 4 analysis may be justified when a Level 3 analysis (performed using project‐specific 
input parameters) indicates that a culvert must be load‐posted, even when in the judgment of the engineer‐
inspector, load‐posting is not necessary. Economics also enters into the decision‐making process. The engineer 
must evaluate the cost and effort associated with conducting a Level 4 analysis against alternative courses of 
action. 

Level 4 analysis will be required if the culvert is anything other than a reinforced concrete box culvert. 
Reinforced concrete box culverts are the most common type of culvert used by TxDOT, and Level 1, Level 2, and 
Level 3 analyses assume that the structure is a reinforced concrete box culvert. However, if the culvert is 
manufactured from other material such as aluminum, plastic, or steel, or if the culvert shape is other than 
rectangular box such as an arch or a pipe, the Level 4 analysis will be required. 

Research‐oriented studies are another potential application for Level 4 analyses. For example, interpretation 
of load test data for a culvert structure might require comparison of member stresses obtained from the load test 
with predicted stresses obtained from culvert modeling. In this case, the use of more sophisticated models is 
probably warranted. 

The important thing to keep in mind is that the Level 4 analysis represents the most general modeling 
approach, but requires the most specific project input parameters. This means that considerable cost, effort and 
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time will be required both to create the Level 4 analytical model, and to obtain the input parameters from which 
the model will yield meaningful results. 

C. COMMENTS ON TWO‐DIMENSIONAL VS. THREE‐DIMENSIONAL MODELS 

Both two‐dimensional and three‐dimensional finite‐element models can be used for a Level 4 analysis of the 
culvert‐soil system. Numerous computer programs are available to create these models. Comments are as 
follows. 

1. LEVEL 4 ANALYSIS WITH A TWO‐DIMENSIONAL MODEL 

If a two‐dimensional model will be used for a Level 4 culvert load‐rating analysis, the recommended computer 
program for determining demand moments, shears and thrusts is CANDE (Culvert ANalysis and DEsign). First 
introduced in 1976 under the sponsorship of FHWA, CANDE is a special‐purpose, public‐domain finite element 
program that is used worldwide for the structural design and analysis of buried culverts. CANDE is viewed as 
highly trustworthy, having been carefully documented and validated through more than 30 years of engineering 
research and consulting applications. It is computational rigor that makes CANDE superior to the Level 3 model 
discussed in this Guide (RISA‐2D with LEFE). 

CANDE was recently upgraded under NCHRP Project 15‐28 to create CANDE‐2007 and features complex 
structural response systems and multiple soil models (Mlynarski M. M., 2008). CANDE‐2007 provides an elastic 
solution (CANDE Level 1), automated finite element mesh generation for common configurations (CANDE Level 2), 
and a user‐defined finite element mesh (CANDE Level 3), all in two dimensions. Enhancements over earlier 
versions of CANDE include an updated finite element analysis engine and graphical tools for interpreting the 
CANDE output. Documentation for CANDE‐2007 includes the User Manual and Guideline, Solution Method and 
Formulations, and Tutorial of Applications. These are installed with the program. 

Relative to culvert load rating, CANDE’s primary benefits are: (a) an advanced reinforced concrete constitutive 
model featuring a tri‐linear curve in compression and an abrupt tension rupture at initial tension cracking, (b) five 
alternative soil models to choose from including isotropic elastic, orthotropic elastic, overburden dependent, 
Duncan and Duncan/Selig, and extended Hardin, (c) the ability to model culvert construction in increments, and (d) 
calculation of culvert performance in terms of stress‐dependent demand‐to‐capacity ratios. CANDE also includes 
subroutines to directly facilitate analysis of culvert types other than reinforced concrete boxes. 

Notwithstanding its superior computational rigor, CANDE was not specifically designed for culvert load rating 
and thus is not very user‐friendly for load rating applications. To load‐rate a culvert using CANDE‐2007, the user 
must rely on a CANDE Level 3 analysis (the most general level for CANDE). Even when the user is very familiar with 
the CANDE program, creation of the user‐defined finite element mesh and application of moving loads are highly 
tedious and very time‐consuming. Whereas a structural engineer familiar with RISA can likely perform a Level 3 
analysis (as discussed in this Guide, using RISA with LEFE) in a few hours, load rating the same culvert using CANDE 
could take days. 

2. LEVEL 4 ANALYSIS WITH A THREE‐DIMENSIONAL MODEL 

When investigating the performance of culverts with shallow cover subjected to live loads, it has been 
recognized that three‐dimensional attenuation of the live load takes place both through the soil and the structure. 
In most cases evaluating live load effects in two dimensions leads to conservative designs, as the longitudinal 
distribution of load is underestimated. Thus, three‐dimensional analysis of the load‐rating problem should lead to 
better results. 

However, several modeling issues must be suitably addressed to solve the three‐dimensional culvert rating 
problem. These include but are not limited to specification of the structural model, modeling the vehicle (live 
load) geometry, selection of the soil and reinforced concrete constitutive models, inclusion of soil shear failure and 
stiffness variation with depth, modeling of longitudinal bedding to support the culvert structure, and modeling of 
culvert joint effects. To this end, a Level 4 analysis based on three‐dimensional modeling of the culvert‐soil system 
represents the most advanced approach to culvert load rating. 
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Several software programs can be used for three‐dimensional culvert load rating applications, some of the 
more prominent examples being ABAQUS, ANSYS, FLAC3D, and PLAXIS. Among commercially‐available software 
programs suitable for three‐dimensional modeling, ABAQUS stands out. ABAQUS is a general‐purpose finite 
element analysis code, but it has been successfully programmed to provide realistic simulations that allow 
accurate predictions of soil deformations and soil‐structure interactions. ABAQUS features a well‐developed 
graphical interface and compatibility with various CAD programs which enhance its usability. 

D. PRACTICAL CONSIDERATIONS FOR LEVEL 4 CULVERT LOAD RATING ANALYSES 

This Guide recognizes a hierarchy of analysis for performing the demand calculations, with Level 4 being the 
most general and the most sophisticated modeling approach. Level 4 analyses are warranted only for specialized 
applications. Typically, a Level 4 culvert load rating analysis would be done only if a Level 3 analysis based on 
project‐specific input data fails to yield satisfactory results. 

Level 4 analyses require high‐quality, project‐specific input data for the culvert structural properties, soil 
properties, and vehicle loads. Because Level 4 analyses are the most general, they are also the most complex and 
difficult to create. Numerous engineering decisions must be made to fully specify the model. 

Successful modeling at Level 4 presumes that the load rater has a strong background in structural modeling in 
general and the culvert load rating process in particular. Even under these conditions, it should be expected that 
Level 4 analyses will be highly complex, time‐consuming, and costly to perform. 
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VIII. LIMITATIONS 
This Culvert Rating Guide has been developed in order to present a clear, repeatable and valid procedure for 

TxDOT engineers and their consultants to use when load rating culverts in the TxDOT roadway system. Through 
TxDOT research project 0‐5849, the analytical approaches described herein were validated by load rating a 
representative sample of TxDOT culvert designs from each of TxDOT’s culvert design eras, by performing a 
parametric study, and through comparative analyses using data from a very limited field instrumentation and load 
test program consisting of three reinforced concrete box culverts bedded in drained, low‐to‐medium quality 
backfill soil under low depth of fill. While the principles outlined in this Guide are applicable to other applications, 
because of inherent diversity of many aspects of the culvert load rating process including culvert type, soil backfill 
conditions, drainage, analytical modeling tools, and others, certain limitations must be noted. 

A. CULVERT TYPE 

This Guide has been developed for load rating cast‐in‐place reinforced concrete box culverts, which are the 
most common type of culvert used by TxDOT. The load rating methods presented herein have not been explicitly 
evaluated for other culvert materials such as plastic, steel, or aluminum. Precast concrete box culverts may be 
modeled using techniques similar to those outlined in this Guide; however, the capacity equations for precast 
concrete box culverts presented in AASHTO’s SSHB and MCEB are slightly different from those outlined here for 
reinforced concrete box culverts. Round pipes, arch, and other culvert shapes behave very differently from box 
culverts and this Guide does not present tools and procedures to model these other culvert shapes. 

B. FILL DEPTH 

TxDOT’s culvert designs model fill depths ranging from zero (direct traffic) to deep fill (in excess of 20 feet). 
Parametric studies indicate that the deeper the fill, the more soil‐structure interaction influences culvert behavior. 
However, the field instrumentation program for research project 0‐5849 only evaluated culverts having four feet 
or less of fill. While the procedures outlined in the Guide can be used to load rate deep fill culverts, it will be 
especially important to validate the soil parameters used for demand modeling. 

C. BACKFILL DRAINAGE 

Submerged culverts and culverts in undrained, saturated soils exist in various parts of the state, in particular, 
along the Texas Gulf Coast and in high‐rainfall areas of East Texas. Research project 0‐5849 did not explore or 
consider the effects of water on the structural component of culvert behavior. 

D. SOIL PARAMETERS 

The sample load rating and parametric studies performed for research project 0‐5849 indicate that the 
inventory rating factor is sensitive to certain soil parameters and conditions, in particular, the soil modulus value 
used for Level 3 analyses. Both published literature and the field instrumentation test program for research project 
0‐5849 suggest that soil modulus values for a given soil may vary by as much as one to two orders of magnitude 
depending on overburden stress, drainage, the method used to determine modulus, and other factors. While the 
Guide does offer handbook values for the soil parameters, these values should be used with caution and 
engineering judgment. 

E. ANALYTICAL MODEL 

This Guide has given preference to analytical models and structural analysis software suitable for production 
load rating of culverts. This is as opposed to models/software primarily intended for culvert design and analysis, or 
for research. Structural analysis models and software which incorporate more sophisticated constitutive models 
for the culvert and the soil exist, and these may be used for load rating as per the discussion in Chapter VII on Level 
4 culvert load rating analyses. 
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Appendix A. EXAMPLE CULVERT DETAILS 

MC10‐3: 3‐SPAN, 10’X7’ WITH 6’ FILL 
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1. OVERVIEW 
This appendix introduces an example culvert – designated MC10‐3, 3‐span, 10’x7’ with 6’ fill – which will be 

used to illustrate load rating calculations for Level 1, Level 2, and Level 3 analyses. More specifically, this appendix 
explains how to obtain the culvert dimensional and structural properties necessary for a load rating analysis. 

Typically, load rating is performed as part of the culvert inspection process, so various kinds of design 
information might be available for the culvert structure. However, for this example, it is assumed that the only 
information available is the culvert plan sheet. TxDOT’s culvert designs appear on plan sheets such as the one 
shown in Figure IX‐1. This particular plan sheet includes designs for 25 different culverts, so details pertaining to 
the specific culvert in question (highlighted in yellow) must be identified. Rating variables are determined through 
“take‐offs” from the culvert plan sheet. 

FIGURE IX.1. EXAMPLE CULVERT DESIGN SHEET. 
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2. GENERAL CULVERT INFORMATION 
Figure IX‐2 shows the title block from the culvert plan sheet, identifying the design year and related design 

information. The design year is important because it is used to determine the steel and concrete grades as per 
AASHTO policy, as discussed in Section II.C of this Guide. Table IX‐1 summarizes general information about the 
culvert. 

FIGURE IX.2. EXAMPLE CULVERT, TITLE BLOCK INFORMATION FROM PLAN SHEET. 

TABLE IX‐1. EXAMPLE CULVERT, GENERAL INFORMATION. 

sheet # MC10‐3 

culvert ID MC10‐3 3 10x7w6 

year 1958 

concrete class A 

steel grade NA 

installation type NA 

road width (ft) 44 
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3. DIMENSIONS 
Figure IX‐3 enlarges the “typical half section” from the culvert plan sheet to facilitate determining the culvert 

dimensions. Section IV.C of this Guide discusses the dimension variables needed for culvert load rating. Table IX‐2 
summarizes the dimensional data for the example culvert. This information is used to create the culvert model, a 
cross‐sectional sketch of which is shown in Figure IX‐4, including identification of members, nodes, centerline 
dimensions, and most importantly, location of the culvert critical sections. This culvert does not contain haunches, 
so this affects designation of the culvert critical sections shown in Figure IX‐4. 

FIGURE IX.3. EXAMPLE CULVERT, DIMENSIONS FROM PLAN SHEET. 

TABLE IX‐2. EXAMPLE CULVERT, REQUIRED DIMENSIONS. 

Dimension Abbr. Value Units 

number of spans N 3.0 

cover soil depth D 6.0 ft 
clear span S 10.0 ft 
clear height H 7.0 ft 

exterior wall thickness TEW 7.0 in. 
interior wall thickness TIW 7.0 in. 
top slab thickness TT 9.5 in. 

bottom slab thickness TB 9.5 in. 

top haunch dimension FT 0.0 in. 

bottom haunch dimension FB 0.0 in. 
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TEC1 TEM1 TIC1 TIC2 TIM1 TIC3 TIC4 TEM2 TEC2 

10 10 WTEC1 
9 
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WTEC2 

WEM2 
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BEC1 BEM1 BIC1 BIC2 BIM1 BIC2 BIC4 BEM2 BEC2 

FIGURE IX.4. CROSS‐SECTION SKETCH OF THE EXAMPLE CULVERT FOR THE ANALYTICAL MODEL. 

Commentary: The 10th point numbering scheme applies only for the CULV‐5 output. The sign convention used throughout the Guide is consistent 
with this layout in CULV‐5. However, in order to maintain the sign convention in the higher level models (e.g. RISA‐2D), the members must be 
oriented as per Figure VI‐15. 
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4. MATERIAL (STRUCTURAL) PROPERTIES 
Design information including the concrete strength, reinforcing steel grade and other data must be obtained 

from the plan sheet and other construction documents as available. When the design year is known, structural 
material properties for the concrete and steel can be established based on AASHTO policy as per Section II.C of this 
Guide. Table IX‐3 summarizes the structural material properties for the example culvert. 

TABLE IX‐3. EXAMPLE CULVERT, STRUCTURAL MATERIAL PROPERTIES. 

Material Properties Abbr. Value Units 

comp. strength of concrete f’c 3000 psi 

yield stress of steel Fy 36000 psi 

modulus of elasticity for steel Es 29000 ksi 

modulus of elasticity for conc. Ec 3122 ksi 

modular ratio n 9 

Whitney's stress block  β 0.85 

5. SOIL PARAMETERS 
Site‐specific details for the soils around this culvert are not available. Therefore, “medium” soil properties will 

be assumed for the analysis, as defined in Section IV.E of this Guide. Table IX‐4 summarizes the soil properties. 

TABLE IX‐4. EXAMPLE CULVERT SOIL PARAMETERS. 

Type Abbr. Value Units 

soil unit weight  γ 120 pcf 

modulus of subgrade reaction k 150 pci 
modulus of elasticity E 20000 psi 

Poisson's ratio  ν 0.3 
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6. REINFORCING STEEL SCHEDULE 
The culvert plan sheet details must be carefully reviewed to determine the size and spacing of reinforcing bars 

for the tensile and compressive zones in the culvert. See Figure IX‐3, Figure IX‐5 and Figure IX‐6. The area of steel 
can then be determined using Equation IX‐1. 

EQUATION IX‐1. AREA OF REINFORCING STEEL. 

ଶ  ܾ ߨ
௦ ൌܣ  ൬

Φ
8

ோ൰ 
 ݏ 4

where: As = area of the tension reinforcement (in.2) 
Φோ ൌ the reinforcing bar size (1/8”) 
s = the reinforcing spacing (in.) 
b = width of the compression face member (typically 12 inches) 

FIGURE IX.5. EXAMPLE CULVERT, REINFORCING SCHEDULE FROM PLAN SHEET. 
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FIGURE IX.6. EXAMPLE CULVERT, DESIGNATION OF REINFORCING STEEL AS PER PLAN SHEET. 

Ultimately, the goal of the reinforcing steel quantity take‐off is to establish the area of reinforcing steel at 
each critical section, for both the tension and compression faces, for each member of the culvert. This means that 
it is necessary to define the area of steel at each critical section identified on Figure IX‐4. Table IX‐5 summarizes 
the reinforcing steel parameters for each critical section of the example culvert. 

It should be noted that, due to symmetry, it is necessary to specify only half the culvert. Since the example 
culvert is a three span culvert shown in Figure IX‐4, Member 106 and Member 103 are the same and will yield 
identical results. The same is true for members 101 and 109, 102 and 108, and 104 and 110. Therefore, it is 
necessary to determine the reinforcing steel only for Members 101, 102, 103, 104, 105 and 107 (1, 2, 3, 4, 5 and 7 
in CULV‐5 output). 

Based on this fact, to save work, some load raters will note symmetry conditions up front and only specify 
critical sections for the unique structural members. This Guide follows this practice. 
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TABLE IX‐5. EXAMPLE CULVERT, REINFORCING STEEL SCHEDULE. 

Inside Layer Reinforcing Schedule Outside Layer Reinforcing Schedule 

M
em

be
r

Se
ct
io
ns

M
ar
k

Ba
r D

ia
. (
1/
8"
)

Sp
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g 
(in

.)

A
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(in

. 2
 /f
t)

d 
(in

.)
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Ba
r D
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. (
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8"
)
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(in

.)
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. 2
 /f
t)

d 
(in

.) 

M101 

1 WBEC 0.0000 D 5 8 0.4602 5 

2 WEM M 4 18 0.1309 5 C 5 8 0.4602 5 

3 WTEC 0.0000 C 5 8 0.4602 5 

4 TEC 
M102 5 TEM 

6 TIC1 

7 WBIC1 
M103 8 WIM1 

9 WTIC1 

B 5 7.5 0.4909 8 
B 5 7.5 0.4909 8 
B 5 7.5 0.4909 8 

Y 4 12 0.1963 5 
Z 4 12 0.1963 5 
Z 4 12 0.1963 5 

C 5 8 0.4602 7.55 
0.0000 7.5 

E1 6 6 0.8836 7.5 

Y 4 12 0.1963 5 
Z 4 12 0.1963 5 
Z 4 12 0.1963 5 

M104 
10 BEC B 5 7.5 0.4909 8 D 5 8 0.4602 7.5 
11 BEM B 5 7.5 0.4909 8 0.0000 7.5 
12 BIC1 B 5 7.5 0.4909 8 E2 6 5.5 0.9639 7.5 

M105 
13 TIC2 B 5 7.5 0.4909 8 E1 6 6 0.8836 7.5 
14 TIM1 B 5 7.5 0.4909 8 0.0000 7.5 
15 TIC3 B 5 7.5 0.4909 8 E1 6 6 0.8836 7.5 

M107 
19 BIC2 B 5 7.5 0.4909 8 E2 6 5.5 0.9639 7.5 
20 BIM1 B 5 7.5 0.4909 8 0.0000 7.5 
21 BIC3 B 5 7.5 0.4909 8 E2 6 5.5 0.9639 7.5 

7. CULVERT INSTALLATION METHOD 
The culvert installation method is unknown. However, since the culvert was designed and installed in the late 
1950s, it is reasonable to assume that residual stresses which might have existed for an embankment or trench 
installation will have dissipated. Thus it will be acceptable to ignore how the culvert was installed. 
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Appendix B. EXAMPLE CULVERT CAPACITY CALCULATIONS 
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When the model dimensions, material properties, soil properties, and reinforcing steel parameters are 
defined, the moment, shear and thrust capacities for each critical section of the culvert must be determined. 

Because the reinforcing steel layout for culverts is not fully symmetrical, capacity is a directional property. 
That is, the culvert slab slices under analysis will have different capacities depending on the direction of bending. 
The sign convention used throughout this Guide is that bending which produces tension on the inside face of the 
culvert is positive, while bending which produces tension on the outside face of the culvert is negative. The sign 
convention is defined in terms of bending, with shear and axial thrust following on. There is no separate, 
independent sign convention for shear or for axial thrust. 

Ultimately then, the capacity must be determined for each critical section, for each type of stress (moment, 
shear and thrust), for both positive and negative bending. Table IX‐6 summarizes capacity calculation results for 
each critical section for the positive bending case. The capacity values are obtained using the step‐by‐step 
procedure presented in Chapter V of this Guide. The critical sections are defined in Figure IX‐4 of Appendix A, and 
the areas of reinforcing steel associated with each critical section are shown in Table IX‐5. 

TABLE IX‐6. EXAMPLE CULVERT SECTION PROPERTIES. 

Tensile Face Inside (Positive Bending) 

Member Sections c (in.) F's (psi) F'b (psi)  ρb  ρ check  φMn (k‐ft/ft)  φVn (klf) 

1 WBEC 1.16 0 0 NA NA 2.4 8.4 

M101 2 WEM 1.22 0 0 0.0426 OK 1.7 8.4 

3 WTEC 1.16 0 0 NA NA 2.4 8.4 

4 TEC 1.39 0 0 0.0426 OK 10.2 13.4 

M102 5 TEM 0.68 0 0 0.0426 OK 10.2 13.4 

6 TIC1 1.57 0 0 0.0426 OK 10.2 13.4 

7 WBIC1 0.98 0 0 0.0426 OK 2.6 8.4 

M103 8 WIM1 0.98 0 0 0.0426 OK 2.6 8.4 

9 WTIC1 0.98 0 0 0.0426 OK 2.6 8.4 

10 BEC 1.39 0 0 0.0426 OK 10.2 13.4 

M104 11 BEM 0.68 0 0 0.0426 OK 10.2 13.4 

12 BIC1 1.59 0 0 0.0426 OK 10.2 13.4 

13 TIC2 1.57 0 0 0.0426 OK 10.2 13.4 

M105 14 TIM1 0.68 0 0 0.0426 OK 10.2 13.4 

15 TIC3 1.57 0 0 0.0426 OK 10.2 13.4 

19 BIC2 1.59 0 0 0.0426 OK 10.2 13.4 

M107 20 BIM1 0.68 0 0 0.0426 OK 10.2 13.4 

21 BIC3 1.59 0 0 0.0426 OK 10.2 13.4 
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Table VIII‐7 summarizes capacity calculation results for each critical section for the negative bending case. Again, 
the capacity values are obtained using the step‐by‐step procedure presented in Chapter V of this Guide. Note that 
the thrust capacity need only be determined once. Because thrust is always negative (compression), it is only 
presented in Table IX‐7. 

TABLE IX‐7. EXAMPLE CULVERT SECTION PROPERTIES CONT. 

Tensile Face Outside (Negative Bending) 
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Thrust 

Member Sections c (in.) F's (psi)  φPn (klf)  ρb  ρ check  φMn (k‐ft/ft)  φVn (klf)  φPn (klf) 

M101 

1 WBEC 0.64 0 0 0.0426 OK  ‐5.9  ‐8.4  ‐206.6 

2 WEM 1.05 0 0 0.0426 OK  ‐5.9  ‐8.4  ‐210.6 

3 WTEC 0.64 0 0 0.0426 OK  ‐5.9  ‐8.4  ‐206.6 

4 TEC 1.16 0 0 0.0426 OK  ‐9.0  ‐12.6  ‐290.3 

0.96 0 0 0.0426 OK  ‐4.4  ‐12.6

1.39 0 0 0.0426 OK  ‐16.7  ‐12.6

7 WBIC1 0.98 0 0 0.0426 OK  ‐2.6  ‐8.4  ‐204.6 

0.98 0 0 0.0426 OK  ‐2.6  ‐8.4

0.98 0 0 0.0426 OK  ‐2.6  ‐8.4

10 BEC 1.16 0 0 0.0426 OK  ‐9.0  ‐12.6  ‐290.3 

0.96 0 0 0.0426 OK  ‐4.4  ‐12.6

1.44 0 0 0.0426 OK  ‐18.0  ‐12.6

13 TIC2 1.39 0 0 0.0426 OK  ‐16.7  ‐12.6  ‐303.0 

0.96 0 0 0.0426 OK  ‐4.4  ‐12.6

1.39 0 0 0.0426 OK  ‐16.7  ‐12.6

19 BIC2 1.44 0 0 0.0426 OK  ‐18.0  ‐12.6  ‐305.4 

M102 5 TEM  ‐276.4 

6 TIC1  ‐303.0 

M103 8 WIM1  ‐204.6 

9 WTIC1  ‐204.6 

M104 11 BEM  ‐276.4 

12 BIC1  ‐305.4 

M105 14 TIM1  ‐276.4 

15 TIC3  ‐303.0 

M107 20 BIM1 0.96 0 0 0.0426 OK  ‐4.4  ‐12.6  ‐276.4 

21 BIC3 1.44 0 0 0.0426 OK  ‐18.0  ‐12.6  ‐305.4 

It must be emphasized that the culvert load rating process is one component of the culvert inspection process, 
and the typical case is that a culvert which is being load‐rated will have had a visual inspection. Section 6.5.4 of the 
MCEB specifically addresses the relationship between field inspection and the load rating and notes that “the 
condition and extent of deterioration of structural components of the bridge [culvert] should be considered in the 
computation of… capacity when force or moment is chosen for use in the basic rating equation.” This means that 
any discrepancies from plan, or excessive distress such as thin sections, spalling, cracking, deflection, exposed 
reinforcing steel, and other items which may affect structural capacity, should be considered when establishing 
actual section capacities. For this example, no adjustments to plan values have been made. 
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Appendix C. LEVEL 1: CULV‐5 EXAMPLE PROBLEM 



         

                                
                                      
                                 

                             

 

 

 
 
                                     

                    

                                
       

                     
                              

                           
                           
                              
                                

                                       
                             

                       
                                

                              
                         

 

                         
                                  

                            
                     

 

  

90 TxDOT Culvert Rating Guide 

CULV5 Step 1. Using data obtained for the example culvert identified in Appendix A, write the CULV‐5 
input file in a basic text editor (eg, Notepad) according to the form in Figure VI‐8. Alternatively, the load 
rater may use the “Culv5 Input” program developed by TechMRT and hosted on the TxDOT Bridge Division 
website to create the input file. The input file for this example is as follows:

                   TAW  6-25-2008   
Culvert Rating Guide VIII.C CULV-5 Example 
PROB MC10-3 3 10x7w6 
SPECE12  1 0  120. 
CULV 310.007.006.00   09.5 09.5 07.0 07.0 2.060.30.   0  0  0   1 

CULV5 Step 2. Run the CULV‐5 program using the input file created in step one. The following is a 
summary of the CULV‐5 output on seven pages. This includes: 

• CULVERT, SPEC DATA. Page 1 presents a restatement of input values. The load rater should 
verify these are correct. 

• SUMMARY OF MAXIMUM FACTORED MOMENTS, SHEARS AND AXIAL FORCES. This 
information, presented on output pages 2 and 3, is not used for culvert load rating. 
However, the load rater should note that because the culvert structure is symmetrical about 
its centerline, even though the culvert is actually modeled using 10 members, results are 
only presented for 6 members. These are the 6 members representing the middle and left 
side of the model. Demands for the four members forming the right portion of the model 
(members 6, 8, 9, and 10) are the same as for the three members forming the left side of the 
model (members 1, 2, 3 and 4) and are thus omitted from further consideration. 

• SUMMARY OF INDIVIDUAL UNFACTORED MOMENTS AND SHEARS. This section of output 
(pages 4 and 5) contains demands for moments and shears at 10th points for each member. 
This will be used in subsequent steps for load rating. Shaded rows represent critical sections. 
These are either mid‐span sections or 10th‐point nodes for interpolation of corner critical 
sections. 

• SUMMARY OF INDIVIDUAL UNFACTORED AXIAL FORCES. This section of output (pages 6 
and 7) contains demands for axial thrusts at 10th points for each member. This will be used 
in subsequent steps for load rating. Shaded rows represent critical sections. These are either 
mid‐span sections or 10th‐point nodes for interpolation of corner critical sections. 

http:2.060.30
http:310.007.006.00
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 JUN 25, 2008  TEXAS DEPARTMENT OF TRANSPORTATION (TxDOT)           PAGE  1
 CULV5  CONCRETE BOX CULVERT ANALYSIS  Win32 Ver 1.71 Aug 2003 

                    TAW  6-25-2008                                             

 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- CULVERT, SPEC DATA (* DENOTES DEFAULT) -- 

 SERVICE LOAD DESIGN  ANALYSIS PROBLEM                       
 LIVE LOADING  =  HS20  OMIT LIVE LOAD AS PER SPECS =  NO   
 GAMMA FACTOR  =  1.00 *  AXLE WT FOR OVERLOAD (LB)  =  .00 * 
 BETA FACTOR FOR DL  =  1.00 *  PRINT 10TH PT MOMTS & SHRS  =  YES * 
 BETA FACTOR FOR LL  =  1.00 *  PRINT INFLUENCE LINES  =          
 SOIL WEIGHT (PCF)  = 120.00  CONCRETE WEIGHT (PCF)  = 150.00 * 
 IMPACT FACTOR  =  .00                                            
 NUMBER OF BARRELS  =  3  FLOOR SPPORT  =  SNGL   
 CLEAR SPAN (FT)  =  10.00  CLEAR HEIGHT (FT)  =  7.00   
 TOP SLAB THICKNESS (IN)  =  9.50  BOTTOM SLAB THICKNESS (IN)  =  9.50   
 EXT WALL THICKNESS (IN)  =  7.00  INT WALL THICKNESS (IN)  =  7.00   
 DEPTH OF FILL (FT)  =  6.00  LIVE LOAD SURCHARGE (FT)  =  2.00   
 MAX LAT SOIL PRESSURE (PCF)=  60.00  MIN LAT SOIL PRESSURE (PCF) =  30.00   
 TOP HAUNCH WIDTH (IN)  =  .00  BOTTOM HAUNCH WIDTH (IN)  =  .00   

 -- EXTRA DEAD LOAD AND SPECIAL LIVE LOAD -- 

 NONE 
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 JUN 25, 2008  TEXAS DEPARTMENT OF TRANSPORTATION (TxDOT)           PAGE  2
 CULV5  CONCRETE BOX CULVERT ANALYSIS  Win32 Ver 1.71 Aug 2003 

                    TAW  6-25-2008                                             

 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF MAXIMUM FACTORED MOMENTS, SHEARS AND AXIAL FORCES -- 

 BM 10TH --- MOMENTS (KFT) ---- ----- SHEARS (K) ------ -- @AXIAL FORCES (K) -- 
 NO  PT LDNG #1 LDNG #2 LDNG #3 LDNG #1 LDNG #2 LDNG #3 LDNG #1 LDNG #2 LDNG #3 

 1 -  0  -3.256  -5.744  -5.098  1.436  3.217  3.247  -3.769  -5.282  -4.056 
 1 -  1  -2.288  -3.509  -2.859  1.113  2.478  2.508  -3.769  -5.282  -4.056 
 1 -  2  -1.564  -1.837  -1.180  .809  1.776  1.806  -3.760  -5.282  -4.056 
 1 -  3  -1.067  -.697  -.035  .523  1.110  1.140  -3.760  -5.282  -4.056 
 1 -  4  -.786  -.061  .606  .255  .481  .511  -3.760  -5.282  -4.056 
 1 -  5  -.707  .098  .771  .005  -.112  -.082  -3.760  -5.282  -4.056 
 1 -  6  -.815  -.191  .488  -.226  -.668  -.638  -3.760  -5.282  -4.056 
 1 -  7  -1.096  -.898  -.214  -.439  -1.188  -1.158  -3.760  -5.282  -4.056 
 1 -  8  -1.537  -1.997  -1.307  -.634  -1.672  -1.642  -3.760  -5.282  -4.056 
 1 -  9  -2.122  -3.459  -2.763  -.811  -2.119  -2.089  -3.760  -5.282  -4.056 
 1 - 10  -2.819  -5.260  -4.553  -.970  -2.530  -2.500  -3.762  -5.276  -4.056 

 2 -  0  -2.819  -5.262  -4.553  5.094  5.501  4.056  -.983  -2.517  -2.500 
 2 -  1  1.130  -.735  -.730  4.006  4.345  3.168  -.999  -2.505  -2.500 
 2 -  2  4.671  2.046  2.153  2.850  3.189  2.280  -1.003  -2.504  -2.500 
 2 -  3  7.004  3.880  4.096  1.708  2.101  1.393  -1.003  -2.500  -2.500 
 2 -  4  8.114  4.770  5.100  .642  1.039  .505  -1.003  -2.500  -2.500 
 2 -  5  8.000  4.720  5.165  -.383  -.768  -.383  -1.003  -2.500  -2.500 
 2 -  6  6.663  3.731  4.290  -1.783  -1.805  -1.270  -1.003  -2.500  -2.500 
 2 -  7  4.139  1.803  2.475  -2.849  -2.867  -2.158  -1.003  -2.500  -2.500 
 2 -  8  .469  -1.110  -.278  -3.991  -3.954  -3.046  -1.003  -2.511  -2.500 
 2 -  9  -4.170  -5.468  -3.972  -5.147  -5.110  -3.934  -.996  -2.523  -2.500 
 2 - 10  -9.002 -11.193  -8.604  -6.236  -6.266  -4.821  -.996  -2.500  -2.500 

 3 -  0  .974  .026  .342  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  1  .967  .011  .333  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  2  .961  -.004  .324  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  3  .954  -.019  .315  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  4  .947  -.034  .306  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  5  .941  -.049  .297  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  6  .934  -.064  .288  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  7  .927  -.079  .279  .025  -.047  -.012 -10.731 -10.550  -9.260 
 3 -  8  .924  -.093  .270  .025  -.047  -.012 -10.732 -10.550  -9.260 
 3 -  9  .920  -.119  .261  .025  -.047  -.012 -10.732 -10.557  -9.260 
 3 - 10  .918  -.144  .252  .025  -.047  -.012 -10.758 -10.769  -9.260 

 4 -  0  -3.256  -5.744  -5.098  5.451  5.934  4.473  -1.414  -3.254  -3.247 
 4 -  1  1.076  -.882  -.882  4.210  4.694  3.494  -1.416  -3.247  -3.247 
 4 -  2  4.875  2.221  2.298  2.972  3.454  2.516  -1.416  -3.248  -3.247 
 4 -  3  7.362  4.256  4.443  1.735  2.213  1.537  -1.416  -3.248  -3.247 
 4 -  4  8.542  5.253  5.552  .513  .976  .559  -1.417  -3.248  -3.247 
 4 -  5  8.414  5.210  5.626  -.622  -.604  -.420  -1.417  -3.248  -3.247 
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 JUN 25, 2008  TEXAS DEPARTMENT OF TRANSPORTATION (TxDOT)           PAGE  3
 CULV5  CONCRETE BOX CULVERT ANALYSIS  Win32 Ver 1.71 Aug 2003 

                    TAW  6-25-2008                                             

 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF MAXIMUM FACTORED MOMENTS, SHEARS AND AXIAL FORCES -- (CONT'D) 

 BM 10TH --- MOMENTS (KFT) ---- ----- SHEARS (K) ------ -- @AXIAL FORCES (K) -- 
 NO  PT LDNG #1 LDNG #2 LDNG #3 LDNG #1 LDNG #2 LDNG #3 LDNG #1 LDNG #2 LDNG #3 

 4 -  6  6.978  4.129  4.663  -1.757  -1.816  -1.399  -1.417  -3.248  -3.247 
 4 -  7  4.277  2.009  2.665  -2.979  -3.053  -2.377  -1.417  -3.248  -3.247 
 4 -  8  .334  -1.150  -.368  -4.216  -4.293  -3.356  -1.417  -3.248  -3.247 
 4 -  9  -4.647  -5.692  -4.437  -5.454  -5.534  -4.334  -1.426  -3.264  -3.247 
 4 - 10  -9.977 -11.857  -9.542  -6.695  -6.774  -5.313  -1.410  -3.249  -3.247 

 5 -  0  -8.614 -10.872  -8.353  5.928  5.686  4.438  -1.010  -2.508  -2.511 
 5 -  1  -4.386  -5.580  -4.125  4.772  4.581  3.551  -1.010  -2.512  -2.511 
 5 -  2  -.485  -1.908  -.837  3.616  3.482  2.663  -1.029  -2.511  -2.511 
 5 -  3  2.465  .582  1.512  2.482  2.395  1.775  -1.018  -2.512  -2.511 
 5 -  4  4.231  1.993  2.921  1.400  1.319  .888  -1.018  -2.512  -2.511 
 5 -  5  4.891  2.465  3.391  .339  -.273  .000  -1.000  -2.512  -2.511 
 5 -  6  4.231  1.993  2.921  -1.400  -1.319  -.888  -1.018  -2.512  -2.511 
 5 -  7  2.465  .582  1.512  -2.482  -2.395  -1.775  -1.018  -2.512  -2.511 
 5 -  8  -.485  -1.908  -.837  -3.616  -3.482  -2.663  -1.029  -2.511  -2.511 
 5 -  9  -4.386  -5.580  -4.125  -4.772  -4.581  -3.551  -1.010  -2.512  -2.511 
 5 - 10  -8.614 -10.872  -8.353  -5.928  -5.686  -4.438  -1.010  -2.508  -2.511 

 7 -  0  -9.478 -11.481  -9.200  6.276  6.177  4.893  -1.396  -3.253  -3.235 
 7 -  1  -4.818  -5.908  -4.540  5.032  4.963  3.914  -1.396  -3.230  -3.235 
 7 -  2  -.585  -1.974  -.915  3.788  3.749  2.936  -1.414  -3.235  -3.235 
 7 -  3  2.570  .781  1.674  2.545  2.535  1.957  -1.404  -3.236  -3.235 
 7 -  4  4.476  2.344  3.228  1.320  1.321  .979  -1.385  -3.236  -3.235 
 7 -  5  5.195  2.869  3.746  .178  -.110  .000  -1.385  -3.236  -3.235 
 7 -  6  4.476  2.344  3.228  -1.320  -1.321  -.979  -1.385  -3.236  -3.235 
 7 -  7  2.570  .781  1.674  -2.545  -2.535  -1.957  -1.404  -3.236  -3.235 
 7 -  8  -.585  -1.974  -.915  -3.788  -3.749  -2.936  -1.414  -3.235  -3.235 
 7 -  9  -4.818  -5.908  -4.540  -5.032  -4.963  -3.914  -1.396  -3.230  -3.235 
 7 - 10  -9.478 -11.481  -9.200  -6.276  -6.177  -4.893  -1.396  -3.253  -3.235 

 NOTE: LDNG #1 = 100%(VERT DL) + 100%(+VERT LL) +  50%(LAT DL) 
       LDNG #2 = 100%(VERT DL) + 100%(-VERT LL) + 100%(LAT DL) + 100%(LAT LL) 
       LDNG #3 = 100%(VERT DL) + 100%(LAT DL) + 100%(LAT LL) 
       @ = AXIAL FORCES CORRESPONDING WITH MAXIMUM MOMENTS AT SAME SECTION 
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 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF INDIVIDUAL UNFACTORED MOMENTS AND SHEARS -- 

 BM 10TH  --------- MOMENTS (KFT) ---------  ----------- SHEARS (K) ----------- 
 NO  PT  VDL  LDL  +VLL  -VLL  LLL  VDL  LDL  +VLL  -VLL  LLL 

 1 -  0  -2.150 -2.486  .137  -.645  -.462  .040  2.739  .026  -.030  .468 
 1 -  1  -2.119  -.606  .134  -.651  -.134  .040  2.094  .026  -.030  .374 
 1 -  2  -2.087  .786  .131  -.657  .122  .040  1.485  .026  -.030  .281 
 1 -  3  -2.056  1.717  .130  -.662  .304  .040  .913  .026  -.030  .187 
 1 -  4  -2.024  2.217  .129  -.668  .413  .040  .377  .026  -.030  .094 
 1 -  5  -1.993  2.314  .129  -.673  .450  .040  -.122  .026  -.030  .000 
 1 -  6  -1.961  2.036  .128  -.679  .413  .040  -.585  .026  -.030  -.093 
 1 -  7  -1.930  1.411  .127  -.685  .304  .040 -1.012  .026  -.030  -.187 
 1 -  8  -1.898  .469  .127  -.690  .122  .040 -1.402  .026  -.030  -.280 
 1 -  9  -1.866  -.764  .126  -.696  -.133  .040 -1.756  .026  -.030  -.374 
 1 - 10  -1.835 -2.258  .145  -.707  -.460  .040 -2.073  .026  -.030  -.467 

 2 -  0  -1.835 -2.258  .145  -.709  -.460  3.735  .267  1.227  1.445  .054 
 2 -  1  1.648 -1.976  .470  -.005  -.403  2.847  .267  1.025  1.177  .054 
 2 -  2  4.191 -1.693  1.326  -.107  -.345  1.959  .267  .757  .908  .054 
 2 -  3  5.795 -1.411  1.915  -.217  -.288  1.072  .267  .503  .709  .054 
 2 -  4  6.459 -1.129  2.219  -.331  -.230  .184  .267  .325  .534  .054 
 2 -  5  6.184  -.847  2.240  -.445  -.172  -.704  .267  .188  -.385  .054 
 2 -  6  4.970  -.565  1.976  -.559  -.115  -1.591  .267  -.325  -.534  .054 
 2 -  7  2.816  -.283  1.465  -.673  -.057  -2.479  .267  -.503  -.709  .054 
 2 -  8  -.278  -.001  .748  -.831  .001  -3.367  .267  -.757  -.908  .054 
 2 -  9  -4.311  .281  .000 -1.497  .058  -4.254  .267 -1.025 -1.177  .054 
 2 - 10  -9.283  .563  .000 -2.589  .116  -5.142  .267 -1.227 -1.445  .054 

 3 -  0  .614  -.231  .475  -.316  -.041  -.017  .005  .040  -.035  .000 
 3 -  1  .601  -.227  .479  -.322  -.041  -.017  .005  .040  -.035  .000 
 3 -  2  .588  -.223  .484  -.328  -.041  -.017  .005  .040  -.035  .000 
 3 -  3  .575  -.219  .488  -.334  -.041  -.017  .005  .040  -.035  .000 
 3 -  4  .562  -.215  .493  -.340  -.041  -.017  .005  .040  -.035  .000 
 3 -  5  .549  -.211  .497  -.346  -.041  -.017  .005  .040  -.035  .000 
 3 -  6  .536  -.207  .501  -.352  -.041  -.017  .005  .040  -.035  .000 
 3 -  7  .523  -.203  .506  -.358  -.041  -.017  .005  .040  -.035  .000 
 3 -  8  .510  -.199  .513  -.363  -.041  -.017  .005  .040  -.035  .000 
 3 -  9  .497  -.195  .521  -.380  -.041  -.017  .005  .040  -.035  .000 
 3 - 10  .484  -.191  .530  -.396  -.041  -.017  .005  .040  -.035  .000 

 4 -  0  -2.150 -2.486  .137  -.645  -.462  4.123  .295  1.180  1.461  .055 
 4 -  1  1.696 -2.174  .467  .000  -.404  3.145  .295  .918  1.199  .055 
 4 -  2  4.506 -1.862  1.300  -.077  -.346  2.166  .295  .658  .938  .055 
 4 -  3  6.281 -1.550  1.857  -.187  -.288  1.188  .295  .400  .676  .055 
 4 -  4  7.020 -1.237  2.141  -.299  -.230  .209  .295  .156  .418  .055 
 4 -  5  6.723  -.925  2.154  -.415  -.172  -.770  .295  .000  -.184  .055 
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 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF INDIVIDUAL UNFACTORED MOMENTS AND SHEARS -- (CONT'D) 

 BM 10TH  --------- MOMENTS (KFT) ---------  ----------- SHEARS (K) ----------- 
 NO  PT  VDL  LDL  +VLL  -VLL  LLL  VDL  LDL  +VLL  -VLL  LLL 

 4 -  6  5.391  -.613  1.894  -.534  -.114  -1.748  .295  -.156  -.418  .055 
 4 -  7  3.023  -.301  1.405  -.656  -.056  -2.727  .295  -.400  -.676  .055 
 4 -  8  -.381  .011  .710  -.782  .001  -3.705  .295  -.658  -.938  .055 
 4 -  9  -4.820  .323  .011 -1.255  .059  -4.684  .295  -.918 -1.199  .055 
 4 - 10 -10.295  .636  .000 -2.315  .117  -5.662  .295 -1.180 -1.461  .055 

 5 -  0  -8.800  .372  .000 -2.520  .075  4.438  .000  1.490  1.247  .000 
 5 -  1  -4.572  .372  .000 -1.455  .075  3.551  .000  1.221  1.030  .000 
 5 -  2  -1.284  .372  .613 -1.072  .075  2.663  .000  .953  .819  .000 
 5 -  3  1.065  .372  1.214  -.930  .075  1.775  .000  .706  .619  .000 
 5 -  4  2.474  .372  1.571  -.928  .075  .888  .000  .512  .431  .000 
 5 -  5  2.944  .372  1.761  -.925  .075  .000  .000  .339  -.273  .000 
 5 -  6  2.474  .372  1.571  -.928  .075  -.888  .000  -.512  -.431  .000 
 5 -  7  1.065  .372  1.214  -.930  .075  -1.775  .000  -.706  -.619  .000 
 5 -  8  -1.284  .372  .613 -1.072  .075  -2.663  .000  -.953  -.819  .000 
 5 -  9  -4.572  .372  .000 -1.455  .075  -3.551  .000 -1.221 -1.030  .000 
 5 - 10  -8.800  .372  .000 -2.520  .075  -4.438  .000 -1.490 -1.247  .000 

 7 -  0  -9.681  .405  .000 -2.281  .076  4.893  .000  1.383  1.284  .000 
 7 -  1  -5.020  .405  .000 -1.369  .076  3.914  .000  1.118  1.048  .000 
 7 -  2  -1.395  .405  .608 -1.059  .076  2.936  .000  .853  .813  .000 
 7 -  3  1.194  .405  1.174  -.894  .076  1.957  .000  .588  .578  .000 
 7 -  4  2.747  .405  1.526  -.883  .076  .979  .000  .342  .342  .000 
 7 -  5  3.265  .405  1.727  -.876  .076  .000  .000  .178  -.110  .000 
 7 -  6  2.747  .405  1.526  -.883  .076  -.979  .000  -.342  -.342  .000 
 7 -  7  1.194  .405  1.174  -.894  .076  -1.957  .000  -.588  -.578  .000 
 7 -  8  -1.395  .405  .608 -1.059  .076  -2.936  .000  -.853  -.813  .000 
 7 -  9  -5.020  .405  .000 -1.369  .076  -3.914  .000 -1.118 -1.048  .000 
 7 - 10  -9.681  .405  .000 -2.281  .076  -4.893  .000 -1.383 -1.284  .000 
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 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF INDIVIDUAL UNFACTORED AXIAL FORCES -- 

 BM 10TH  -------- AXIAL FORCES (K) -------- 
 NO  PT  VDL  LDL  +VLL  -VLL  LLL 

 1 -  0  -3.735  -.267  .099 -1.227  -.054 
 1 -  1  -3.735  -.267  .099 -1.227  -.054 
 1 -  2  -3.735  -.267  .108 -1.227  -.054 
 1 -  3  -3.735  -.267  .108 -1.227  -.054 
 1 -  4  -3.735  -.267  .108 -1.227  -.054 
 1 -  5  -3.735  -.267  .108 -1.227  -.054 
 1 -  6  -3.735  -.267  .108 -1.227  -.054 
 1 -  7  -3.735  -.267  .108 -1.227  -.054 
 1 -  8  -3.735  -.267  .108 -1.227  -.054 
 1 -  9  -3.735  -.267  .108 -1.227  -.054 
 1 - 10  -3.735  -.267  .105 -1.220  -.054 

 2 -  0  .041 -2.073  .013  -.018  -.467 
 2 -  1  .041 -2.073  -.003  -.005  -.467 
 2 -  2  .041 -2.073  -.007  -.004  -.467 
 2 -  3  .041 -2.073  -.007  -.001  -.467 
 2 -  4  .041 -2.073  -.007  -.001  -.467 
 2 -  5  .041 -2.073  -.007  -.001  -.467 
 2 -  6  .041 -2.073  -.007  -.001  -.467 
 2 -  7  .041 -2.073  -.007  -.001  -.467 
 2 -  8  .041 -2.073  -.007  -.011  -.467 
 2 -  9  .041 -2.073  .000  -.023  -.467 
 2 - 10  .041 -2.073  .000  -.001  -.467 

 3 -  0  -9.581  .267 -1.284 -1.290  .054 
 3 -  1  -9.581  .267 -1.284 -1.290  .054 
 3 -  2  -9.581  .267 -1.284 -1.290  .054 
 3 -  3  -9.581  .267 -1.284 -1.290  .054 
 3 -  4  -9.581  .267 -1.284 -1.290  .054 
 3 -  5  -9.581  .267 -1.284 -1.290  .054 
 3 -  6  -9.581  .267 -1.284 -1.290  .054 
 3 -  7  -9.581  .267 -1.284 -1.290  .054 
 3 -  8  -9.581  .267 -1.285 -1.290  .054 
 3 -  9  -9.581  .267 -1.285 -1.297  .054 
 3 - 10  -9.581  .267 -1.310 -1.510  .054 

 4 -  0  -.040 -2.739  -.004  -.007  -.468 
 4 -  1  -.040 -2.739  -.006  .000  -.468 
 4 -  2  -.040 -2.739  -.006  -.001  -.468 
 4 -  3  -.040 -2.739  -.006  -.001  -.468 
 4 -  4  -.040 -2.739  -.007  -.001  -.468 
 4 -  5  -.040 -2.739  -.007  -.001  -.468 
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 JUN 25, 2008  TEXAS DEPARTMENT OF TRANSPORTATION (TxDOT)           PAGE  7
 CULV5  CONCRETE BOX CULVERT ANALYSIS  Win32 Ver 1.71 Aug 2003 

                    TAW  6-25-2008                                             

 Culvert Rating Guide VIII.C CULV-5 Example                                      

 PROB MC10-3 3 10x7w6                                                            

 -- SUMMARY OF INDIVIDUAL UNFACTORED AXIAL FORCES -- (CONT'D) 

 BM 10TH  -------- AXIAL FORCES (K) -------- 
 NO  PT  VDL  LDL  +VLL  -VLL  LLL 

 4 -  6  -.040 -2.739  -.007  -.001  -.468 
 4 -  7  -.040 -2.739  -.007  -.001  -.468 
 4 -  8  -.040 -2.739  -.007  -.001  -.468 
 4 -  9  -.040 -2.739  -.017  -.017  -.468 
 4 - 10  -.040 -2.739  .000  -.003  -.468 

 5 -  0  .024 -2.068  .000  .003  -.467 
 5 -  1  .024 -2.068  .000  -.001  -.467 
 5 -  2  .024 -2.068  -.019  .000  -.467 
 5 -  3  .024 -2.068  -.008  -.001  -.467 
 5 -  4  .024 -2.068  -.008  -.001  -.467 
 5 -  5  .024 -2.068  .011  -.001  -.467 
 5 -  6  .024 -2.068  -.008  -.001  -.467 
 5 -  7  .024 -2.068  -.008  -.001  -.467 
 5 -  8  .024 -2.068  -.019  .000  -.467 
 5 -  9  .024 -2.068  .000  -.001  -.467 
 5 - 10  .024 -2.068  .000  .003  -.467 

 7 -  0  -.024 -2.744  .000  -.018  -.468 
 7 -  1  -.024 -2.744  .000  .005  -.468 
 7 -  2  -.024 -2.744  -.019  .000  -.468 
 7 -  3  -.024 -2.744  -.008  -.001  -.468 
 7 -  4  -.024 -2.744  .011  -.001  -.468 
 7 -  5  -.024 -2.744  .011  -.001  -.468 
 7 -  6  -.024 -2.744  .011  -.001  -.468 
 7 -  7  -.024 -2.744  -.008  -.001  -.468 
 7 -  8  -.024 -2.744  -.019  .000  -.468 
 7 -  9  -.024 -2.744  .000  .005  -.468 
 7 - 10  -.024 -2.744  .000  -.018  -.468 

 NOTE:  VDL = VERT DL  LDL = LAT DL 
       +VLL = MAX POSITIVE VERT LL  -VLL = MAX NEGATIVE VERT LL  LLL = LAT LL 
              INCLUDING IMPACT FACT.  INCLUDING IMPACT FACT. 
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CULV5 Step 3. Interpretation of the Culv‐5 output requires establishing both corner and mid‐span 
critical sections. Using the SUMMARY OF INDIVIDUAL UNFACTORED MOMENTS AND SHEARS, and the 
location of the critical sections as per Figure IX‐4, select the 10th points needed to set up the linear 
interpolation associated with moment, shear and axial thrust demands for the corner critical sections. 

Calculation of the demand loads, by interpolation, requires a clear understanding of the overall sign 
convention and the way in which CULV‐5 lays out the members and 10th points. Table IX‐8 illustrates 
how to calculate demand moments for the corner critical sections. This same approach would be used for 
shear and axial thrust values. 

Recall that mid‐span demands are modeled as being located at mid‐span. This means that the mid‐span 
demands occur at node 5. 
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TABLE IX‐8. CULV‐5 CRITICAL SECTIONS FOR DEMANDS. 

Member Sections 10th Points Interpolation 

10 ሺ כ ଵܺ െ ܺሻ 
1 WBEC 0 1 ܺ௧ ൌ ܺ  ሺܮௐாሻ 

ܵெ 

M101 2 WEM 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
3 WTEC 9 10 ܺ௧ ൌ ଵܺ  ሺܮௐ்ாሻ 

ܵெ 

10 ሺ כ ଵܺ െ ܺሻ 
4 TEC 0 1 ܺ௧ ൌ ܺ  ሺ்ܮாሻ 

ܵெ 

M102 5 TEM 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
6 TIC1 9 10 ܺ௧ ൌ ଵܺ  ሺ்ܮூሻ 

ܵெ 

10 ሺ כ ଵܺ െ ܺሻ 
7 WBIC1 0 1 ܺ௧ ൌ ܺ  ሺܮௐூሻ 

ܵெ 

M103 8 WIM1 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
9 WTIC1 9 10 ܺ௧ ൌ ଵܺ  ሺܮௐ்ூሻ 

ܵெ 

10 ሺ כ ଵܺ െ ܺሻ 
10 BEC 0 1 ܺ௧ ൌ ܺ  ሺܮாሻ 

ܵெ 

M104 11 BEM 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
12 BIC1 9 10 ܺ௧ ൌ ଵܺ  ሺܮூሻ 

ܵெ 

10 ሺ כ ଵܺ െ ܺሻ 
13 TIC2 0 1 ܺ௧ ൌ ܺ  ሺ்ܮூሻ 

ܵெ 

M105 14 TIM1 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
15 TIC3 9 10 ܺ௧ ൌ ଵܺ  ሺ்ܮூሻ 

ܵெ 

10 ሺ כ ଵܺ െ ܺሻ 
19 BIC2 0 1 ܺ௧ ൌ ܺ  ሺܮூሻ 

ܵெ 

M107 20 BIM1 5 ܺ௧ ൌ ܺହ 

10 ሺܺଽ כ െ ଵܺሻ 
21 BIC3 9 10 ܺ௧ ൌ ଵܺ  ሺܮூሻ 

ܵெ 

where: ܺ௧ ൌ the demand at the critical section 
ܺே ൌ the demand at the Nth 10th point 
ܵெ ൌ the model span length (ft) 
 ே ൌ the length from the closest corner node to critical section, N (ft)ܮ
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CULV5 Step 4. From the CULV‐5 output file, SUMMARY OF INDIVIDUAL UNFACTORED MOMENTS, 
SHEAR AND AXIAL FORCES tables, and based on the critical sections established in Step 3, record the 
“Raw Demands” for vertical dead load (VDL), lateral dead load (LDL), maximum vertical live load 
(+VLL), minimum vertical live load (‐VLL), and lateral live load (LLL) demands at each critical section, 
both corners and mid‐spans. See yellow highlighting in the CULV‐5 output and the summary in Table 
IX‐9. 
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TABLE IX‐9. CULV‐5 RAW DEMANDS AT CRITICAL SECTIONS. 

Member Sections M VDL M LDL M +VLL M ‐VLL M LLL V VDL V LDL V +VLL V ‐VLL V LLL P VDL P LDL P +VLL P ‐VLL P LLL 

M101 

1 

2 

3 

WBEC

WEM

WTEC

 ‐
2.134

 ‐
1.993 

 ‐
1.851

 ‐
1.531 

2.314 

 ‐
1.499 

0.135

0.129

0.135

 ‐
0.648

 ‐
0.673 

 ‐
0.701

 ‐
0.295 

0.450 

 ‐
0.294 

0.040 

0.040

0.040

2.411 

 ‐
0.122 

 ‐
1.912 

0.026

0.026

0.026

 ‐
0.030 

 ‐
0.030 

 ‐
0.030

0.420

0.000

 ‐
0.420

 ‐
3.735

 ‐
3.735

 ‐
3.735

 ‐
0.267 

 ‐
0.267 

 ‐
0.267 

0.099

0.108

0.107

 ‐
1.227

 ‐
1.227

 ‐
1.224

 ‐
0.054 

 ‐
0.054 

 ‐
0.054 

M102 

4 

5 

6 

TEC

TEM 

TIC1

 ‐

0.747

6.184

 ‐

7.729 

 ‐
2.170 

 ‐
0.847 

0.475 

0.247

2.240

0.000

 ‐
0.489

 ‐
0.445

 ‐
2.248 

 ‐
0.442 

 ‐
0.172

0.098

3.458 

 ‐
0.704 

 ‐
4.865 

0.267 

0.267 

0.267

1.164 

0.188

 ‐
1.164

1.361 

 ‐
0.385 

 ‐
1.361 

0.054 

0.054 

0.054 

0.041

0.041

0.041

 ‐
2.073 

 ‐
2.073

 ‐
2.073 

0.008

 ‐
0.007

0.000

 ‐
0.014

 ‐
0.001

 ‐
0.008

 ‐
0.467 

 ‐
0.467 

 ‐
0.467 

M103 

7 

8 

WBIC1 

WIM1 

0.621

0.549 ‐
0.233 

 ‐
0.211 

0.473

0.497 ‐
0.313

 ‐
0.346 ‐

0.041

 ‐
0.041

 ‐
0.017 

 ‐
0.017 

0.005 

0.005 

0.040

0.040 ‐
0.035 

 ‐
0.035 

0.000

0.000 ‐
9.581 

 ‐
9.581 

0.267

0.267 ‐
1.284

 ‐
1.284

 ‐
1.290 

 ‐
1.290 

0.054 

0.054 

9 WTIC1 0.491
 ‐

0.193 0.525
 ‐

0.388
 ‐

0.041
 ‐

0.017 0.005 0.040
 ‐

0.035 0.000
 ‐

9.581 0.267
 ‐

1.297
 ‐

1.402 0.054 

M104 

10 

11 

12 

BEC

BEM 

BIC1

 ‐

0.948

6.723

 ‐
8.584 

 ‐
2.389 

 ‐
0.925 

0.538 

0.240

2.154

0.003

 ‐
0.443

 ‐
0.415

 ‐
1.984 

 ‐
0.444 

 ‐
0.172

0.099

3.817 

 ‐
0.770 

 ‐
5.356 

0.295 

0.295 

0.295

1.098 

0.000

 ‐
1.098

1.379 

 ‐
0.184 

 ‐
1.379 

0.055

0.055

0.055

 ‐
0.040

 ‐
0.040

 ‐
0.040

 ‐
2.739

 ‐
2.739

 ‐
2.739

 ‐
0.005

 ‐
0.007

 ‐
0.005

 ‐
0.005

 ‐
0.001

 ‐
0.007

 ‐
0.468 

 ‐
0.468 

 ‐
0.468 

M105 

13 

14 

15 

TIC2

TIM1 

TIC3

 ‐

7.479 

2.944 

 ‐

7.479 

0.372 

0.372 

0.372 

0.000

1.761

0.000

 ‐
2.187 

 ‐
0.925 

 ‐
2.187 

0.075 

0.075 

0.075

4.161 

0.000 

 ‐
4.161 

0.000 

0.000 

0.000

1.406 

0.339

 ‐
1.406

1.179 

 ‐
0.273 

 ‐
1.179 

0.000 

0.000 

0.000 

0.024

0.024

0.024

 ‐
2.068 

 ‐
2.068 

 ‐
2.068 

0.000 

0.011

0.000 

0.002

 ‐
0.001

0.002

 ‐
0.467 

 ‐
0.467 

 ‐
0.467 

M107 

19 

20 

21 

BIC2

BIM1 

BIC3

 ‐
8.224 

3.265 

 ‐
8.224 

0.405 

0.405 

0.405 

0.000

1.727

0.000

 ‐
1.996 

 ‐
0.876 

 ‐
1.996 

0.076 

0.076 

0.076

4.587 

0.000 

 ‐
4.587 

0.000 

0.000 

0.000

1.300 

0.178

 ‐
1.300

1.210 

 ‐
0.110 

 ‐
1.210 

0.000

0.000

0.000

 ‐
0.024

 ‐
0.024

 ‐
0.024

 ‐
2.744 

 ‐
2.744 

 ‐
2.744 

0.000

0.011

0.000

 ‐
0.011

 ‐
0.001

 ‐
0.011

 ‐
0.468 

 ‐
0.468 

 ‐
0.468 
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CULV5 Step 5. Calculate the dead and live load demand for each demand type (moment, shear and 
axial), for each load case at each critical section using Equation VI‐9 and Equation VI‐10. Note that 
the live load demands have a maximum and minimum calculation. To maintain a systematic 
approach, typical practice is to determine both the maximum and minimum live loads for each type 
of demand and select the minimum (controlling) value when calculating rating factors. Calculate the 
dead and live load demand at each section using Equation VI‐9 and Equation VI‐10 where D is the 
dead load demand and L is the live load demand required for rating in Equation II‐1. See Table IX‐10 
and Table IX‐11. 

CULV5 Step 6. After determining the demands, use Equation VI‐1 to check that actual thrust demand is 
lower than the incidental axial load assumed in the moment capacity equations. This check is 
performed in the last column of Table IX‐10 and Table IX‐11. 
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TABLE IX‐10. CULV‐5 DEMANDS FOR TOTAL LOAD CASE. 

Member Sections 

1 WBEC

MD (k‐ft/ft) 

 ‐

3.665

ML (max) 
(k‐ft/ft) 

 ‐

0.160

ML (min) 
(k‐ft/ft) 

 ‐

0.943 

VD (klf) 

2.451 

VL (max) 
(klf) 

0.446 

VL (min) 
(klf) 

0.390

PD (klf) 

 ‐

4.002 

PL (max) 
(klf) 

0.045

PL (min) 
(klf) 

 ‐

1.281 

Thrust Check 

OK 

M101 2 WEM 0.321 0.579

 ‐

0.223

 ‐

0.082 0.026

 ‐

0.030

 ‐

4.002 0.054

 ‐

1.281 OK 

3 WTEC

 ‐

3.350

 ‐

0.159

 ‐

0.995

 ‐

1.872

 ‐

0.394

 ‐

0.450

 ‐

4.002 0.053

 ‐

1.278 OK 

4 TEC

 ‐

2.916

 ‐

0.196

 ‐

0.931 3.725 1.218 1.415

 ‐

2.032

 ‐

0.459

 ‐

0.481 OK 

M102 5 TEM 5.337 2.068

 ‐

0.617

 ‐

0.437 0.242

 ‐

0.331

 ‐

2.032

 ‐

0.474

 ‐

0.468 OK 

6 TIC1

 ‐

7.254 0.098

 ‐

2.150

 ‐

4.598

 ‐

1.110

 ‐

1.307

 ‐

2.032

 ‐

0.467

 ‐

0.475 OK 

7 WBIC1 0.388 0.432

 ‐

0.354

 ‐

0.012 0.040

 ‐

0.035

 ‐

9.314

 ‐

1.230

 ‐

1.236 OK 

M103 8 WIM1 0.338 0.456

 ‐

0.387

 ‐

0.012 0.040

 ‐

0.035

 ‐

9.314

 ‐

1.230

 ‐

1.236 OK 

9 WTIC1 0.298 0.484

 ‐

0.429

 ‐

0.012 0.040

 ‐

0.035

 ‐

9.314

 ‐

1.243

 ‐

1.348 OK 

10 BEC

 ‐

3.337

 ‐

0.204

 ‐

0.887 4.112 1.153 1.434

 ‐

2.779

 ‐

0.473

 ‐

0.473 OK 

M104 11 BEM 5.798 1.982

 ‐

0.587

 ‐

0.475 0.055

 ‐

0.129

 ‐

2.779

 ‐

0.475

 ‐

0.469 OK 

12 BIC1

 ‐

8.046 0.102

 ‐

1.885

 ‐

5.061

 ‐

1.043

 ‐

1.324

 ‐

2.779

 ‐

0.473

 ‐

0.475 OK 

13 TIC2

 ‐

7.107 0.075

 ‐

2.112 4.161 1.406 1.179

 ‐

2.044

 ‐

0.467

 ‐

0.465 OK 

M105 14 TIM1 3.316 1.836

 ‐

0.850 0.000 0.339

 ‐

0.273

 ‐

2.044

 ‐

0.456

 ‐

0.468 OK 

15 TIC3

 ‐

7.107 0.075

 ‐

2.112

 ‐

4.161

 ‐

1.406

 ‐

1.179

 ‐

2.044

 ‐

0.467

 ‐

0.465 OK 

19 BIC2

 ‐

7.819 0.076

 ‐

1.920 4.587 1.300 1.210

 ‐

2.768

 ‐

0.468

 ‐

0.479 OK 

M107 20 BIM1 3.670 1.803

 ‐

0.800 0.000 0.178

 ‐

0.110

 ‐

2.768

 ‐

0.457

 ‐

0.469 OK 

21 BIC3

 ‐

7.819 0.076

 ‐

1.920

 ‐

4.587

 ‐

1.300

 ‐

1.210

 ‐

2.768

 ‐

0.468

 ‐

0.479 OK 
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TABLE IX‐11. CULV5 DEMAND FOR THE REDUCED LATERAL LOAD CASE. 

Member Sections 

1 WBEC

MD (k‐ft/ft) 

 ‐

2.900 

ML (max) 
(k‐ft/ft) 

0.135

ML (min) 
(k‐ft/ft) 

 ‐

0.648 

VD (klf) 

1.246 

VL (max) 
(klf) 

0.026

VL (min) 
(klf) 

 ‐

0.030

PD (klf) 

 ‐

3.869 

PL (max) 
(klf) 

0.099

PL (min) 
(klf) 

 ‐

1.227 

Thrust Check 

OK 

M101 2 WEM

 ‐

0.836 0.129

 ‐

0.673

 ‐

0.021 0.026

 ‐

0.030

 ‐

3.869 0.108

 ‐

1.227 OK 

3 WTEC

 ‐

2.600 0.135

 ‐

0.701

 ‐

0.916 0.026

 ‐

0.030

 ‐

3.869 0.107

 ‐

1.224 OK 

4 TEC

 ‐

1.832 0.247

 ‐

0.489 3.591 1.164 1.361

 ‐

0.996 0.008

 ‐

0.014 OK 

M102 5 TEM 5.761 2.240

 ‐

0.445

 ‐

0.571 0.188

 ‐

0.385

 ‐

0.996

 ‐

0.007

 ‐

0.001 OK 

6 TIC1

 ‐

7.492 0.000

 ‐

2.248

 ‐

4.731

 ‐

1.164

 ‐

1.361

 ‐

0.996 0.000

 ‐

0.008 OK 

7 WBIC1 0.504 0.473

 ‐

0.313

 ‐

0.015 0.040

 ‐

0.035

 ‐

9.448

 ‐

1.284

 ‐

1.290 OK 

M103 8 WIM1 0.444 0.497

 ‐

0.346

 ‐

0.015 0.040

 ‐

0.035

 ‐

9.448

 ‐

1.284

 ‐

1.290 OK 

9 WTIC1 0.394 0.525

 ‐

0.388

 ‐

0.015 0.040

 ‐

0.035

 ‐

9.448

 ‐

1.297

 ‐

1.402 OK 

10 BEC

 ‐

2.142 0.240

 ‐

0.443 3.965 1.098 1.379

 ‐

1.410

 ‐

0.005

 ‐

0.005 OK 

M104 11 BEM 6.261 2.154

 ‐

0.415

 ‐

0.623 0.000

 ‐

0.184

 ‐

1.410

 ‐

0.007

 ‐

0.001 OK 

12 BIC1

 ‐

8.315 0.003

 ‐

1.984

 ‐

5.209

 ‐

1.098

 ‐

1.379

 ‐

1.410

 ‐

0.005

 ‐

0.007 OK 

13 TIC2

 ‐

7.293 0.000

 ‐

2.187 4.161 1.406 1.179

 ‐

1.010 0.000 0.002 OK 

M105 14 TIM1 3.130 1.761

 ‐

0.925 0.000 0.339

 ‐

0.273

 ‐

1.010 0.011

 ‐

0.001 OK 

15 TIC3

 ‐

7.293 0.000

 ‐

2.187

 ‐

4.161

 ‐

1.406

 ‐

1.179

 ‐

1.010 0.000 0.002 OK 

19 BIC2

 ‐

8.022 0.000

 ‐

1.996 4.587 1.300 1.210

 ‐

1.396 0.000

 ‐

0.011 OK 

M107 20 BIM1 3.468 1.727

 ‐

0.876 0.000 0.178

 ‐

0.110

 ‐

1.396 0.011

 ‐

0.001 OK 

21 BIC3

 ‐

8.022 0.000

 ‐

1.996

 ‐

4.587

 ‐

1.300

 ‐

1.210

 ‐

1.396 0.000

 ‐

0.011 OK 
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CULV5 Step 7. This step goes beyond calculation of demand loads and has to do with calculating the 
culvert load rating factors. 

Per the culvert rating flow chart (Figure III‐2) calculate Inventory and Operating rating factors for each 
critical section, for each demand type, for each load case based on Equation II‐1. This calculation 
uses the capacity values for each critical section as determined in Appendix B. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

• Live load and capacity must be in the same sign and direction. 
• If the live load and dead load are in opposite directions or the calculated rating is negative, a 

check should be made to insure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3  

Table IX‐12 and Table IX‐13 summarize these calculations. 

CULV5 Step 8. Select the controlling (minimum) Rating Factors for Inventory and Operating Levels for 
each critical section. These appear in the two right columns of Table IX‐12 and Table IX‐13. 

CULV5 Step 9. Select the controlling (minimum) Rating Factors for Inventory and Operating Levels for 
the entire culvert. These appear at the bottom of Table IX‐13. 

CULV5 Step 10. If shear controls the load rating, the load rater should perform a less‐conservative 
analysis of the shear failure mode based on shear critical sections as per the provisions in Section 
VI.C. In this example, the controlling failure mode is moment, so additional shear analysis is not 
required. 

CULV5 Step 11. Calculate the Inventory Rating and Operating Rating for the culvert. Multiply controlling 
load rating factor by the truck tractor tonnage (W= 20 tons) according to Equation II‐2. 

Summary: Based on a Level 1 analysis using CULV‐5, the Inventory Rating is HS‐9 while the 
Operating Rating is HS‐15. If the culvert condition is fair this requires posting at the 
Inventory Level or posting at the Operating Level with an inspection frequency of 24 
months. If the condition is poor, the culvert should be posted at the Inventory Level and 
inspected more frequently than every 24 months. 



         

                 

               

                               

 

                               

                               

                               

 

                               

                               

                               

 

                               

                               

                               

 

                               

                               

                               

 

                               

                               

                               

 

                               

                               

                               

   

TxDOT Culvert Rating Guide 106 

TABLE IX‐12. CULV5 TOTAL LOAD CASE RATING FACTOR CALCULATIONS. 

Controlling RF 

Member Sections IRFC ORFC 

1 WBEC 0.54 0.91 

M101 2 WEM 1.05 1.76 

3 WTEC 0.70 1.18 

M102 5 TEM 0.73 1.22 

6 TIC1 1.47 2.46 

M103 8 WIM1 2.17 3.63 

9 WTIC1 2.10 3.50 

M104 11 BEM 0.62 1.04 

12 BIC1 1.76 2.94 

M105 14 TIM1 1.48 2.48 

15 TIC3 1.54 2.58 

M107 20 BIM1 1.39 2.32 

21 BIC3 124.96 208.59 2.31 3.85 297.20 496.10 1.81 3.01 2.48 4.14 289.98 484.04 1.81 3.01 

(Max) Rating Factors (Min) Rating Factors 

IRFM ORFM IRFV ORFV IRFP ORFP IRFM ORFM IRFV ORFV IRFP ORFP 

3.20 5.35 5.36 8.95 2062.79 3443.27 0.54 0.91 6.13 10.24 72.46 120.96 

1.05 1.76 150.42 251.09 1752.62 2925.53 13.01 21.71 127.09 212.14 73.88 123.32 

4.42 7.38 6.96 11.62 1767.30 2950.03 0.70 1.18 6.09 10.17 72.66 121.28 

4 TEC 11.01 18.38 3.21 5.35 289.14 482.64 2.41 4.02 2.76 4.60 275.32 459.57 2.41 4.02 

0.73 1.22 26.61 44.43 266.16 444.28 8.50 14.20 16.71 27.89 269.57 449.98 

91.58 152.87 2.70 4.51 296.40 494.76 1.47 2.46 2.29 3.83 291.98 487.38 

7 WBIC1 2.22 3.71 96.73 161.46 72.12 120.38 4.03 6.72 110.13 183.84 71.77 119.80 2.22 3.71 

2.17 3.63 96.73 161.46 72.12 120.38 3.61 6.02 110.13 183.84 71.77 119.80 

2.10 3.50 96.73 161.46 71.35 119.10 3.20 5.34 110.13 183.84 65.82 109.86 

10 BEC 9.39 15.68 3.18 5.30 279.54 466.61 2.24 3.74 2.56 4.27 279.23 466.10 2.24 3.74 

0.62 1.04 117.52 196.16 264.66 441.77 9.41 15.71 42.70 71.27 268.04 447.43 

92.69 154.72 2.60 4.34 294.24 491.16 1.76 2.94 2.05 3.43 292.90 488.91 

13 TIC2 120.81 201.66 2.59 4.32 296.38 494.73 1.54 2.58 3.09 5.16 297.59 496.75 1.54 2.58 

1.48 2.48 18.23 30.42 276.65 461.79 4.75 7.93 21.22 35.42 269.56 449.95 

120.81 201.66 2.32 3.87 296.38 494.73 1.54 2.58 2.76 4.61 297.59 496.75 

19 BIC2 124.96 208.59 2.60 4.34 297.20 496.10 1.81 3.01 2.80 4.67 289.98 484.04 1.81 3.01 

1.39 2.32 34.71 57.94 275.10 459.20 5.31 8.87 52.66 87.90 268.06 447.45 
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TABLE IX‐13. CULV5 REDUCED LATERAL LOAD CASE RATING FACTORS. 

Controlling RF (Max) Rating Factors (Min) Rating Factors 

IRFM ORFM IRFV ORFV IRFP ORFP IRFM ORFM IRFV ORFV IRFP ORFPMember Sections IRFC ORFC 

1 WBEC 21.04 35.12 119.83 200.02 938.44 1566.47 1.50 2.50 153.60 256.40 75.72 126.39 1.50 2.50 

M101 2 WEM 10.10 16.86 149.02 248.74 877.05 1464.00 3.28 5.47 128.31 214.18 77.20 128.86 3.28 5.47 

3 WTEC 19.73 32.94 169.64 283.16 872.16 1455.83 1.64 2.74 110.44 184.34 75.93 126.75 1.64 2.74 

M102 5 TEM 0.56 0.94 

6 TIC1 1.35 2.25 

M103 8 WIM1 1.87 3.12 

9 WTIC1 1.82 3.04 

M104 11 BEM 0.45 0.74 

12 BIC1 1.59 2.65 

M105 14 TIM1 1.61 2.69 

15 TIC3 1.44 2.41 

M107 20 BIM1 1.52 2.54 

21 BIC3 NA NA 2.31 3.85 NA NA 1.68 2.80 2.48 4.14 11997.94 20027.33 1.68 2.80 

4 TEC 25.10 41.89 3.42 5.71 15501.32 25875.28 5.75 9.60 2.92 4.88 9236.45 15417.76 2.92 4.88 

0.56 0.94 34.68 57.90 18111.49 30232.26 12.36 20.64 14.16 23.63 126780.46 211625.85 

NA NA 2.51 4.19 NA NA 1.35 2.25 2.14 3.58 19685.50 32859.64 

7 WBIC1 1.88 3.15 96.76 161.52 69.02 115.22 4.78 7.98 110.09 183.76 68.70 114.68 1.88 3.15 

1.87 3.12 96.76 161.52 69.02 115.22 4.22 7.04 110.09 183.76 68.70 114.68 

1.82 3.04 96.76 161.52 68.32 114.04 3.69 6.15 110.09 183.76 63.22 105.54 

10 BEC 26.68 44.54 3.41 5.70 29204.91 48749.74 5.92 9.89 2.72 4.55 26211.86 43753.65 2.72 4.55 

0.45 NA NA 18076.06 30173.12 13.98 23.33 29.46 49.17 126532.45 211211.85 0.74 

3235.59 5400.95 2.39 3.99 29862.05 49846.65 1.59 2.65 1.91 3.19 20399.45 34051.38 

13 TIC2 NA NA 2.59 4.32 NA NA 1.44 2.41 3.09 5.16 73264.68 122295.66 1.44 2.41 

1.61 2.69 18.23 30.42 11524.71 19237.40 4.24 7.08 21.22 35.42 126771.78 211611.35 

NA NA 2.32 3.87 NA NA 1.44 2.41 2.76 4.61 73264.68 122295.66 

19 BIC2 NA NA 2.60 4.34 NA NA 1.68 2.80 2.80 4.67 11997.94 20027.33 1.68 2.80 

1.52 2.54 34.71 57.94 11503.68 19202.30 4.71 7.86 52.66 87.90 126540.53 211225.35 

Controlling Rating Factor BEM ‐ M(max) ‐ RLL 0.45 0.74 

Load Rating (HS equivalent) 9 15 

http:20027.33
http:11997.94
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Appendix D. LEVEL 2: RISA‐2D WITH SPRINGS EXAMPLE 
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RISA‐2D Spring Step 1. Calculate all loads using Equation VI‐2, Equation VI‐4, Equation VI‐5, Equation 
VI‐6 and Equation VI‐7. The magnitudes of these loads are summarized in Table IX‐14. 

TABLE IX‐14. RISA‐2D LOADS. 

Type Abbr. Value Units 

vertical dead load DLv 0.720 ksf 

horizontal dead load at top DLhT 0.384 ksf 

horizontal dead load at bottom DLhB 0.851 ksf 

horizontal live load LLh 0.120 ksf 

vertical live load on top LLvT 0.230 ksf 

RISA‐2D Spring Step 2. Create a model consistent with Figure VI‐2 and Figure VI‐10: 
a. Disable cracked sections and shear deformations within the global parameters. Reduce output to 

three points per member. Screen shots showing this step are seen in Figure IX‐7. 

FIGURE IX.7. RISA‐2D GLOBAL PARAMETERS. 
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b. Lay out corner nodes as seen in Figure IX‐8. 

FIGURE IX.8. RISA‐2D CORNER JOINT COORDINATES. 



         

                      
                          

                              
                                
                 

 
         

 
             

112 TxDOT Culvert Rating Guide 

c. Connect nodes using members with rectangular cross sections and appropriate concrete 
properties according to Table II‐1 and Table IV‐1. Draw members counterclockwise around the 
center of the culvert to produce consistent moment sign conventions as per Figure VI‐15. Figure 
IX‐9 shows the draw member box used to create the members. Figure IX‐10 illustrates a few 
ways to check that beam directions are defined properly. 

FIGURE IX.9. RISA‐2D MEMBER CREATION. 

FIGURE IX.10. RISA‐2D MODEL LAYOUT CHECK. 
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d. Using the “split member” function, add support nodes to the bottom members and set boundary 
conditions according to Figure VI‐11 with spring constants from Equation VI‐11. Table IX‐15 
summarizes the spring support calculations. Figure IX‐11 and Figure IX‐12 show how to use the 
split member function and the boundary condition controls to properly restrain the structure. 

TABLE IX‐15. SPRING SUPPORTS CALCULATIONS. 

Type Abbr. Value Units 
spring spacing s 12.8 in 

modulus of subgrade reaction k 150 pci 
interior spring constant κ  23.0 kli 
exterior spring constant κ  11.5 kli 

FIGURE IX.11. RISA‐2D MODEL – ADDING THE NODES USING THE “JUST ADD” FUNCTION 
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FIGURE IX.12. RISA‐2D MODEL – DEFINING THE BOUNDARY CONDITIONS 
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RISA‐2D Spring Step 3. Apply the loads according to Figure VI‐10 in separate Basic Load Cases. Figure 
IX‐13 depicts labeling the three static Basic Load Cases. 

FIGURE IX.13. RISA‐2D – IDENTIFICATION OF ALL LOAD GROUPS AND USING GRAVITY FEATURE 

a. Vertical Dead Load, DLv (Equation VI‐2). Be sure to include the self‐weight gravity loading by 
including a factor of (‐1) in the Y‐gravity direction. Figure IX‐13 shows where gravity is activated. 
Figure IX‐14 shows how to define the distributed dead load. 

FIGURE IX.14. RISA‐2D – APPLICATION OF VERTICAL DEAD LOAD (DLV) 
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b. Horizontal Dead Load, DLh (Equation VI‐4 and Equation VI‐5). Figure IX‐15 shows applying this 
load in RISA‐2D. 

FIGURE IX.15. RISA‐2D – APPLICATION OF HORIZONTAL DEAD LOAD (DLH) 

c. Horizontal Live Load, LLh (Equation VI‐6). Figure IX‐16 illustrates this load application. 

FIGURE IX.16. RISA‐2D – APPLICATION OF HORIZONTAL LIVE LOAD (LLH) 
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RISA‐2D Spring Step 4. Vertical Live Load, LLVT (Equation VI‐7) must be calculated and placed as a 
moving load as seen in Figure VI‐12, Figure VI‐13 and Figure VI‐14. The moving load will be approximated 
by creating a moving load pattern of 10 equivalent, uniformly‐spaced, point loads over the length of each 
load as seen in Figure VI‐16, Figure VI‐17 and Figure VI‐18. These figures show the moving load 
discretized and grouped in terms of the 10 equivalent, uniformly‐spaced, point loads. Check the “Both 
Ways” box to insure that the live load moves from left to right and right to left. 

Figure IX‐17 through Figure IX‐20 presents a series of four images depicting this process. The first figure 
shows how to create a moving load in RISA. The next shows how to add a pattern and define the load 
case. The third image shows the application of the moving load to the structure. The fourth image is an 
animated graphic that facilitates checking to make sure the moving load is properly applied. 

FIGURE IX.17. RISA‐2D – HOW TO CREATE A MOVING LOAD 
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FIGURE IX.18. RISA‐2D – ADDING A PATTERN AND DEFINING THE MOVING LOAD CASE 

FIGURE IX.19. RISA‐2D – APPLY THE MOVING LOAD TO THE STRUCTURE 
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FIGURE IX.20. RISA‐2D – ANIMATED GRAPHIC TO CHECK THE MOVING LOAD CASE 
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RISA‐2D Spring Step 5. Use the “split member” function to split the members to create the critical 
section nodes. Re‐label and sort the critical members using a convention similar to the CULV‐5 naming 
convention. See Figure VI‐19. 

Figure IX‐21 through Figure IX‐23 presents a series of three images depicting the process. The first image 
shows how to create the critical sections. The second image illustrates the process of relabeling the 
nodes to represent the critical sections. The third image shows a check demonstrating that the relabeled 
beam elements are now correctly labeled and can be sorted by the new member name. This facilitates 
subsequent data analysis. 

FIGURE IX.21. RISA‐2D – SPLIT MEMBER TO CREATE CORNER CRITICAL SECTION NODES. 
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FIGURE IX.22. RISA‐2D – RELABEL NODES TO REPRESENT CRITICAL SECTIONS. 

FIGURE IX.23. RISA‐2D – RELABELED BEAM ELEMENTS TO FACILITATE SORT BY MEMBER NAMES. 
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RISA‐2D Spring Step 6. Create four Load Combinations for dead and live demands. 

a. Use the following Basic Load Case Factors for the Total Load Case dead load demands 
• DLv factor of 1.0 
• DLh factor of 1.0 

b. Use the following Basic Load Case Factors for the Total Load Case live load demands: 
• LLv factor of 1.0 
• LLh factor of 1.0 

c. Use the following Basic Load Case Factors for the Reduced Lateral Load Case dead load demands: 
• DLv factor of 1.0 
• DLh factor of 0.5 

d. Use the following Basic Load Case Factors the Reduced Lateral Load Case live load demands: 
• LLv factor of 1.0 
• LLh factor of 0.0 

Figure IX‐24 shows how to define the four load combinations in RISA‐2D 

FIGURE IX.24. RISA‐2D – CREATION OF LOAD COMBINATIONS 
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RISA‐2D Spring Step 7. Use RISA‐2D to solve for moment, shear and axial demand, dead and live loads 
separately. This will require four separate computer runs, one for each load combination. 

Figure IX‐25 shows the “solve” command to perform the demand calculations. This particular image 
applies to the Total Load Case for dead load. Three more computer runs will have to be made: Total Load 
Case live load, Reduced Lateral Load case dead load, and Reduced Lateral Load case live load. 

FIGURE IX.25. RISA‐2D – SOLVING FOR DEAD LOAD DEMAND, TOTAL LOAD CASE. 
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Figure IX‐26 illustrates the RISA output from these computer runs. This particular image shows RISA 
member output for Total Load Case live load calculations. Note that this output includes both maximum 
and minimum values at each section (node) of the model. All four load combinations will have to be 
performed. This level of output facilitates subsequent data analysis. 

FIGURE IX.26. RISA‐2D – OUTPUT SHOWING MEMBER SECTION FORCES FOR DETERMINING LIVE LOAD DEMAND. 

RISA‐2D Spring Step 8. Record the dead load and the maximum and minimum live load demands for 
each critical section for both load cases from the member forces table. 

These data are obtained from the RISA member section force table illustrated in Figure IX‐26. Table IX‐16 
and Table IX‐17 summarize data for each critical section, for each load case (total and reduced lateral), for 
each demand type (moment, shear and thrust). Note that because the live load data are form envelope 
solutions, these include both maximum and minimum values. 

RISA‐2D Spring Step 9. After determining the demands, use Equation VI‐1 to verify that actual thrust 
demand is lower than the incidental axial load assumed in the moment capacity equations. This is shown 
in the far right hand column of Table IX‐16 and Table IX‐17 
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TABLE IX‐16. RISA‐2D TOTAL LOAD CASE DEMANDS. 

Total Load Case Demands 

Member Sections 

1 WBEC

MD (k‐ft/ft) 

 ‐

3.509

ML (max) 
(k‐ft/ft) 

 ‐

0.203

ML (min) 
(k‐ft/ft) 

 ‐

0.805 

VL (max) VL (min) 
VD (klf) (klf) (klf) 

2.462 0.482 0.338

PD (klf) 

 ‐

4.546 

PL (max) 
(klf) 

0.006

PL (min) 
(klf) 

 ‐

1.227 

Thrust Check 

OK 

M101 2 WEM 0.471 0.492

 ‐

0.086

 ‐

0.062 0.062

 ‐

0.082

 ‐

4.251 0.006

 ‐

1.227 OK 

3 WTEC

 ‐

3.092

 ‐

0.132

 ‐

0.971

 ‐

1.854

 ‐

0.357

 ‐

0.501

 ‐

3.955 0.006

 ‐

1.227 OK 

4 TEC

 ‐

2.764

 ‐

0.251

 ‐

0.953 3.679 1.139

 ‐

0.006

 ‐

2.013

 ‐

0.405

 ‐

0.549 OK 

M102 5 TEM 5.198 1.819

 ‐

0.479

 ‐

0.495 0.307

 ‐

0.404

 ‐

2.013

 ‐

0.405

 ‐

0.549 OK 

6 TIC1

 ‐

7.711 0.114

 ‐

2.214

 ‐

4.669 0.054

 ‐

1.372

 ‐

2.013

 ‐

0.405

 ‐

0.549 OK 

7 WBIC1

 ‐

0.103 0.263

 ‐

0.187 0.099 0.107

 ‐

0.103

 ‐

9.952 0.166

 ‐

2.038 OK 

M103 8 WIM1 0.242 0.264

 ‐

0.216 0.099 0.107

 ‐

0.103

 ‐

9.656 0.166

 ‐

2.038 OK 

9 WTIC1 0.586 0.630

 ‐

0.570 0.099 0.107

 ‐

0.103

 ‐

9.361 0.166

 ‐

2.038 OK 

10 BEC

 ‐

3.454

 ‐

0.316

 ‐

0.755

 ‐

3.832

 ‐

0.053

 ‐

1.002

 ‐

2.797 0.386

 ‐

0.530 OK 

M104 11 BEM 4.716 1.210

 ‐

0.172 0.786 0.207

 ‐

0.111

 ‐

2.797

 ‐

0.386

 ‐

0.530 OK 

12 BIC1

 ‐

6.952 0.466

 ‐

1.696 4.388 0.972

 ‐

0.111

 ‐

2.797

 ‐

0.386

 ‐

0.530 OK 

13 TIC2

 ‐

7.228 0.244

 ‐

2.338 4.174 1.328

 ‐

0.130

 ‐

1.914

 ‐

0.374

 ‐

0.580 OK 

M105 14 TIM1 3.206 1.549

 ‐

0.432 0.000 0.388

 ‐

0.388

 ‐

1.914

 ‐

0.374

 ‐

0.580 OK 

15 TIC3

 ‐

7.228 0.244

 ‐

2.338

 ‐

4.174 0.130

 ‐

1.328

 ‐

1.914

 ‐

0.374

 ‐

0.580 OK 

19 BIC2

 ‐

7.104 0.352

 ‐

1.608

 ‐

4.355 0.056

 ‐

0.889

 ‐

2.896

 ‐

0.355

 ‐

0.561 OK 

M107 20 BIM1 3.780 0.751

 ‐

0.002 0.470 0.118

 ‐

0.118

 ‐

2.896

 ‐

0.355

 ‐

0.561 OK 

21 BIC3

 ‐

7.104 0.352

 ‐

1.608 4.355 0.889

 ‐

0.056

 ‐

2.896

 ‐

0.355

 ‐

0.561 OK 
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TABLE IX‐17. RISA‐2D REDUCED LATERAL LOAD CASE DEMANDS. 

Reduced Lateral Load Case Demands 

Member Sections 

1 WBEC

MD (k‐ft/ft) 

 ‐

2.780 

ML (max) 
(k‐ft/ft) 

0.084

ML (min) 
(k‐ft/ft) 

 ‐

0.516 

VL (max) VL (min) 
VD (klf) PD (klf) (klf) (klf) 

1.269 0.061

 ‐

0.081

 ‐

4.397 

PL (max) 
(klf) 

0.065

PL (min) 
(klf) 

 ‐

1.168 

Thrust Check 

OK 

M101 2 WEM

 ‐

0.658 0.052

 ‐

0.527 0.007 0.061

 ‐

0.081

 ‐

4.101 0.065

 ‐

1.168 OK 

3 WTEC

 ‐

2.307 0.167

 ‐

0.682

 ‐

0.889 0.061

 ‐

0.081

 ‐

3.806 0.065

 ‐

1.168 OK 

4 TEC

 ‐

1.620 0.191

 ‐

0.504 3.530 1.082

 ‐

0.065

 ‐

0.969 0.061

 ‐

0.081 OK 

M102 5 TEM 5.595 1.987

 ‐

0.315

 ‐

0.644 0.248

 ‐

0.463

 ‐

0.969 0.061

 ‐

0.081 OK 

6 TIC1

 ‐

8.060

 ‐

0.003

 ‐

2.350

 ‐

4.818 0.000

 ‐

1.431

 ‐

0.969 0.061

 ‐

0.081 OK 

7 WBIC1

 ‐

0.128 0.254

 ‐

0.195 0.127 0.116

 ‐

0.093

 ‐

10.101 0.104

 ‐

2.098 OK 

M103 8 WIM1 0.317 0.297

 ‐

0.186 0.127 0.116

 ‐

0.093

 ‐

9.806 0.104

 ‐

2.098 OK 

9 WTIC1 0.762 0.693

 ‐

0.503 0.127 0.116

 ‐

0.093

 ‐

9.510 0.104

 ‐

2.098 OK 

10 BEC

 ‐

2.268 0.133

 ‐

0.302

 ‐

3.648 0.016

 ‐

0.930

 ‐

1.437 0.081

 ‐

0.061 OK 

M104 11 BEM 4.992 1.310

 ‐

0.045 0.902 0.250

 ‐

0.059

 ‐

1.437 0.081

 ‐

0.061 OK 

12 BIC1

 ‐

7.104 0.373

 ‐

1.757 4.459 1.000

 ‐

0.059

 ‐

1.437 0.081

 ‐

0.061 OK 

13 TIC2

 ‐

7.434 0.153

 ‐

2.418 4.174 1.328

 ‐

0.127

 ‐

0.841 0.101

 ‐

0.100 OK 

M105 14 TIM1 3.001 1.468

 ‐

0.511 0.000 0.388

 ‐

0.388

 ‐

0.841 0.101

 ‐

0.100 OK 

15 TIC3

 ‐

7.434 0.153

 ‐

2.418

 ‐

4.174 0.127

 ‐

1.328

 ‐

0.841 0.101

 ‐

0.100 OK 

19 BIC2

 ‐

7.293 0.272

 ‐

1.679

 ‐

4.425 0.047

 ‐

0.917

 ‐

1.564 0.100

 ‐

0.101 OK 

M107 20 BIM1 3.781 0.753

 ‐

0.043 0.479 0.118

 ‐

0.118

 ‐

1.564 0.100

 ‐

0.101 OK 

21 BIC3

 ‐

7.293 0.272

 ‐

1.679 4.425 0.917

 ‐

0.047

 ‐

1.564 0.100

 ‐

0.101 OK 
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RISA‐2D Spring Step 10. This step goes beyond calculation of demand loads and has to do with 
calculating the culvert load rating. Per the culvert rating flow chart (Figure III‐2) proceed to calculate 
Inventory and Operating rating factors for each critical section, for each demand type, for each load case 
per Equation II‐1. This calculation uses the capacity values for each critical section as determined in 
Appendix B. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

• Live load and capacity must be in the same sign and direction. 
• If the live load and dead load are in opposite directions or the calculated rating is negative, a 

check should be made to insure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3  

RISA‐2D Spring Step 11. Select the controlling inventory and operating rating factors for each section. 
These appear in the two right columns of Table IX‐18 and Table IX‐19. 

RISA‐2D Spring Step 12. Select the overall controlling rating factors for the culvert. These appear at the 
bottom of Table IX‐19. 

RISA‐2D Spring Step 13. If shear controls the load rating, the load rater should perform a less‐
conservative analysis of the shear failure mode based on shear critical sections as per the provisions in 
Section VI.C. In this example, the controlling failure mode is moment, so additional shear analysis is not 
required. 

RISA‐2D Spring Step 14. Calculate the Inventory and Operating Ratings per Equation II‐2. Multiply 
controlling load rating factor by the truck tractor tonnage (W= 20 tons). These appear at the bottom of 
Table IX‐19. 

Summary: Based on a Level 2 analysis using RISA‐2D with springs and medium soil, the 
Inventory Rating is HS‐14 while the Operating Rating is HS‐23. If the culvert condition is fair this requires 
no posting. If the condition is poor, the culvert should be posted at the Inventory Level and inspected 
more frequently than every 24 months. 
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TABLE IX‐18. RISA‐2D TOTAL LOAD CASE RATING FACTOR CALCULATIONS. 

Controlling RF 

Member Sections IRFC ORFC 

1 WBEC 0.75 1.26 

M101 2 WEM 1.06 1.76 

3 WTEC 0.88 1.47 

M102 5 TEM 0.88 1.46 

6 TIC1 1.38 2.30 

M103 8 WIM1 3.97 6.63 

9 WTIC1 1.34 2.23 

M104 11 BEM 1.56 2.60 

12 BIC1 2.45 4.08 

M105 14 TIM1 1.80 3.01 

15 TIC3 1.43 2.39 

19 BIC2 25.47 42.52 156.93 261.95 391.59 653.65 2.52 4.21 3.58 5.98 247.80 413.63 2.52 4.21 

M107 20 BIM1 3.26 5.43 49.98 83.42 353.92 590.78 2157.34 3601.11 51.48 85.93 223.96 373.84 3.26 5.43 

21 BIC3 2.52 42.52 4.02 6.70 391.59 653.65 2.52 4.21 150.03 250.44 247.80 413.63 2.52 4.21 

(Max) Rating Factors (Min) Rating Factors 

IRFM ORFM IRFV ORFV IRFP ORFP IRFM ORFM IRFV ORFV IRFP ORFP 

2.98 4.98 4.95 8.27 15416.62 25733.89 0.75 1.26 7.06 11.79 75.39 125.84 

1.06 1.76 62.89 104.97 15748.74 26288.28 34.77 58.04 46.64 77.86 77.01 128.55 

6.48 10.82 7.71 12.86 15475.63 25832.39 0.88 1.47 5.49 9.17 75.68 126.32 

4 TEC 9.89 16.52 3.49 5.83 327.30 546.33 2.61 4.35 1332.79 2224.73 241.45 403.03 2.61 4.35 

0.88 1.46 21.09 35.21 311.53 520.02 10.78 18.00 13.60 22.71 229.82 383.62 

81.84 136.60 166.22 277.46 341.80 570.54 1.38 2.30 2.18 3.64 252.15 420.89 

7 WBIC1 4.77 7.97 35.54 59.32 532.08 888.16 6.05 10.10 38.07 63.55 43.34 72.34 4.77 7.97 

3.97 6.63 35.54 59.32 533.14 889.94 6.20 10.34 38.07 63.55 43.43 72.49 

1.34 2.23 35.54 59.32 534.21 891.72 2.71 4.52 38.07 63.55 43.51 72.63 

10 BEC 6.55 10.94 65.98 110.14 342.19 571.20 2.74 4.58 3.49 5.83 249.22 416.00 2.74 4.58 

1.56 2.60 27.58 46.03 325.65 543.59 28.35 47.32 56.43 94.19 237.17 395.90 

19.04 31.79 3.65 6.10 360.29 601.41 2.45 4.08 75.87 126.64 262.40 438.01 

13 TIC2 37.05 61.84 2.77 4.62 370.29 618.10 1.43 2.39 63.79 106.49 238.77 398.57 1.43 2.39 

1.80 3.01 15.93 26.58 337.51 563.39 9.19 15.34 14.93 24.92 217.64 363.29 

37.05 61.84 66.77 111.45 370.29 618.10 1.43 2.39 2.48 4.14 238.77 398.57 
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TABLE IX‐19. RISA‐2D REDUCED LATERAL LOAD CASE RATING FACTORS. 

Member Sections IRFM ORFM IRFV ORFV IRFP ORFP IRFM ORFM IRFV ORFV IRFP ORFP IRFC ORFC 

M101 

M102 

M103 

M104 

M105 

19 BIC2 33.38 55.72 187.87 313.60 1398.12 2333.79 2.35 3.92 3.43 5.72 1384.28 2310.68 2.35 3.92 

M107 20 BIM1 3.25 5.42 49.93 83.35 1264.40 2110.57 100.36 167.52 51.52 86.00 1251.88 2089.68 3.25 5.42 

21 BIC3 33.38 55.72 3.85 6.42 1398.12 2333.79 2.35 3.92 179.65 299.88 1384.28 2310.68 2.35 3.92 

1 WBEC 33.08 55.21 50.85 84.87 1424.45 2377.73 2.02 3.37 57.06 95.25 79.27 132.32 2.02 3.37 

2 WEM 23.00 38.39 63.24 105.56 1455.11 2428.92 4.39 7.33 47.73 79.67 80.98 135.17 4.39 7.33 

3 WTEC 14.94 24.94 72.04 120.25 1429.89 2386.82 1.94 3.25 41.10 68.61 79.57 132.83 1.94 3.25 

4 TEC 29.74 49.64 3.76 6.27 2183.29 3644.42 6.29 10.50 121.65 203.07 1644.21 2744.56 3.76 6.27 

5 TEM 0.68 1.14 26.47 44.19 2078.63 3469.71 17.15 28.63 11.68 19.49 1565.39 2612.99 0.68 1.14 

6 TIC1 948.45 1583.18 NA NA 2279.58 3805.15 1.21 2.02 2.03 3.39 1716.72 2865.60 1.21 2.02 

7 WBIC1 5.00 8.35 32.64 54.48 848.42 1416.20 5.73 9.56 42.34 70.68 42.06 70.20 5.00 8.35 

8 WIM1 3.38 5.64 32.64 54.48 850.12 1419.04 7.44 12.41 42.34 70.68 42.14 70.34 3.38 5.64 

9 WTIC1 1.06 1.77 32.64 54.48 851.82 1421.89 3.28 5.47 42.34 70.68 42.23 70.48 1.06 1.77 

10 BEC 45.63 76.16 522.77 872.63 1640.75 2738.78 9.21 15.37 3.88 6.47 2178.69 3636.74 3.88 6.47 

11 BEM 1.31 2.19 22.55 37.65 1561.93 2607.21 112.02 186.98 107.34 179.18 2074.03 3462.04 1.31 2.19 

12 BIC1 24.04 40.12 3.51 5.86 1727.02 2882.79 2.31 3.86 143.46 239.46 2293.25 3827.97 2.31 3.86 

13 TIC2 59.89 99.97 2.77 4.62 1377.54 2299.42 1.33 2.22 65.30 109.00 1391.31 2322.42 1.33 2.22 

14 TIM1 1.98 3.31 15.93 26.58 1256.17 2096.84 7.53 12.57 14.93 24.92 1268.73 2117.80 1.98 3.31 

15 TIC3 59.89 99.97 68.34 114.08 1377.54 2299.42 1.33 2.22 2.48 4.14 1391.31 2322.42 1.33 2.22 

Controlling Rating Factor TEM ‐ M(max) ‐ RLL 0.68 1.14 

Load Rating (HS equivalent) 14 23 
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Appendix E. LEVEL 3: RISA‐2D WITH LEFE EXAMPLE 
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RISA‐2D LEFE Step 1. Modify the model created for the Level 2 analysis to match Figure VI‐20 through the 
following steps: 

a. Remove all Level 2 boundary conditions and loads. Figure IX‐27 shows the culvert model without 
loads or boundary conditions. 

FIGURE IX.27. RISA‐2D WITH LEFE REMOVE BC AND LOADS. 
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b. Place new nodes at the outside corners of the soil area as well as at the edges directly above, 
below and outside the outside corners of the culvert according to Figure VI‐20. Figure IX‐28 
shows the new node locations 

FIGURE IX.28. RISA‐2D WITH LEFE NEW NODE LOCATIONS. 
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c. Connect the nodes from RISA‐2D LEFE Step 1.b using the plate drawing tool to make eight large 
soil elements surrounding the culvert and filling the soil area. 

i. The elements should have the material properties from Table IV‐3. Figure IX‐29 
illustrates how to define a new material property. 

FIGURE IX.29. RISA‐2D WITH LEFE SOIL MATERIAL PROPERTY DEFINITIONS. 
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ii. The elements should be 12 in. thick. Figure IX‐30 shows where to define the plate 
properties. Figure IX‐31 shows the culvert with the drawn plates. 

FIGURE IX.30. RISA‐2D WITH LEFE DEFINE PLATE PROPERTIES. 

FIGURE IX.31. RISA‐2D WITH LEFE DRAW PLATES. 
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d. Use the “submesh” tool to automatically submesh the large plates. Be sure to specify a 
minimum of 10 elements along each culvert span. Figure IX‐32 shows where to define the extent 
of the submeshing. Figure IX‐33 shows the submeshed soil‐structure interaction model. 

FIGURE IX.32. RISA‐2D WITH LEFE PLATE SUBMESHING CONTROLS. 

FIGURE IX.33. RISA‐2D WITH LEFE PLATE SUBMESH. 
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e. Create a thin “soil” beam at the ground surface, running from the top left corner of the soil area 
to the top right corner. Figure IX‐34 shows where the soil “member” is defined. This allows RISA 
to run a moving load across the top surface. 

FIGURE IX.34. RISA‐2D WITH LEFE SOIL "BEAM". 
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f. Set the boundary conditions for the outside edge of soil mesh. Figure IX‐35 shows how to define 
the boundary conditions. 

FIGURE IX.35. RISA‐2D WITH LEFE BOUNDARY CONDITIONS. 
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RISA‐2D LEFE Step 2. Establish the RISA load cases for dead load and live load. 

a. The deal load is simply a ‐1 gravity loading in the Global Y direction Figure IX‐36 illustrates this 
point. 

FIGURE IX.36. RISA‐2D WITH LEFE BASIC LOAD CASES. 
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b. The live load is a moving load of magnitude and spacing as illustrated in Figure VI‐21 and 
calculated in Equation VI‐12 along the soil “beam” created in step 2.e. Table IX‐20 shows the 
magnitude of the live loads. Figure IX‐37 show how to define the moving live load. Figure IX‐38 
shows the animation of the moving live load. Check the “Both Ways” box to ensure that the load 
moves from right to left and from left to right. 

TABLE IX‐20. RISA‐2D WITH LEFE LIVE LOAD CALCULATIONS. 

Type Abbr. Value (klf) 

vertical live load (16k) LLvT 2.605 

vertical live load (4k) LLvT 0.651 

FIGURE IX.37. RISA‐2D WITH LEFE MOVING LIVE LOAD DEFINITION. 
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FIGURE IX.38. RISA‐2D WITH LEFE MOVING LIVE LOAD ANIMATION. 
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RISA‐2D LEFE Step 3. Use RISA‐2D to solve for moment, shear and axial dead and live loads separately. This 
will require two separate computer runs: one for dead load, one for live load. Figure IX‐39 illustrates 
using the solution box to solve for the dead load demands. Figure IX‐40 shows the member results for the 
dead load demands. 

FIGURE IX.39. RISA‐2D WITH LEFE SOLVE FOR DEAD LOAD DEMANDS. 
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FIGURE IX.40. RISA‐2D WITH LEFE RESULTS FOR DEAD LOAD DEMANDS. 

RISA‐2D LEFE Step 4. Record the maximum and minimum demands at each critical section from the member 
force table. 

The data are obtained from the RISA member section force table illustrated in Figure IX‐40. Table IX‐21 
summarizes data for each critical section, for each demand type (moment, shear and thrust). Note that 
because the live load data are form envelope solutions, these include both maximum and minimum 
values. 

RISA‐2D LEFE Step 5. After determining the demands, use Equation VI‐1 to verify that actual thrust demand is 
lower than the incidental axial load assumed in the moment capacity equations. This check is show in the 
far right column in Table IX‐21 
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TABLE IX‐21. RISA‐2D WITH LEFE DEMANDS. 

Member Sections 

1 WBEC

MD (k‐ft/ft) 

 ‐

3.816 

ML (max) 
(k‐ft/ft) 

0.123

ML (min) 
(k‐ft/ft) 

 ‐

0.584 

VD (klf) 

2.925 

VL (max) 
(klf) 

0.369

VL (min) 
(klf) 

 ‐

0.068

PD (klf) 

 ‐

7.553 

PL (max) 
(klf) 

0.027

PL (min) 
(klf) 

 ‐

1.219 

Thrust Check 

OK 

M101 2 WEM 0.575 0.115

 ‐

0.050 0.228 0.057

 ‐

0.065

 ‐

7.192 0.041

 ‐

1.425 OK 

3 WTEC

 ‐

1.760 0.066

 ‐

0.704

 ‐

1.358 0.021

 ‐

0.370

 ‐

5.246 0.041

 ‐

1.398 OK 

4 TEC

 ‐

1.528 0.105

 ‐

0.659 2.657 0.826

 ‐

0.020

 ‐

0.765 0.187

 ‐

0.273 OK 

M102 5 TEM 2.879 1.126

 ‐

0.067

 ‐

0.417 0.174

 ‐

0.243

 ‐

0.308 0.528

 ‐

0.333 OK 

6 TIC1

 ‐

6.378 0.018

 ‐

1.480

 ‐

4.128 0.017

 ‐

1.031

 ‐

1.251 0.442

 ‐

0.418 OK 

7 WBIC1

 ‐

0.204 0.289

 ‐

0.245 0.092 0.102

 ‐

0.111

 ‐

10.242 0.028

 ‐

2.047 OK 

M103 8 WIM1 0.119 0.112

 ‐

0.098 0.092 0.102

 ‐

0.111

 ‐

9.946 0.028

 ‐

2.047 OK 

9 WTIC1 0.442 0.470

 ‐

0.485 0.092 0.102

 ‐

0.111

 ‐

9.651 0.028

 ‐

2.047 OK 

10 BEC

 ‐

3.776 0.158

 ‐

0.562

 ‐

4.187 0.004

 ‐

0.605

 ‐

2.752

 ‐

0.153

 ‐

0.357 OK 

M104 11 BEM 3.801 0.579

 ‐

0.001 0.527 0.090

 ‐

0.016

 ‐

1.791 0.284

 ‐

0.358 OK 

12 BIC1

 ‐

5.796 0.079

 ‐

1.315 4.244 0.847

 ‐

0.027

 ‐

2.451 0.154

 ‐

0.355 OK 

13 TIC2

 ‐

5.956 0.048

 ‐

1.419 3.929 1.015

 ‐

0.030

 ‐

1.221 0.408

 ‐

0.386 OK 

M105 14 TIM1 2.339 1.065

 ‐

0.076

 ‐

0.175 0.214

 ‐

0.214

 ‐

0.786 0.505

 ‐

0.397 OK 

15 TIC3

 ‐

5.956 0.048

 ‐

1.419

 ‐

3.929 0.030

 ‐

1.015

 ‐

1.221 0.408

 ‐

0.386 OK 

19 BIC2

 ‐

6.036 0.112

 ‐

1.385

 ‐

4.248 0.020

 ‐

0.856

 ‐

2.572 0.198

 ‐

0.379 OK 

M107 20 BIM1 3.092 0.544 0.000

 ‐

0.319 0.055

 ‐

0.055

 ‐

2.061 0.279

 ‐

0.356 OK 

21 BIC3

 ‐

6.036 0.112

 ‐

1.385 4.247 0.856

 ‐

0.020

 ‐

2.572 0.198

 ‐

0.378 OK 
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RISA‐2D LEFE Step 6. This step goes beyond calculation of demand loads and has to do with calculating the 
culvert load rating. Per the culvert rating flow chart (Figure III‐2) proceed to calculate Inventory and 
Operating rating factors for each critical section, for each demand type, for each load case per Equation 
II‐1. 

When calculating the rating factors, exercise extreme care regarding the signs for both demands and 
capacities. 

a. Live load and capacity must be in the same sign and direction. 
b. If the live load and dead load are in opposite directions or the calculated rating is negative, a 

check should be made to insure that the structure has adequate capacity to support the dead 
load. I.E. ܥ  ܦ1.3  

Table IX‐22 summarizes this step. 

RISA‐2D LEFE Step 7. Select the controlling inventory and operating rating factors for each section. This is 
shown in the far right column of Table IX‐22. 

RISA‐2D LEFE Step 8. Select the overall controlling rating factors for the culvert. This is shown in the bottom 
right hand corner of Table IX‐22. 

RISA‐2D LEFE Step 9. If shear controls the load rating, the load rater should perform a less‐conservative 
analysis of the shear failure mode based on shear critical sections as per the provisions of Section VI.C. In 
this example, the controlling failure mode is moment, so additional shear analysis is not required. 

RISA‐2D LEFE Step 10. Calculate the Inventory and Operating Ratings per Equation II‐2. This is shown 
in the bottom right hand corner of Table IX‐22. 

Summary: Based on a Level 3 analysis using RISA‐2D with LEFE and medium soils, the Inventory 
Rating is HS‐14 while the Operating Rating is HS‐24. 
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TABLE IX‐22. RISA‐2D WITH LEFE LOAD RATING. 

(Max) Rating Factors (Min) Rating Factors Controlling RF 

Member Sections IRFM ORFM IRFV ORFV IRFP ORFP IRFM ORFM IRFV ORFV IRFP ORFP IRFC ORFC 

1 WBEC 27.64 46.13 5.72 9.54 3359.20 5607.27 0.72 1.21 82.56 137.81 74.40 124.20 0.72 1.21 

M101 2 WEM 3.98 6.64 65.35 109.09 2261.72 3775.33 61.05 101.90 61.51 102.68 65.07 108.62 3.98 6.64 

3 WTEC 32.84 54.82 222.64 371.63 2245.86 3748.86 2.35 3.92 8.24 13.75 65.87 109.95 2.35 3.92 

4 TEC 53.57 89.43 5.55 9.27 712.85 1189.91 4.89 8.17 369.22 616.32 488.29 815.07 4.89 8.17 

M102 5 TEM 2.65 4.43 36.95 61.67 240.89 402.11 56.34 94.05 22.81 38.08 381.96 637.58 2.65 4.43 

6 TIC1 473.93 791.09 508.94 849.53 314.22 524.51 2.60 4.35 3.22 5.37 332.26 554.62 2.60 4.35 

7 WBIC1 4.55 7.60 37.32 62.30 3148.25 5255.15 4.37 7.30 35.29 58.90 43.06 71.88 4.37 7.30 

M103 8 WIM1 10.02 16.72 37.32 62.30 3154.58 5265.73 12.90 21.54 35.29 58.90 43.15 72.03 10.02 16.72 

9 WTIC1 1.98 3.30 37.32 62.30 3160.89 5276.26 3.01 5.02 35.29 58.90 43.24 72.17 1.98 3.30 

10 BEC 44.13 73.66 2171.81 3625.26 863.48 1441.35 3.34 5.58 5.43 9.06 370.06 617.72 3.34 5.58 

M104 11 BEM 4.20 7.01 65.15 108.74 444.73 742.36 4327.27 7223.21 381.78 637.28 352.80 588.91 4.20 7.01 

12 BIC1 103.57 172.88 4.29 7.17 904.42 1509.69 3.68 6.15 308.71 515.31 392.34 654.91 3.68 6.15 

13 TIC2 172.46 287.87 3.77 6.29 340.45 568.29 2.89 4.83 271.55 453.28 359.85 600.68 2.89 4.83 

M105 14 TIM1 3.11 5.19 29.36 49.01 251.30 419.48 45.41 75.81 26.58 44.37 319.66 533.59 3.11 5.19 

15 TIC3 172.46 287.87 284.42 474.77 340.45 568.29 2.89 4.83 3.39 5.66 359.85 600.68 2.89 4.83 

M107 

19 

20 

21 

BIC2 

BIM1 

BIC3 

74.34 

5.25 

3.39 

124.09 

8.77 

5.66 

436.19 

115.82 

4.25 

728.10 

193.33 

7.09 

703.07 

452.12 

703.07 

1173.59 

754.70 

1173.59 

3.39 

NA 

3.39 

5.66 

NA 

5.66 

3.79 

101.85 

416.85 

6.33 

170.01 

695.82 

367.30 

354.33 

368.28 

613.12 

591.46 

614.74 

3.39 

5.25 

3.39 

5.66 

8.77 

5.66 

Controlling Rating Factor 

Load Rating 

WBEC ‐ M(min) 

(HS equivalent) 

0.72 

14 

1.21 

24 
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Commentary: Figure IX‐41 presents the inventory ratings and operating ratings for the example culvert 
for each level of analysis. As expected, the Level 3 analysis more carefully determines the moment, shear and axial 
thrust demands and thus yields the highest load rating. Note that the Level 1 analysis using CULV‐5 shows that the 
culvert will require load posting. However, the Level 2 and 3 analyses indicate the culvert may not require load 
posting depending on the structural condition of the culvert. Per the flow chart in Figure III‐1, if the structural 
condition rating for the culvert is greater than or equal to 5 as determined based on procedures outlined in the 
TxDOT Bridge Inspection Manual (TxDOT 2002), the culvert will not need to be load posted. Otherwise, the culvert 
would need to be posted at the operating rating level. 
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FIGURE IX.41. INVENTORY RATING AND OPERATING RATING FOR MC10‐3 3‐SPAN 10'X7' WITH 6' FILL. 

Careful review of the solutions in Appendices C, D, and E, also shows that for each level of analysis the critical 
section is different in both location and bending direction. Level 1 shows a positive moment controlling case in the 
bottom exterior mid‐span. Level 2 shows a positive moment controlling case in the top exterior mid‐span. 
However, Level 3 shows a negative moment controlling case in the wall bottom exterior corner. Intuition suggests 
that this would be the case, that is, the finite element approach yields a more realistic outcome because it models 
soil‐arching effects. Intuition supports this conclusion as well because moment redistribution occurs as the mid‐
spans crack and become more flexible. This in turn transfers moment load to the corners resulting in greater 
moments at the exterior corners. This higher order effect could be yet more accurately modeled using non‐linear 
concrete models in a Level 4 analysis. However, because load posting may not be required based on the Level 3 
solution, it has been deemed unnecessary to perform a Level 4 analysis. 
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Appendix F. POLICY SOURCE DOCUMENTS 




















































































































































































































