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ABSTRACT-Box culverts are the monolithic structure made to pass across a roadway, railway lines etc. Embankments 

are used to balance the flood water on both sides. Box takes various types of loads generated by water, traffic, cushion, 

soil etc.As per standard practice bridges (Short Span less than 6M) were designed by IRC: 6 – 2000 & IRC: 21 – 2000. 

Both the codes were based upon Working Stress Method. But IRC has revised IRC: 6 – 2000 as IRC: 6 – 2014 and 
published a new code IRC: 112 - 2011 for bridges design. These are based upon the Limit State Method. In the present 

study using these codes a RCC Box Culvert of 4M span & height is analyzed& designed with WSM approach as well 

as LSM approach. A MS – Excel sheet is also developed by manual calculation for the same. Results of manual 

analysis, MS – Excel sheet &Staad Pro are compared for design the problem The Design based on both the approaches 

WSM & LSM are also compared & a parametric study is carried out by keeping Steel Grade as constant with different 

Grade of Concrete and finding the % reduction in Steel Reinforcement as well as % reduction in section dimensions 

due to LSM approach over WSM approach. This study will eventually comment on the design philosophy LSM & 

WSM regarding the design of RCC Box Culvert and discussed which one will perform better economically as well as 

structurally. The developed MS – Excel tool is user friendly, error free & fast for convenient-application for the RCC 

Box Culvert Design. 

 

 To design the box culvert we have to analyse with the help of, in Bentley STAAD-PRO V8i. 

 Modelling and anlyse for different loading condition three analysis mentioned above using Staad Pro. 

 software is done and the results so obtained are compared. 

 Study of different IRC Codes which are useful during calculations. 

 IRC-6-2017 for load calculation, IRC-112-2019, IRC-SP-13, IRC-21-2000. 

 Design the box culvert manually on Ms-Excel according to WSM and LSM and Compaire the result. 

 

KEYWORDS: RCC Box Culvert, Limit State Method , Working Stress Method, IRC, STAAD PRO 

 
I. INTRODUCTION 

 
1.1 BACKGROUND OF THE STUDY 
 

Box culverts are low rise bridge or structure which is used to discharge water in the proper channel in crossing of 

railway, flyover, roads etc. and is used where the bearing capacity of soil is low. Culverts are always economical 

than bridge where the discharge in the opening is 18 m2 it depends on the number of cells which is generally used 

where roadway crosses the high embankment. Box culverts are generally cast in situ in India, but in other countries 

the box culverts are preferred due to low cost and economically with having fast workmanship. The box is just name 

given for its shape, can be found in various types of shapes and also it can be act as minor bridge when the number 

of cells increases and span greater than 6m in length. Its height depends on span. It can control all water coming 

from irrigation, surface water, river and canals they control all the storm water and flood water during rainy season.  

 

Box culvert is one of the type of culvert that provide passage of traffic movement over an opening without closing of 

it and consisting a rectangular or square opening whose span and height of side walls is limited to 4m. It is suitable 
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where the bearing capacity of soil is poor or discharge in the cross drainage structure is less. In such situation a box 

culvert is an ideal structure. The road level can be at top of box culvert or may be at some height due to earth fill or 

cushion above the box culvert. 

 

Box culverts which have four corners are monolithically jointed. In other cases the box will be of three sides means 

which has bottom slab (Raft) and vertical walls. Top slab needed to be made otherwise precast slab also available in 

market we cannot joint it monolithically. Cushioning is very important in every box culvert which decided by road 

profile and bearing capacity of soil available at site. 

 

OBJECTIVES: - 
 To carry out extensive literature survey and This structure is proposed to analyze and design according IRC: 6 

- 2017 & IRC: 112 – 2019 for LSM, IRC: 6 - 2000 & IRC: 21 – 2000 for WSM. 

 Comparison between  LSM and WSM for various configurations of box culvert which is more effective in 

strength and economical point of view. 

 To compare the analysis and results of LSM and WSM for the design of box culver 
 

 
(Fig.1.1: RCC BOX CULVERT) 

 
Box culverts are economical due to their rigidity and monolithic action and separate foundation are not required 

since the bottom slab resting directly on the soil, serves as raft slab. For small discharges, single celled box culvert is 

used and for large discharges, multicelled box culverts can be employed. The barrel of the box culverts should 

besufficient length to accommodate the carriageway and the kerb. 

 

For a box culvert, the top slab is required to withstand dead loads, live loads from moving traffic, earth pressure on 

sidewalls, water pressure from inside, and pressure on the bottom slab besides self weight of the slab. The structure 

is designed like a rigid frame adopting moment distribution method for obtaining final distributed moments on the 
basis of the relative stiffness of the slab and vertical walls. The method is well known and does not need any 

elucidation. A few things like depth of cushion, coefficients of earth pressure for lateral pressure on walls, width or 

angle of dispersion for live loads on box without cushion and with cushion for structural deformation are important 

items where opinion of the designers vary and need to be dealt in much detail. These affect the design significantly 

and therefore, required to be assessed correctly for designing a safe structure. Therefore an attempt is made to study 

the effects of cushion, co-efficient of earth pressure and angle of dispersion for live load. 
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(Fig.1.2 : Box Culvert Modelling using STAAD PRO) 

 
The study has been conducted on a RCC Box Culvert up to 4M span. MS - Excel tool is designed as per IRC: 6 - 

2000 & IRC: 21 - 2000 and IRC: 6 - 2014 & IRC: 112 - 2011 as applicable for 1-Lane to 8-Lane carriageway. In the 

developed tool, provisions are made for IRC Class 70R and IRC Class A loading. The results of analysis and design 

obtained through developed excel sheet are compared and check by manual method and through STAAD Pro. 

 

II. LITERATURE REVIEW 
 

David Z. Yankelevskyhas analyzed Rigid Box Buried in Non-linear medium by considering different parameters. 

The study deals with the design parameters like compressibility, stiffness, settlement, slope of trench wall on 

displacement and stress variations with depth. 

 

Kiangsi Kim and Chaih.Yoohas evaluated design loading on deeply buried Box Culverts. Linear and non linear finite 

element analyses were used to investigate the effective density or soil-structure interaction factor for deeply buried 

box culverts. ABAQUS (1998) and ISBILD were used primarily for the analysis and CANDE -89 for verification 

and comparison. 
 

Richard M. Bennett, Scott M. Wood, EriccDrumm and N. Randy Rainwater  haveanalyzed vertical loads on concrete 

box culverts under high embankments. Vibrating wires, strain gages and pressure cells were used to determine the 

internal forces and pressures on the culvert due to backfill. Strong correlation was obtained between between the 

height of fill and the pressure and internal forces in the culvert, suggesting that the soil structure interaction factor is 

independent of H/B ratio. 

 

Ali Abolmaali and Anil K. Garg has evaluated the shear capacity of the precast reinforced concrete box culverts. Six 

full-scale 2.4 m (8 ft) span box culverts were tested to failure by subjecting eact culvert to the AASHTO HS-20 

wheel load. Each test specimen Was loaded incrementally up to failure in which crack initiation and propogation 

were identified and recorded in each load step. In some specimens the top slab compression distribution steel was 

precluded during specimen fabricatio the effect of which was shown to be insignificant to culvert’s performance 

experimentally. 
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Sinha and Sharma (2009) have done a study in which they analyzed& designed a RCC Box Culveit by manual and 

computer application. The study told that effective width method mainly applicable for the top slab (particularly for 

the box without cushion) and the design of box is covered by three load cases. The fourth situation when whole box 

is submerged under water, provide design moments are less than given by the three load cases hence need not to be 

considered. This study also told amount of required Steel Reinforcement is confirmed by the required depth of 

section. 

 

Zhu et al. (2012) have study on optimal design of a Box Culvert under road and find with the reduction in the size of 

proposed box culvert structure, the self weight of the concrete structure is obviously reduced. Therefore, the 

requirement for the soil bearing capacity is decreased. As a result, the use of concrete is significantly reduced. As 

such, the optimal design is much more cost efficient. 

 

Meshram and Pajgade (2014) have done Comparative Study of Water Tank Using Limit State Method and Working 

Stress Method and obtained result shows that the steel quantity found more for a circular service reservoir design by 

WSM than that of LSM. The steel quantity found more for a square service reservoir design by WSM than that of 

LSM. 

 

III. PROPOSED METHODOLOGY 
 

Input parameters  
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3.1 WSM design parameters 
 

 
3.2 LSM design parameters 
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3.3 Analysis 
 

 
Moment calculation for all members- 
 
1. Top slab and bottom slab moment calculation (Kn-M) 
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(Fig.3.1 : Fully Meshed Box Culvert) 

 

 
(Fig.3.2 :Staad Pro Interface) 
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(Fig.3.3 : Earth Pressure On Culvert) 

 

 
(Fig.3.4 : Transverse Bending Moment) 
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(Fig.3.5 : Transverse Shear Stress) 

 
 

IV. RESULT AND DISCUSSION 
 

4.1 Results of Analysis by MS-Excel & STAAD Pro  
 
The result of momait analysis by manual calculation, by developed MS-Excel Sheet and STAAD Pro. 

 

Table 4.1  Design Moments by MS-Excel tool and STAAD.Pro 
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4.2 Design by MS-Excel tool 
 
Effect on Area of Steel in WSM and LSM Approach- 
A design of a RCC Box Culvert with Span & Height 4M is prepared with the help of developed MS-Excel tool. This 

design is based on the WSM as well as LSM approaches. From the developed MS-Excel tool the saving in die amount 

of steel area requhedwiili keeping a constant depth of section from WSM to LSM approaches. 

 

Table 4.2 Saving in Steel using LSM approach over WSM for Fe415 Steel Grade 
 

 
 

Table 4.3 Saving in Steel using LSM approach over WSM for Fe 5OO Steel Grade 
 

 
 

Saving in Depth of Section in LSM over WSMwiih constant Steel Area- 
A design of a RCC Box Culvert with Span & Height 4M is prepared with the help of developed MS-Excel tool. This 

design is based on Hie WSM as well as LSM approaches. From the developed MS-Excel tool the variation in the 

amount of depth of section with keeping a constant steel area required from WSM to LSM approaches. 
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Table 4.4 Saving in Material using LSM approach over WSM for Fe415 Steel Grade 
 

 
 

Table 4.5 Saving in Material using LSM approach over WSM for Fe 5OO Steel Grade  
 

 
 

V. CONCLUSION 
 

In the present study on "Analysis & Design of RCC Box Culvert using WSM & LSM" the analysis & design of box 

culvert under different loading conditions has been carried out. A sample problem of 4M span with Empty Box 

Condition is analysed by manual and STAAD Pro software. The design for the same is carried out with conventional 

WSM approach & as per latest guidelines of IRC: 6-2014 using LSM approach. 

 

The results from the develop tool analysis & design are compared with manual & STAAD Pro analysis/calculation. 

From the study following conclusions may be drawn: 
 

1. The develop MS - Excel tool for analysis & design of box culvert is accurate, fast, easy to use & user friendly 

application.  
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2. No software and additional knowledge to run software is required for the analysis and design of box culvert.  

3. Empty box culvert condition is found to be most critical loading combination as in this case no counterbalancing 

moments are available because of non availability of water head.  

4. Although IRC Class 70R Loading are higher as compared to IRC Class A Loading but due to higher impact factor in 

case of IRC Class A Loading sometimes shear check becomes critical.  

5. From the parametric study it is observed that for a constant section, a saving of tune of 6-10% may be achieved by 

using LSM approach, amount of saving is higher for higher grades of concrete. 

6. From the parametric study, it is also observed that for a constant Steel Area a saving of the tune of 7-12% may be 

attained in concrete by using LSM approach over WSM design approach. For higher grades of concrete saving is 

higher. 

 

VI. FUTURE SCOPE 
 

Based on the experience of present study, work can also be extended for the other type of bridges such as (i) Slab 

Culvert Bridge (ii) T-Beam Bridge and (iii) Plate Girder Bridge. The study may be carried out for the bridge abutment, 

bridge pier & bridge foundation also. 
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