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Abstract: Culverts serves primarily as the hydraulic conduits conveying water from one side of a roadway or similar traffic 
embankment to the other; therefore, culverts serves the dual purposes of functioning as hydraulic structures as well as acting as 
traffic load bearing structures. They are normally cheaper than bridges, which make them the natural stream passes through 
channels. Box culvert are most stable and safe among various types of culverts. It can be constructed for soft soil conditions also. 
Therefore these are the best alternative to the major bridges for the small span and for cross drainage situation. In this work, we 
analyze the R.C. box culvert  of two cell and three cell with different L/H ratio with the use of STAAD Pro software.  In this 
study, we consider the span of culvert bridge as 10 m and we done the analysis for two cell and three cell culvert on the same 
span and varies the height with respect to span of the culvert bridge for different aspect ratio. Here we considered the traffic 
loading of Class AA loading as per IRC:6 2014 and also consider all the loading conditions as per IS codes. The structure 
designing includes the considerations of pressure cases (Box empty, Full, surcharge load) and factors such as Impact load, 
Braking force, Dispersal of load through fill, Effective width, Coefficients of earth pressure, Live load etc. The analysis of 
structure as per limit state method IS 800-2007. The IS standard requirements in the design manual for roads and bridges (IRC-
6-2014, IS 112-2011) is used in the structural designing of concrete box culverts. The structural elements of two cell and three 
cell Box culverts are compared with respect to its maximum moments respectively for the different L/H ratio on the same span of 
the culvert.  In the results we conclude that the moments are less than the two cell Box culvert with comparison to three cell Box 
culvert for the constant span of both the cases of culverts. In the present study, this paper provides full discussion on the 
provisions in the codes, considerations and justifications of all the above aspects of design. 
Keyword:  Box culvert, aspect ratio, Staad pro, IRC codes. 
 

I. INTRODUCTION 
A culvert is a compact channel that permits water to stream under a street, railroad, trail, or comparative hindrance from one side to 
the next. Regularly implanted in order to be encircled by soil, a culvert might be produced using a pipe, reinforced concrete or other 
material. Culverts are generally utilized both as cross-channels to alleviate seepage of ditches at the side of the road, and to pass 
water under a street at normal waste and stream intersections. A culvert might be an extension like structure intended to permit 
vehicle or walker traffic to get over the stream while permitting satisfactory section for the water. Box culvert is a type of culvert 
that provides movement of traffic having an opening without closing it and consisting of a rectangle or square opening whose length 
and height of the side walls is limited to 4 m. It is appropriate where the bearing capacity of the soil is low and discharge in cross 
drainage structure is medium. A box culvert is an ideal structure in such a situation. The carriageway can be at the top level of box 
culvert or may be at some height due to soil filling or cushioning box over the culvert. Culverts are always cheaper than those 
bridges where the discharge opening is less than 15m2 and especially where the road crosses relatively waterways on high 
embankment. Box culverts can have multi cells like single cell, double cell and triple cell so on. They control water flow and 
drainage for irrigation and municipal services, control storm water, and perform multiple other services. All of the above reasons 
represent a good motivation for researchers in culvert design method and construction technique. These constructions should oppose 
enormous vertical and sidelong earth pressures, and are regularly exposed to huge loadings during development of the bank. 
Because of the dirt construction collaboration impacts, the condition of weight on the course relies upon the stiffness of both the 
design and the inlay material. Although the pressing factors applied to the construction are very intricate, a basic methodology 
should be utilized for examination and configuration because of the huge number of culverts that are being fabricated. 
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II. IRC CLASS AA LOADING 
This loading as described by IRC: 6-2000 for bridge design based on 2000. This was before loading IRC Class 70R has highest 
quantity of loading magnitude. This loading before starting IRC Class 70R was considered for the design of bridges for the military 
sector, industrial area and Highway loading. As IRC Class 70R IRC loading in the same way the Class AA loading also had a 
maximum load of 350Kn for single wheel and as longitudinal load length 3.6m.  

 
Figure1. Representation of IRC class AA Loading 

III. MODELLING 
In present study, the three dimensional Two cell and Three cell R.C. Box culvert of same span and varying depth for which the  
model of different L/H ratio are considered such as 1, 1.1, 1.2 ,1.3, 1.4, 1.5. The R.C. two cell and three cell box culvert are design 
and analysis according to IS 800: 2007 and IRC 6: 2014 by using STAAD PRO connect edition V22. The analysis performs on the 
direct application of vertical moving loads on the top slab of the box culvert bridge and along with the dead load of the structure. 
The lateral earth pressure and water pressure is also considered for the analysis. The behavior of box culvert is studying in terms of 
moments and shear stress on the top, bottom and side wall slabs for the different aspect ratio. 
 
A. Geometrical Modeling  

Table1:  Geometric properties of culvert 
 

 

 

 

 

 

 

Geometric Details 
Structure Culvert structure 

Span   10 m 
Type of Culvert Two cell R.C. Box culvert Three cell R.C. Box culvert 

No. of cell 2 3 
No. of models 6 6 
Carriage Way 2 2 

Aspect Ratio ( L/H ) 
Cases  for Two cell  
R.C. Box culvert  

 Length(L)  in metre Height (H)  in metre Ratio 
(L/H) 

I 5.00 5.00 1 
II 5.00 4.54 1.1 
III 5.00 4.16 1.2 
IV 5.00 3.84 1.3 
V 5.00 3.57 1.4 
VI 5.00 3.33 1.5 

Aspect Ratio ( L/H ) 
Cases  for Three cell  

R.C. Box culvert  
Length (L) in metre Height (H)   

in metre 
Ratio 
(L/H) 

I 3.33 3.33 1 
II 3.33 3.02 1.1 
III 3.33 2.77 1.2 
IV 3.33 2.56 1.3 
V 3.33 2.37 1.4 
VI 3.33 2.22 1.5 
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Figure 2. Two cell Box culvert Model 

 
 Figure 3. Three cell Box culvert Model 

 
Figure 4. 3D view of Two cell R.C. Box Culvert  
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Figure 5. 3D view of Three cell R.C. Box Culvert  

B. Material Properties of Structure  

Table 2:  Specification of Material Properties 
Material Properties (Concrete) 

Grade of concrete M-30 
Weight per unit Volume(Kn/m2) 25 Kn/m3 

Modulus of Elasticity, E (MPa) 27386.12 
Material Properties (Steel Rebar ) 

Grade of Steel Fe-415. 
Weight per unit Volume(Kn/m2) 78.5 Kn/m3 

Modulus of Elasticity, E (MPa) 2x105 

Material Properties ( Soil ) 
Unit weight of Earth (Kn/m3) 20 

Coefficient of active earth Pressure (Ka) 0.33 
Modulus of Subgrade Reaction  300000Kn/m2/m 

Member Properties 
Top Slab Thickness (mm) 300 mm 

Bottom  Slab Thickness (mm) 300 mm 
Side Wall Slab Thickness (mm) 300 mm 

Size of Hidden Beams 150mmx150mm 
No. of Plate Meshing Division 10 

Meshing Type Quadrilateral 
Top Cushion  0.00mm 

 

IV. RESULT AND DISCUSSION 

The analysis are based on the limit state design method according to IS- code 800:2007 and IS 456:2000. In this study  we also 
adopt the code IRC -6:2014 and IRC 112-2011 for the analysis of the culvert model for different aspect ratio. The results are 
compared for the maximum moments of Two cell and Three cell Box Culvert for their different L/H ratio of Top slab, Bottom slab, 
Side wall slab respectively. 
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Table 3   Maximum Moments for two cell and three cell box culvert on Top slab 
L/H ratio Moments  for 2 cell box culvert in 

Kn.m/m 
Moments  for 3 cell box culvert in 

 Kn.m/m 
1 61.022 37.486 

1.1 60.355 36.908 
1.2 59.759 36.395 
1.3 59.177 35.927 
1.4 58.722 35.470 
1.5 58.255 35.086 

 

 
Figure 6 Comparison of moments at top slab for 2 cell and 3 cell box culvert 

 
Table 4   Maximum Moments for two cell and three cell box culvert on Bottom slab 

L/H ratio Moments  for 2 cell box culvert in Kn.m/m Moments  for 3 cell box culvert in Kn.m/m 
1 32.876 20.318 

1.1 30.180 19.997 
1.2 28.958 19.738 
1.3 27.601 19.517 
1.4 26.469 19.312 
1.5 25.884 19.202 

 

 
Figure 7  Comparison of moments at Bottom slab for 2 cell and 3 cell box culvert 
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Table 5   Maximum Stresses for two cell and three cell box culvert on Top Slab 
L/H ratio Stresses  for 2 cell box culvert in 

 N/mm2 
Stresses  for 3 cell box culvert in 

 N/mm2 

1 0.338 0.298 
1.1 0.339 0.299 
1.2 0.340 0.300 
1.3 0.341 0.301 
1.4 0.342 0.302 
1.5 0.343 0.303 

 

 
Figure 8  Comparison of Shear stresses at top slab for 2 cell and 3 cell box culvert 

Table 6   Maximum Stresses for two cell and three cell box culvert on Bottom Slab 
L/H ratio Stresses  for 2 cell box culvert in  

N/mm2 
Stresses  for 3 cell box culvert in 

 N/mm2 

1 0.254 0.242 

1.1 0.253 0.241 

1.2 0.251 0.238 

1.3 0.249 0.237 

1.4 0.248 0.236 

1.5 0.246 0.234 

 

 

 

 
 
 

Figure 9  Comparison of Shear stresses at Bottom slab for 2 cell and 3 cell box culvert 
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V. CONCLUSION 
In the analysis of Two cell R.C. Box culvert with different loading combinations and for different L/H ratio all the models are 
analyzed. In that analysis, the moments and shear stresses values for the slabs both the cell of the culvert are obtained. Here, 
comparing the moments and shear stresses values of both the Two cell and Three cell of the culvert for different L/H ratio on the 
same span length. The following conclusions are based on the research work are as follows- 

A. In this analysis, the maximum moment values are reduced significantly for the three cell box culvert as compared to the two cell 
culvert. The deduction in percentage for Top slab is 38.56%, for Bottom slab is 38.19%.  

B. As it shows  the change in the moments values in three cell box culvert that are  less than that of two cell box culvert at the top 
and bottom slab. But in side wall also the three cell box culvert moment values are 39.50%  less than that of two cell box 
culvert. 

C. For the shear stresses analysis, the values are again reduced for the three cell box culvert on comparison with the two cell Box 
culvert for different L/H ratio with same span. The values reduction in percentage are for Top slab is 11.83%, for Bottom Slab 
is 4.72%,  

D.  For three cell box culvert side wall Slab moment values are 17.50% less than that of  two cell Box Culvert.  It shows that the 
values are decreasing in three cell box culvert for the same span as compared to two cell box culvert for same loading 
conditions. 

E. Hence, overall concludes that for the same span, the maximum moments and stresses values are reduced in significant amount 
on the Three cell Box culvert as compared with the Two cell Box culvert for different L/H ratio 

REFERENCES 
[1] Shad M. Sargand , Glenn A. Hazen ,  John O. Hurd (1992) “Structural Evaluation of Box Culverts” Journal of Structural Engineering, Vol. 118, No. 12, 

December, 1992. ISSN 0733-9445/92/0012-3297 
[2] Ahmad M. AbdeI-Karim , Maher K. Tadros , Joseph V. Benak ,(1993) “ Structural Response of Full Scale Concrete Box Culvert”, “ Journal of Structural 

Engineering” Vol. 119, No. 11, November, 1993. ISSN 0733-9445/93/0011-3238. 
[3] Richard M. Bennett, Scott M. Wood , Eric C. Drumm and  N. Randy Rainwater (2005) “ Vertical Loads on Concrete Box Culverts under High Embankments” , 

“ ASCE” DOI: 10.1061/ASCE1084-0702200510:6643 
[4] Kyungsik Kim and Chai H. Yoo, (2005) “ Design Loading on Deeply Buried Box Culverts “ “ASCE” DOI: 10.1061/(ASCE)1090-0241(2005)131:1(20) 
[5] Alia Osman Mohamed Ahmed and ElHussein Alarabi (2011) “Development Formulation for Structural Design of Concrete Box Culverts” , “ ASCE journal”  

DOI: 10.1061/(ASCE)SC.1943-5576.0000075. 
[6] Zhu P, Liu R, Liu W and Wu X (2012) “Study on optimal design of a box-culvert under road” ASCE journal, Civil Engineering and Urban Planning (CEUP) 

ASCE.  
[7] Shreedhar S , Shreedhar R (2013) “Design coefficients for single and two cell box culvert “ “International Journal of Civil and Structural Engineering “. 

Volume 3, No 3, 2012 ISSN 0976 – 4399 
[8] Kolate N , Mathew M , Mali S (2014) “Analysis and design of RCC box culvert “ “International Journal of Scientific & Engineering Research “ Volume 5, 

Issue 12, December-2014 ISSN 2229 – 5518 
[9] Kalyanshetti M.G.  and  Gosavi S. A. (2014) “Analysis of box culvert - cost optimization for different aspect ratios of cell “ , “International journal of research 

in engineering and technology, volume: 03, issue: 04, apr-2014 
[10] Kumar Y. V, Srinivas C. (2015) “ Analysis and Design of Box Culvert by using Computational Methods” “International Journal of Engineering & Science 

Research” IJESR/July 2015/ Vol-5/Issue-7/850-861 ISSN 2277-2685. 
[11] Sahu K. and Sharma S. (2015) “Comparison and Study of Different Aspect Ratio of Box Culvert” IJSRD - International Journal for Scientific Research & 

Development Vol. 3, Issue 07, ISSN: 2321-0613  
[12] Patil A. D. , Galatage A. A. (2016) “Analysis of Box Culvert under Cushion Loading “ , “International Advanced Research Journal in Science, Engineering and 

Technology Vol. 3, Issue 6, June 2016 ISSN (Print) 2394-1588 
[13] IS : 456. (2000). Plain and Reinforced Concrete – Code of Practice (Fourth Revision), BIS, New Delhi, India 
[14] IS: 800 (2007)Indian Standard General Construction  In Steel — Code of Practice (Third Revision), BIS, New Delhi, India  
[15] IRC:6-2014 Standard Specifications and Code of Practice for Road Bridges Section:II Load and Stresses (Revised Edition) IRC, New Delhi, India   
[16] Reinforced concrete structure; volume:2; DR.B.C. PUNIMA, ASHOK.K.JAIN, ARUN.K.JAIN 
[17] Kazmi Z.A.,  Imam A. , Srivastava V. (2017) “ Analysis and Design of Box Type Minor Railway Bridge” , “International Journal of Civil Engineering and 

Technology (IJCIET) ( Scopus Indexed ) . Volume 8, Issue 7, July 2017, ISSN Print: 0976-6308 and ISSN Online: 0976-6316 
[18] Krishna S.R., Ch. Rao H. (2017) “ Study on Box Culvert Soil Interaction “ , “International Journal of Civil Engineering and Technology (IJCIET) .(Scopus 

Indexed). Volume 8, Issue 1, January 2017 ISSN Print: 0976-6308 and ISSN Online: 0976- 6316 
[19] Kakade M.D. , Dubal R.A.  2 (2017) “ A Study of Behaviour of RCC Box Culvert Under the Influence of Static and Dynamic Loads in Accordance with RCC “ 

, “International Research Journal of Engineering and Technology (IRJET) “ . Volume: 04 Issue: 10 | Oct -2017 e-ISSN: 2395-0056 p-ISSN: 2395-0072 
[20] Tanwar V.S , Verma , M. P., Jamle S (2018) “Analysis of Box Culvert to Reduce Stress Values” “International Journal of Advanced Engineering Research and 

Science (IJAERS) “ . [Vol-5, Issue-5, May- 2018] ISSN: 2349-6495(P) | 2456-1908(O) 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 9 Issue X Oct 2021- Available at www.ijraset.com 
     

143 ©IJRASET: All Rights are Reserved 

[21] Krishna P. L, Dr. Rajasekhar K.  (2018) “Analysis and Design of Box Culvert “ “IJSTE - International Journal of Science Technology & Engineering | Volume 
4 | Issue 10 | April 2018 ISSN (online): 2349-784X 

[22] Shende P. , Chudare M.  (2018) “Analysis of RCC Culvert By Using Software “ “ International Research Journal of Engineering and Technology (IRJET) “ . 
Volume: 05 Issue: 04 | Apr-2018 e-ISSN: 2395-0056 p-ISSN: 2395-0072 

[23] Kareem A. and Shammaa A. (2018) “simplified model for design rcc box culverts by staad.pro” ARPN Journal of Engineering and Applied Sciences. 13, no 
issn 1819-6608 

[24] Osama S. Hussien (2019) “Effect of haunch on the stresses of box culvert” Preprints) not peer-reviewed   
[25] Kumara A. Ahirwarb A.K. , Mandalc J. N.  (2019) “ Behavior of box culvert with geofoam as a backfill material in Highway” World Conference on Transport 

Research - WCTR 2019 Mumbai 26-31 May 2019 (Published by Elsevier B.V ) “ Transportation Research Procedia 48 (2020) 3642–3647 “ 
[26] Bangari P.S., Guruprasad T N , Mallesh T.V. , Ramesh S.R. (2019) “ Parametric Study on Behaviour of RCC Box Culvert for Dynamic Loading “ , “ 

International Research Journal of Engineering and Technology (IRJET) “ Volume: 06 Issue: 09 | Sep 2019 e-ISSN: 2395-0056 p-ISSN: 2395-0072. 
[27] Masoud Ghahremannejad and Ali Abolmaali (2019) “Shear Capacity of Reinforced Concrete Box Culverts Compared with AASHTO Shear Equation” DOI: 

10.1061/(ASCE)BE.1943-5592.0001389. 
[28] Ubani O. U, Nwaiwu, J. Obiora I. and Mezie E. O.(2020) “effect of soil compressibility on the structural response of box culverts using finite element 

approach” Nigerian Journal of Technology (NIJOTECH) Vol. 39, No.1, pp. 42 – 51 ISSN: 0331-8443, Electronic ISSN: 2467-8821 



 


