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Abstract - It has become crucial to take into account blast load impacts from the stage of building a structure, similar to how you would 

take into account earthquake loads, wind loads, etc., due to the exponential rise in terrorist threats and actions in recent years across the 

globe. The primary goal of this work is to reduce the blast load effect on the structure. The blast load explosion must be given 

consideration during the architectural and structural design processes. More damage is done to the buildings as a result of blast loads. 

Hence it should be given consideration during the design process itself. Because it is not a cost-effective technology, the construction 

cannot be totally blast resistant. Regular buildings are not constructed to withstand explosives effects since they would be too expensive 

and the magnitude will be too large. The current work is related with the analysis of blast load. In this work considering a various 

number of charge weight varying between 100 to 400kgs at an interval of 100kgs and standoff distances varying between 15 to 25m at 

an interval of 5m as per IS: 4991 specification. In this research the building is analysed for blast loads by using ETABS software. The 

design aspects considered are Maximum joint Displacement, Number of beams and columns failed, Time Period v/s modes and 

Frequency v/s modes were compared after modification of structure. 
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I. INTRODUCTION  

        A thorough understanding of blast characteristics will enable more competent blast resistant building design. Basic techniques for 

improving a structure's ability to withstand a blast should consider both the architectural and structural approach. The primary goal of 

the study is to offer recommendations for blast-resistant building design. ETABS software will be used to determine how a structure 

will respond to a blast load, with emphasis placed on a range of standoff distances between the blast and the building in addition different 

TNT charge weights in keeping with IS Code 4991. According to the requirements of IS 875, the Dead loads, Partition Wall loads, and 

Live loads are given into consideration for the evaluation of the building based on the demands and objectives of the building. 

II. METHODOLOGY 

1. Description of Structure  

The present analysis is carried out for the models under 12 cases where in each model the value of pressure of blast load is varied 

according to the value obtained by varying the charge weight & the standoff distances. The modification is made to the structural 

elements to withstand the blast load are analysed by using ETABS software. 

2. Properties of Structural Members 

The building and modelling process utilized in this project is described in detail as follows: 

1) Site dimensions - 16m x 14m. 

2) Plan's horizontal dimension is 16m & it has 4 bays of 4 meters each. 

3) Plan's vertical dimension is 14m & it has 4 bays of 3.5 meters each 

4) Overall height of the building 18 meters with each floor height 3 meters & footing level is 1.5m below ground level. 

5) Initial column dimensions given without blast load - 400mm x 400mm 

6) Initial beam dimensions given without blast load - 300mm x 400 mm 

7) Thickness of Slab - 150 mm thick 

8) All the columns are assumed to be fixed at their base. 

9) Characteristic strength of concrete used in beams, columns & slabs is - fck=30N/mm2 

10) Characteristic yield strength of steel used in beams, columns & slabs - fy=550 N/mm2 

11) Density of materials used. Brick - 22kN/m3, R.C.C - 25kN/m3 

 

2.1 Loads Considered in Design 

1) Wall load applied on beams - 2.6m x 0.23m x 22 kg/m3=13.2kN/m. 

2) Floor finish load - 1 kN/m2  

3) Live load - 5 kN/m2 
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2.2   Loads Combination in Design 

1) 0.9Dead Load + 1Blast Load 

2) 1.2Dead Load + 1.2Blast Load + 1Blast Load 

3) 1.5Dead Load + 1.5Live Load 

4) 1.5Dead Load + 1Blast Load 

 

3. Calculation of blast load according to IS 4991 

 

One gram of TNT explosive releases 1000 calories worth of energy. Calculation of Blast Loads for various Charge weights & standoff 

distances are done below. Pressure- Time curve on rectangular above ground building is also plotted for each case. Total of 12 cases are 

considered by varying charge weight & standoff distances. 

Case 1 

Blast parameters obtained due to the denotation of a 0.100 tonne TNT (100kg's charge weight) explosive & standoff distance of 15m 

are evaluated on an above ground rectangular structure for 

Height of the building: 19.5m 

Length of the building: 16m  

Width of the building: 14m 

Stand-Off distance is varied from 15m to 25m. 

a) Characteristics of blast load  

Scaled distance x = 15/ (0.1)1/3 =32.32m 

From Table 1 assuming Pa=1 kg/cm2 and for the scaled distance 30m, the pressures are directly obtained: 

Pso=1.2 kg/cm2   

Pro=3.6 kg/cm2  

qo=0.47 kg/cm2 

The scaled times to and td obtained from Table 1 for scaled distance 32.32 m are multiplied by (0.1)1/3 to get the values of the respective 

quantities for the actual explosion of 0.1 tonne charge. 

to=24.49 x (0.1)1/3 = 11.36 milliseconds 

td=16.10 x (0.1)1/3= 7.47 millisecs 

M = √ 1 + 6Pso = √1+ 6 x 1.25 = 1.43 (M =Mach number) 

                 7𝑃𝑎        7x1 

a=344m/s (Velocity of sound in air at mean sea level) 

U= shock front velocity= M x a 1.43x344=491.92 m/millisecond. 

b) Pressure on the Building 

H=19.5m, B=14m, L=16m 

S=H or B/2 whichever is less= 19.5 & 14/2=7 so S=7m 

tc = 
3𝑆

𝑈
=

3𝑋7

0.491
 = 42.68 millisec 

tt = 
𝐿

𝑈
=

16

 0.491
 = 32.52 millisec     

tr = 
4𝑆

𝑈
=

4𝑋7

0.491
=56.91 millisec, tr > td So, no pressure on the back face are considered 

For Side face Cd= -0.4, Pso+Cdqo =1.4 + (-0.4) x0.471= 1.061 kg/cm2  

Conversion from kg/cm2 to kN/m2 = 1.061 x 9.81 N/cm2 = (10.40N) /(10-4m2) = 104 kN/m2 

For Front face Pressure = 3.62 kg/cm2  

Conversion from kg/cm2to kN/m2 = 3.62 x 9.81 N/cm2 = (35.51N) /(10-4m2) = 355.10 kN/m2 

                              355                                                                                                                                                                    
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    104 

Pressure Pressure 

(KN/m2)     (KN/m2) 

Pro Pro 

                                    Time (millisec) 7.47                                    Time (millisec) 7.47 

 

  

 Graph.1 Front Face and Side Face Pressure obtained for 12 cases  

3. Model in ETABS Software 

 

                                

                             Figure 1: Plan                                                                                        Figure 2: 3D Model 

 

 
Figure 3: Blast load - Front face & Side face blast loads are calculated for 12 models and analyzed. 
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III. RESULTS AND DISCUSSIONS 

1.Linear Static Analysis Results  

 

Figure 4: Number of failed beams/columns of 100 kg charge weight & 15m standoff distance without bracings 

2. Modification of the Structure 

A design check is performed on the structure. The number of beams and columns that are failed due to shear or flexure or torsion are 

selected & the cross-sectional area are enhanced by adding bracings to the structure. The beams & columns can also be strengthened by 

adding bracings (ISA 150X75X8mm) to the structure. After the modifications of the structure by adding bracings they are analysed & 

again verified whether it can with stand the loads imposed on it. 

                                         

        Figure 5: Modification of the Structure.                             Figure 6: All Column and Beams passed the design after modification 

  

Table 1: Details of the results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 

No 

 

 

Denotatio

n Charge 

Weight 

(TNT in 

Kgs) 

 

 

 

Stand 

Off 

Distance 

(m) 

 

 

Front face 

Pressure 

developed 

by Blast 

(KN/m2) 

 

 

Side face 

Pressure 

develope

d by 

Blast 

(KN/m2) 

 

 

 

Maximum Joint 

Displacement (Top Story) 

in mm 

 

 

No of beams or columns 

failed 

Without 

bracings 

With 

bracings 

Without 

bracings 

With 

bracings  

1 100 15 355 104 46.335 14.458 73 0 

2 100 20 182 65 23.755 10.715 0 0 

3 100 25 113 48 14.749 7.412 0 0 

4 200 15 689 115 89.93 28.06 93 41 

5 200 20 311 94 40.592 12.66 23 0 

6 200 25 185 65 24.14 7.534 0 0 

7 300 15 1065 241 139.00 43.373 135 51 

8 300 20 418 115 54.558 17.023 88 15 

9 300 25 249 81 32.51 10.141 0 0 

10 400 15 1460 264 190.56 55.459 135 75 

11 400 20 562 139 87.643 26.675 94 40 

12 400 25 328 98 42.811 13.358 33 0 
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Graph 2: Joint Displacement plotted before and after modification 

 

 

Graph 3: Number of Beams columns failed before and after modification 

 

          

                   Graph 4: Time Period v/s Mode                                                    Graph 5: Frequency v/s Mode                  

 

IV. CONCLUSIONS 

        From the Linear Static Analysis results it can be shown that, the Displacement is smaller in modified model because of bracings, 

the number of failed structural elements decreases after modification and the period decreases with increase in number of modes and 

the frequency of the structure increases with increase in number of modes. The modified modified structure shows large values of 

frequency because of bracings. 

 

 

 

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7 8 9 10 11 12

Ti
m

e 
P

er
io

d
 in

 s
ec

Modes 

Type 1 Type 2

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

Fr
eq

u
en

cy
 in

 c
yc

/s
ec

Modes

Type 1 Type 2



TIJER || ISSN 2349-9249 || © September 2023, Volume 10, Issue 9 || www.tijer.org 

TIJER2309041 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org a290 
 

V. REFERENCES 

[1] Mennatullah Talaat et al (2022). Finite element analysis of RC building subjected to blast loading’’. Ain Shams Engineering Journal, 

Science Direct Volume: 13 Issue:04-June-2022,pp.1-11 

https://doi.org/10.1016/j.asej.2021.101689 

[2] Rucha N Patel and Arun M Butala (2020). Effect on high rise structure exposed to blast load’’. International Journal for Research 

in Engineering Application and Management (IJREAM), Volume: 06 Issue: 01-April-2020, pp. 350-355 

http://ijream.org/papers/IJREAMV06I0161133.pdf 

[3] Shobha R, Vinod B R et al (2020). Response of Tall Structures Along Face Exposed to Blast load Applied at varied Distance’’. 

International Journal of Recent Technology and Engineering (IJRTE) Volume: 09 Issue: 01-May-2020, pp. 455-460. 

https://www.ijrte.org/wp-content/uploads/papers/v9i1/A1591059120.pdf 

[4] Thejaswini S. and Hegde, M.N. (2018). ‘‘Effect of Blast Loads on Multistoried RCC Building’’. International research Journal of 

Engineering and Technology (IRJET), Volume: 05 Issue: 07-July-2018, pp. 1856-1861. 

https://www.irjet.net/archives/V5/i7/IRJET-V5I7333.pdf 

[5] Gautham, T.N. and Hegde, M.N. (2017). ‘‘Blast Resistant Buildings’’. International research Journal of Engineering and 

Technology (IRJET), Volume: 04 Issue: 09-September-2017 pp. 1156-1159. 

https://www.irjet.net/archives/V4/i9/IRJET-V4I9206.pdf 

[6] Jiji Madonna, Vijaya G S, Kiran Kumar K L (2016) "Analysis of high rise building subjected to blast load" International 

Research Journal of Engineering and Technology [IRJET] Volume: 03 Issue: 08-August-2016 pp: 1934 - 1939. 

https://www.irjet.net/archives/V4/i9/IRJET-V4I9206.pdf 

[7] Swathi Ratna K (2016)"Analysis of RCC and Simon buildings subjected to blast effects" International Research Journal of 

Engineering and Technology [IRJET] Volume 7, Issue 4, July-August-2016, pp:223-233 

https://www.academia.edu/27908633/ANALYSIS_OF_RCC_AND_SIMCON_BUILDINGS_SUBJECTED_TO_BLAST_EFFE

CTS 

[8] Ahmed A Bayoumey, Walid A Attia (2016)"Assessment of existing structures under the action of gravity, earthquake and blast 

loads" International Journal of Engineering Science and Innovative Technology (IJESIT) Volume 5, Issue 3, May 2016. pp: 37-47. 

https://www.ijesit.com/Volume%205/Issue%203/IJESIT201603_05.pdf 

[9] Aditya C Bhatt, Snehal V Mevada, Sumant B Patel (2016)"Comparative study of response of structures subjected to blast and 

earthquake loading" International journal of Engineering research and applications Volume 6 Issue 5 (Part-2) May 2016, pp 62-

67. 

https://www.researchgate.net/publication/302928588_Comparative_Study_of_Response_of_Structures_Subjected_To_Blast_and

_Earthquake_Loading 

[10] Umesh Jamakhandi, S B Vanakudre (2015) "Design and Analysis of Blast load on structures" International Research Journal of 

Engineering and Technology (IRJET) Volume 02 Issue 07 October-2015,pp:745-748. 

https://www.academia.edu/37295980/Effect_of_Blast_Loads_on_Multistoried_RCC_Building 

[11] Usman Ilyas, S H Farooq, I Shahid, M Ilyas (2015)" Progressive collapse of reinforced concrete frame structure under column 

damage consideration" Pak J Engg & Appl Sci Volume 16 January 2015 pp: 61-66. 

https://journal.uet.edu.pk/ojs_old/index.php/pjeas/article/view/74 

 

https://doi.org/10.1016/j.asej.2021.101689
http://ijream.org/papers/IJREAMV06I0161133.pdf
https://www.ijrte.org/wp-content/uploads/papers/v9i1/A1591059120.pdf
https://www.irjet.net/archives/V5/i7/IRJET-V5I7333.pdf
https://www.irjet.net/archives/V4/i9/IRJET-V4I9206.pdf
https://www.irjet.net/archives/V4/i9/IRJET-V4I9206.pdf
https://www.academia.edu/27908633/ANALYSIS_OF_RCC_AND_SIMCON_BUILDINGS_SUBJECTED_TO_BLAST_EFFECTS
https://www.academia.edu/27908633/ANALYSIS_OF_RCC_AND_SIMCON_BUILDINGS_SUBJECTED_TO_BLAST_EFFECTS
https://www.ijesit.com/Volume%205/Issue%203/IJESIT201603_05.pdf
https://www.researchgate.net/publication/302928588_Comparative_Study_of_Response_of_Structures_Subjected_To_Blast_and_Earthquake_Loading
https://www.researchgate.net/publication/302928588_Comparative_Study_of_Response_of_Structures_Subjected_To_Blast_and_Earthquake_Loading
https://www.academia.edu/37295980/Effect_of_Blast_Loads_on_Multistoried_RCC_Building
https://journal.uet.edu.pk/ojs_old/index.php/pjeas/article/view/74

