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ABSTRACT 

In dealing with problems in analysis and design of civil engineering 

systems, we need to carryout rigorous and complex calculations. At present, with 

the help of computers, various emerging analytical tools are coming up to make 

the laborious process easy and at the same time conforming to a greater extent of 

reliability when compared to hand calculations. Artificial neural networks are one 

step ahead of conventional programming techniques, these networks simulates the 

working nature of human brain. The main advantage in the use of artificial neural 

networks is the capability of producing acceptable solutions even for situations 

with imprecise, imperfect and incomplete data also. 

In the present work, the application of artificial neural networks has 

been examined with specific reference to the Blast loading phenomenon on 

structures and developed four network models i.e., Pressure Net, Response Net, 

General Net and Height Net for evaluating the Design pressure and Response of 

the Structures. A comparative study has been carried out to see the variation of 

Design pressure and Response of structures depending on various parameters of 

Structure and its location from blast site. On the basis of studies conducted Neural 

Networks have been found to perform to a high degree of accuracy. For the more 

Neural Networks can be useful employed to conduct parametric studies to 

argument our knowledge of the blast phenomenon. 
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1.2 OBJECTIVES OF PRESENT STUDY 

Finding the time history of pressure pulse involves various 

calculations based on Quantity of explosive and ground zero distance of blast or 

explosive from the structure along with configuration of structure such as shape, 

height etc., with different simplifying assumptions this leads to complex and 

time consuming calculations. The method of finding time history of design 

pressure pulse requires many inputs both from the problem point of view and 

from IS: 4991 for various scaled parameters. 

In this present study an attempt has been made to develop neural 

network models for 

(i) Determination of Time history of Pressure pulse based on 

■ Quantity of Blast or Explosive. 

■ Ground zero distance from Structure. 

■ Height of structure 

■ Structure configuration. 

H Type of structure. 

(ii) Determination of Response of Single degree of freedom for 

exerted pressure pulse based on 

• Design force pulse 

• Height of structure 

• Structural Configuration 

■ Structural properties. 



Four Neural Network models i.e., Pressure Net, Response Net, 

General Net and Height Net are developed and tested using the data obtained 

from a computer program developed for getting the data outputs conforming to 

design standards of IS:4991-1968. Comparative studies have been made to study 

the blast phenomena, depending on quantity of blast and ground zero distance 

from the blast to the structure, Height of Structure and Type of Structure. 
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Chapter 2 
• REVIEW OF LITERATURE 

2.1 GENERAL 

A shock wave will be produced when a blast occurs and it 

propagates released large amount of energy that too in a very short time and 

space. This shock wave causes sudden increase in pressure and travels like a 

highly compressed air in the form of a moving wall from blast site [3]. As the 

time passes the peak pressure and velocity decreases with time and space, but 

spatial extent of shock increases. The nature of blast phenomena is shown in 

figure 2.1 in terms of pressure Vs time [1]. 

The shock wave exerts positive pressure followed by suction i.e. 

negative pressure phase. Generally shock wave will accompany a dynamic 

pressure due to drag effects of any obstruction coming in its way and it clears 

with time depending on the extent of obstructing surface [1]. 

2.2 BLAST PHENOMENON 

Dynamic load caused due to a blast in air striking the structure is of 

considerable interest in the design of structures. The shock wave is usually 

caused by the detonation of a conventional explosive such as TNT or a bomb. 

The explosion results in rapid release of a large amount of energy. AA substantial 

portion of the energy released is expended in driving a shock wave whose front 

consists of highly compressed air. 

4 



Main governing factor in shock wave front is peak over pressure. 

Peak over pressure in the shock front decreases quite rapidly as the shock wave 

propagates outward from the center of explosion. So the overpressure in a shock 

wave arriving at a structure will thus depend on both the distance from the 

center of explosion and the strength of the explosive 

As the shock front passes the structure, the overpressure rapidly 

decreases behind the front, and at some time after the arrival of the shock wave, 

the pressure may infact become negative [3]. 

A near surface explosion creates a hemispherical shock front, which 

reflects from ground. The reflected shock front travels faster than the incident 

shock in heated air. It eventually overtakes the incident shock front and creates a 

Mach stem [2]. Mach stem is a certain height up to which, the moving air behind 

it causes a second shock to form a double shock phenomena. So the three types 

of wave fronts i.e., incident, reflected and air pressure behind Mach stem creates 

a triple intersection as shown in Figure 2.7. 

The air above the contact surface continues to move downward and 

causes compression of air below the mach stem. The Mach shock will be at a 

lower pressure, but it is the second shock that quickly raises the pressure above 

the ambient pressure, called as overpressure [2]. 

Empirical equations derived on the basis of observations are 

available for estimating the peak overpressure in a blast caused by the 

detonation of an explosive of given strength and striking a structure located at a 

given distance from the center of explosion. The duration of the positive phase 

5 



and the variation of the blast pressure during each phase can also be obtained 

from available empirical equations. 

In summary, a blast load can be represented by a pressure wave in 

which the pressure rises very rapidly or almost instantaneously and then drops 

off fairly rapid, according to a specified pressure-time relationship [3]. 

2.3 TYPES OF EXPLOSIONS 

Depending on place or location of blast, any blast can be classified 

as on of the following types 

• Air Blast 

■ Surface Blast 

■ Underground Blast 

2.3.1 AIR BLAST 

The fireball doesn't come into contact with ground i.e., the blast will 

occur above the ground level in mid air. Detonation of weapon in the air causes 

hydrodynamic expansion of bomb debris, heated air (fireball) produces a strong 

shock wave expanding in the surrounding air. 

2.3.2 SURFACE BLAST 

Fireball comes into contact with the ground i.e., the location of burst 

is on the surface of ground. Considerable amount of more damage is expected 
T---1 

compared to air blast but the spatial extent of its influence will less when 

compared to air blast. 

2.3.3 UNDER GROUND BLAST 

Center of explosion is located under the ground surface. The nature 

0 



of loading on structures in underground blasting case is different to that of air 

blast and surface blast case. 

2.4 DESIGN ASPECTS OF BLAST LOADING 

Considering the explosive or blast as air burst, the important aspects 

of design are time histories of overpressure and dynamic pressure. Reflection 

factor is defined as the ratio of reflected overpressure to incident pressure. 

Therefore the governing factors are peak overpressure of the incident shock 

wave and angle at which it strikes the surface [1]. Peak over pressure pro can be 

obtained from IS:4991-1968 Table:l, in terms of ambient pressure ratio. Drag 

•force is due to obstruction in the direction of airflow. Forces in the direction of 

airflow caused by acting dynamic pressure on the objects are known as drag 

forces. As these forces are due to the interference with airflow, they depends on 

characteristics of the obstruction or object i.e., these forces depends on shape, 

size, location and etc of structure from the explosion site. IS:4991-1968 Table:2 

provides drag coefficients(Cd) for various structural configurations with 

appropriate governing factors. 

The factors on which the over pressure and dynamic pressure 

depends on 

■ Drag coefficient (factor CD). 

■ Positive phase duration. 

■ Peak Pressure and 

• Positive phase impulse. 

7 



2.5 CUBE-ROOT SCALING LAW 

To estimate the scaled distance [1] for a given explosion from the 

observation, it is noticed that a given pressure will occur at a distance, which is 

proportional to cube root of the energy yield and ground zero distance. 

Reference yield of one tone at a distance X, due to explosion of Wd  will be same 

for a yield of W at a distance X from the ground zero point. It can be expressed 

as 

X = Xd (W /Wd )W'W3) 	------------------- 	(Eq 2.1) 

Similarly, we can apply the cube-root scaling law to find scaled 

positive phase pulse duration in terms of reference yield and the distance of 

explosion from the structure. The equation, which gives scaled positive phase 

pulse duration, is tdd in terms of reference duration (tod) and actual yield (Wd) of 

blast and reference yield of blast (W) is 

--------------- tdd  = tod (W/W d )(I/3) 	----- 	 (Eq 2.2) 

2.6 NATURE OF PRESSURE PULSES 

Pressure exerted by blast quantity has different presence on different 

sides of structure [1]. We can classify the nature of pressure pulse for 

■ Front side 

■ Rear side 

■ Roof-Side wall 

From the above mentioned pressure pulse histories we can estimate 

the design pressure pulse for the given quantity of blast. 

rM 
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2.6.1 FRONT SIDE PRESSURE 

Time history of pressure pulse on front wall can be estimated with 

the help of scaled ground distance calculated with Equation 2.1 by using cube 

root scaling law. For calculated scaled distance, we can get the estimated scaled 

parameters, Pro  , Pso  , Cd , qo  and etc., which can be obtained from table:2 of 

IS:4991-1968 and it is shown in table 2.2. The procedure is as follows 

1. Scaled ground distance can be calculated from 

equation-2.1 

2. For calculated X pick the scaled parameters from 

table 2.2 

3. Calculate dimension S = min(H,B/2) 

4. Calculate stagnation or clearance time tc  = 3:4  

5. Get drag coefficient Cd from table 2.1 or table 2 

of IS:4991-1968. 

6. Evaluate pressure at t, 

The nature of pressure pulse time history for front wall is shown in 

Figure-2.2 

2.6.2 REAR SIDE PRESSURE 

Rear side pressure is one of the main factors in estimation of Time 

history of design pressure pulse. Rear side pressure pulse [ 1 ] starts at transit time 

(L/U), upto that point that rear side pressure will be zero. The nature of rear side 

pressure pulse time history is shown in Figure-2.3. 



2.6.3 ROOF-SIDE WALL PRESSURE 

The nature of rear-side pressure pulse time history is shown in 

Figure-2.4. It starts at (L/2U) and increases linearly upto transit time (LIU) and 

then decreases linearly to zero at (L/2U+td). 

2.7 DESIGN PRESSURE PULSE 

The design pressure pulse time history is the governing parameter, 

for which we will design the structure to with- stand that imposing pressure 

pulse on structure. We can estimate the design pressure pulse time history from 

front side pressure pulse time history and rear side pressure pulse time history. 

Design pressure at a particular instance of time can be calculated by deducing 

rear side pressure from front side pressure at that instance of time. The nature of 

Design pressure pulse time history is shown in Figure-2.5. 

2.8 ISCODE: 4991-1968 

According to IS:4991, the design aspect of blast loading on 

structures above ground level is considered. ISCode classifies a structure into 

two categories, they are 

■ Diffraction type structures 

■ Drag type structures 

2.8.1 DIFFRACTION TYPE STRUCTURES 

These are the closed structures without openings, with the total area 

opposing the blast. These are subjected to both the shock wave over pressure PS  

and dynamic pressure q caused by blast wind [1]. 
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2.8.2 DRAG TYPE STRUCTURES 

These are the open structures composed of elements like beams, 

columns, trusses, etc, which have small projected area opposing the shock wave. 

These are mainly subjected to dynamic pressure qo. 

2.8.3 CLOSED RECTANGULAR STRUCTURES 

Considering a closed, rectangular structure assuming that Breadth 

side as front face with dimensions, Height (H), Breadth (B), Length (L). 

IS:4991-1968 provided guidelines for calculating the pressure pulse at any time 

for front face, rear face and roof-side face. 

2.8.3.1 FRONT FACE 

As the shock wave strikes the vertical face of a structure, normal 

reflection occurs and the pressure on the front face instantaneously increases to 

the reflected overpressure (Pr). The net pressure acting on the front face at any 

time is the reflected overpressure Pr  or (PS  + Cdq) whichever is less. The net 

average loading on the front face is a function of time. The nature of Front face 

pressure is shown in Figure- 2.2 

2.8.3.2 REAR FACE 

The nature of average loading on the rear face (B x H) is shown in 

the Figure-2.3, where the time has been reckoned from the instant the shock first 

strikes the front face. 

2.8.3.3 ROOF AND SIDE WALLS 

The average pressure versus time curve for roof and side walls is 

given in Figure-2.4, when tdd is greater than the transit time (L/U ). When t, is 
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greater than tdd the load on roof and side walls may be considered as a moving 

triangular pulse having the peak value of overpressure (PS0  + Cdq) and time tdd. 

2.8.3.4 OVERTURNING OF STRUCTURE 

The net average load as a function of time, which tends to cause 

sliding and overturning of the building is obtained by subtracting the loading on 

back face from that on the front face. 

2.8.4 OPEN OR DRAG TYPE STRUCTURES 

The net translational pressure on the obstructing areas of elements 

may be taken as shown in Fig-2.6, where Cd is the drag coefficient depending 

upon the shape of the structural element given in Table-2.1 and tq  = (1/2 )to, 

where to  is time for actual explosion. 

2.9 NEWMARK'S METHOD 

Newmark.N.M [4] developed a family of time-stepping methods 

based on the following equations 

0 	0 	 00 	 00 

= u; + ([(.1-y)At] ui ) + (yAt) ui+, 	 (Eq 2.3) 

u,+1 = u;  + (At) u; + [(o.5-R)(At)2] u; + [R(At)2] u, +i 	(Eq 2.4) 

the parameters 13 and y defines the variation of acceleration over a 

time step and determine the stability and accuracy characteristics of the method. 

When y = 1/2 and [i =1/4 the variation of acceleration is average between the 

interval of time steps. When y = 1/2 and 13  =1/6 the variation of acceleration is 

linear in the interval, but it is stable only if At/T„ _< 0.551, where as average 

12 



acceleration method is stable for any interval of time. Average acceleration 

method is given in Table 2.3. 
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Chapter 3 
ARTIFICIAL NEURAL NETWORK APPROACH 

3.1 GENERAL 

New class of computing architectures known as Artificial Neural 

networks, inspired by structure of brain and radically different from computers 

is emerging now days into every field of engineering and mathematics. Artificial 

Neutral Networks can be utilized to address problems that are cumbersome, 

interactive and imprecise with traditional methods 

3.2 BASIC STRUCTURE OF NEURAL NETWORK 

Development of a neural network for any problem comprises of 

mainly eight stages [7]. They are listed as follows 

■ Selection of input layer nodes 

■ Selection of threshold function 

3 Configuring hidden layers 

■ Selection of output layer nodes 

■ Normalization of input/output parameters 

■ Presentation of training pairs 

■ Evaluation of net performance 

■ Organization of training sets 

3.2.1 SELECTION OF INPUT LAYER NODES 

By taking possible parameters that may influence the output, we 

have to configurate the input layer and these parameters vary greatly from 

problem to problem. The aim of the network is to map an unknown functional 

14 



relationship between the input and output parameters and the performance of the 

network is highly sensitive to the input parameters, in addition a proper choice 

of input parameters may improve the net performance for the unseen problems. 

When it is possible, the use of binary type of input is recommended instead of 

normalized continuous valued input because the network is found to have 

performed extremely well in such a situation. 

3.2.2 SELECTION OF THRESHOLD FUNCTION 

Intended use of the network and method of learning is the primary 

criteria in selection of threshold function. For prediction problem the back 

propagation learning algorithm is used to train the feed forward network, then 

the sigmoidal non-linear function is normally used. The threshold logic has 

linearly varying part and the sigmoidal function has low output for the low input 

and high output for sufficiently high input. The choice of the sigmoidal non-

linearity is very common because of two reasons 

■ it represents the response of actual natural neuron 

very closely 

■ it has a very simple derivative which is useful in 

the development of the training algorithm 

3.2.3 CONFIGURING HIDDEN LAYER (S) 

Most challenging part in the network development process is the 

selection of the number of hidden layer(s) and the number of nodes in the hidden 

layer(s). Unfortunately there is no fixed guidelines available for this purpose and 

hence this has to be done by the trail and error method. Here at this point, 
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generally the decision about this takes time to train the network. Using a 

sufficient number of nodes it is proved that any functional relationship can be 

mapped using a network having a single hidden layer. But the increase in the 

number of hidden layers may improve the generalization capacity. 

3.2.4 SELECTION OF OUTPUT LAYER NODES 

One of the most simple tasks in the net development is the selection 

of the output layer nodes. Generally the number of output parameters is decided 

automatically by the number of desired output parameters. Often it is required to 

provide a node for a parameter, which is not desired, to facilitate easy mapping 

of the functional relationship between the input and the output layer may then be 

neglected. 

3.2.5 NORMALIZATION OF INPUT/OUTPUT PARAMETERS 

The output of a typical neural network is either binary type or it 

ranges between 0 to +1 and —1 to +1. This range is very convenient when 

simulating on computer i.e. floating-point overflow problems can be avoided.. So 

it is essential to normalize the input /output values to suit the network 

functioning, of course this will create some problem when extrapolating the 

output information as the network will always have an upper bound for the 

values that it could predict due to the normalization factor. When the range of 

the required value is known in advance we can provide a safe margin. It was 

found that performance of the network is noticeably good when the normalizing 

values remain in the range of 0.2 to 0.8. to avoid abrupt higher values of output 

at the middle of the curve ( a small portion ), some scalar quantity is used as 
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multiplying factor to flatten a little 

where a is slightly higher than 1. 

This facilitates the net to respond more precisely when it is pressed 

into service for a continuous valued input/output pattern. 

3.2.6 PRESENTATION OF TRAINING PAIRS 

It is found that when each training pair is presented to the net and 

the error is back propagated until the net learnt that pair. The net takes an 

unusually long time to converge, but if all the training pairs are presented one 

after the other until the last pair in the training set, back propagation the error for 

each pair, then the training time is remarkably reduced. The training time is 

further reduced if each training pair is presented to the network 10 to 15 times 

( back propagating the error ) before presenting the next pair. This style of 

feeding to be the most efficient one. 

3.2.7 EVALUATION OF THE NET PERFORMANCE 

To make sure that the network has learnt the desired function only, 

it is important to evaluate the performance of the net by submitting it to a 

number of unseen problems. Basically a neuron computes by classification. 

Therefore, the network can only try to approximate the desired output values as 

accurately as possible. Hence a small tolerance limit should be allowed while 

evaluating the performance of the network. Comparison of the percentage error 

in the values desired and those the network has predicted may be a better choice. 

When the network is used for predicting the continuous values of a sensitive 
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parameters, care should be taken to provide enough examples in the training part 

of the network. Some times other learning algorithms, i.e, conjugate gradient 

method etc., may help in improving the performance of the neural network 

3.2.8 ORGANIZATION OF TRAINING SETS 

Training set contains an input and the corresponding desired output 

vectors for every example. The number of training pairs that should be sufficient 

for learning a particular process depends on the complexity of the problem, in 

addition the training algorithm used to train the net influences the organization 

of the training set. 

3.3 FORMULATION, TRAINING, TESTING AND INTERROGATION 

OF THE NEURAL NETWORK MODELS. 

In this present work, for studying design pressure pulse and 

response of the structure, four different Network models are developed. In 

design pressure pulse, two Network model named Pressure Net and General Net 

was developed. To study Response of the structure, two Network models named 

Response Net and Height Net was developed. 

Pressure Net contains four input parameters and ten output 

parameters, it is shown in Figure 3.1. Input parameters are Quantity of charge 

(Q), Ground zero distance (Xd), Breadth of structure (B) and Length of structure 

(L) respectively. Output parameters used in Pressure Net are design pressure 

values and their corresponding time. Five time points are chosen depending on 

their importance in time history of design pressure pulse and corresponding 

design pressure values are considered. 
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General Net contains six input parameters and ten output 

parameters, it is shown in Figure 3.2. Input parameters are Quantity of charge 

(Q), Ground zero distance (Xd), Type of structure, Height of structure (H), 

Breadth of structure (B) and Length of structure (L) respectively. In General Net 

Diffraction type structures (i.e. open type structures) are also considered. To 

incorporate type of structure as input 0 is used for open type structures and 1 is 

used for closed type of structures. Five time points are chosen depending on 

their importance in time history of design pressure pulse and corresponding 

design pressure values are considered as output parameters in General Net. 

Response Net contains four input parameters and ten output 

parameters, it is shown in Figure 3.3. Input parameters are Quantity of charge 

(Q), Ground zero distance (Xd), Breadth of structure (B) and Length of structure 

(L) respectively. Output parameters used in Response Net are Response of 

structure and its corresponding time at five points. 

Height Net contains five input parameters and ten output 

parameters, it is shown in Figure 3.4. Input parameters are Quantity of charge 

(Q), Ground zero distance (Xd), Height of structure(H), Breadth of structure (B) 

and Length of structure (L) respectively. Output parameters used in Height Net 

are Response of structure and its corresponding time at five points. 

3.3.1 TRAINING 

The whole training, testing and interrogating of neural networks was 

carried in Neural Planner, a software package used to develop and work with 

neural network models. The output values for training all four network models 
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are obtained from C++ modules developed to calculate output values for the 

corresponding inputs. 

3.3.1.1 PRESSURE NET 

Some of the input values used in training Pressure Net is shown in 

Table 3.1. For Training Pressure Net, four input parameters are used i.e., Q, Xd, 

B, L and ten output parameters are used i.e., tl, t2, t3, t4, t5 and FO, Fl, F2, F3, 

F4. The output values used for Training Pressure Net for corresponding input 

values are shown in Table 3.11. . 

3.3.1.2 RESPONSE NET 

Some of the input values used in training Response Net is shown in 

Table 3.1. For Training Response Net, four input parameters are used i.e., Q, Xd, 

B, L and ten output parameters are used i.e., t1, t2, t3, t4, t5 and displ, disp2, 

disp3, disp4, disp5. The output values used for Training Response Net for 

corresponding input values are shown in Table 3.12. 

3.3.1.3 GENERAL NET 

Some of the input values used in training General Net is shown in 

Table 3.2. For Training General Net, six input parameters are used i.e., Q, Xd, 

Type of Structure, H, B, L and ten output parameters are used i.e., tl, t2, t3, t4, 

t5 and FO, Fl, F2, F3, F4. The output values used for Training General Net for 

corresponding input values are shown in Table 3.13. 

3.3.1.4 HEIGHT NET 

Some of the input values used in training Height Net is shown in 

Table 3.4. For Training Height Net, five input parameters are used i.e., Q, Xd, H, 
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B, L and ten output parameters are used i.e., tl, t2, t3, t4, t5 and displ, disp2, 

disp3, disp4 and disp5 respectively. The output values used for Training Height 

Net for corresponding input values are shown in Table 3.14. 

3.3.2 TESTING THE NEURAL NETWORK MODELS 

In this present study, for testing Pressure Net and Response Net 32 

input pairs was considered. Testing input pairs for both Pressure Net and 

Response Net is given in Table 3.4. Output values used for corresponding inputs 

for testing Pressure Net is shown in Table 3.15 and for Response Net is given in 

Table 3.16. 

For testing General Net 21 input pairs are considered and their 

corresponding output values was tested with General Net. Input pairs are shown 

in Table 3.5 and corresponding output pairs used for testing General Net is given 

in Table 3.17. For testing Height Net 20 input pairs are considered and their 

corresponding output values was tested with Height Net. Input pairs are shown 

in Table 3.6 and corresponding output pairs used for testing Height Net is given 

in Table 3.18. 

3.3.3 INTERROGATING THE NEURAL NETWORK MODELS 

The purpose of training and testing the Network model is to make 

use of the interrogating facility of network, through with we can deduce or get 

output values for the corresponding input pairs used interrogating. In this present 

study, all four networks developed are interrogated with sufficient number of 

interrogating input pairs. 
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Pressure Net has been interrogated with 7 input cases, they are listed 

in Table 3.7 and corresponding output's obtained through interrogation of 

Pressure Net is shown in Table 3.19. Response Net has been interrogated with 

12 input cases, those are listed in Table 3.8 and corresponding output's obtained 

through interrogation of Response Net is shown in Table 3.20. General Net has 

been interrogated with 18 input cases, those are listed in Table 3.9 and 

corresponding output's obtained through interrogation of Pressure Net is shown 

in Table 3.21. Height Net has been interrogated with 18 input cases, those are 

listed in Table 3.10 and corresponding output's obtained through interrogation 

of Pressure Net is shown in Table 3.22. 
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Chapter 4 
NUMERICAL STUDIES 

4.1 COMPARISON OF THE RESULTS 

In this present study, all four nets have been interrogated for 

different set of input cases. The output's obtained from four network models i.e., 

Pressure Net, Response Net, General Net and Height Net are compared with the 

outputs obtained through conventional approach and listed for comparison. The 

comparison of outputs with conventional approach for Pressure Net is given in 

Table 4.1. The comparison of outputs with conventional approach for Response 

Net is given in Table 4.2. The comparison of outputs with conventional 

approach for General Net is given in Table 4.3. The comparison of outputs with 

conventional approach for Height Net is given in Table 4.4. 

4.2 PARAMETRIC STUDY 

In this present study, analysis was carried out from output's obtained 

from all four nets i.e., Pressure Net, Response Net, General Net and Height Net. 

In analysis three aspects are considered, those are Design Pressure, Response of 

Structure and Type of Structure. 

4.2.1 DESIGN PRESSURE 

In analysis of Design Pressure seven aspects are considered, those 

are based on variation of quantity of charge of explosion, distance from 

explosion, type of structure, alignement, length ratio, breadth ratio and length 

and breadth rario's. The values obtained from Pressure Net & General Net for 

parametric study of design pressure is given in Table 4.5 & Table 4.7. 
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The variation of Design Pressure obtained from Pressure Net was 

studied on a structure of 10m x 5m x 3.5m (B,L,H) against 0.5 MT, 1.0 MT, 1.5 

MT and 2.0 MT quantity of charge at 4 km distance from the structure. The 

variation of design pressure for various quantities of charge is shown in Figure 

4.1. From the nature of design pressure curve (Figure 4.1), we can conclude that 

the magnitude of design pressure is much dependent on quantity of charge and 

rate of decay is more or less same for any quantity of charge in time. 

The variation of Design Pressure obtained from Pressure Net was 

studied on a structure of 10m x 5m x 3.5m (B,L,H) with 1.0 MT against ground 

zero distances of 2.0 km, 3.0 km, 4 km and 5.0 km. The variation of design 

pressure is shown in Figure 4.2. From the nature of design pressure curve 

(Figure 4.2), we can conclude that, it is the distance of structure from blast site 

which determines the decay rate of design pressure pulse. If the distance of 

structure is more from blast site, the decay rate of design pressure is slow. 

The variation of Design Pressure obtained from General Net was 

studied on different types of structures i.e., diffraction type and drag type 

structures. A structure of 5m x 10m x 3m (B,L,H) was considered against a 

charge of 0.5 MT at 2.0 km for both type of structures and the variation of 

design pressure is shown in Figure 4.5. From the nature of design pressure curve 

(Figure 4.5), we can conclude that, the type of structure is main governing 

criteria in design pressure pulse estimation. We can say that the Drag type of 

structures will experience very less design pressure and its duration when 

compared to Diffraction type of structures. 
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The design Pressure obtained from Pressure Net was studied on 

structure alignement of 10m x 15m (B,L) and 15m x1Om (B,L) for 0.5 MT 

charge and at 2.0 km from blast site. The variation of design pressure pulse is 

shown in figure 4.7. We can conclude that the large dimension of structure 

facing blast wave experiances faster decay of design pressure pulse with respect 

to time. 

The design pressure obtained from Pressure Net was studied on 

structure with varying lengths, it is found that structure with small length will 

experience rapid decay of design pressure pulse when compared to structure 

with large dimension of length. The comparison of design pressure for length 

ratio of V2 and 1/3 are shown in figure 4.8 and 4.9 respectively. 

The design pressure obtained from Pressure Net was studied on 

structure with varying breadths, it is found that structure with small breadth will 

experience rapid decay of design pressure pulse when compared to structure 

with large dimension of breadth. The comparison of design pressure for breadth 

ratio of V2 and 1/3 are shown in figure 4.10 and 4.11 respectively. 

The design pressure obtained from Pressure Net was studied on 

structure with same B/L ratio, it is found that structure with small individual 

dimensions will experience rapid decay of design pressure pulse when compared 

to structure with large dimension of breadth. The comparison of design pressure 

for same B/L ratio, with different individual dimensions is shown in figure 4.12. 
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4.2.2 RESPONSE OF STRUCTURE 

In analysis of Response of structure seven aspects are considered, 

those are based on variation of quantity of charge of explosion, distance from 

explosion, Height of structure, alignement, length ratio, breadth ratio and length 

and breadth rario's. The values obtained from Response Net & Height Net for 

parametric study of Response of structure is given in Table 4.6 & Table 4.8. 

The variation of Response of structure obtained from Response Net 

was studied on a structure of 15m x 20m x 3.5m (B,L,H) against 0.5 MT, 1.0 

MT, 1.5 MT and 2.0 MT quantity of charge at 3 km distance from the structure. 

The variation of Response of structure for various quantities of charge is shown 

in Figure 4.3. From the variation of response of structure with respect to 

quantity of charge we can conclude that, when quantity of charge is more the 

displacement of structure is also more., but the nature of response of structure is 

same. 

The variation of Response of structure obtained from Response Net 

was studied on a structure of 15m x 20m x 3.5m (B,L,H) with 0.5MT against 

ground zero distances of 2.0 km, 3.0 km, 4 km and 5.0 km. The variation of 

Response of structure is shown in Figure 4.4. From the variation of response 

with respect to ground zero distance of structure from blast site, we can 

conclude that, when distance of structure from blast site increases, the response 

of structure decreases. 

The variation of Response of structure obtained from Height Net 

was studied on a structure of 5m x l0m (B,L) with 0.5MT at 2.0 km against 3.0 
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m, 4.Om and 5.Om height of structure. The variation of Response of structure is 

shown in Figure 4.6. From the variation of response of structure with respect to 

height of structure, we can conclude that, when height of structure increases, 

there response of structure also increases. 

The Response of structure obtained from Response Net was studied 

on structure alignement of 10m x 15m (B,L) and 15m xlOm (B,L) for 0.5 MT 

charge and at 2.0 km from blast site. The variation of response of structure is 

shown in figure 4.13. From the graph we can conclude that the large dimension 

of structure facing blast wave will experience more response than that of small 

dimension facing the blast wave. 

The response obtained from Response Net was studied on structure 

with varying lengths, it is found that structure with small length will experience 

more response when compared to structure with large dimension of length. The 

comparison of design pressure for length ratio of V2 is shown in figure 4.14. 

The response of structure obtained from Response was studied on 

structure with varying breadths, it is found that structure with small breadth will 

experience more response when compared to structure with large dimension of 

breadth when compared to structure with large dimension of breadth. The 

comparison of response for breadth ratio of V2 is shown in figure 4.15. 

The response of structure obtained from Response Net was studied 

on structure with same B/L ratio, it is found that structure with small individual 

dimensions will experience more response when compared to structure with 

large dimension of breadth and length. The comparison of response of structure 
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for same B/L ratio, with different individual dimensions is shown in figure 4.16. 

4.3 OBSERVATIONS 

In this present study, analysis is carried out for various governing 

aspects of structure, on which the Design Pressure and Response of Structure 

depends. Type of Structure is taken care in General Net, such that we can see the 

design parameters for both Drag type and Diffraction type structures. It is 

observed that the General Net performed successfully for both Drag type and 

Diffraction type structures. The problem cases are treated with different cases 

and varying Charge of explosive, Ground zero distance, Height of structure, 

Structural configuration. Circular shaped structures in plan are also considered 

for all four nets developed i.e., Pressure Net, Response Net, General Net and 

Height Net. It is observed that the four neural networks (i.e., Pressure Net, 

Response Net, General Net and Height Net) performed successfully 

4.4 DISCUSSIONS 

The performance of a Neural Network mainly depends on how it has 

been trained i.e., the number of inputs and their individual as . well as 

combinational influence on the output and combination of inputs such that we 

can cover wide range of inputs. After examining the four networks developed 

(i.e., Pressure Net, Response Net, General Net and Height Net) in this present 

study, we can say that the performance of Neural Networks in Blast Loading on 

Structures, leads to the observation that Neural Networks perform successfully. 
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CONCLUSIONS 

On the basis of Numerical studies carried out and results obtained 

from four network models, as discussed in the foregoing chapters, it can be 

concluded as follows 

1. The results obtained from all four network models are very much in 

agreement with the results as obtained from conventional method of 

analysis, hence it can be concluded as Artificial Neural Networks can be 

augment/replace conventional method of analysis 

2. Output values obtained from Pressure Net are consistently above 97% and 

General Net outputs are also consistently above 97% acuarracy. From 

obtained results we can conclude that 

■ When quantity of charge increases the magnitude of design 

pressure also increases. 

■ When distance of structure from blast site increases the rate of 

decay of design pressure pulse is decreasing 

■ For Open type of structures, the design pressure pulse will be, of 

very small duration when compared to closed type of structures 

and its magnitude is also less. 

■ When large dimension of structure is facing the wave front, the 

rate of decay of design pressure pulse will be more. 

■ When B/L ratio of structure is same, the structures with small 

individual dimensions experience faster decay of design pressure 

pulse. 
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3. Output values obtained from Response Net are consistently above 97% 

and Height Net outputs are also consistently above 97% acuarracy. From 

obtained results we can conclude that 

■ When quantity of charge increases the magnitude of response also 

increases. 

■ When distance of structure from blast site increases the magnitude 

of response is decreasing 

■ When large dimension of structure is facing the wave front, the 

magnitude of response of structure will be more. 

■ When B/L ratio of structure is same, the structures with small 

individual dimensions experience more response. 

4. The parametric study results concludes that the solutions follow trends 

consistent with that of theory/practice in both Design Pressure and 

Response of structure aspect. 

5. On the basis of the performance of Neural Networks in Blast Loading on 

Structures, finally it can be concluded as the Neural Networks offer 

immense possibilities in future. 
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SCOPE FOR FURTHER STUDIES 

In this present study, theoretically generated data is used for the 

analysis, but it is suggested that field/experimental data for training the Neural 

Network should be used for more realistic training patterns and hence more 

realistic solutions. 

In this present study, we limited the analysis to small single degree 

of freedom systems. We can extend the same approach to more complex and 

Multiple degree of freedom systems also. 
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TABLE2.1 DRAG COEFFICIENT Cd  

( Clause 6.2.1.1 

SL 	SHAPE OF ELEMENT 
No. 
(1) 	 (2) 

For Closed Rectangular Structures 
i) Front vertical face 

ii) Roof, rear and side faces for 
q0  = 0 to 1.8,kg/cm' 
q,, = 1.8 to 35 kg/cm' 
q0  = 3.5 to 90 kg/cm= 

iii) Front face sloping 
4 to t 
1i to 1 

For Open, Drag Type Structures 

Daea COICFFIOIENT 	REMARKS 
Cd 
(3) 	 (4) 

1.0 I 
For above ground 

	

—0.4 } 	structures — 0.3 
—O2 

	

Zero 1 	For semi-buried 

	

04 5 	structures 

iv)  Sphere 01 	 — 
v)  Cylinder 1.2 	This 	covors 	steel 

tubes 	used 	as 
columns, 	truss 
members, etc 

vi)  Structural shapes 2 .0 	This covers 	 flats, 
angles, 	tees, 	I 
sections, etc 

vii)  Rectangular projection 1.3 	This covers beam 
projections below 
or above slabs, 
cantilever 	walls 
standing. 	 freely 
above 	ground, 
eta 
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TABLE2.2 BLAST PARAMETERS FROM GROUND BURST OF 
1 TONNE EXPLOSIVE 

(-Clause 5.1) 

DISTANCE, PEAg SIDE MACH POSITIVE DURATION OB DYNeuic PEAS Rn-. 
m oN 	ODER- No. PHASE EQUIVALENT PRESSURE YLECTED 
x XRESSUAt M DURATION TRIANGULAR RATIO OVERPRES- 

RATIO lo, 	milli- PULSE 	Id, 90/Pa SURE RATIO 
psoIPa  secs milli secs Pro/Pa 

(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) • ( 6 ) (7) 
lb 8.00 2.80 9'50 5.39 10'667 41'60 
18 500 2.30 11'00 7'18 5208 2250 
21 3.30 1.96 1638 9'33 2643 12.04 
24 2.40 1.75 18'65 11.22 1'532 8.48 
27 1.80 1160 20'92 1330 0'920 5.81 

30 1.40 1'48 22.93 15.39 0.583 4.20 
33 1'20 1.42 24'95 16.31. 0.439 3.45 
36 1.00 1.36 26.71 17.94 0112 215 
39 016 1.32 28.22 19'20 0'235 2'28 
42 0.76 1.28 2974 20.20 0186 1'97 

45 0.66 1.25 31'25 21.60 0•'142 1'66 
48 059 1.23 32.26 22.70 0'115 1.46 
51 0.53 1.20 3352 2310 0'093 1'28 
64 0.48 1.19 34.52 24.70 0.077 P14 
57 0'43 1.1'7 35.53 26.40 0.062 1'01 

60 0'40 P16 36.29 26.60, 01054 0'93 
63 0.37 1.16 57'30 2710 0046 015 
66 014 1'14 38.05 28'76 0'039 0.7.7 
69 0.32 1113 3811 29'25 0'035 012 
72 0.30 1.12 39.56 2917 0031 0'67 

75 0.28 1.11 40.32 30.71 0.027 0'62 
78 026 1'104 40.82 31'85 0.023 0'58 
81 0'25 11100 41'58 31.92 0'022 0'55 
84 0.24 1.098 42'34 32.00 0'020 0.53 
87 0.23 1.095 4284 32.26 0018 050 

90 0.22 1.086 43'60 33'39 0'016 0.47 
93 0.20 1'082 44'35 34.10 0'014 0'43 
96 0'19 1.077 45.46 35'37 0.013 0'41 
99 018 1'072 45'61 30'22 0 .012 0.40 

NOTE 1 - The value of pa  the ambient air pressure may be taken as 1 kg/cm' 
at moan sea level. 

NOTE 2 - One tonne of explosive referred to in this table is equivalent to 
11G x 10° calories. 

NOTE 3 - Velocity of sound in rn(s may be taken (33P5 + 0'807 T) where 
T is the ambient temperature in centigrade. 
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NEWMARK'S METHOD: LINEAR SYSTEMS 

Special cases 
(1) Average acceleration method (y = , _) 
(2) Linear acceleration method (y = , = a} 

1.0 Initial calculations 

1.1 up = po — cup -- kuo 
m 

1.2 Select At. 
1.3k=k+ y c+ 	m. A t 	f(At )2 

1.4 a = ~ ~t m + y c, and b = 2~ m + At 2~ — 1 c. 

2.0 Calcitlations for each time step, i 

2.1 A3 = Api +aui +bui. 

2.2 Dui =~Pi 
k 

2.3 Aui = 

1 	1 	1 
2.4 Au; = 	Au; — — ui — — iii. 

fAt 	2fl 

2.5 ut+l = ui + Au;, 	ui ± Auj, ü11 = u; + Aiii. 

3.0 Repetition for the next time step. Replace i by i + 1 and implement steps 2.1 to 2.5 for the 
next time step. 

Table 2.3 Newmark's Method 
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Table 3.1 Input values used for Training Pressure Net & Response Net 

[LABEL] [Q] [Xd] [B] [L] 
[example!] 0.5 2 5 5 
[example2] 0.5 2 5 10 
[example3] 0.5 2 10 5 
[example4] 0.5 2 15 5 
[example5] 0.5 2 15 10 
[example6] 0.5 2 20 10 
[example7] 0.5 2 20 20 
[example8] 0.5 3 5 5 
[example9] 0.5 3 5 10 

[example 10] 0.5 3 10 5 
[example l l ] 0.5 3 10 10 
[examplel2] 0.5 3 15 10 
[example13] 0.5 3 15 20 
[example 14] 0.5 3 20 20 
[examplel5] 0,5 4 5 5 
[example16] 0.5 4 10 5 
[example17] 0.5 4 10 10 
[examplel8] 0.5 4 15 5 
[examplel9] 0.5 4 15 10 
[example20] 0.5 4 20 10 
[example2l] 0.5 4 20 20 
[example22] 0.5 5 5 5 
[example23] 0.5 5 5 10 
[example24] 0.5 5 10 10 
[example25] 0.5 5 10 20 
[example26] 0.5 5 15 10 
[example27] 0.5 5 15 20 
[example28] 0.5 5 20 10 
[example29] 0.5 5 20 20 
[example30] 1 2 5 5 
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Table 3.3 Input values used for Training Height Net 

[[LABELS] [Q] in MT [Xd ] in km [H) in m (B] in m [L] in m 
EXAMPLE[1] 0.5 2 3 5 5 
EXAMPLE[2] 0.5 2 3 5 10 
EXAMPLE[3] 0.5 2 3 10 5 
EXAIvIPLE[4] 0.5 2 3 10 10 
EXAMPLE[5] 0.5 2 4 5 5 
EXAMPLE[6] 0.5 2 4 5 10 
EXAMPLE[7] 0.5 2 4 10 5 
EXAMPLE[8] 0.5 2 4 10 10 
EXAMPLE[9] 0.5 2 5 5 5 
EXAMPLE[10] 0.5 2 5 5 10 
EXAMPLE[11] 0.5 2 5 10 5 
EXAMPLE[12] 0.5 2 5 10 10 
EXAMPLE[13] 0.5 3 3 5 5 
EXAMPLE[14] 0.5 3 3 5 10 
EXAMPLE[15] 0.5 3 3 10 5 
EXAMPLE[16] 0.5 3 3 10 10 
EXAMPLE[17] 0.5 3 4 5 5 
EXAMPLE[18] 0.5 3 4 5 10. 
EXAMPLE[19] 0.5 3 4 10 5 
EXAMPLE[20] 0.5 3 4 10 10 
EXAMPLE[21] 0.5 3 5 5 5 
EXAMPLE[22] 0.5 3 5 5 10 
EXAMPLE[23] 0.5 3 5 10 5 
EXAMPLE[24] 0.5 3 5 10 10 
EXAMPLE[25] 0.5 4 3 5 5 
EXAMPLE[26] 0.5 4 3 5 10 
EXAMPLE[27] 0.5 4 3 10 5 
EXAMPLE[28] 0.5 4 3 10 10 
EXAMPLE[29] 0.5 4 4 5 5 
EXAMPLE[30] 0.5 4 4 5 10 
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Table 3.4 Input values used for Testing Pressure Net & Response Net 

[LABELS] in MT [Xd] in km B in m [L] in m 
exam le l 0.5 2 10 5 
exam le2 0.5 2 15 5 
exam lea 0.5 3 10 5 
exam le4 0.5 3 15 10 
exam ley 0.5 4 10 5 

[example6] 0.5 4 15 10 
exam le7 0.5 5 10 5 

[example8] 0.5 5 15 10 
exam leg 1 2 10 5 
exam le10 1 2 15 10 
exam lell 1 3 10 5. 

[exam le12] 1 3 15 10 
exam le13 1 4 10 5 
exam le14 1 4 15 10 

• exam le15 1 5 10 5 
exam le16 1 5 15 10 

[examplel7l 1.5 2 10 5 
exam lel8] 1.5 2 15 10 
exam le19 1.5 3 10 5 
exam le20] 1.5 3 15 10 
exam le2 l ] 1.5 4 10 5 
exam le22] 1.5 4 15 10 
exam le23] 1.5 5 10 5 
exam le24 1.5 5 15 10 

[example25] 2 2 10 5 
[example26] 2 2 15 10 
[example27] 2 3 10 5 
[example28] 2 3 15 10 
exam le29 2 4 10 5 

[exam le30] 2 4 15 10 
exam le31 2 5 10 5 
exam le32 2 5 15 10 
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Table 3.5 Input values used for Testing General Net 

[LABELS] [Q] in MT [Xd ] in km [Type] [H] in m [B] in m [L] in m 
[example]] 0.5 2 1 3 10 5 
[example2] 0.5 2 0 3.5 9 5 
[example3] 0.5 3 1 4 10 10 
[example4] 0.5 4 0 3 10 6.5 
[example5] 0.5 4 1 5 7.5 10 
[example6] 0.5 3 0 4 5 5 
[example7] 0.5 4 1 4.5 9 10 
[exampleS] 1 2 0 3 10 5 
[example9] ] 3 1 4 10 5 
[examplel0] 1 3 0 4.5 10 10 
[example! 1] 1 3 1 3 10 6.5 
[examplel2] 1 4 0 3.5 5 10 
[examplel3] 1 4 1 4 10 5 
[example] 4] 1 4 0 5 10 7 
[examplel5] 0.8 2 1 3 7.5 5 
[examplel6] 0.6 2 1 3.5 10 8 
[example17] 0.7 3 0 4 10 5 
[example] 8] 1 4 0 3 10 5 
[example] 9] 0.6 4 0 4 10 5 

Table 3.6 Input values used for Testing Height Net 

[LABELS] [Q] in MT [Xd ] in km [H] in m [B] in m [L] in m 
EXAMPLE[1] 0.5 2 3 10 5 
EXAMPLE[2] 0.5 3 3.5 10 5 
EXAMPLE[3] 0.5 3 4 8 10 
EXAMPLE[4] 0.5 3 4.5 10 5 
EXAMPLE[5] 0.5 4 5 9 10 
EXAMPLE[6] 0,5 4 5 10 5 
EXAMPLE[7] 0.5 4 4.5 6 10 
EXAMPLE[8] 0.5 2 4 10 5 
EXAMPLE[9] 0.5 2 3.5 7 10 
EXAMPLE[10] 0.5 3 3 10 5 
EXAMPLE[] 1] 1 4 3 5.5 10 
EXAMPLE[12] 1 4 3.5 10 5 
EXAMPLE[13] 1 4 4 9 10 
EXAMPLE[14] 1 2 4.5 10 5 
EXAMPLE[15] 1 2 5 9 10 
EXAMPLE[16] 1 3 5 10 5 
EXAMPLE[17] 1 3 4.5 7.5 10 
EXAMPLE[18] 1 3 4 10 5 
EXAMPLE[19] 1 4 3.5 8 10 
EXAMPLE[20] 1 4 3 10 5 
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Table 3.7 Input values used for Interrogating Pressure Net 

[LABELS] in MT [Xd] in km [B] in m L in m 
exam lel 2 2 10 10 
exam let 1.5 2 10 10 
exam lea 1 2 19 10 

[example4] 1.2 2.2 10 9.5 
exam le5] 1 2 10 10 
exam le6 1 2 20 10 

[example7L 1.2 2.2 18.5 11 

Table 3.8 Input values used for Interrogating Response Net 

LABELS in MT [Xd] in km [B] in m [L] in m 
exam lel 2 2 10 10 
exam le2] 0.6 2.6 11 12 
exam le3] 1.5 2 10 10 

[example4] 1.5 2 10 5 
[exam ley] 1.2 2.2 8 5 
[example6] 1.8 3 14 12 
[example7] 2 2 10 8 
[example8] 1 2 10 10 
exam leg 1.5 3 9 6.5 

[exam le10] 1 2 20 10 
[examplell] 1.2 2.2 18.5 11 
exam lel2 1.4 2.8 16 10 
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Table 3.9 Input values used for Interrogating General Net 

Case Name [Q] in MT [Xd] in km [type] [H] in m [B] in m [L] in m 
examplel 0.5 2 1 3 5 10 
example2 0.5 2 0 3 5 10 
example3 0.5 2 1 4 5 10 
example4 0.5 2 0 4 5 10 
example5 0.5 2 1 5 5 10 
example6 0.5 2 0 5 5 10 
example7 0.5 3 1 3 5 10 
example8 0.5 3 0 3 5 10 
example9 0.5 3 1 4 5 10 

example 10 0.5 3 0 4 5 10 
examplel l 0.5 3 1 5 5 10 
examplel2 0.5 3 0 5 5 10 
examplel3 0.5 4 1 3 5 10 
examplel4 0.5 4 0 3 5 10 
examplel5 0.5 4 1 4 5 10 
example16 0.5 4 0 4 5 10 
examplel7 0.5 4 1 5 5 10 
examplel8 0.5 4 0 5 5 10 

Table 3.10 Input values used for Interrogating Height Net 

Case Name Q Xd H B L 
examplel 0.5 2 3 5 10 
example2 0.5 2 4 5 10 
example3 0.5 2 5 5 10 
example4 0.5 3 3 5 10 
examples 0.5 3 4 5 10 
example6 0.5 3 5 5 10 
example7 0.5 4 3 5 10 
example8 0.5 4 4 5 10 
example9 0.5 4 5 5 10 

examplelO 1 2 3 5 10 
examplel1 1 2 4 5 10 
examplel2 1 2 5 5 10 
examplel3 1 3 3 5 10 
examplel4 1 3 4 5 10 
examplel5 1 3. 5 5 10 
examplel6 1 4 3 5 10 
examplel7 1 4 4 5 10 
examplel8 1 4 5 5 10 
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Table 4.5 Values used for Parametric study of Design Pressure 
from Pressure Net 

Case Name Q Xd B L ti t2 t3 
examplel 0.5 2 10 15 0.016895 0.021139 0.043719 
example2 0.5 2 15 10 0.016812 0.018321 0.040057 
example3 0.5 3 10 15 0.020897 0.027424 0.05458 
example4 0.5 3 15 10 0.02077 0.022469 0.049152 
example5 0.5 4 10 15 0.022817 0.033343 0.062573 
example6 0.5 4 15 10 0.022702 0.026065 0.055528 
example7 0.5 2 15 5 0.00676 0.017893 0.033351 
example8 0.5 2 15 10 0.016812 0.018321 0.040057 
example9 0.5 2 15 15 0.01722 0.021471 0.044507 

examplelO 1 3 15 5 0.009025 0.019687 0.037861 
examplell 1 3 15 10 0.01934 0.020362 0.045511 
example 12 1 3 15 15 0.019723 0.024679 0.051011 
exainple13 1 3 15 20 0.020196 0.039301 0.066108 
example 14 1 3 5 15 0.016944 0.021214 0.043404 
example15 1 3 10 15 0.019444 0.024312 0.050214 
example16 1 3 15 15 0.019723 0.024679 0.051011 
example17 1 3 20 15 0.019767 0.024682 0.051063 

t4 t5 FO F1 F2 F3 F4 
1.05662 1.06096 585.736 325.446 286.547 95.8126 -3.96021 
1.05613 1.05864 580.248 338.358 284.818 95.4178 -3.52578 
1.55138 1.5583 237.952 117.761 101.161 20.0641 -1.46917 
1.551 1.55293 235.63 123.403 100.668 20.046 -1.21884 

1.91385 1.92368 147.555 70.7698 51.0343 8.30175 -0.76184 
1.91562 1.91946 145.962 73.9578 51.0214 8.30802 -0.58463 
1.05528 1.0546 572.648 408.174 239.059 100.061 -1.20901 
1.05613 1.05864 580.248 338.358 284.818 95.4178 -3.52578 
1.05631 1.06061 585.474 324.861 286.31 95.5186 -3.9902 
1.56867 1.5709 384.383 262.187 150.715 52.6076 -0.54353 
1.56983 1.5791 388.928 215.737 182.654 49.7903 -1.79332 
1.56924 1.58283 391.782 205.105 183.061 49.5707 -2.10982 
1.5632 1.59066 396.373 175.944 179.684 48.0747 -3.17067 

1.56957 1.58363 393.982 208.84 184.706 51.0756 -1.93863 
1.56999 1.58363 392.15 205.35 183.11 49.717 -2.09103 
1.56924 1.58283 391.782 205.105 183.061 49.5707 -2.10982 
1.56838 1.58203 391.303 205.275 183.258 49.554 -2.11107 
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Table 4.6 Values used for Parametric study of Design Pressure from Pressure Net 

Case Name Q Xd  j 	B L ti t2 t3 
example! 2 2 10 10 0.01274 0.217015 0.433724 
example2 0.6 2.6 11 12 0.021366 0.330945 0.661312 
example3 1.5 2 10 10 0.012905 0.217468 0.434502 
example4 1.5 2 10 5 0.012937 0.217451 0.434673 
example5 1.2 2.2 8 5 0.014182 0.236689 0.472728 
example6 1.8 3 14 12 0.018242 0.364105 0.7275 
example7 2 2 10 8 0.01276 0.216999 0.433783 
example8 1 2 10 10 0.014797 0.228143 0.455634 
example9 1.5 3 9 6.5 0.018528 0.379182 0.757182 

examplelO 1 2 20 10 0.014806 0.227762 0.45487 
examplel 1 1.2 2.2 18.5 11 0.014867 0.236175 0.471545 
example12 1.4 2.8 16 10 0.017914 0.33257 0.663933 
example13 0.5 2 10 15 0.019369 0.259635 0.518722 
examplel4 0.5 2 15 10 0.019363 0.259144 0.517571 
example15 0.5 2 15 5 0.019308 0.259269 0.51769 
examplel6 0.5 2 15 10 0.019363 0.259144 0.517571 
example17 0.5 2 15 15 0.019415 0.259156 0.517711 
example 18 0.5 2 5 15 0.013239 0.260921 0.521639 
example 19 0.5 2 10 15 0.019369 0.259635 0.518722 
example20 0.5 2 15 15 0.019415 0.259156 0.517711 
example2l 1 2 5 10 0.011022 0.228792 0.457123 
example22 1 2 10 20 0.014789 0.22817 0.455791 

t4 t5 displ disp2 disp3 disp4 disp5 
0.88216 0.887866 0.05703 0.1144 0.121817 0.203022 0.140521 
1.34135 1.36846 0.011418 0.017336 0.019095 0.027752 0.018839 

0.883531 0.889153 0.05462 0.107588 0.113294 0.190165 0.137849 
0.882877 0.887489 0.075006 0.146444 0.146301 0.241056 0.198883 
0.959777 0.966271 0.055716 0.115229 0.116962 0.192212 0.162331 
1.47717 1.49833 0.016652 0.022809 0.025641 0.038035 0.025701 

0.881846 0.887299 0.064477 0.127731 0.133301 0.220813 0.160049 
0.926364 0.934907 0.039304 0.071544 0.07555 0.122022 0.08774 
1.53532 1.54363 0.027923 0.044865 0.047338 0.072933 0.054805 

0.924939 0.934102 0.023962 0.035154 0.037814 0.054738 0.042055 
0.958775 0.969682 0.023777 0.034605 0.037488 0.055063 0.04184 
1.34743 1.3667 0.015849 0.021654 0.023903 0.034734 0.025833 
1.05427 1.07472 0.014761 0.024705 0.027479 0.041054 0.026405 
1.05257 1.06946 0.014201 0.020633 0.02226 0.030759 0.022347 
1.05314 1.06492 0.019793 0.028271 0.029056 0.039136 0.031122 
1.05257 1.06946 0.014201 0.020633 0.02226 0.030759 0.022347 
1.05252 1.0724 0.011619 0.016987 0.018817 0.026259 0.01831 
1.05525 1.0831 0.007805 0.032367 0.039093 0.078628 0.049383 
1.05427 1.07472 0.014761 0.024705 0.027479 0.041054 0.026405 
1.05252 1.0724 0.011619 0.016987 0.018817 0.026259 0.01831 

0.926851 0.938755 0.019611 0.090078 0.105051 0.210549 0.163244 
0.926359 0.937983 0.025895 0.04701 0.052672 0.085741 0.055995 
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Fig 4.3 Comparison of Response for various charge of blast 
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Fig 4.4 Comparison of Response for various di fances 
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Figure 4.7 Design pressure for different alignement 
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Figure 4.8 Comparison of design pressure 

for Length ratio of 1/2 
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Fig 4.9 Comparison of design pressure for 
Length ratio of 113 
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Figure 4.10 Comparison of 
Design Pressure for varying 

Breadth of Structure 
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Figure 4.11 Comparison of Design Pressure for 
Breadth ratio of 1/3 
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Figure 4.13 Comparison of Response of 
structure for different alignement 
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Figure 4.1.4 Comparison of response for length ratio 
of 112 
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Figure 4.15 Comparison of Reponse of structure 
for Breadth ratio of 1/2 
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Figure 4.16 Comparison of response for 
same B/L ratio 
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APPENDIX 

Structural Configuration 

Closed rectangular or square type of structure is considered with thickness of 

wall as 30 cm and Inertia is calculated by considering the structure as an annulus 

with interior dimension equal to outer dimension minus two times the thickness of 

the wall considered. Mass of the structure is taken as 0.95(E)(Volume of Structure) 

Stiffness of the Structure is taken as 12E1/h3 . 

Damping of the structure is taken as 2% of critical damping 
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