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Abstract 
In This paper, acce Lerat ion response spec trwu of rieer-f ie Ld strong 

exptosion seism under Linear charge <L/d<20,-L,d - Length arid diaueter 
of Linear charge >and calculation method for seismic force are given 
according to the expLosion seismic acceleration date measured at near- 
field in the media of granite, conglomerate arid yeLLow soil, and date of 
building response measured from single-storey and multi-storey buildings, 

Keyword-s * acce Lerat ion response spectrum of exp ~ o s  ion se ism, se i sini c 
force of exp Losion, 

I ,  FORWORDS 

In the fieLd of damage analysis and safety evaluation of seismic 
effect caused by expLosion on the buiLding, the best relativity is exisi- 
ting between maximum perpendicular speed of earth surface and damage of 
bui ;dings, and the stresses are provided by wave propagating wi thin 
medium,The perpendicular speed of vibration of earth surface is adopted 
as standard evaluation by China and most of other countries, Actual data 
indicate that singLe Layer reinfoce, concrete workshop under v l  c 25 

c w s  or single layer brick buiLdings under vl c 15 CMS appear no such 
damages which are able to infLuence the safety of buildings and that 
civi 1 bui Ldings< including mu1 ti-storey and high-rise bui Ldingslunder vi 
<~CMS cause onLy cracking and falLing of root mortar, This kind of 
evaluation of seismic effect of explosion is satisfactory in eriginee- 
ring practice in far-field, As the method posseses only one control 
index, it is impossibLe to consider the infLuences of properties of  
exptosion source <quantity of explosion, shape of charge, characteristics 
of explosion), geoLogicaL conditions of explosion field and buiLdings, 
and dynamic feartures of builgings <size, material, structure 1, so,  the 
evaLuation resuLts are rather macroscopic and rough, and canJ t be used 
for satisfactory design of proof seism of explosion-In order to work 
out the calculating method of seismic force of explosion, some numerical 
technique such as finite eLement method may be u s e d  zcxq+wtsc 
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spectrum of natural earthquake may be used for calculating the response 
spectrum of explosjon I .  , seism’ rpu! then makes a dynamic analysis to 
bui ldings, -~ 

up-to now as to the knowledge of the authors, no research rdport or 
paper has been found both in China and abroad, which dealt with accele- 
rate response spectrum of near-field explosion seism for Lineal‘ charge 
< l/d ~14-20, 1, d-Leng th and diameter of linear charge), and proper t ionaL 

distance h ~ . 4 ~ ~ < 2 m / K g ~ / ~ _  I n  this paper, research are carried out on 
acce Lerat ion response spectrum of strong explosion of Linear charge in 

near field <k2mACg1’3>, in which buiLdings are set up according to the 
actual arrangements of industry,and the seismic effects of explosion on 
building are measured-Threfore the calculating problems of seismic force 
of explosion are solved. 

2 ARRANGEMENT OF FIELD AND MEASURING POINTS 
- 

‘ Experiments are made on geological conditions - granite medium, 
601‘qL0mir~to .. . . l *  Irmdiw , Md p L \ @ ,  rail mutlllto, Thh phytrlerl u&rhLurlc!%t. 
tiPkgdts &k media are aham iii tab&@ 1; 

Tunnels of charge are digged in hi 11s of grani t, conglomerate and 
yellow soi1,and alleys are digged for arranging the measuring points in 
the perpendicular and paraller directions of the tunnels. The ground 
surface-of alleys and tunnels are at the same horizontal Level, the 
mesuringpoints of acceleration of explosion seismic wave are on the 

earth surface of alLey and in the range of propertional distance R= 

0,~134-2-0759m/Kg~’~ <equal to the quantity of charge ij=4-6860-0,4817 
J L ~ ’ ’ ~ , ) ,  Tere are 156 p o i n t s  in all. 

of natural earthquake, 

- 

The energy of explosion is equivalent to 1 - 6 9  - 3-50 times of that 

3 CALCULATION OF ACCELERATION RESPONSE SPECTRUM 
OF STRONG EXPLOSION SEISM FOR LINEBR CHARGE 

While the menmade expLosion takes place generally in shallow Layer 
of earth sueface,energy is smaller, time of vibration maintains shorter, 
decay is faster,vibrating frequency is higher, energy of explosion seisna 
concentrates on high frequency zone C >LO Hz 3, wave figure of explosion 
seism hase features of impact vibration, the natural earthquake normally 
takes place in deep Layer of earth surface, energy is larger, time of 
vibratim maintains longer, decay is slower, vibrating frequency is Lower, 
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energy of earthquake concentrates on Low frequency<< 10 Hz>, wave figure 
has the features of random vibration, Never the Less, both of them have 
the same vibrating equation and simiLar mechanism of damage to building, 
Thus, it is possibLe to extend the method of catculation of earthquake 
force from accekeration response spectrum to seismic force of expLosion, 
In this paper, singLe particle system is researched, 

B 

The kinetic equation of single particLe system is 

where damping ratio 
w circular frequency of self-vibration of singLe particaL 

s y s  tem 
assume that acceleration a< t) changes in the form of straght Line 

between t, and t,,, , equation < l >  can be rewritten in the incremental form 
aai 

a ti 
.. 
x + 2 e  w2 + w p  x = -ai- < t-ti> < 2: )  

< 3 >  
where A ti= titt-ti 

A ai=ai +I-ai 

then, the solution of equation < 2 >  is 

. .  . .  
where t=ti; x=xi; x =x i, the integral constants are 

Insert constants CI and c2 in equation < 4 >  and at t=ti+l , 

distance x and speed & are 

i5a> 

the 



I a11 a12 I 
A= 

I a21 a22 1 

I bl1 b12 I B= 
p 2 1  b22 I 

coefficients a l l ,  a1b a21, a22, bt1, b12r b21, b22 are fuctions 

Aa, and their mathematicat expressions are 

< 6 c >  
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2 cs 2-1 E. 

02A ti rn 
2 e  1 

L-C cos .,/=A t,- s i n w  -F, WAY, b22=-e 

+ -  >< w J ~ s i x i w J ~ L 1  t i  
2 

4-A ti >+ 
a2Ati 

1 
+ w cos u J ~ A  ti>] - c 7g> 

*?-A ti .. 
At arbitrary time ti, the absolute acceleration z i is the sum of 

earth surface acceleration and acceleration of single particle system, 
that is 

* *  .. 2 
z i=x i+ai=+ 2 mG i+m xi> ( 8 )  

I f  distance xi and speed at time t=ti are known, the distance 

x,+l and speed >; it1 at time t=titl can be 

then, the acceleration xl+l can be calculated from equation < a >  
calculated from equation (ha), .. 

At the beginging of explosion seism, the single particle system is in 

static state, that is, the initial conditions are x o = o , & ~ o ,  

equation C6a) and (81 ,  the seismic response of single partical system can 
be worked out step by step, In order to guarantee the accuracy of results 
calculated, the Length of time step should be chosen in such that At< 
T/lO <T-natural period of vibration of single partical system>, and in 
this paper, the length of caLcuLating step is chosen A t = 2 ~ 1 0 ’  second. 

In order to diminishing calculating error, the measured tirue equa- 
tions of acceleration Ca-t figure> are changed into numerical time equa- 
tions <a-t fiqure>- Inputting them into computer, acceleration response 
spectrum of strong explosion seism for Linear charge can then be accu- 
rat ly calculated, The main results of calculation are introduced below, 

1.The individual measured curve of time equation of acceleration is 
inputted to computer and acceleration response spectrum of explosion 
seism for Linear charge can be calculated under different damping factor 
such as shown in figure 1- 

2,111 the medium of granite, the acceleration response spectrums of 
of near-field strong explosion seism for Linear charge are shown in 
figure 2, 

3 The acce Lerat ion response spec t r m  in perpendicular, horizontaL 
radial and horizontal tangential directions are shown in Fig-3, which 
indicate the near-field strong explosion seism for Linear-charge i n  
medium of granite, 

4 Under different damping factor, the acceleration response spectrum 

repeat using 
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of near-field strong explosion seism for Linear charge are shown in 

5,011 different geological conditions CyelLow soil, granite, conglo- 
uerate 1, the acce lerat ion response spectrums of near-f ie td strong exp Lo- 
sion seism are shown in Fig.5, 

6 The acce Lerat ion response spectrums under different b lasting are 
shown in figure 6 ,  

Fol Lowing features of acce Lerat ion response spectrum of near-f ie Ld 
strong explosion seism for linear charge can be found from the results 
of calculation shown above, 

- Fig, 4. - 

1. The features of response spectrum 
The shape of acceleration response spectrum curve of near-f ie Id 

strong explosion seism 1s similar to Ihe shape of acceleration response 
spectrum of natural earthguake, both have a mainpeak, and as envelop 
line is taken, the peak is changed into a platform and decayed in the 
form of hyperbola with the increasing of period, The trend of outline 
of responsrspctrum is related to acoustic impedance of rock and soil. 
The smaL Ler the acoustic impedance, the longer moving of peak position 
in direction of big values of period, that is the width of platform 
becomes wider, The width of platforla is smalLer than 0 - 1  second, in the 
acceleration response spectrum of near-field strong explosion seism for 
Linear-charge, The position of mainpeak of response spectrum is about 
the dominate period of rock and soil of earth surface, 

2, Infiuence of horizontal and perpendicular vibration to response 
spectrum 

A s  skowii in Fig.3, the shape, trend and numrical value of both 
radial and tangential acceleration response spectrum are similar to 
that of perpendicular acce Leration response spectrum, and the curve of 
perpendicular acceleration reponse spectrum of seism is a little bit 
bigger than that of bath radial and tangential acceleration response 
spectrum. When the response spectrum is made for design, response 
spectrums of radial, tangential and perpendicular are sumed up and 
evenlop line is taken, so, influence of radial, taagential and 
perpendicular vibration have been considered, 

3, The Influence of damping 
As shown in Fig-4, the value of response spextrum peak decreases 

das t ical ty as the damping factor increasing, For ins tame, the peak 
value under damping factor c = O , 5  is about half of the peak value under 
damping factor c=O-This indicates that damping has a remarkable effect 
on decreasing explosion seism, ActuLaiLy, damping is related to 
structure -as well as material, and the damping factor increases with 
the increasing of deformation of foundation, that is the damping factor 
is related to interaction between rock or soil and structure, so,  

a 
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norinally, the value of damping factor is obtained by experiment. 
4, The influence of geological conditions to the response spectrutu 
A s  shown in Fig.5, the value of response spectrum is the biggest in 

yellow then in granite and the least in conglomerate, This means 
the bigger the acoustic impedance of rock and soil, the smaller the 
peak value of response, and the smaller the seisinie force of explosion 
to bui Lding, 

soil, 

5- The influence of blasting forms to response spectrum 
A s  shown in Fig-6, the value of acceleration response spectrum is 

the biggest under directional blasting, intermediate under tunnel 
blasting for Linear charge and the least under Loosing blasting, so, 
when the seismic force of expLosion is colculated the acceleration 
response spectrums should be used according to forms of blasting and 
then the accuracy of calculation can be raised- Under the smie form of 
blasting and geological condition, the value of acceleration response 
spectrum of near-field is bigger than that of far-field. Nowdays, in 

, China, the data of research about acceleration response spectrum is 
more in far-field and Less in near-field, If the acceleration response 
spectrum of far-field is used to near-field, the calculated seismic 
force is smaLLer, and it may cause results unsafe, 

4 THE CALCULATION OF SEISMIC FORCE OF EXPLOSION 

A s  mentioned above, the seismic effect of explosion can be studied 
with the helps of methods that are used in studying the effects of 
natural earthquake, when the response spectrum of explosion seism has 
been worked out, the seismic force of explosion can be calculated 
direct Ly, 

For the single degree of freedom system, the shearing force which 
acts on the foundation of system is the same as the maximu intertiat 
force which acts on system, In practical application of engineering, 

acted on single particle system can be written in the the seismic force 
following form, 

.. 
F= mz =m 1 

.. 
I ~ 9 l r i u x  .. .. 

x +6, I m x =  
9 .. .. 

I x + Q g  I max 
* W  = k a W  .. 

I 6 9 1  mx 

.. 
K, seismic coefficient, k= I 8, I Ihbx / g, ratio of mmium hori- 

zontal acceleration of explosion over acceleration of gravity 



.. .. .. 
a dynamic coefficient, a =  I x + S ,  I mx / I S I Rax ratio of 

maximum acce lerat ion of 
particle system over maximum acceleration of earth surface 
under the seicmic effect of explosion 

sing Le 

6 ,  moving distance of earth surface 
W, total weight of buildings which produce explosion seismic Load, 
equation ( 9  )becomes 
F=BW < 10) 

where p , influence coefficient, p=ka,the @-curve of near-field strong 
explosion for Linear charge is shown in Fig , ? ,  

In fact, during the process of explosion, plastic deformation is 
altowed in the structrue, and at the same time, the unload effect takes 
place in the structure, this them reduces the seismic force acted on 
structures-so i t  is necessary that the equation €10) is multiplied by a 
struture influence coefficient c which is smaller than 1- The value of 
coefficient is related to the premitting defornktion and ductility of 
structure, In normal case, c=l/p-I/,/m' C @- ductility factor>- 
when p = 3 3 ,  c=O. 45-0-35 so the equation <LO) becomes 

F=c @ w (11)  

where c, structure influence coefficient 
reinforced column c=O, 35 
brick colunun c=U, 40 
reinforced concrete arch c=O, 35 
mu1 t i-s torey house c=O, 40 

According to the arrangement of industrial product ion, 
single-stoTey and multi-storey buildings are set up in  near 
fieLd-propertiolial distance E42- 0 ~ & g " ~ ,  and when the Linear charge is 
explosion, the seismic force of explosion acted on building are 
ueasured-Becaus some favorable factors, such as inhibition of foundation 
and buildings to moving of foundation, interaction between foundation 
arid bualdings and reducing effect of structure measures of anti-shock 
bualdings- to effect of seismic damage can-not be expressed in 
mathematics form, so us the ratio of explosion seismic force calculated 
by equatton (11) over measured explosion seismic force is 1./2 to 1/4, 
i t  suites the reason why comprehensive inf Luence coefficiente ileed to 
be considered. 

Rewrite the equation ( 11) in normal engineering form, 
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Qa = c S  qW c 1 2 )  
where QO I shearing force on the foudation of structure I O N  

c ,structure influence coefficient, seeing equation ( 1 0 )  
p ,explosion seismic influence coefficient seeing Fig.", 
q ,comprehensive influence coefficient 

brick collllluz q = 1 / 2  
reinforced concrete arch q=1/4 
multi-storey house q=L/2,5 
W, total weight of buildings whicfi produce explosive seismic Load T 

n 

i=l 
W = C W ,  

The horizontal seismic Load of particle i is 

W,, weight which concentrated on particle i T 
H, height of particle i 

. The explosion seimic force of -multiple degree of freedoin system 
can be calculated with the principle of supepos i t ion, 

structure is 
The horizontal seismic toad of particle i in viberating iuode j of 

< number of particle i=l,2-*n; number of made of viberation j=1,2, 
-+-m) 
where P,, horizontal seismic load of particle i in viberating iuode j 

of structure 
p,, seismic influence coefficient which correspouds with natural 

xi,* relative horizontal moving distance of particle i in 

y , *  joining coefficient of vibrating mode j of structure 

period T, of vibrating mode j of structure, seeing Fig.? 

vibrating mode j of structure 

941 



i 

n 

Y j= 
n 

C 16) 
2 

XjiWi 
1-1 

c, q I seeing equation C11) 
W, seeing equation C 14) 
In the point i af  structure,as the maximum inner forces produced 

by each vibrating node j don' t take ptace at the same time and 
according t o  the research of response of earthquake inprobability , 
the squar root of sum of squares of maximum inner forces of each mode 
of vibration in point i can be taken as the maximum response of 
earthquake on point i, S o , d e r  the seismic Load of horizontal exptosion, 
the structure inner forca S, produced in point i can he written in the 
general form 

S i = a i  (number of mode of vibration j=1, 2,3- . .u;  
i 
in norlorrL case j=l, 2,3) <17> 

shearing force at point i 

shearing force in foundation 

bending moment at point i 
- 

hi,-- c i=l ,  2--n> 

bending moant in foundation 
.i 
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f ?  

c 2 1 1  

Equation < 1 7 >  is called equation of canbination of modes of 
vibration of square root of sum of squares,when bigger intervals arc 
wong the former values of frequency of mode of vibration,satisfactory 
results can be obtained,otherwise error is bigger, The guaranteed 
efficiency of the canbination method of modes of vibration is more than 
96%- 

in different countries, In different countries, I n  Japan thr maximum 
inner force is t-aken the sum of ohsolute value of maximum response of 
each mode vibration, and it is absolutly safe, American professor N-M, 
Newmark points- out if the numbers of freedom in system are Less than 
four,the inner force under the effect of natural earthquake is very 
close to < o n l y  a Little bit smaler) the sum of obsolute masimm vaLueiIf 

, the numbers of freedom degree in system are more than twelve, the inner 
force under the effect natural earthquake is very close to square root 
of sum of square ot’ wiiximum value and if the numbers are between four 
and twele, the real ineer force is among the values calculated by this 
two method, 

If the method of square root of sum of squares is directly used to 
calculate the maximum seismic load of explosion equation C 1 5 )  becomes 

The conbination methods of modes of vibration are different 

B 

and using the load calculated hy equation c 2 2 )  to calculate the inner 
force of system, this seismic effect is bigger than the seismic effect 
caLcuLated by equation <11), There are two reasons for this difference, 
one is that the modes of vibration except the first mode are 
alternately changed between positive and nagtive along the height, but 
equation ( 2 2 )  doesn’t express this change feature;The other is that the 
relation isn’t Linear relation between structure stress and Load, so, it 
is much more accurate and strict that using the method of square root 
of sum of squares calculates the inner firce than that using the method 
of squares root of sum of square calculates load and then calculates 
inner force, 

5 ,  MAIN CONCLUSION 

1, According to practical requires of industrial production, experi- 
ments of explosion for Linear charge have been made, Plenty of accele- 
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ration-figure of near-field strong explosian seism are abtained in 
media of granit,congLomerate and yellow soll,when the figures are 
inputted to computer, the accelerate response spectrw of near-fei Id 
strong explosion seism for Linear charge can be calculated-This is most 
meaning for both in theory and in practice for calculating the seismic 
force - of explosion on buildings in near-field(E<2wKu/~(g and 
designing proof seism of explosion, so the buildings in near-f ield 
exp Loston are ensured. 

2, According to measurement and theoretical analyses of seismic 
farce o n  single -storey and multi-storey buildings in near-field of 
explosion seism for Linear charge, the ~ comprehensive inf tuence 
coefficients which are used in calculating equation of seiamic force of 
exp los'ron are determined for s i n g  1-s torey m d  mu1 t i-s torey bui Ldings, 
It is-ery iqortant for quantitative calcuLation uf seismic force of 
explosion,The error of calculating seismic farce of explosion in this 
paper compared with measuring seismic force of explosion is  about 20- 

' 30%- 
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d 1 original record acceleration figure 
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F i y .  I The acceleration response spectrum of 
explosion earthquake in yrarii te medium 

1 Cl&, 

Fig, 2 The acceleration response spectrum of near-field 
explosion earthquake for Linear charge in grani te iueditm 

... 
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F i g .  5 The acceleration response s p e c t r u  about 
granite conglomerate and y e l l o w  s o i l  

<daruping factor g = O >  
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l.directiona1 blasting(near field) 
2.directional blasting(far field) 
3.tunnel blasting for linear charge 
4.100s ing blasting 

. .  
..Fig. 6 The acceleration response 
spectrum for different blasting 

field.I(resis1ant rock) 
field.IIlresistant s o i l .  

e.g. yel low soil) 

Fig-7 Influence coefficient of exptosion seism 

for calculating 
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