
A . B o o k t o 

H o n o r t h e 8 0 , h 

B i r t h d a y o f 

P r o f . D r . l r . 

W i r a t m a n 

W a n g s a d i n a t a 



BEHAVIOR OF 
THE ORTHOTROPIC 
STIFFENED PLATE 
SUBJECTED TO 
LOCALIZED BLAST 
LOAD 

P r o f . D r . I r . W i r a t m a n W a n g s a d i n a t a 

P r e s i d e n t D i r e c t o r P T . W i r a t m a n 

J a k a r t a , I n d o n e s i a 

w i r a t m a n @ w i r a t m a n . c o . i d 

ABSTRACT: This paper deals w i th the dynamic 

analysis and discussion of a d a m p e d or thot rop ic 

s t i f fened plate sub jec ted to blast load. Analyt ical 

solut ions o f the dynamic def lec t ion of the plate w i th 

ful ly f i xed boundary condi t ions a long its edges are 

p resented by means of deal ing w i th the govern ing 

di f ferent ia l equat ions. Numer ical solut ions for t h e 

natural f requencies and mode shapes are ob ta ined 

by using the Modi f ied Bolot in M e t h o d (MBM). N u m b e 

of modes of the or tho t rop ic plate are real numbers 
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and so lved f rom t ranscendenta l equat ions. Special 

emphasis is focused on the dynamic def lect ion o f 

m id -po in t d isp lacements. The results obta ined g ive an 

insight into the ef fect o f the plate th ickness; s t i f feners 

conf igura t ions ; the posi t ion of the blast load and the 

v iscous damp ing on the.dynamic response of the 

o r tho t rop ic plate and indicate that these factors af fect 

their overal l behavior. The interact ion be tween the 

blast load and the or tho t rop ic plate for all the cases 

men t ioned in this paper are cons idered in the 3D 

s imulat ion. 
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1 . I N T R O D U C T I O N 

T h e d y n a m i c b e h a v i o r o f a d a m p e d o r t h o t r o p i c s t i f f e n e d p l a t e 

u n d e r l o c a l i z e d b l a s t l o a d s h a d b e e n s u b j e c t o f s t u d i e s f o r m a n y 

y e a r s . I n t h e a n a l y s i s o f r e c t a n g u l a r o r t h o t r o p i c p l a t e s d i f f e r e n t 

m o d e l s h a d b e e n e s t a b l i s h e d a n d i n v e s t i g a t e d b y r e s e a r c h e r s . M u c h 

p r e v i o u s w o r k in t h i s a r e a h a d i n v o l v e d o n e - w a y s t i f f e n e d p l a t e s 

u n d e r i n t e n s e l o a d s ( e . g . S c h u b a c k e t a l . 1 9 8 9 a n d O l s o n 1991) . Y u e n 

a n d N u r i c k ( 2 0 0 3 ) i n t r o d u c e d n u m e r i c a l s o l u t i o n s o f t h e d y n a m i c 

r e s p o n s e o f t h e p l a t e s u b j e c t e d t o b l a s t l o a d i n g w i t h d i f f e r e n t 

s t i f f e n e r s c o n f i g u r a t i o n s . 

L o u c a a n d Pan (1999) a n a l y z e d t h e r e s p o n s e o f s t i f f e n e d a n d 

u n s t i f f e n e d p l a t e s s u b j e c t e d t o b l a s t l o a d i n g b y u s i n g a s i n g l e 

e n e r g y - b a s e d f o r m u l a t i o n . 

T h e r e h a v e b e e n a f e w s t u d i e s d e a l i n g w i t h t h e r e s p o n s e o f 

s i m p l y s u p p o r t e d p l a t e s s u b j e c t e d t o b l a s t l o a d . T h e a n a l y s i s o f 

s i m p l y s u p p o r t e d o r t h o t r o p i c p l a t e s s u b j e c t e d t o s t a t i c a n d d y n a m i c 

l o a d s w e r e p r e s e n t e d b y D o b y n s (1981) w h o a n a l y z e d t h e r e s p o n s e 

t o p u l s e s o f d i f f e r e n t s h a p e s . A p p r o x i m a t e d n u m e r i c a l a n a l y s i s o f 

s i m p l y s u p p o r t e d l a m i n a t e d c o m p o s i t e p l a t e s s u b j e c t e d t o b l a s t 
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l o a d w a s s t u d i e d b y K a z a n c i a n d M e c i t o g l u ( 2 0 0 8 ) , w h e r e t h e f i n i t e 

d i f f e r e n c e m e t h o d w a s a p p l i e d t o s o l v e t h e s y s t e m o f c o u p l e d 

n o n l i n e a r e q u a t i o n s . Li e t a l . ( 2 0 1 4 ) s t u d i e d n u m e r i c a l l y t h e d y n a m i c 

r e s p o n s e o f t h e r e c t a n g u l a r p l a t e s u b j e c t e d t o m o v i n g l o a d s . T h e 

s i m p l y s u p p o r t e d b o u n d a r y c o n d i t i o n s w e r e u s e d in t h e i r m o d e l 

a n d t h e t i m e h i s t o r i e s o f t h e d e f l e c t i o n r e s p o n s e c o r r e s p o n d i n g t o 

d i f f e r e n t c o n d i t i o n s o f d y n a m i c l o a d w e r e a l s o d i s c u s s e d . 

In m o s t o f t h e w o r k s t h e t y p e o f p l a t e s c o n s i d e r e d w e r e 

i s o t r o p i c a n d r e c t a n g u l a r w h i c h w e r e u n i f o r m in al l d i r e c t i o n s . 

In a p p l i c a t i o n n o t al l p l a t e s a r e i s o t r o p i c . A n o t h e r i m p o r t a n t 

c h a r a c t e r i s t i c o f t h e p l a t e is i t s o r t h o t r o p i c n a t u r e , w h i c h f o u n d 

a p p l i c a t i o n s i n t h e m o d e l l i n g o f t h e d y n a m i c r e s p o n s e o f c o n c r e t e 

f l o o r s . Z h o u e t a l . ( 2 0 0 8 ) c o m p a r e d t h e o r e t i c a l a n d e x p e r i m e n t a l 

r e s u l t s f o r c o n c r e t e s l a b s t o b l a s t l o a d i n g . C i z e l j e t a l . ( 2 0 0 9 ) 

i n v e s t i g a t e d a h o m o g e n e o u s i s o t r o p i c r e c t a n g u l a r p l a t e c l a m p e d 

a t a l l f o u r s i d e s t o r e p r e s e n t t h e w a l l s e g m e n t s u b j e c t e d t o a b l a s t 

l o a d b y u s i n g a s l i g h t l y m o d i f i e d h a n d b o o k f o r m u l a t o e s t i m a t e t h e 

r e s p o n s e o f t h e p l a t e . 

H o w e v e r , o n l y a f e w c a s e s in t h e d y n a m i c r e s p o n s e o f f i x e d 

o r t h o t r o p i c d a m p e d p l a t e s s u b j e c t e d t o b l a s t l o a d i n g h a v e b e e n 

i n v e s t i g a t e d . K a d i d ( 2 0 0 8 ) i n v e s t i g a t e d t h e b e h a v i o r o f a s t i f f e n e d 

p l a t e s u b j e c t e d t o u n i f o r m b l a s t l o a d i n g . N u m e r i c a l s o l u t i o n s w e r e 

o b t a i n e d in h i s s t u d y b y u s i n g t h e f i n i t e e l e m e n t m e t h o d a n d t h e 

c e n t r a l d i f f e r e n c e m e t h o d f o r t h e t i m e i n t e g r a t i o n o f t h e n o n - l i n e a r 

e q u a t i o n s o f m o t i o n . 

T h e o b j e c t i v e o f t h i s s t u d y is t o p r e s e n t a g e n e r a l m e t h o d 

t h a t a l l o w s o n e t o s y s t e m a t i c a l l y a n a l y z e t h e d y n a m i c b e h a v i o r o f 

d a m p e d o r t h o t r o p i c p l a t e s u n d e r l o c a l i z e d b l a s t l o a d . T h e m o d e l 

a d o p t e d is a d a m p e d r e c t a n g u l a r o r t h o t r o p i c p l a t e w i t h f u l l y f i x e d 

b o u n d a r y c o n d i t i o n s a t a l l e d g e s s u b j e c t e d t o a l o c a l i z e d b l a s t l o a d . 

In t h i s s t u d y , t h e a n a l y t i c a l m o d e l o f t h e p r o b l e m is d e d u c t e d f r o m 

t h e n o r m a l i z e d f a c t o r o f t h e E i g e n f u n c t i o n s , d e r i v e d b y u s i n g t h e 

M o d i f i e d B o l o t i n m e t h o d . W i t h t h i s m o d e l , t h e d y n a m i c r e s p o n s e o f 

t h e o r t h o t r o p i c p l a t e c a n b e i n v e s t i g a t e d s u b j e c t e d t o b l a s t l o a d s 
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v i t h d i f f e r e n t p o s i t i o n s . T h e i n f l u e n c e o f t h e t h i c k n e s s o f t h e p l a t e , 

; t i f f e n e r s c o n f i g u r a t i o n , t h e p o s i t i o n o f t h e b l a s t l o a d a n d t h e v i s c o u s 

l a m p i n g o n t h e d y n a m i c r e s p o n s e o f t h e p l a t e a re d i s c u s s e d , 

e s p e c t i v e l y . 

2 . S O L U T I O N O F T H E G O V E R N I N G E Q U A T I O N 

In t h i s s e c t i o n , a m a t h e m a t i c a l m o d e l f o r t h e d a m p e d 

o r t h o t r o p i c p l a t e s u b j e c t e d t o b l a s t l o a d is p r e s e n t e d . T h e 

e c t a n g u l a r o r t h o t r o p i c p l a t e w i t h t h e l e n g t h a, t h e w i d t h b a n d t h e 

h i c k n e s s h, is d e p i c t e d in F i g u r e 1. T h e C a r t e s i a n a x e s a r e u s e d i n 

:he d e r i v a t i o n . B y u s i n g t h e c l a s s i c a l t h i n p l a t e t h e o r y , t h e d e f l e c t i o n 

D f t h e d a m p e d o r t h o t r o p i c p l a t e is g o v e r n e d b y t h e f o l l o w i n g 

d i f f e r e n t i a l e q u a t i o n : 

d4w(x,y,t) ^ d\v{x,y,t) d4w(x,y,t) d2w(x,y,t) 
->x z + In — - — + L) + on r 

dx4 dx2dy2 y dy4 dt2 

. dw{x,v,t) . * 
at 

A / h e r e w(x,y,t) = t r a n s v e r s e d e f l e c t i o n o f t h e p l a t e a t p o i n t (x,y) a n d 

: i m e / , Dx = t h e f l e x u r a l s t i f f n e s s in t h e x - d i r e c t i o n , H = t h e t o r s i o n a l 

s t i f f n e s s , D= t h e f l e x u r a l s t i f f n e s s in t h e ^ - d i r e c t i o n , p = t h e m a s s 

d e n s i t y , h = t h e t h i c k n e s s o f t h e p l a t e , y = t h e v i s c o u s d a m p i n g . 

T h e d y n a m i c b l a s t loadingp(x ,y , t ) is w r i t t e n as : 

p(x, y, t) = P(t)S[x - * ( 0 f t v - v ( 0 ] = P(t)S[x - x0 > [ y - y0 ] m 

w h e r e df.J = D i r a c d e l t a f u n c t i o n ; x= i n i t i a l p o s i t i o n o f t h e b l a s t l o a d 

in x - d i r e c t i o n ; y = t h e i n i t i a l p o s i t i o n o f t h e b l a s t l o a d in j - d i r e c t i o n ; 

P(t)= f u n c t i o n d e s c r i b i n g t h e b l a s t l o a d i n g at t i m e t d e f i n e d as : 

P(t) = R 

( i ) 

(3) 
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(4) 

w h e r e Pg= t h e m a x i m u m a m p l i t u d e o f t h e b l a s t l o a d i n g ; td = d u r a t i o n 

o f t h e b l a s t l o a d i n g . 

I n t h e M o d i f i e d B o l o t i n M e t h o d a n E i g e n m o d e is i n i t i a l l y 

a p p r o x i m a t e d b y a g e n e r a l s o l u t i o n c o n s i s t i n g o f t r i g o n o m e t r i c 

f u n c t i o n s t h a t c a n b e e x p r e s s e d a s ( P e v z n e r e t a l . 2 0 0 0 ) : 

0 0 CO 

M.x,y,t)-'2i\Wmn{x,yyrml(t) 

w h e r e WJx.y) = XJx,y) YJx.y); XJx,y) a n d Y/x,y) = mth a n d 

nth m o d e s o f f r e e v i b r a t i o n o f t h e o r t h o t r o p i c p l a t e in t h e x- a n d 

^ - d i r e c t i o n s , r e s p e c t i v e l y , w h i c h a r e g i v e n b y : 

( 5 ) ^ r 7 „(x) = cosh(F 1x) + 

(6) Yn(y) = cosh(Fiy) + 
bq(c2-C2) 

-Ss2 + bqS2 

smh(F3y) - cos(F 4 y) - fl(-c2 + c 2 ) 
ds2-bqS2 

sin(F 2 x) 

s in(F 4 y) 

( 7 ) 

w h e r e a = t h e w i d t h o f p l a t e in t h e x - d i r e c t i o n ; b = t h e w i d t h o f p l a t e 

in t h e y - d i r e c t i o n ; Ff Fy F3 a n d F4 = f r e q u e n c y p a r a m e t e r a s s o c i a t e d 

w i t h e a c h o r t h o t r o p i c p l a t e w h i c h a r e g i v e n in t h e A p p e n d i x a n d p 

a n d q a r e r e a l n u m b e r s s u c h t h a t m <p < m+l a n d n <q < n+l. 

T h e u n k n o w n q u a n t i t i e s p a n d q a r e c a l c u l a t e d b y s o l v i n g t h e 

s y s t e m o f t r a n s c e n d e n t a l e q u a t i o n s w h i c h s a t i s f y t h e b o u n d a r y 

c o n d i t i o n s a s f o l l o w s ( A l i s j a h b a n a , S.W. a n d W a n g s a d i n a t a , W . 2 0 1 2 ) : 

[ 2bp/3 - 2bpfi c o s ( p ; r ) c o s h ( — ) - (b2p2 - fi2 )sm(pjr)swh 
a~b-{ Kb 1 

b I 
= 0 

W -j-jl2aq6-2aq6cos(qjr)cosh(—\-{a2q2 - # 2 ) s i n ( ^ ) s i r i h 

\

(Jtd 
= 0 
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T h e t o t a l d y n a m i c d e f l e c t i o n o f t h e s y s t e m c a n b e s o l v e d b y 

u s i n g t h e D u h a m e l i n t e g r a t i o n m e t h o d t h a t c a n b e e x p r e s s e d a s 

( A l i s j a h b a n a , S.W. a n d W a n g s a d i n a t a , W. 2 0 1 2 ) : 

co oo r 

w(x,y,t) = \rcu"'nt{a,m cos{codnm > + bmn s in(arf m i l » 
(9) 

fXm(x,y)dxfYn(x,y)dyt 

yy[Xm(x,y)Yn(x,y)f ,° , Cp(x,y,r)e-^-r) sin(codmn \t-x)ir 

w h e r e a a n d b a r e c o n s t a n t s t h a t a r e d e t e r m i n e d f r o m t h e i n i t i a l 
tnn mn 

c o n d i t i o n s , Qmn is t h e o r t h o g o n a l l y factor,p(x,y,x) is t h e d y n a m i c l o a d 

a n d codmn is t h e d a m p e d n a t u r a l f r e q u e n c y o f t h e s y s t e m t h a t a r e 

g i v e n i n t h e A p p e n d i x . 

a 

'yo 

F i g u r e 1. O r t h o t r o p i c p l a t e s u b j e c t e d t o l o c a l i z e d b l a s t l o a d . 

3 . N U M E R I C A L C A L C U L A T I O N 

B a s e d o n t h e t h e o r y p r e s e n t e d i n t h e p r e v i o u s s e c t i o n , 

n u m e r i c a l c a l c u l a t i o n a r e c a r r i e d o u t t o i l l u s t r a t e t h e d y n a m i c 

d e f l e c t i o n r e s p o n s e o f a n o r t h o t r o p i c s t i f f e n e d p l a t e s u b j e c t e d t o 

t h e l o c a l i z e d b l a s t l o a d . T h e a d o p t e d m a t e r i a l p r o p e r t i e s f o r t h e 

o r t h o t r o p i c p l a t e a r e a = 5 .5 m, b = 4 . 5 m, E = 210 G P a , v = 0 . 2 , 
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v - n a r ' i t K U l 

ax = 2 . 7 5 m , b% = 0 . 2 m , PQ = 1.3 M P a ( K a d i d 2 0 0 8 ) . In o r d e r t o s t u d y 

t h e e f fec t o f p l a t e t h i c k n e s s , s t i f f e n e r s c o n f i g u r a t i o n a n d t h e p o s i t i o n o f 

t h e l oca l i zed b l a s t l o a d t o t h e d y n a m i c r e s p o n s e o f t h e p l a t e , t h r e e m o d e l s 

o f p la te h a v e b e e n u s e d in t h i s w o r k as f o l l o w s : m o d e l 1, h ~ 16 c m ; m o d e l 

2 , h = 18 c m a n d m o d e l 3 , h = 2 0 c m . T h e M o d i f i e d B o l o t i n M e t h o d ( M B M ) 

has b e e n a p p l i e d t o o b t a i n t h e na tu ra l f r e q u e n c i e s o f t h e s y s t e m f o r t h e 

f i rs t f o u r m o d e s in t h e x - d i r e c t i o n (m = 1, 2 , 4 ) a n d fo r t h e f i r s t f i v e m o d e s 

in t h e y - d i r e c t i o n (n = 1, 2 , 3 , 5 ) as s h o w n in T a b l e 1. 

T a b l e 1. F u n d a m e n t a l f r e q u e n c i e s a n d n u m b e r o f m o d e . 

( W ( r a d / s ) O M r a d / s ) 0 ) ( r a d / s ) CO (rod's) Ctf ( rad/s) 0 > ( r a d / s ) 

m n M O D E L 1 M O D E L 2 M O D E L 3 M O D E L 1 M O D E L 2 M O D E L 3 

w i t h o u t s t i f f e n e r s 1 s t i f f e n e r 

1 1 6 9 5 . 4 8 2 7 7 0 . 5 0 4 8 4 6 . 9 5 2 741.784 811.812 8 8 4 . 3 9 5 

2 1592.71 1710.94 1893.64 1564.78 1740.78 1919.59 

3 2812.51 3154 .72 3 4 9 8 . 4 2 8 4 3 . 6 8 3 1 8 0 . 6 3 3 5 2 0 . 4 8 

4 4 5 2 8 . 8 2 5 0 8 5 . 8 5 5 6 4 4 . 3 7 4558 .19 5 1 0 9 . 9 5 5 6 6 4 . 6 5 

5 6683 .13 7 5 0 9 . 2 8336 .77 6713.5 7 5 3 3 . 7 5 8 3 5 7 . 3 9 

2 1 1353.78 1481.27 1612.94 1517.36 1631.82 1752.92 

2 2118.85 2 3 4 4 . 6 2 2 5 7 5 . 3 5 2262.11 2471.08 2 6 8 8 . 8 3 

3 3 3 6 8 . 0 6 3751 .86 4141.04 3 4 9 6 . 9 4 3 8 6 2 . 0 5 4 2 3 7 . 2 4 

4 5 0 6 8 . 3 7 5 6 6 5 . 7 8 6 2 6 8 . 7 9 5188 .88 5 7 6 6 . 7 4 6 3 5 5 . 3 2 

5 7207.13 8 0 7 2 . 5 4 8 9 4 3 . 6 7 7 3 2 2 . 5 9 8 1 6 8 . 0 2 9 0 2 4 . 5 2 

3 1 2 3 9 8 . 9 4 2 6 1 4 . 8 4 2 8 3 8 . 5 2 2 7 3 2 . 3 5 2 9 2 5 3129.47 

2 3114.5 3 4 2 0 . 6 2 3736.13 3 4 2 8 . 5 6 3 7 0 4 . 7 2 3 9 9 6 . 2 9 

3 4317.04 4 7 7 5 . 0 5 5243.74 4610.01 5 0 3 2 . 3 6 5473 .51 

4 5 9 8 6 . 4 3 6 6 5 4 . 5 1 7334.12 6 2 6 2 . 9 6 8 9 1 . 6 8 7541.62 

5 8105 .81 9 0 4 0 . 2 4 9 9 8 6 . 0 2 8370 .61 9263.15 10178.3 

4 1 3 8 0 6 . 4 2 4142 .95 4491.87 4 3 6 3 . 7 9 4 6 6 3 . 8 8 5 0 4 6 . 0 2 

2 4 4 9 3 . 6 4 9 1 5 . 0 8 5351.09 5 0 3 4 . 0 2 5410 .65 5 8 1 0 . 2 3 

3 5 6 5 6 . 2 6 2 2 3 . 0 1 6 8 0 6 . 5 7 6173.83 6 6 8 6 . 6 7 2 2 7 . 4 4 

4 7 2 8 9 . 4 5 8061.1 8851.23 7 7 8 4 . 9 6 8 4 9 5 . 0 4 9 2 3 7 . 6 7 

5 9381 .32 10415.3 11469.0 9 8 5 8 . 4 4 1 0 8 2 5 . 4 11828.3 

T a b l e 1 s h o w s t h e n a t u r a l f r e q u e n c i e s o f t h e o r t h o t r o p i c p l a t e s f o r 

d i f f e r e n t v a l u e s o f t h i c k n e s s a n d s t i f f e n e r s c o n f i g u r a t i o n . I t is s h o w n 

t h a t b y i n c r e a s i n g t h e p l a t e t h i c k n e s s as w e l l as a d d i n g t h e s t i f f e n e r , 

t h e n a t u r a l f r e q u e n c y o f t h e s y s t e m i n c r e a s e s . 



3 . 1 E F F E C T O F P L A T E T H I C K N E S S 

B y i n c r e a s i n g t h e t h i c k n e s s o f t h e o r t h o t r o p i c p l a t e , t h e m i d ­

p o i n t d e f l e c t i o n o f t h e p l a t e w i l l d e c r e a s e s i g n i f i c a n t l y . T h e m i d - p o i n t 

d e f l e c t i o n f o r m o d e l 1 w i t h o u t s t i f f e n e r s u b j e c t e d t o a b l a s t l o a d w i t h 

td = 2 m s , xQ = a / 2 a n d y = 5% is 0 . 0 0 5 1 7 1 3 8 m, f o r m o d e l 2 t h e m i d ­

p o i n t d e f l e c t i o n is 0 . 0 0 3 9 2 7 8 m, w h i l e t h e m i d - p o i n t d e f l e c t i o n f o r 

m o d e l 3 is 0 . 0 0 3 0 6 7 5 6 m. T h e r e f o r e , b y i n c r e a s i n g t h e t h i c k n e s s o f 

t h e p l a t e by 2 c m , t h e m i d - p o i n t d e f l e c t i o n w i l l d e c r e a s e b y 2 4 . 0 5 % . 

In c o n c l u s i o n , t h e t h i c k n e s s o f t h e p l a t e p l a y s a n i m p o r t a n t r o l e i n 

d e t e r m i n i n g t h e l e v e l o f r e s p o n s e o f t h e o r t h o t r o p i c p l a t e as s h o w n 

a l s o in F i g u r e 4 . 

3 . 2 E F F E C T O F P L A T E S T I F F E N E R 

A s s h o w n in T a b l e 2 , f o r m o d e l 1 w i t h ^ = 2 m s a n d {x0,y0) = 

(a/2,b/2) a d d i n g 1 s t i f f e n e r p a r a l l e l t o t h e x - a x e s , h a s r e s u l t e d in 

a d e c r e a s e in t h e m i d - p o i n t d i s p l a c e m e n t o f t h e p l a t e b y 17 .06% 

a s c o m p a r e d t o t h e m i d - p o i n t d i s p l a c e m e n t o f t h e p l a t e w i t h o u t 

s t i f f e n e r . In F i g u r e 2 a n d F i g u r e 3 , t h e e f f e c t o f s t i f f e n e r is i l l u s t r a t e d 

c l e a r l y f o r al l t h e c a s e s ; t h a t i s , t h e d e f l e c t i o n r e s p o n s e s a n d t h e 

i n t e r n a l f o r c e s w i l l d e c r e a s e w h e n a s t i f f e n e r is a d d e d i n t o t h e 

s y s t e m . 

T a b l e 2 . T o t a l d y n a m i c d e f l e c t i o n o f t h e o r t h o t r o p i c p l a t e t o l o c a l i z e d b l a s t l o a d , ld = 2 m s , y = 5 % . 

M O D E L 1 M O D E L 2 M O D E L 3 M O D E L 1 M O D E L 2 M O D E L 3 

x0 M> m a x (m) w m a x (m) w m a x (m) w m a x (m) w m a x (m) M1 m a x (m) 

w i t h o u t s t i f f e n e r s 1 s t i f f e n e r 

a/8 0 . 0 0 1 0 4 9 5 9 0 . 0 0 0 1 3 4 3 7 5 0 . 0 0 0 6 9 2 7 8 6 0 . 0 0 1 3 7 5 6 9 0.00111798 0 . 0 0 0 8 9 8 5 8 1 

2a/8 0 . 0 0 2 4 7 5 8 8 0 . 0 0 1 9 4 3 0 7 0 .00155419 0 . 0 0 1 4 7 8 6 5 0 . 0 0 2 3 4 9 9 2 0 .00199192 

3 a / 8 0 . 0 0 4 2 4 7 9 2 0 . 0 0 3 2 6 4 0 8 0 . 0 0 2 5 2 9 6 4 0 . 0 0 3 4 5 9 2 0 . 0 0 3 1 9 6 6 4 0 . 0 0 2 5 7 3 9 3 

4C78 0.00517138 0 . 0 0 3 9 2 7 8 0 . 0 0 3 0 6 7 5 6 0 . 0 0 4 2 8 8 8 6 0 . 0 0 3 9 7 0 8 2 0 . 0 0 3 0 6 2 6 2 

3 . 3 E F F E C T O F P O S I T I O N O F T H E B L A S T L O A D 

E f f e c t o f t h e p o s i t i o n o f t h e b l a s t l o a d o n t h e o r t h o t r o p i c p l a t e 

r e s p o n s e is i n v e s t i g a t e d . T h e m a x i m u m d y n a m i c d e f l e c t i o n o f t h e 



s y s t e m a t t h e c e n t e r o f t h e p l a t e w (a/2,b/2,t) is c a l c u l a t e d a n d 

p l o t t e d f o r d i f f e r e n t p o s i t i o n s o f t h e b l a s t l o a d . 

In F i g u r e 2 a n d F i g u r e 4 , t h e e f f e c t o f t h e p o s i t i o n o f t h e l o a d 

is i l l u s t r a t e d c l e a r l y f o r a l l t h e c a s e s ; t h a t i s , t h e m a x i m u m d y n a m i c 

d e f l e c t i o n r e s p o n s e i n c r e a s e s w h e n t h e p o s i t i o n o f t h e b l a s t l o a d 

b e c o m e s c l o s e r t o t h e m i d - s p a n o f t h e o r t h o t r o p i c p l a t e . It h a s b e e n 

s h o w n t h a t t h e m a x i m u m d e f l e c t i o n s a re a l w a y s l o c a t e d u n d e r t h e 

l o a d a n d a t t h e m i d - s p a n o f t h e s y s t e m ( H u a n g a n d T h a m b i r a t n a m 

2 0 0 1 ) . 

w m a x ( m ) 

0 .025 

••• 
M o d e l 2 - w i t h o u t M o d e l 3 - \v i thout 

F i g u r e 2 . M a x i m u m d y n a m i c d e f l e c t i o n t o b l a s t l o a d i n g as a f u n c t i o n o f t h e p o s i t i o n i n t h e 

. v - d i r e c t i o n . P a r a m e t r i c l o a d i n g : rd = 2 m s . y = 5 % . 

(2a/8,6/2) - 1 s t i f f e n e r (40/8.A/2) - 1 s t i f f e n e r 



T H E L A T E S T D E V E L O P M E N T IN C I V I L E N G I N E E R I N G A B o o k t o 

H o n o r the- 80'" 
B i r t h d a y o f 

P r o f . D r . I r . 

W i r a t m a n 

W a n g s a d i n a t a 

2xl0« 

(a/8,6/2) - w i t h o u t s t i f f e n e r (2a/8,6/2) - w i t h o u t s t i f f e n e r (4a/8 ,6 /2) - w i t h o u t s t i f f ener 

F i g u r e 3. T h r e e d i m e n s i o n a l m o m e n t - . v d i s t r i b u t i o n as a f u n c t i o n o f t h e p o s i t i o n o f t h e b l a s t l o a d i n g i n t h e .v d i r e c t i o n 

0 ' = 5 % , t:/= 2 m s ) . 

/ = 0 . 0 0 0 5 s 

l = 0 . 0 0 0 8 s 1 = 0 . 0 0 1 s 

(x0,y0) = (a/8,b/2) 
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f = 0 . 0 0 0 8 s t = 0 . 0 0 0 9 s r = 0 .001s 

(x0,y0) = (al2,bl2) 

F i g u r e 4 . D y n a m i c d e f o r m a t i o n o f m o d e l 1 w i t h 1 s t i f f e n e r s u b j e c t e d t o l o c a l i z e d b l a s t l o a d ( r = 2 m s ) . 

3 . 4 E F F E C T O F V I S C O U S D A M P I N G 

In F i g u r e 5 , t h e e f f e c t o f v i s c o u s c l a m p i n g is i l l u s t r a t e d c l e a r l y 

f o r m o d e l 1 w i t h 1 s t i f f e n e r . T h e d e f l e c t i o n r e s p o n s e a s w e l l a s t h e 

i n t e r n a l b e n d i n g m o m e n t a n d s h e a r f o r c e t i m e h i s t o r y w i l l d e c r e a s e 

w h e n v i s c o u s d a m p i n g b e c o m e s h i g h e r . 

T i m e H i s t o r y y = 5% 

:mcco r 

\ 

M Dis t r ibu t ion a l o n g x - a x e s , y = 0% 

5 4 

Mr D i s t r i b u t i o n a l o n g .v-axes, y = 5% 



H o n o r t h e 8 0 " ' 

B i r t h d a y o f 

P r o f . Dr . I r . 

W i r a t m a n 

W a n g s a d i n a t a 

MxlNm) 
300000 r 

Mx T ime H i s t o r y , y = 0% 

Qs D i s t r i bu t i on a l o n g x -axes , y = 0% 

M»Nm) 
300000 r 

:ooeoo 

100000 

-100000 

-:ooooo 

-350000 

600000 

400000 

200000 

-200000 

-400000 

-600COO 

A f T i m e H i s t o r y , y = 5% 

\

2, D i s t r i b u t i o n a l o n g x -axes , y*S% 

F i g u r e 5. R e s p o n s e o f o r t h o t r o p i c s t i f f e n e d p l a t e f o r m o d e l 1 s u b j e c t e d t o a b l a s t l o a d i n g ( / , = 2 m s ) . 

5 . C O N C L U S I O N S 

A n a n a l y t i c a l s o l u t i o n f o r t h e d y n a m i c r e s p o n s e o f a r e c t a n g u l a r 

o r t h o t r o p i c p l a t e w i t h f u l l y f i x e d s u p p o r t e d b o u n d a r y c o n d i t i o n s is 

d i s c u s s e d in t h i s p a p e r . T h e d e f l e c t i o n d i s t r i b u t i o n o f t h e p l a t e a n d 

t h e e f f e c t s o f t h e p l a t e t h i c k n e s s , t h e s t i f f e n e r c o n f i g u r a t i o n , t h e 

p o s i t i o n o f t h e b l a s t l o a d a n d t h e v i s c o u s d a m p i n g o n t h e r e s p o n d 

o f t h e p l a t e a r e i l l u s t r a t e d a n d a n a l y z e d . T h e r e s u l t s o b t a i n e d in 

t h i s p a p e r a r e m e a n i n g f u l a n d a p p l i c a b l e t o rea l c a s e s t h a t c a n b e 

s u m m a r i z e d as f o l l o w s : 

• T h e e f f e c t o f t h e p l a t e t h i c k n e s s a n d t h e s t i f f e n e r c o n f i g u r a t i o n 

o n t h e r e s p o n s e o f t h e p l a t e is v e r y i m p o r t a n t , s i n c e i t a f f e c t s 

d r a s t i c a l l y t h e o v e r a l l b e h a v i o r o f t h e p l a t e e s p e c i a l l y i f a s t i f f e n e r 

is a d d e d i n t o t h e s y s t e m . 

55 



C H A P T E R 01 

• T h e p o s i t i o n o f t h e b l a s t l o a d is o n e o f t h e i m p o r t a n t p a r a m e t e r s 

s i n c e it has a n i n f l u e n c e o n t h e m a x i m u m d y n a m i c d e f l e c t i o n o f 

t h e p l a t e . 

• V i s c o u s d a m p i n g p l a y s a v e r y s i g n i f i c a n t ro le in t h e v i b r a t i o n 

o f p l a t e s t r u c t u r e s , a s i t h a s b e e n s h o w n t h a t t h e d y n a r p i c 

d e f l e c t i o n , t h e e x t e r n a l b e n d i n g m o m e n t s a n d t h e s h e a r f o r c e 

p r o f i l e s d e p e n d g r e a t l y o n t h e d a m p i n g ra t i o . 

To o b t a i n a m o r e a c c u r a t e r e s u l t , e x p e r i m e n t a l a p p r o a c h s h o u l d 

b e c o n d u c t e d t o c r e a t e b e t t e r u n d e r s t a n d i n g o f b l a s t l o a d i n g a n d t h e 

s i g n i f i c a n c e o f t h e p l a t e t h i c k n e s s a n d t h e s t i f f e n e r c o n f i g u r a t i o n s . 

A P P E N D I X . E X P R E S S I O N S U S E D I N T H E P A P E R 

T h e f o l l o w i n g e x p r e s s i o n s a r e u s e d in t h i s p a p e r : 

fltpxteq* \2Hq2a2 2 2 \lHp2b2 2 2 

Cj = coshf—\{ = cos(/vz-), Sl = s i n h f — \ sin(pjt) 
[b J b 

C2 = coshf—\2 = cos(^^r), Si = s i n h f — \2 = s i n ( ^ ) 
\") * [ a , 

Kph/ H\a ) 
I pjt\ 

\ } b ) H\b 

4 
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