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Fig. B . l . Finite element grid 

Fig . B.2. Layering of model D2 

F ig . B.3. Finite element grid : Embankment Section 

Fig . B.4. Stress distribution due to body forces for model Dl 

Fig . B.5. Stress distribution due to body forces for model Dl with hydrostatic 
pressure on l e f t hand side 

Fig. B.6. Stress distribution due to body forces for model D2 
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Fig . B.3. Finite element grid : Embankment Section 
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Time-displacement graphs and stress distributions for Dl/1 

P-wave 

Angle of incidence 0° 

Base acceleration g 

Dl / I ; P; 0; g 
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Time-displacement graphs and stress distributions for 01/2 

P-wave 

Angle of incidence 20° 

Base acceleration g 

Dl/2; P; 20; g 
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Time-displacement graphs and stress distributions for Dl /3 

S-wave 

Angle of incidence 0̂  

Base acceleration g 
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Time-displacement graphs and stress distributions for Dl/4 

S-wave 

Angle of incidence 20° 

Base acceleration g 

Dl/4; S; 20; g 
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6 

0.015 
0.010 
0.005 
0.000 . 

ji-O.OOSOpO 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0,50 
3 -0,010 

-0.015 

0,015 
R 0.010 
M 0.005 
8 0.000 
ft - 0 . 0 0 5 ° 
3 -0 ,010 

-0 .015 

00 0,05 0,10 0,15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

g 0,015 
- 0,010 
8 0.005 
« 0.000 , 
ft-0,0050|i)0 0.05 0,10 0,15 0.20 0.25 0,30 0,35 0,40 0.45 0.50 
3 -0.010 

-0.015 

Dl/4; S; 20; g 



29 

s 

i 
3 

0H)0 0.05 0.10 0.15 0.20 NQ.25 O . S O 0/55 0.40 0^45 Oi io ^ 0 ^ 

0.015 
§ 0.010 

8 0.005 
0.000 , 

ft*-0.0050|PO 0.05 0.10 0.15 0.20 0,25 0,30 0,35 0.40 0. 
1-0.010 

-0 ,015 

Q\QQ 0,05 0.10 0,15 0.20 0.25 0,45 0.50 h)0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 V 0.5D 

S 
8 

2 3 

0 ^ 0 0^05 oTio oTis oTio oT^ o.so \o ,35 0.40 o.ks^o.so aO 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0,40 0,45 X S O 

5 

s 
h 
3 

OtPO 0,05 0.10 0.15 0,20 0,25 0,30 0,35 pm 0,05 0.10 0.15 0.20 0.25 0,30 0,35 0.40 0.45 0. 

0.015 
R 0.010 

5 0.005 
0.000 

ft*-0.005°l^° 0.20 0,25 0,30 0.35 0,40 0.>S^ 0,50 
2 -0,010 

-0 ,015 

Oh)0 0,05 0,10 0.15 0.20 0.25 0.30 0,35 0,40 0,45 0.50 

Dl/4; S; 20; g 



STRESS VECTORS AFTBt 0.2250 a . 

(DOTTED LIICS TBBIONAU 

0.1E07 Pa, 

/ / / / / / / / / / / f M \ M M \ \ \ \ r. ; ; . . . 
M M M M \ \ \ \ ^ ̂  ̂  ̂  ̂  * • 

30 

STRESS VECTORS AFTER 0.2500 a . 

(DOTTED LINES TBISIOHMJ 

0.1E07 Pa. 

i i MM 
^ i {• i ^ \ \ \ \ \ \ '\ 

t M M \ M \ t ^ V * ; ; : • • • t M M \ M \ t ^ V * ; ; : • • • 

STRESS VECTORS AFTER 0.2750 a . 

OanSi LINES TBiSIONAU 

0.1E07 Pa 

H \ \ \ 

H I H M M 1 \ , W ; ^ y / / If 1 1 1 1 1 1 1 L 1 

X / / / / / / / / f f f { U U M H M M M \ ^ ̂  V V ^ ̂  ̂  ̂  ' ' 

Dl/4; S; 20; g 



STRESS VECTORS AFTER O.SOOO a. 

DOTTED LINES TBiSIONAL) 

0.1E07 Pa 

^ ̂  / / / / / H H f I 
' ^ ^ ^ V ^ V ^ X > - > ^ / / / / / / n f f f H \ \ \ \ \ \ \ \ , \ : '\ . . . f M ^ \ \ \ \ h \ \ \ ^ ̂  * 

31 

STRESS VOTORS AFTBJ 0,3250 a . 

OIOTTED LINES TBiSIONAU 

0.1E07 Pa, 

j'l W \ \ \ ^ ' * f f f i u i i i iW i ^ \ ^ ^ \ I , . ' • • 

STRESS VECTORS AFTBJ 0.3500 a . 

(DOTTED LINES TBOIONAU 

0. IE07 Pa, 

• • t i r V \ \ \ \ ^ ^ * t t * ( / / / / / 
' ' ' ' ' i W \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ { \ ^ ] -

Dl/4; S; 20; g 



STRESS VKTORS AFTER 0.3750 a . 

OXITTED UNES TBOIONAU 

0.IE07 Pa. 

.0 L * * V 

^ ^ / / / / / M 1 1 

' i * t f + + + I 

L u M n 1 u 1 M r i I m i i i 1 U + JI W + + 

32 

STRESS VanURS AFTER 0.4000 a . 

OJOTTB) LINES TBISIONAU 

O.IE07 Pa, 

' t + f ^ / / / 

\ \ \ \ i f f I I \ 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ ^ ^ ^ ^ ^ ^ rvV";̂  
t t t -V M \ \ \ \ \ \ \ \ \ \ \ \ w + ^ -h -f i. i. i. / / / / 

STRESS VECTORS AFTB? 0.*250 a . 

(DOTTB) LINES TBISIONAU 

0.1E07 Pa, 

^ t I ^ W / / / / I 
S \ \ \ \ \ \ \ \ \ H H » » X , 

^ \ \ \ \ \ \ \ \ \ \ \ X X V X 

Dl/4; S; 20; g 



STRESS VECTORS AFTBt 0.4500 «. 

OOTTQ LINES TB6I0NMJ 

; i f r I -f / / / / I 
f i { \ ^ i i i I \ . n J !̂  !̂  U ^ ^ ^ ^ ^ ^ ^ ^ 

33 

STRESS VECTORS «=7ER 0.4750 «. 

CDOTTB) LINES TB(SION/UJ 

0.1E07 Pa. 

\\\ 
t U \ \ W \ \ \ \ \ \ \ \ \ \ \ \ X X X X X > " y y / / f t f i 

STRESS VKTORS AFTBl 0.5000 «. 

QXITTED LINES TBCIONAU 

0 . ia )7 P » / 

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ ^ ^ ^ 
. y'" /11 \ i i i i i 

Dl/4; S; 20; g 



34. 

Time-displacement graphs and stress distributions for D2/1 

P-wave 

Angle of incidence 0̂  

Base acceleration g 

D2/1 : P; 0; g 
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D2/1; P; 0; g 
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D2/1; P; 0; g 



40. 

Time-displacement graphs and stress distributions for [2/2 

P-wave 

Angle of incidence 0° 

Base acceleration 

Dey2; P; 0; |g 
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D2/2; P; 0; Jg 



47. 

Time-displacement graphs and stress distributions for D2/3 

P-wave 

Angle of incidence 10̂  

Base acceleration g 

D2/3; P; 10; g 
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D2/3; P; 10; g 
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D2/3; P; 10; g 
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D2/3; P; 10; g 



54. 

Time-displacement graphs and stress distributions for D2 A 

P-wave 

Angle of incidence 20° 

Base acceleration q 

D2/4: P: ?n- n 
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STUESS VECTORS AFTER O.OMO 

OOTTB) LINES TB<SIONAU 
0.1E07 P . 

STRESS VECTORS AFTER 0.0600 

(DOTTH) LINES TBOIONAU 
0.1E07 P*. 

\ \ \ \ \ \ \ \ \ \ k k >, ̂  , , 

SlUESS VEaORS AFTBJ 0.1000 «. 

(DOTTED LINES TBtSIOHAU 

0.1B)7 Pa. 
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D2/4; P; 20; g 



STRESS VttTORS AFTER 0.1200 a . 

OOTTB) LIICS teeiOHMJ 
0.1E07 Pa. 
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STRESS VECTORS AFTER 0.1400 a . 

mirm L I N E S TENSIONAU 

0.1E07 Pa. 

STRESS VECTORS AFTHl 0.1400 

OMTTB) L I N E S TBiSIONAU 

0.1E07 Pa. 

D2/4; P; 20; g 



STRESS VECTORS AFTER 0 . 1 8 0 0 a 

(DOTTB) L U E S T B O I O N A U 
0. E 0 7 Pa 

STRESS VECTORS AFTER 0 . 2 0 0 0 a 

amm L I N E S TENSIONAU 
0 . 1 E 0 7 Pa 

STRESS VECTORS AFTBl 0 . 2 2 0 0 a 

OWTTED U N E S TEKSIONAU 
0.tE07 Pa 

f 
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D2/4; P; 20; g 



STRESS VECTORS AFTER 0.2«00 « . 

mtm LINES TBBIOKAU 

0.1E07 Pa. 
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STRESS VECTORS AFTB! 0.2400 «. 

(DOTTED LINES TBOIONAU 

0.1E07 Pa, 

\ \ \ \ y - " ^ 

STRESS VECTORS AFTER 0.2800 «. 

(DOTTBl LINES TBiSIONAU 

0.1E07 Pa. 

\ \ \ \ \ \ y - I-L±±±JLL. \\\\\ X+XXi-i I i I 

D2/4; P; 20; g 



STRESS VECTORS AFTER 0 . 3 0 0 0 

(DOTTED L I N E S T B Q I O N A U 

0 . 1 E 0 7 Pa. 

\ t > - i j f i { 
/ / / M \ H * X / / / I f j j I WWW-

STRESS VEaORS AFTBJ 0 .3200 a 

a»TTB> LINES TBiSIONAU 

0 . E 0 7 Pa 

STRESS VECTORS AFTER 0 . 3 * 0 0 a . 

OXITTED L I N E S TEKSIONAU 

0 . 1 E 0 7 Pa 

. t f 
' / / \ \ \ w / / ^ ^ ^ ^ ^ /̂ '̂ '' 

T — V — V — T — f — \ — — — — ^ 
\\ A \ T t t ^ ^ \ ^ * * * • * + ^ T > ^ \ ^ ' 
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D2/4; P; 20; g 



STRESS VECTORS AFTER 0.3600 

(DOTTED LINES TEMSIONAU 

O.tE07 

/ 
' ' M X ^ . . . ., 

/ / / n \ x + x / / / / | 
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STRESS VECTORS AFTER 0.3800 «. 

(DOTTED LINES TBISIONAU 

O.tE07 Pa 

I 

\ \ \ \ \ \ \ » ; / M \ =c + WW ^ > I ! 

S1RESS VEaORS AFTB? O.WOO «. 

(DOTTB) LINES TBOIONAU 

0.1E07 Pa. 

\ \ i i M M 
+ M I I I 
\ W \ ^ \ 1 \ \ \ ^ I l \ \ \ X ^ 

02/4; P; 20; g 



63. 

Time-displacement graphs and stress distributions for D2/5 

P-wave 

Angle of incidence 20^ 

Base acceleration Jg 

D2y5; P; 20; Jg 
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D2/5; P; 20; Ig 



65 

g 0.004 
Z 0.002 
« 0.000 

-0.002^ 
-0.00* 

00 0.05 0.10 \ 0.15 / 0.20 \^.25 /6.30 0.35 

0.004 
0.003 
0.002 
0.001 
0.000 

-0.0010^00 
-0.002 
-0.003 
-0.004 

.0020^0 

. 0.006 
3 0.004 

S 0.002 
0.000 

2 -0.004 
-0.006 

0020^0 

0.006 
0.004 
0.002 
0.000 

ft -0.0020|O0 
9 -0.004 

-0.006 

0.05 

0.05 0.10 

0.05 0.10 0.15 

s 0.006 
' 0.004 
8 0.002 

0.000 
a * - o 
3-0.004 

-0.006 
OO2OIOO 

0.006 
0.004 
0.002 
0.000 

6 -0.00201^0 
2 -0.004 

-0.006 

i 

0.006 
0.004 
0.002 
0.000 

-0.0020p0 
-0.004 
-0.006 

g 0.004 
„ 0.002 
* 0.000 
I -0.002° 
*• -0,004 

I 0.004 
Z 0.002 
* 0.000 
S -0.002° 

-0.004 

D2/5; P; 20; ig 



STRESS VKTORS «TER 0.0400 «. 

oarmi L I N E S 

i i i i i i i i i i i i i 
^ ^ ^ ^ ^ ^ / f f / f f f f f f M M • 

\ \ \ \ \ \ \ \ \ \ \ ^ , 

\ \ \ \ \ \ \ \ \ \ \ k ^ ^ 
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STRESS VEOORS ARBt 0.0800 a . 

(DOTTH) L I N E S TENSIONAU 

0.IE07 Pa. 

f / f T~rri i i i i i i i i 
' f f f i f i i i i i i i i i i i I 

\ \ \ \ 'I \ k \ 

\ \ \ \ If \ k \ \ >l \ k ^ . 

STRESS VECTORS AFTK 0.1000 «. 

OOTTB) LINES TBtSIONAU 

O.IEO? Pa, 

^ i i i i i i i i 
^ i i i i i i i i 

D2/5; P; 20; ig 



STRESS VeCTORS *FIB« 0.1200 • . 

OXmB) LINES TBOIONAU 

0.IE07 P». 

• < * * t t { i i i i i i i 

' ' ' * t t t f ,t t t I f I M 
t t I I I M t t t t t t t t t t t - t t i - h 
M M M M M i M + ^ + + + + t + + + t 
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STRESS VECTORS AFTER O.tWO «. 

aXITTBl LINES TBtSIONAU 

O.tE07 P*. 

i i \ 
' i i i ^ i i i \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ T r T 

^ ^ ^ ^ ^ ^ ^ t i W M t t t i M M \ \ \ \ \ \ \ \ \ \ \ \ \ \ X H H X 

STRESS VECTORS AFTBl 0.1«00 «. 

OWTTED LINES TB<SIONMJ 

O.tE07 P*. 

1 ^ I T » + 1' ' ' ' f f t \ \ \ \ \ \ \ \ \ 
f f U 11 U M M \ \ \ \ \ \ \ \ \ \ \ ^ V -

D2/5; P; 20; ig 



s n e s s VECTORS AFTER o.iaoo «. 

aXTTTED LINES TBOIONAU 

0 . 1 E 0 7 Pa, 

• ^ / / / " / I i ^ w / / / / / / / / 
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STRESS VECTORS AFTER 0 . 2 0 0 0 a . 

OXITTGD L I N E S TB<SI0NAU 

O.I£07 Pa 

* * f I I \ \ \ \ 't •[ + + i i i H \ • •• 

STRESS VECTORS HFIBi 0 .2200 a . 

wanea L I N E S TBISIONAU 

0 . 1 E 0 7 Pa 

/ I I 
• •• H M \ \ \ \ \ \ ^ ^ ^ + t M M \ ^ ^ * * 

D2/5; P; 20; Jg 



STRESS VECTORS AFTBt 0.2W0 a. 
SXmCD LINES TENSIONMJ 

0.IE07 Pa, 

" / / f I \ \ \ \ \ i i i i i i 
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STRESS VECTORS AFFBt 0.2400 a. 
OOTTB) LINES TBOIONAU 

0.1 E07 Pa. 

t I + I M M t TTTTTTTTTi-i \— H . 
I M M t M + + f + f M t M \ \ ^ ̂  * 

STRESS VECTORS AFTER 0.2800 a . 

IDOTTBD LINES TBtSIONAU 

O.IE07 Pa. 

u + + 

D2/5; P; 20; ig 



STRESS VECTORS iU=TBI 0 . 3 0 0 0 a . 

OWTTB) L I N E S TB4SI0NAU 

0 . I E 0 7 Pa. 

d m 
' ' ' ' / / M / \ \ \ \ \ \ > • 

\ \ \ \ \ X . . . . 

STRESS V K T O R S tnm 0.3200 a. 
(DOTTH) L I N E S T B 6 I O W J 

O.tEO? Pa. 

V / T ' T + r T r ^ if i } } } i i i i 

^ / / / I I w f / / / f { I I - f •/• / 

, : : s : ^ -• 

t t V - V \ \ \ \ ^ H ^ ^ ^ ^ \ \ \ \ \ 
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STRESS VECTORS AFTER 0 . 3 * 0 0 a . 

(DOTTED LINES TBtSIONAU 

0.IE07 Pa 

\ \ \ I M \ \ ^ ^ ^ ^ ^ ^ ^ ^ \ \ \ \ \ \ 

D2/5; P; 20; ig 



STRESS VECTORS AFTBt 0.3M0 a. 
OOTTB) UNES TBeiONAU 

0.1E07 Pa. 

" / f M \ w / / f f f 
LJ-1J-1±AAJl±±±±1 M \ \ \ \ ^ ^ ^ ^ ^ ^ f 1 1 ^ \ ^ 
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STRESS VECTORS AFTB) 0.3800 a. 
OXITTHl LINES TBI3I0NMJ 

O.IE07 Pa. 

^ ^ ^ ^ ^ ^ ^ ^ / / M I W / / / \ { \ 
M \ \ H ̂  ^ t I j i V x ; y . ^ > 

STRESS VECTORS AFTER 0.4000 a. 
(DOTTED LINES TBtSIONAU 

0.1E07 Pa 

\ \ \ \ 

D2/5; P; 20; ig 



72. 

Time-displacement graphs and stress distributions for [2/6 

S-wave 

Angle of incidence 0° 

Base acceleration g 

D2/6; S; 0; g 
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D2/6; S; 0; g 
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STRESS VECTORS AFTER 0.1000 a 

•DOTTHJ LINES TBBJONAU 
0.1B)7 Pa 

/ / / / / / / r r r r - r r i ^ 
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STRESS VECTORS AFTBl 0.12S0 a . 

(DOTTB) LI IES TENSIONAU 

0 . 1 E 0 7 Pa. 

^ ^ w f M M M H M I M M M \ ^ \ " H - r V r f i ^ .V .V >t \-\ 

STRESS VECTORS AFTB? 0.1500 a 

(DOTTB) LINES TBtSIONAU 
0.1 E07 Pa 

\ \ 

D2/6; S; 0; g 



STRESS VECTORS AFTHl 0.17S0 a. 
WarfBi LINES TB6I0NAU 

0.tE07 Pa. 
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STRESS VECTORS AFTBi 0.2000 a. 
OOTTS) LINES TBtSIONAU 

O.tE07 Pa. 
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D2/6; S; 0; g 



STRESS VECTORS AFTER 0.2S00 a. 
SnTTED LINES TBelCNAU 

O.tEO? Pa, 

X / / / / / / •/• m i l 
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STRESS VECTORS AFTER 0.2750 a . 
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D2/6; S; 0; g 



STRESS VECTORS AFTER 0.32S0 a. 
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0.1E07 Pa. 
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STRESS VEaORS AFTBt 0.3500 a. 
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D2/6; S; 0; g 
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Time-displacement graphs and stress distributions for 02/7 

S-wave 

Angle of incidence 0° 

Base acceleration ig 

02/7; S ; 0; ig 
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D2/7; S; 0; ig 
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STRESS VBCTBO AFTER 0.1000 «. 

OOTTH) LINES TBBIONAU 

0.1E07 P«, 
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STRESS VECTORS AFTBt 0.12S0 a . 
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STRESS VECTORS AFTR 0.17S0 « 
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D2/7; S; 0; Jg 



STRESS VECTORS AFTER 0.2S00 «. 

(DOTTED LINES TBISIONAU 

0.IE07 P. . 
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STRESS VECTORS AFTER 0.32S0 m. 
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86. 

Time-displacement graphs and stress distributions for D2/8 

S-wave 

Angle of incidence 10° 

Base acceleration g 

D2/8; S ; 10; g 
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92. 

Stress distributions for 02/9 

S-wave 

Angle of incidence 20̂  

Base acceleration g 

D2y9; S; 20; g 
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99. 

Time-displacement graphs and stress d i s t r i bu t ions f o r D2/10 

S-wave 

Angle o f incidence 20^ 

Base accelerat ion Jg 

02/10; S; 20; i g 
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108. 

Time-displacement graphs and stress d is t r i bu t ions f o r D2/11 

S-wave of incidence 30° 

Base accelerat ion g 

D2/11; S; 30; g 
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