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: the position where peak strength is reached

: the position where residnal stress state is reached

a post-peak position where the maximum compressive strain
is experienced before the residual stress state is reached

PEO

rin
8j-4 eleme%ts

Total m rings,
4m§e]emen%§

2,....m =08 5=08, °
) k 7=0.%01 yEs v =0.5,4,=0.5 z
v )
I 3 ' x
— @,.k J ® Crack-closing effect Veor
¥j @, ° @ss'\ & =0.55,, £,20.5g, ]
R < ql 7
S N o BetostaMets)
‘1 F G Maximum tensile strin
(a) Steel (b) Concrete
Figure 1 FIfSBRED RC MDEERL Figure 2 HEMDIEH~V I HER

Cyclic horizontal load

(Given displacement)
Gl - 200f::llhll:Hll]llHI[:Ill:l:l«Ill T
—— §_ E S
— E E 3
—— § E 0BaanaAA

g | = E

3| [ 3 £ E

o ] D_200:)=11|1|1~:|||[|1-'|A=1||n==§|l||l'1-x|i||,|v:
— 0 300 600 900
| — Load step

(a) Cyclic given displacement

300 300 o
é 200 é 200 - £
8 100 8 100 & =
8 8 = 3
@ 0 2 0k =
g 2 F 3
.E-lOO - e =
o ; i) o
5200 4 15208 Lk E
T | SRR NSRS ARRRE FENNE FEUEE SRR 300 Bt vwes by by en gy by g3
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
Lateral displacement (mm) Lateral displacement (imum)
(b) Experiment (after Li & Kubo, 1999) (c) Analysis

Figure 3 #2YiE LKTHMAERT 24 ELIEY ORIMRIE

—— Building Vector Scale
Ground O 1 2m

(a) Location of the damaged building

(b) Horizontal displacement of the building
and surrounding ground

Figure 4 WK LI-EYOMES I VEDME - BYDEN (FEAFMHM 1998)

Table 1 #ifiE/ S5 A—4

15 FIREEL, RS A B I A TR SIS b 3BT A—F  [RRBMET A—F | F AL A7 (58] BEOTHA

E ) X G/ M M: | Bo | Bi | G |Call5)|Calls)| Do n Ve | Vo

B, | 00~-22 | 042 | 001 | 0001 1686 091 12 {3500 0 | 0 1 4 1000 | 1000

B, |-22~-107| 042 | 001 | 0001 1686 091 12 |3500] 7 [ o 1 4 [0002] 001
A [-107~216] 141 | 0331 | 0043 401 1.026 12 | 55| 0 | 0 [5.54E06/7.76E-07 '




D?p)th Soil No.1 No.2 No.3 No4
m]

Depth  Soil SPT-N Vs (m/s)
(m) 0 20 40 600 100200 300400

— (680, 305, 395) (Settlement, mm)
d () (e () (T
Qr Soil inside|
° of pile | | Cracks sc
] —
o Q '/; L[] eLrrm
8 8 L
g W H
i
o oﬂf— Cracks Failure| | PHC-A
g8 "
0 2
Y ;
T2 o @ GL-18.7m
o L L ] Gwtem
o
|
| Tel
%___.
o e : D600 PHC-A
o .
g‘ - : D500
1 375} (Unit; mm) 0 S T I B YY)
SC:  Steel pipe reinforced Concrele pile
Investlgated plles PHC-A: Prestressed High strength Concrete pile, type A
(a) Soil profile (b) Arrangement of piles (c) Damaged situation of piles by survey

Figure 5 kiR, MEES S UHOEWIKT (FRRa8m, 1998)

i 25 | S— S ——
| 200 peom R=022
8 L5 ‘
. 10 |
g 05|
[T, 111 N SR - . - -
g | -o.sir D e
Bl n
& 15} !
4] -20° P
(% 25 Lo . — [P I ! B _
S3.0% -20% -1.0% ooo/?l 10% 20% 3.0%!‘[ '5(,% 0% L%, 10%  30% S0% |  30% -20% -10% o.)m 10% 20% 30%|
50 - = i B S ,‘;;’:;"'
5 10 i . w0 ||
8 30 ¢ oo i “'
] 20 . 1h e
g 10 | S0 ” t
Do - e — oo ]
.°>’ -10 (. ! -5.0 ’ ‘
g \ | o
o=} -3.0 i -150 i
= 40 | i -0 i
50 - f ! ; .50
o0 20 40 o 60 80 100 20 0300 400 0 0] 00 200 4000600 300 (W0 1200
B; layer (GL~GL-2.2m) B, layer (GL-2.2m~GL-~10.7m) A, layer (GL-10.7m~GL-21.6m)
Figure 6 BRI I aL— a3 DR
— 5.0 . . .
2 GL-33m, N78E: EW
£ 25¢ ]
5
§ 0.0
0.5 ; 2 o5t 3
‘g W Experiment 8
S 041 Xp < 5.0 N L N
PO 5 10 15 20
7] Time (s)
Lo3f -
12} «— 5.0 T + T
© LY GL-33m, N348E: NS
8 0.2F - E2s
5 . c
L 01 - e O OO = 0.0
& : S5
0.0 ; 8
1 10 100 <59 . . )
Number of cycles 0 5 10 15 20
Time (s)
Figure 7 B, BOi&kiKILraE Figure 8 AJHER



Time(s)

H11 D BRIREUKELL OB ZIE

Time(s)

2 2 g S
g i e
1= =0 =g tiow wak)
-~ -~ i -
e %%t =% A HY
3 = = ﬁ : : : HT T 19y
\I w T T T m YOIH
1+ Ll " ﬁ M " ] |5
L w B o ~ D~ v e nm e %o 2oa
. LI 28 N g L
s e ' ﬁ W F ~ ©°m I PP m SLII T
(upnawsondsig NI “ “ NENERNEN c
o o ) n\*ll “FV_ [ |.3.D [ IMD m < Au
~ ~ ~ +® mm.-lm 0. 7 w
E ﬂm *@__ T T T ]
Jw e te _@ @ L I " — L L L iy = :
= z o ® —_ - . - “ =) " -
k> s =) 5] %
o = = ) (w)SN-'s'a Ry
EH =F E @ e = i 17
= = = [ 4
.nWa - ol r W-l ﬁ -
v T i@ "B e & H
. nmm r o Im\ m -
° - o8 | 1o & Qe
33 | 25 B
r %= 23 W
d a - | 1+ .
. 5 « . “m., PaY 1 I ) L " ' ” L 1 L I s ..ulu ¥ I i 1 - i R L °
os B2 B < 2-gegFat oo gegwaT L TE33iIc o c3sag-
(sq)sN-ToA (s/m)SN-TOA ' W 05 o> s oz
“ T T T T T T T L T T T T T T T [--) m : : : m ; . . m
T B g 1° 7 I 3
#  AATIRTVER T L =l ~ - T~
c % -~ < N 42
S AR iz e BBt .
3 I « lm\ o ! Pe (m\ Wa - - —n
% [ 10W L ! |0W e
& [ ot 194 R
; - et 1o Pl
1 1 1 t L 1 i o0 Il 1 L 1 1 14 ) : ..IH_
m ® O T NO QT O o ® OV T NO QT O o eheiida
. (S/)SN-00V (;S/M)SN-"0Y
k| _ P~
m._ i _ i _ﬁo
0 > - 2333 ¢
.,V\.. ‘el 5 %o 7 O /o7
S 2
Lo

Figure 12 &&l



Depth(m)

sk -

-30

-35
-0.015 -0.01 -0.005 [}

Curvature(1/m)

10
Time(s)

Curvature in x direction (@)

E
S
3
=
Z -
3 |
-0.01
0.015 bn oo L Cmde i
5 10 15
Time(s)
Curvature in y direction (g,)

Curvature(1/m)

Tin]1?:(s)
Curvature (#+ ¢ "2
(a) At pile heads

Depth(m)

0.005
Curvature(}/m)”

(a) Distribution of curvature inx

~=——Pile] —o— Pile3

—*— Pile2 —=—Pile4

Failure curvature, D600
Failure curvature, D500

0.015
- 0.01L -
§ 0.005
3
5 0
s -
2 -0.005
S
-0.01
-0.015 : 6LOO
0 5 10 15 20 g
Time(s) GL22
Curvature in x direction (g, L1067
0.015 )
0.01
0 aL216
= 0.005
T
5 0
F GL327
2-0.005 N
6 H 3
0.0
| 1
<0015 . _ : ! Pile2 Pilel
0 5 10 15 20
Time(s)
Curvature in y direction (¢,
0.02 oo
’E i
E 0.015 -
g i i Piles pile3
s 001 . (D600) (D500
< : X
2
© 0.005

10
Time(s)

Curvature (¢2+¢2) 2

(b) At the bottom of B; layer

Figure 13 B 1~ 41281 2RO EZIBEOLES

-35 L

-0.01 -0.005 0 0.005 0.01 0.015
Curvature{}/m)

(b) Distribution of curvature in y

GL0.0
GL-22

GL-10.7

GL-21.6

GL-327

(a) Residual deformation of ground and building

direction (¢ direction (¢,
Figure 14 B 1~ 40 t=5. T3sec. [+ ZEED S 7 .
Table 2 fADFET ¥ -
1 sC PHC-A WAty
4ME (mm 600 | 500 | 600 | 500 Xy 3 D
P& (mm) 510 420 510 420 : 8 N
AE (mm) 90 80 90 80 - N
IR (mm) 6.0 6.0 6.0 6.0
a7 Y—rOPSYES(mm)| 45 40 45 40
FAFOER (mm) 2.7 20.7 7.1 7.1 ; o
a7 J— NOERFAREMPa) | 784 | 784 | 784 | 784 (b) Enlarged deformation of building
oy ) — NOFSEEEMPa) | 4.7 47 47 47
SAFOBRIRIE (MPa) 2350 | 2350 | 1270.0 | 12700
ERFHOAEL 28 28 19 14




