651-0073
! E-mail: zhang@edm.bosai.go.jp,

Newmark f3 B =1/4

Key Words: reinforced concrete,

1.2)

RC

RC

1 5-2
2 E-mail: sakai@edm.bosai.go.jp

P-A

D analysis, fiber-model, instantaneous stiffness, collapse

RC
@
1 RC
m
X z
X, 2 Q.N
Wy, Wz hy,h 0.02
m 'y
EA h ¢
El N,M
¢
hinge [ o In I n th
llD
(@)
z
T_i Z=2+2+7,
/
S N
X=X + X ° = %
Z
(b)
1 RC



X0, Zo
A L) o
AZ 0 h,w, || Az AN/m AZ,
2)
1(d)
QN M,N
1 X
R R W
AN o 1ILAN] [ o [laNf h "o
(2)
P-A
(h—=1h)3 0
0 el ™ aowfim]
Az[ | 0 Inl|lAe (h=1v) ] AN
nJLSEh 0 EA (3)
0 0][Ad
{hlh2¢h oHAgh}
3) 1 2
3
Zn, Ze, Z4
1(b) Z4
EA El
El EA
2
1(@)
3)
2
S
& &n €n
Agi =Aen +S - A 4)
D|d . . — == SI &
o o =
b H
2

Ne

E.A
(k]
AM | Kit ki || Adn _ IEAS ZEAS |[Ad (5)
AN [ |k ko [|Aen| |ZEiAs  ZEA ||Aen
4
(5) (3)
(6)
WG ©) (7
(2) (8)
(SEENC)
AX 1 | Adn Adn AX
faf T famf o -t ©
W o (h—1y)3 . (h—|h)3k12
[T]I:{ n |}+ 3hEl 3hEl
| | (h=1n) (h—1n)
0 EAh K EAh K (7)
0 0
{hlh2¢h 0}
AQ AX
o)L ®
1 x Ny
[Kl=|n Tkl h ©)
0 1 0 0
()N E)) 2
3
1
2
fr]
®)
(o-¢)
3
HcEc

Es =206000N / mm2

E. = 206004/F¢ /19.6N / mm2

o E

e [ el

—&yf| &y

—Cy



RC

Newmark 3
(1)
RC {AX}:{),(”}AH{T”}AU/2 (14)
Az Zn Zn
AX Xn
Sk o
3.4 {A%}:_ {hxa)x 0 } {A):(}_ 1 [K]{Ax}_{A%O} (16)
AZ 0 h,w, ||AZ] m Az AZ
(10) (11)
(14) (10)
At 2
5),6)
Aé‘i
(Bri%n + BaZa)At2 [ 2+ (fyiXn + Pz 20)At = Ag; =0 (17)
At
0
(ﬂxixn +ﬂzizn)At+(ﬂxan +ﬂzizn):0 (18)
(17) (18)
At
(7 At
14 16
52 10,11
2
Newmark  g=1/4 (14) (15
0
4)
() 0 RC
4 (©)
[r]
ti [T] 0
AEi =A€h+S-A¢h ZﬂxiAX+ﬂziAZ (10)
& = PuiX+Paz (1) (11)
ﬂxi :t21+3't11 (12)
Ba =ty +5 -t (13) &= X+ f,2=0 (19)
(12) (13)
©)
_ i X+1pn2z
w0 t11X+t122 (20)
[], [K] [r] (18)
Newmark 3 p=1/4
(18)



RC
(1) RC
RC
h=2ml0m , n=0.1,0.2 ,
ay =0.4 Py =2.0%,
4 =10
ps =51 K
L,=D/2
(21)
(22)
mg
= 21
: bDF, D
I D{nl-n) 3pgoyd
- 22
qynh{2+8FCD @2)
(22) (23)
,RC
pg =A /bD d/D=0.9
Fc =2IN/mm2 oy =345N/mm2
D- n-h-gy 23)
ni-n) 3y oy d
2 8 F. D
Ne
nr[ Q
At = Ato /nn 33
1995
JMA Kobe NS UD
Aty =0.01s 25s
()
h=10m n=0.1
D=254m 2 0.058s 1
0.49s 5 0.490s 10
0.488s
Ne =5,10,20,2000
N =1,2,5,10,20,50,100
Q=1
4 Ne Nt
(a),(b) (c),(d)
Ne
Nt
N =100
Ny = 1 Xmax 4
Zmax 100 Vimax

26 -0.10
— 5 _-011 f
3 S
w 24 —-012 | !
g 10 0 g % 10 100
=< N _
B E [oNes  ——Ne=10 013 T [--Ne=5  ——Ne=10
—o—Ne=20 _ ——Ne=2000 P [=o-Ne=20 _—o-Ne=2000
22 -0.14 | !
Nt Mrt
(@) (b) (
125 | . 17
-0-Ne=5 ——Ne=10
— —-o—-Ne=20 _——Ne=2000 o
&L 124 @ 16 —o~Ne=5
§ ] £ ——Ne=10
~ 123 r = —o—Ne=20
54 b o % % —— Ne=2000
X122 | S 14 He=m=55
100
121 13
Nre Nyt
(c) (d)
4
@ <o
=i e-0
2 L
£ £
o Z
R o
2-0.
5 5
g £
o Z
5
VZmax
Ny = 2 Xmax 2% Zmax 3% meax
1% Vomax 7%
Ne =2 At <(0.01/2)=0.005s
0.058s 1/10
8)
Ne =20
Ne = 2000 ne =1
5 Ne:10 (a) Nrt =2 (b) Nrt =100



200 | =——Vxmax (cm/s) 600 r
—— Xmax (cm) [
100 500 /\_\}
:Axmax (cm/s"2)
F | —Qmax/m (cm/s"2)
0 400 : : d
05 05 1 15 2
Q Q
(@) (b)
1 /' s o |
™ —Nmax/m (cm/s"2)
0 “\ ~1000° 1 Nmin/m (cm/s™2)
-2000 |
1 —Zmax (cm) 3000 |
——Zmin (cm)
-2 . ‘ -4000
05 1 15 2 0.5 1 15 2
Q Q
(e) ®
6
0.01s
RC
(1)
Ne =10,n, =10 Q=05-2.0
|x/h| > ay
Z/ly <Spcec
P-A
gyh=400cm
5 (5ln -6y =5%x254/2x(-0.02)= ~12.7cm)
6 Q
(a) Q=1.69 X max
(e) Zpin Q=158
Q=1.60
Q=1.69 Q=1.68
4
20
® Q=0.8
3.5
() (®
E/m 1/100
()
Evmax 0.3/s(300000u /s)

1E+06 | —=—Ex/m (cm"2/s"2) 40
——¢ vmax (U /s)
L 30 L
1.E+05 = 20
i 10
/ ——Vzmax (cm/s)
1E+04 . . 0 - -
05 1 15 2 05 1 15 2
Q Q
() (d)
LE+04 ¢ 3000 [
——Ez/m (cm"2/s"2) d
LE+03 | 2000 F
LE+02 | 1000 |
1E+01 0t ‘
05 1 15 2 05 1 15 2
Q Q
(9) (h)
(h=10m, ny=0.1)
ks 25 .10 5
E E
o Z
¢ -1
Q=1.68
z(cm)
(a) Q=168

Q/m(cm/sz)

1

w

2000
Auviv

X(cm
©™ ) a=160 Z{em)
7 (h=10m, ny=0.1)
100 r
E ot
> C
o 0 r et ——
i)
-50

(b) z(cm)

(c) Sv0/D

time t(s)

8 (h=10m, ny=0.1,Q =1.69)



7 (Q=1.68)
(Q=1.69)
63cm
400cm
8 (Q=1.69)
t=16s (a)
(b) (©
0.5
8
(0.058s)
@)
5.(D) h=10m n=0.1
75 T v 1E+04
['| =—Vxmax (cm/s) 1E+03 L
50 [l ——Xmax (cm)
} LE+02 § /.I\/v
%t r-w 1E+01 |
B 1 i unitcm?/s?
0 : 1.E+00 : : : :
02 03 04 05 06 07 02 03 04 05 06 0.7
Q Q
(@) (b)
0.2 1000
500 ——Nmax/m (cm/s"2)
| 0 _——Nmin/m (cm/s"2)
B ~500 g___,__——-—-JA
00 -1000 M
——Zmax (cm) -1500
——Zmin (cm) -2000
-02 T -2500 b
02 03 04 05 06 07 02 03 04 05 06 07
Q Q
(c) (d)
9 (h=2m, ny=0.2)
g % 4 2 (1]
£ E
< “ -1000
z(;m)
(a) Q=061
£ E
IS4 z
(b) Q=062 2(em)

(h=2m, ny=0.2)

RC
h=2m n=0.2 RC
Ne =10 qy =04 RC
0.190s 0.037s
nn = 10
9 RC
Q=0.62
h=10m
Q=1.69
h=2m 0.366
10 (Q=0.61)
(Q=0.62)
(a) Q=061
80%
(3) P-A
(UD) P-A (PA)
(GR)
(UD, PA, GR) casel(1,1,1)
case2(1,1,0)
P-A case3(1,0,0)
case4(0,0,0)
11 h=10m 12 h=2m
11 (@ (¢
case4 Q=2.08
case3 Q=191 P-A
case2 casel Q=1.69
(d)
3.5
case4 2.5
13 14 h=10m
h=2m
(@ (b)
(© (@ p
A P A



100

T
UD,PA,GR

—=0,0,0
—=1,0,0
-2—11,0

—=0,0,0
—=1,0,0
2110
111

-20

©
11

15 16 17 18 19 2 21

Q
Zmin (cm)

Q/m(cm/s?)

1

Q/m(cm/s?)

©

x(cm)

PA

“
E
RES
£
o

Q/m(cm/s?)

15 16 17 18 19 2 21

Q
(b) Ez/m(cm?/s?)
-2000
-2500
-3000
-3500
-4000
1516 17 18 19 2 21
Q
(d) Nmin/m (cm/s?)
(h=10, ng=0.1)
s a0 -5
5
E
A -1000
UD=0
PA=0
GR=0
z(cm)
% Is
5
E
Z
z(cm)
13
Ll 4 2
g
E
“ -1000
Yk
£
S
£
z
z(cm)
14

250

UD.PA.GR
UD.PA.GR 200 |[=>=000
=x=0,0,0 ——100
——100 150 pl—2—110
=110 100 =111
o111
50
0 XXX X X XK
0.55 0.6 0.65
Q
(a) Xmax (cm) (b) Ez/m(cm?/s?)
0.0 -1000
=000 ——100
- =110 =-0-111
Xt
01 [ro00 N -1250 t
——100
——110
—-o-111
-02 — -1500
055 06 065 055 06 0.65
Q Q
(© Zmin (cm)  (d) Nmin/m (cm/s?)
12 (h=2, 14=0.2)
E é -15 -10 -5
L 2
£ E
< ~ -1000
UD=1
PA=0
GR=0
z(_cm)
g 5
£ £
o Z
- x(cm) z(cm)
(d) PA
(h=10m, n=0.1 Q =1.69)
%@ O
g 5
£ E
© ~ -1000
uD=1
PA=0
GR=0
z(cm)
o “";.5
5 E
£ g
54 z

x(cm)

(d) PA

(h=2m, n;=0.2 Q=0.62)

z(cm)



10

No. 15360304
Newmark B B =1/4

1)
Vol.42B
pp41-48 19964 .
2)
ICI Vol.19  pp.495-500
1997.6.
RC 3) , ,
P A )
,No.461, pp.85-94, 1994.7.
4)
RC
1710 Vol.2 pp

355-362 1999.8.

RC 5) LiK., Kubo,T.: Revewing the multi-spring model and fiber
model, the 10" Japan Earthquake Engineering Symposium
pp-2369-2374, 1998.11.

6)
RC

Vol48A  pp.799-810, 2002.3.

7)
pp.125 8 12
8) Chopra,A.: Dynamics of structures, theory and application to
earthquake engineering, Prentice-Hall, 1995.

9) s

>

, pp.227-232,2003.3.
RC pp

(2003.6.6 )

DYNAMIC COLLAPSE OF REINFORCED CONCRETE PIER USING HINGE
MODEL

Fuming ZHANG and Hisakazu SAKAI
Earthquake Disaster Mitigation Research Center, NIED

3D analysis of reinforced concrete piers until collapse is studied using a simplest lumped mass model
that is developed from fiber model of plastic hinge. Numerical integration is performed using the correct
instantaneous stiffness of elements by predicting the time increment compatible with stiffness variation.

The computation method can trace exactly the assumed piecewise linear constructive rules for concrete
and steel, and most importantly, it ensures the compatibility between overall displacements and strains of
fiber elements. Factors deciding column collapse such as p—a effect and deterioration of materials as
well as the geometric non-linearity are taken into consideration.



