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ABSTRACT

Keywords: Pushover analysis, Nonlinear time history analysis, High strength concrete,
High strength reinforcement

The application of high strength concrete and reinforcement(New RC) on the
building structure can significantly decrease the dimension of the structural member,
benefiting the use of high-rise reinforced concrete building. However, the seismic
performance of the New RC building should be evaluated carefully particularly for
the high-rise of seismic zone. This project intends to study this issue concerned.

The stress-strain relationship of high strength of concrete as well as
reinforcement based on some Japanese researchers were adopted to study the flexural
behavior of New RC member. Besides, three different kinds of empirical evaluation
for shear strength of the member were employed. Accordingly, the plastic hinge of the
New RC member could be proposed and its accuracy is able to be assured through
comparing the results of experiment and analysis. The multiple level of seismic
performance for the New RC building can be investigated through the pushover
analysis and nonlinear time history analysis. As a result, the seismic performance of
the New RC building can be discussed successfully. The results obtained can facilitate
the fulfill of New RC building in Taiwan.

This project comes to the immediate and long-term strategies.

For immediate strategies:

(1) Development and maintenance of seismic evaluation system of New RC
building

This project focused on nonlinear performance of the structural members
using high-strength concrete as well as reinforcement, known as New RC
members. The accuracy of analytical results was investigated through
comparisons between the analytical and experimental results of the New RC
members subjected to cyclic loading test. Based on that, a seismic evaluation
system (SERCB for New RC) of the New RC high-rise building was established
and a practical case study was made and discussed. It is suggested that the
developed system is able to be served as the platform of seismic analysis for the
structural engineers in the near future.

For long-term strategies:
(1) Performing more cyclic loading tests of New RC member
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Based on more than twenty experimental results of cyclic loading test for New RC
member conducted by Japan researchers, this project developed an analytical platform
for New RC building. To make a deeper understanding of possible discrepancy for
practical use in Taiwan, it is suggested to do more tests according to the technology
developed herein serving as the data base for further study.

(2) Study on setup of review committee of New RC building design

Lots of New RC buildings were successfully constructed in Japan. It is inevitable
to build up such kind of structure in Taiwan. A mature mechanism of review on
structure design for tall building has been performed for a long time. However, all the
specifications adopted are not always suitable to that for New RC case. It is suggested
to build a set of process for New RC building design that might give a straight
forward help to the structural engineers in design and facilitate the fulfillment of the
New RC building in Taiwan.
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LRAPRES I ARFRPEEE(I » 401-96)F %2 F 4 73

V. =V, +V, (2-40)

B o apA TR 2V, :

% (2-41)58 35 5 Fl1A %o 20V, & (2-42)58 3+

_% 0
: a
v, = ATWD (2-42)
T2 a
V. =0.53(1+F)/f, A (2-43)

vV, :g B34 %R (kef s N)
A a2 3R Y 4 A 0 (kef s N)
Vo RS 23 B84 A o (kef s N)
At /r'ﬁ‘ r&’] E'm mﬁi d #‘Béim’w) (Cm)

d:ipg4 ra”}z_i ﬁ -»f:mc)ii ' (cm)
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140A,
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Vi, = (ﬂ"V'JB + Pue " Ouy )be “Jo/3 (2-45)
Vu3:ﬂ'V'O-B'be'je/2 (2-46)
H=2-20R, (2-47)
v=(1-20R, Jv, (2-48)
v, =0.7—(c,/200) > (60MPa 11 F) (2-49a)
v,=1.70," » (60MPa 12 }) (2-49b)
S b
A=1-—— = i
2i, 4l (2-50)
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iy > AT 2 F ORGSR GBI (2-56)F AT v, 54 B
B E 2 % Bde(2-57)5 -
=(1.0-15R v, 2025V, 0<R, <0.05 (2-56a)

v =0.25v, R, <0.05 (2-56b)
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SERPE £ ) &7 )
Rt R R | MPa 103.9 122.4 89.0 155.0

RS A mm 16 16 16 16
g 2 T OEX ) mm | 300x300 | 300x300 | 300x300 | 300x300
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15 TE R S MPa 741.2 738 738 789
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B R R MPa 740.7 1284 1284 1315
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s kR f, MPa 1315 944 729 729
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# 2-6 Kumagai » B {* € ¥ {3 im0

i Aok

C1 C2 C3 C4
Bro A) 5k B £ &) £
Mt FRBAE f | MPa 120.0 120.0 120.0 120.0
R mm 15 15 15 15
g5 2 F(FX®) mm | 360x360 | 360x360 | 360x360 | 250x 250
gE mm 900 900 900 1000
15 TE R S MPa 723 723 723 731
ENETCN — 16-DI19 | 16-D19 | 16-D19 | 12-DI16
#8555 Rag R S, MPa 1442 1442 1442 1442
B fi 5 EE mm D7@45 | D6@45 | D6@45 D6@ 60
PR AT S A EE | mm D7@45 | D6@45 | D6@45 D6@ 60
5 E RS R f, MPa 1442 1442 1442 1442
HopR - 4-D7 4-D6 - 4-D6
i 4 - 0.3f.A, 0.3f A, 0.3 A, 0.3f,A,

[FHkim: 5423 p 21]
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2000 T _—
1500 F .
1000 | .
= X ]
& so0f ]
()] L
2
g 0 ]
® i ]
£ 500 | .
-1000 — —©— Experimental '
; C1(401-96) ]
I —X— CI1(A) ]
-1500 —A— C1(Aoyama) p
2000 b L
-0.050 -0.025 0.000 0.025 0.050

Rotation(rad.)

B 2-56 :#48 C1 »2 Muguruma £ 2 = @1 4 (75 A {797 F % % &

BHRFHL R

2100 ——r—r—7rTr—r—"—"T T T T T T T T T T T
1400 4
= 700 | -
< L
7]
2
o
L 0
[
= A
8 700f y
Experimental
C1(401-96)
-1400 - c1(Al) ]
C1(Aoyama)
_2100-||||I||||I||||I|||| ||||I||||I||||I||||-

-0.04 -003 -002 -0.01 000 001 002 0.03 0.04
Rotation(rad.)

Bl 2-57:#% Cl M NewRC e 22 Z % 4 (75 A 4797R B % & F
AL R
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BoE R R T ARRHEEAY LA RN IFH
PODO [+t
1500 F .
1000 | .
= I ]
¥ 500f ]
o5} L
2 I
e of ]
I X ]
= i ]
= -500 .
| L
-1000 ' Experimental b
; ——— C2(401-96) ]
i —x— C2(AlJ) ]
-1500 —A— C2(Aoyama) p
_2000-....|....|....|..... P R B B
-0.04 -003 -002 -001 0.00 001 002 003 0.04
Rotation(rad.)
B 2-58 :#4%8 C2 ¥ Muguruma £ = 22 = U =N il
FHRTAL R
PODO [+t
1500 F .
1000 | .
= I ]
¥ 500f ]
()] L
2 I
e of ]
IS - ]
£ 500 | .
- i c2 ]
-1000 ' Experimental '
; C2(401-96) ]
L C2(Al1J) ]
-1500 | C2(Aoyama) ]
_2000:||||I||||I||||I||||||||I||||I||||I||||-
-0.04 -003 -002 -001 0.00 001 002 003 0.04
Rotation(rad.)
B 2-59 ;%8 C2 2 NewRC 2 E2 = R A Ll S
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1600 T

1200 |

800 [

400 |

Lateral Force(KN)
o

-400 F

-800 |- —©— Experimental
t C3(401-96)

—x— C3(Al)

—=&A— C3(Aoyama)

-1200 |

-1600 s — —
-0018 -0.012 -0006 0000 0006 0012  0.018

Rotation(rad.)

B 2-60 :#48 C3 ©2 Muguruma £ 2 = @1 4 (75 A {7978 % % &
BT

0O o L L B S L B LI

1200 |

800 [

400 |

Lateral Force(KN)
o

-400 F

-800 |- —O©— Experimental
t C3(401-96)

—x— C3(Al)

—=&A— C3(Aoyama)

-1200 |

_1600 L IR TR TR R [N TN TN T T NN TR SN N 1 IR T SR TR [N TN TN SR T NN T SR N 1 ]
-0.018 -0.012 -0.006 0.000 0.006 0.012 0.018

Rotation(rad.)

B 2-61 EMC3 M NewRClen 22 = f9 4 75 24778527
3 SRR
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S 20t C4 1
L —©— Experimental
- C4(401-96)
-500 - —X— C4(Ald) 7
L —A— C4(Aoyama)
B
-0.04 -0.02 0.00 0.02 0.04

Rotation(rad.)

B 2-62 :#48 C4 »2 Muguruma £ 2 = @1 4 (75 A {797 F % % &
BT
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3 ——— C4(401-96)
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-750-““"“““"““
-0.04 -0.02 0.00 0.02 0.04

Rotation(rad.)
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FoR OB R4 RGI R AE L 2

FAE BHAMSREI FRTHEES K 40196 H A 451 R E
7

o RA RIS D 5 - AT SeEH R B RER
Wt am SR Y Y 2 RR R %‘? g (American Concrete

Institute » ACI)et » B+ A~ j\ﬂ} |1 25 ¢ R 1 AR R R
(2 * 401-96) » & {74 5 & ‘7«‘&#*’. ‘z“ai/c*pgwﬂxm
LR R AR A R IR R 5 R
?*ﬁﬁﬁiﬁﬁﬁﬁ@rwﬁwﬁﬁu@mﬁwﬁﬁ4 o 45
i’#g B o B Ak S5 R R '53\)?.'”' fﬁd *FI”T%E‘: B A 4p
% o R A SR D F gﬁqu;*ép; S R RES F3 S TR

FoeGE 2 A 40196 2325 283 B L 2 ARG ER R A
% 2-7~% 2-10 & U Blr 2. > ;N i 2 X B M 4B 2-64~) 2-67 -

d % 2-7~% 2-10 ¥ IR - B4 53R R /A 177 R R &
FEATE B2 B W 0.76~1.31 2. F > B or - AR SR 1 12

R B R SRS A

ELS
E:0
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76

% 2-7 p » Komuro 7 7 B[540 & 4 & 401-96 134 » 7 £

800

Experimental| 2 * 401-96
LA | (KN-m) (KN-m) )/(1)
1) 2)

150-1 570.0 473.2 0.83
150-2 600.0 471.4 0.79
150-4 510.0 468.5 0.92
150-6 672.0 513.5 0.76
150-8 360.0 309.7 0.86
150-9 360.0 317.8 0.88
150-10 337.5 313.7 0.93

600 -

400 ~

Moment(KN-m)

200 -

800

- 600

- 400

- 200

B 2-64 p »~ Komuro # 7 B 374 & 4+ A 401-96 323 & 17+ # [

150-1

150-2 150-4

I Experimental
Analysis(401-96)

150-6

150-8

150-9

150-10



CEE N TV TP T SR VRN o

# 2-8 p & Muguruma # 7 B F3:E 4827 3 A 401-96 3234 4~ 47 ¢

Experimental] * # 401-96
LA (KN-m) (KN-m) (2)/(1)
(1) (2)
CL-3 138.0 1394 1.01
CL-4 143.0 132.4] 0.93
CH-3 142.0 135.2] 0.95
CH-4 150.0 132.4 0.88
160 T T 160
140 -- - 140
120 —— — 120
T 100 £ 1 100
pd [ ]
3 i ]
E 80+ T 80
(O] L ]
S : ]
S 60+ 1 60
20 -- — 20
0 : 0
CL-3 cL-4 CH-3
I Experimental
Analysis(401-96)
B 2-65 p & Muguruma 7~ 7 B[ 282 1 A 401-96 124 & 17+ # ]
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Boow B4R SIREL BT ARBHAEAS RN IES

% 2-9 p & lzumi # 7 B R 2 1 A 401-96 7254 & 474 i

Experimental] 2 * 401-96
2424 | (KN-m) (KN-m) Q)(1)
(1) (2)

UHRCO1 419.0 361.6] 0.86
UHRC04 414.0 409.6 0.99
UHRCO06 391.5 3243 0.83
UHRCI12 480.0 494.4( 1.03
UHRC14 580.0 525.7] 0.91
HRPCC6 714.0 575.8] 0.81
HRPCC7 582.0 566.6] 0.97
HRPCCI1 810.0 779.8 0.96

1000 1000

800 + -+ 800

600 - 600

400 + - 400
200 | - 200
0 0

R RO RC% (@0 RO PO el Lpach

I Experimental
Analysis(401-96)

Moment(KN-m)

] 2-66 P ~ Izumi #7 3 B FR:E2 888 2 & 401-96 1235 & 47 v #LB]
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FOR OB RM SRR RG22 IFH

# 2-10 p » Kumagai 7 7 B35 & 4 & 401-96 1234 ~ 7 £

Experimental] * # 401-96
LA (KN-m) (KN-m) )/N(1)
1) 2)
Cl 688.5 781.5| 1.14
C2 670.5 755.7( 1.13
C3 576.0 755.7( 131
C4 275.0 248.31 090
1000 1000
800 1 1 800
. |
= 600 T 600
< I ]
2 [ _
) I -
E 400 + 400
= : :
200 1 200
ol Lo
c1 c2 c3 ca

I Experimental
Analysis(401-96)

B 2-67 p # Kumagai 7 7 B[} #8823 & 401-96 3234 » 47+ # B
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ATC-40 2 A& PR3 b- & dehaf B F K7 0 326 S 4 o
Rolbic > WA chif & F (Seismic Demand)iR & 5 » > &
FE Bt A R S A A R YA AR R S
213 % ATC-40 eni®j% > 23R d Plfa ST RE2L FE & Ak F 72

wo BRRK TR I 3o gt i éﬂhj LRk REHREHRT KT ﬁﬂ@?]ﬂ'.
B ERS 2w R ot%\ﬁ%;z* ﬁf@;%f—a&«:(l)s@é@ ATC-40 =
A MEF RS AOREE QR KRS LR VR SWR
e IR E o

ATC-40 ¥ 35077 » SBHide & » 2P RF B2 18 ehf sedbiF [ £
B € FRSHER L ET R f (- WP E 5% 2 B

,L
¥
ZEIEMRF (T L E BAEF IR W B A INA T AT AT

63.7K(aydgi _dyapi) (%) (3—1)

pi - pi

/Beff =ﬂbasic—’_:BO =ﬂbasic+
BY ok ARERBEFT > HEER L ARRGE L2 E R
E®d M ooa,2rd Rl N ATE RPFL G R A

FER VL B 502 deik BT h#BcC, 0 T oo ZESE e B 8T
iRt LT ;A L )

B OrB — (S )elastlc (3_2)
(S )melastlc
4o @] 3-1 #7771 0 (e ,ﬂ!'«(Performance Point) =3t % & 722 L@ (4
R RAES A S L R R R LR Y 4 NS SL

B Ra; B, FEE R fx?&i 3 4o i R (S, Jinelastic ¥7 3%
= #5 (S, Jinelastic °
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B RS T bR A R 2 B R R

EU S

(Sa )inelastic = api (3_3)

(Sd )inelastic =d pi (3_4)

a, ¥k~ = & 4vig & (Peak Ground Acceleration ; PGA)i& #7
Bapz b BE RFHErS,, &Sp F) 0 E AP LR BIFHT ~ F
BALF IR (B, )AL B3 5% B i3 T 48cB A B 57 M
drdo 3-1~ A 32 4 o 4ept TE I B N R R A

EHES N T

F 3-1 — A prds 4o B3R E 50

e R ik ) L] £y
B B B B
T < TOD s(ﬂeff ) TOD s(ﬂeff ) < T < 2.5T0D s(ﬂeff ) 2.5T0D s(ﬂeff ) < T
B, (e ) B, (e ) B, (Lerr) B, (err )
api x Bs(ﬂeff) — a'pi x Bs(ﬂeff) api X Bl(ﬂeff) api x Bl(/geff )
2.55,,(T) 2.5 2.55,,(T) 2.55..(T)
=) =) )
SDS SDS SDST
[Fakm: 2430 12]
L3254 2B H A RTE AN
PUEE i P ay &Y
B B B
5 Bs(ﬂeﬁ) 0D s(ﬂeff)<-|- SzSTOD s(ﬂeff) 2.5T0D s(ﬂeﬁ) <T
T STO Bl(ﬂeff) Bl(ﬂeff) Bl(lﬁeff)
B, (Ber )
apl x Bs (ﬂeff) —
(M) a, X B, (L) ap; X B (L)
s 2380, —(2 G
api X Bs (ﬂeff) SDS
2.5

[FR*R: $54p 12]
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83



Boow B4R SIREL BT ARBHAEAS RN IES

8 @RI AR
[#H21] 22 A 42 SHd A 4803
[#22] S4B Las giv* 4 o FF £ &DL+1/2LL(DL : §
Eo Ll BEPE) Y ERMAENS RFAMET BIRL
L FERHEA > wAET Y CQC % 4E i A 4 i3 B
(Complete Quadratic Combination Method):* & % & fi »%
BT EHAEF B DRI LA L R LK 2

Er 4 R E A N e

N N 2
= (ZZSJK r rkj (3-5)

j=1 k=1

. . 32
. _ 8JE 8 (& +rE .

M=) v ag g (e et ) aler < 82
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. D% - B P RIRA IR T £ T #(Modal Mass
' Coefficient)
wi/g:l % ik i U E

Gt F-IRGET Bk IR
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Wi aoE L
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