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Deformation Demand of the Precast Concrete Frame Buildings with Ductile

Connections in Moderate Seismic Regions
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ABSTRACT

This paper evaluates nonlinear response characteristics of precast concrete frame buildings
where plastic hinging occurs in the precast connection. Designs were developed for buildings of
5, 10, and 15 stories in height for moderate seismic risk regions of the U.S. The responses of
the buildings were analyzed using DRAIN-2DX and following the Nonlinear static analysis
procedure of ATC 19. The main variables of the analyses were the strength and stiffness of
the connection. Also. for the analysis. the bi-linear response model. developed and inserted
into the DRAIN-ZDX program by Shan Shi and D. Fouch. was used. With the results of
analyses, the deformation demands of the connection of precast concrete frame buildings are
proposed by using equal-dissipated energy capacity. It was shown that the strength of the
buildings as well as their displacement capacities decreased with the decrease of either the
strength or stiffness in the connections. Therefore such changes also require reductions in the
response modification factors for such buildings. However. if the precast concrete frame
building has plastic hinging in the connection, and has a more ductile connection than the
monolithic frame building, then no reduction in R may be necessary. The deformation demand
required of the connection to achieve that condition is evaluated and a simple relation is

suggested in the paper
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Table 1 Sections of beams and columns

beam column f'e
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ext. int. Ci C; | column
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2 3 | 16%20 | 18x20 | 2% | 18x18| 4
story
1 16720 18720 | 2x2 18518 4
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0 57 Tiex [18=0 | 2% 22 | 20x20| _4
Story e 0| 16%18 | 16%20 | 2% 22| 20x20| 4
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176 [18x2 | 18x22 | 24x24 22X ] 6
BT s i x| e | 4
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Table 3 Displacement at yield and ultimate status

reduction
actors

=10 B=09 B =038

Y=4Vv=1yv=1]y=1¥=[|y= |¥=
building 10 |08 106 |08 |06 108 |06

vy/w | 0.151 | 0.150 [ 0.149 | 0.140 } 0.140 | 0.130 | 0.130
&, 391 | 410 | 435 | 380 | 406 | 349 | 376
5 Gn | 791 | 746 | 723 [ 648 | 672 | 632 | 656

story rb, | 989 [10.06 |10.27 | 1041 | 1057 | 10.83 | 11.00
bpc

100 | 111 | 113 | 147 | 143 { 1.70 | 1.53
bre

vi/w | 0068 | 0.068 | 0.068 | 0.063 | 0.063 | 0.058 | 0.058
8 1692735 (79 | 685 745|645 | 710
10 b 1290 (1230 {1200 | 962 | 10341001 | 10.15

story ré, |16.13]1640|16.78 ;17.02 | 1740 | 1787 | 18.28
Grc
Orc
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&y 12.80 11349 [ 14.09 | 11.83 [ 128511095 | 11.87
Om 19.20 | 1856 |17.38 {1535 | 16.00 | 14.56 | 15.20

story rén 1240012460 2520 | 2543 126.00 | 26.80 | 27.50
pc
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vy/w . base shear coefficient at vielding point

100 | 1.08 | 116 { 161 | 164 | 172 | 1.77

15

100 | 108 | 122 | 148 [ 147 | 166 | 1.83

8, ; yield displacement of roof
8m  maximum displacement of roof
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rdm + required maximum displacement of roof
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8 ; ratio of increased rotation at the connection
ke

S Yebdrh Table 32.2%E, AR 2=
= 739 Azrel & AF, €A He Zad
E Ex1ed 348 dUAE ERs] M
BEASS Fd9 e Ad 1,499 F7p 275
o, HEF Ao Bz wdsye 1.89 F7t
7t 87EE o F A ARAG Asd AT
A e Hgwel iz ¥, E vz yg
W Fig. 1074 #th Z=Aige] mg Jire
B wygaras d¥dos IR, Al

E32ESE =28 M 113 5E 1995.10



=
»o

] .

A .

gL " & 5 story

é & 0.8 ) O 10 story

= Y o= c3147x +4.2625 ¢ A 15 story
04 :

R = 08774

0.7 0.8 0.9 ] 1Lt
Strength factor (§)

{a) Rotation ratio vs. strength factor

~

P
> s
» o0

=
é E L2 ‘ . : 5 story
2 E- . O 10 story
‘g —0.8 A 15 story
&

0.4

0
65 06 07 08 09 1 1.1

Stiffness factor )

{b) Rotation ratio vs. stiffness factor

Fig. 10 Increased rotation ratio

g

6"“ =—3.158+4.26 (15)
RC
2(15)ell 2 Ao o8 Aske msid A
3, gaskel A(16) 28 4 9
0,=3.201—8 6, (16)

=] =
PE FzAEe HAR Ad 4
6.8 2

o 2us Wl e, olae 2
A2 A goR 52 102, 1559 34 A%
2 A4S QA A9 ekl

dE B A Azl wel A9 Ud Muel)

Z32|E53 =23 M 117 5% 1999.10

B
)
X,
e,
2}
.VL
v
mlo ro\f

EEE 1 ~rﬂ% A%, YR Jw T
29 s 2de 20
o am Bt A9 A A

d ‘&
2 Hh FRE AEe kA A7) 9
% A

7“421”01 A& 75“’ U A

dsde 1.8 377t 279 e Ao e
ooEd olE Fbe gy BAATROE
AL WHF FRBAS Qe oz vy
goolg 2AZ gRe dRAd 02 gaz
WEsee) %S 298 ¢ Uk A4S AN
stle,

ZAte 2

B ATE 20y FaAAg Adee @
Aglate +gsigom], ol =P,

1. ICBO, "Uniform Building Code”. International
Conference of Building Officials, Whittier,
California, 1997.

2. FEMA, "NEHRP Recommended Provisions for
Seismic Regulations for New Buildings 1997,
Federal Emergency Management Agency. 1997

3. Nakaki. S. D., Englekirk, R. E., and Plaehn,
J. L., "Ductile Connectors for a Precast Concrete
Frame”, PCI Journal. September-October, 1994,
pp.46-59.

4. Martin, L. D., and Korkosz, W. J_,
“Connections for Precast Prestressed Concrete

97



Buildings-Including Earthquake Resistance”, 8. Shan Shi. "Evaluation of Connection Fracture

Technical Report No.2, Precast/Prestressed and Hysteretic Type on the Seismic Response
Concrete Institute, Chicago, IL., 1982, of Steel Buildings”, Doctoral Thesis of

. Paulay. T.. and Priestly, M. J. N., “Seismic University of Illincis at Urbana-Champaign.
Design of Reinforced Concrete and Masonry Ilinois, 1997.

Buildings”, John Wiley & Sons, Inc., 1992, 9. ACI Comittee 318, "Building Code Requirements
pp.76-79. for Reinforced Concrete”, ACI, 1995,

. Prakash, V., Powell, G. H., and Filippou, C., 10. Ghosh, S. K., Domel, A. W. Jr., and Fanella,
"DRAIN-2DX : Base Program User Guide”, D. A., "Design of Concrete Buildings for
Department of Civil Engineering, Report No. Earthquake and Wind Forces”. Second
UCB/SEMM-92/29, University of California, Edition, Publication EB 113.02D, Portland
Berkeley, California. 1992. Cement Association, Skokie, IL., 1996.

. ATC, "Structural Response Modification Factors”, 11. Priestley, M. J. N., “the PRESSS Program-
ATC-19 Report, Applied Technology Council Current Status and Proposed Plans for
Redwood City, California, USA, 1995. Phase III”, PCI Journal, March-April, 1996,

pp.22-40.
2 9%

B AFeM e N E A7 FFE BRI SASAN AN AISAYE 2o AEshs WSS
k27 fE T AE EFE 2o 87H= BE 58 (Deformation Demand) & H7istnzt @dd, ole
AAA A o) AH Ee]a'ﬂ,,__ T?}M Hjste] Wz gdony, F AEAA o] HA) AdE »
28 Al aT7EHE R dEFeE A Aotk olF d AR AR dYshe A
. F AR Adxet AR g2 7\1%«1 EHE oS, o8 ZAR Bt duvA EF5eE S Wi

‘315.1—4 ZAAAGR FAR AGg oz 5%, 105 1dn 1539 ASEAeE X 2EE 7324HA
Ob_, ARl 7Bwet A wel, DRAIN-2DX T2 13e olf3td nd8 HA &4 (Nonlinear
Static Analysis)& AA|3te], 214 e i dwAdH A 283 JAY #AE 7T 3, o8 TAR, 4
Aol g $FELS Hrigt. old, HEFe Rdye HsFd o] olF A=yt AdsHe A4S 14

BE 4 Ade IAFYEF (Shan Shi®t Fouch)& o8&t 7t d&e] UHHTY-FAY FHe2RE, Frto
AU F55HE Brlstd, 87 E AR HESLE 7 d4dAERE, A AE ' Aol

Aol W, Agel Yan wAsAR Fhste oz \+EM olsh Ze AlzHQl AgolE veA Aol
®A4o Beg Aez HAWT, AN BRIANE FxTEY FUY WUAFEL B4a7] S8 ool o)
NrE 2adE S27ze) FEYel a7HE WY5LE ¥ 7}41 1 AVBAE ANGR

(HLXt 0 1999. 7. 27)
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