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ABSTRACT An efficient design concept for earthquake loads, which is called performance based design, has been standard design
in USA, Europe and Japan since those countries experienced severe earthquake damage at end of 90's. For general design, strut-
tie model well predicts the strength of the disturbed region, however, it does not provide ductility information at the failure. There-
fore, simple tools which are able to predict both the strength and the ductility of RC structures are in demand. 2D lattice model
is introduced in this study as an analysis tool for the RC structures subject to earthquake. Experimental correlation studies indicate
the 2D lattice model quite well predict the strength as well as the ductility of RC structures.

Keywords : nonlinear lattice model, reinforced concrete column, cyclic loads, confining effect

1. M = el FAZ FEEY, AHES] HEYgs wde ¢
= 9 A FARA R o8 ATE AT 4E 3
204 7] LHE A Aol AA Zpxle] Aol Hiva] A 7o A Rds A&t WY AyAe HAa
AHA W e AA Ndol FAH R weEATh” delol oJa] 2EEe] s MHES st 22
HAE F9elx Fx=9] 452 dP4or 34 75 el vy o]y EAS Eeon, w3k Ik
SR, Al AA GolM eFEHe TR deS # Aol o3 FAYES & ZAE Y] 98 B
7¥e ¢ e ZHskaA AEA Qe s ol Zasitt T ZAYES F& 8ot e FAYES] F5 &
TE=] T ofuet WY AdeS 23 A A ol gk A S Erm A gkt HEs 2o
Mael #s dste] Aot 449 o Fe] 7heshd ot ik TIPS o] BT FAYE 7F Al
A HHE she] @S wrdsk 74 sA ol Al A, 28a A= FAYEE &3 7T AAAE
A A afA ol E g ATk i xR 1T fgow iy A5 Fhste] idE FZFAE HE
sk, @3t 9 AAse] g 2AE AYE AR 2 mdle] gl s HEsHAT
g S7ER k] 1AE FAE FxE] 4T ¥ AoZAE FA A saYol= Takeda Zd ol
7F 2o 2oy WEs A 283 Aol 7IHbS F ZF Q4 (frame elements) = S43F
o] Ao BHLE HEAE W L ZIYEE F 34 (fiber sectional analysis)’ ©]&3 W o] gtk 1
&3 F2FAYE FAY v sk tolA o] WiE B 9] Spacone T2 443 wHo| FAHE FY FA
A8 AF T8E ¥wd g3 A dE5d e T frete s 2x vy 2dS shdedth S e A
22+ 2 E]2 2d(lattice model)ol] 2% v A 7] ¢ AEY F g AEZH ] 9§ AARIAE 2 F
o] shkell Qleh. o] #HElL Rde FAZESL H U9 AE 2d) mhE gEo HPH 7AE 1HT
o]% 3 ¥ =4 29 EIYe 348 73 8h
*Corresponding author E-mail: chocg@chosun.ac.kr 24 Y @ =5l B FRFE &4 2 HEZES
Received August 21, 2009, Revised October 16, 2009, T3 2 E 22 2F 7]59 A E%]lo)g/] ol
Accepted November 2, 2009 7} o]=o AT},

(©2010 by Korea Concrete Institute

103



of Aold ez mde] Paye rE ~Esw
o] mdo] At AE HrtolAe] B4 elgle] 2Eg

>'

o] mdold TE 4 Qe 94 U WY Y 453
WS SE] e ol @4 3T 5+ gouA, o
Fo 7S FA MAP =l ZA5 2 s4e] 7}
59 4ol qdvh

2. 2E|A mGlo| JHdt

o] A-TolA s
@ el L 2o A7 o] A

2.1 __'L .IAol EHEIA EI:-II

HoZAE 7159 gEs B Fig 13 2] &
A ES Ao HEs FAR TS 471, fE
Aol de A2TATE V] A2 SN &
Artele] AE AR EHAH, 7t = A Eﬂﬂ
g FATE 45° e 135°9] A= TP E ol
do] TA Aot 45°% nAgE o] HE s Bdo] &
disiM g Eejs 2R 7P ssih o2 <
o Stedy vhE, 2] ved 28, A3 A
of Aol Agsh= 7+ airsS AR X
fov g 555
AVEE A dSste
Aol A eF TR o] Aol vl
=2] Feje} skl <fsix E

22 Fxfo| melz

Fig. 204 HIEAE 75 @9 Z pell i3l &)
E]2 Bdlof|A| 9] ofx] RA|e] @A Z pE ofv]sh= Ak
o] AAe o] HEx R TG FROEA, ik
& FAe] dolA HA F3 opx] FAje] £e] migl
0914 1A}e]e] gholth o] AoME mde] g8
HAstE Qe HAax WE A dEE ©]& 1mm 7

nko] e W tha] W U} il HE g

% AYSE T HOE FYES ST

Lateral force

— i
— -

P
a‘f .
A

Flexual
member

Diagonal
Y, member

O
S
S

-y
vy
e,

Longitudinal
remnforcement

Transverse
reinforcement

VY
=]
s

Cross section
d: Effective depth

| _— [ Concrete

- == Reinforcement P
®  Node

_.ﬂ
X

%%

|

-t
Fig. 1 Outline of the lattice model

104 | 2= a2 =805

=27 H223 H15 (2010)

Arch part : bt
.| Truss part : b(1-t)

where, 0< t <l
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Table 2 Test matrix'”

Test Lateral reinforcement (mm)| Concrete Axial Longitudinal reinforcement | Transverse reinforcement
specimen Dia. Spacing  [strength (MPa) load (kN) p* Jy (MPa) P J, (MPa)
U4 10 50 32.0 0.0327 438 0.0254 510
U6 6.4 65 37.3 0.0327 437 0.0195 510
U7 6.4 65 39.0 0.0327 437 0.0195 446
400 — — FAe] 1FE o] HExE FES ufo] w9l FEW
300 {45 - 9 Al e 99l 85 WA A W9 Ac) B
z 200 - 1 UE W9IgN] iz P T 5 Utk AEA Ud, Us 2
= -
S 100 Ve ; YA // U7el] sk uhE &0l thak WAy Z7ld] wE g
£ 0 / H A st AAl] e AF 2 el 2o o s A
£ 100 |- 7 = ulaste] 242} Figs. 11, 12 2 139 el sic). 2
= 200 g rmde ZIYES YEHAE 9 F7E& F2o] 4
00 [HAL S — B W MerE g Aol teENE MAALN Sl
-400 . - T—— e FIEIAYE 7T T WE S4E 2 495
-100 -80 -60 -40 - 40 60 80 _
100 -80 60L4:} 21(]“(]I 20 t 100 5H %‘9}‘:}
atera 1Isplacement, mm _ _
F 8 Lateral foreodion "U4 Fig. 142 A@A Ueol that wtEslzol] uje w9 o
ig. ateral force-displacement (U4) qu] Z7)o] e FA WE oA A S o8
A ARolA oAS5E 3 Hlawste] Ukl e R o] B
400 — Qe olgAES s B9 WA Zlo] mE
00 |-G = == A WY U 22 S M vad AEge
200 B3] o Fal] FAUT
Z /
s 100 L :
£ /2
(<
=
g 100 / = 400
= -200 350 4
— Ex
300 [ S — Lattice z 300 1
-400 i ; i ; - 2 950 |
-100 -75 -50 -25 0 25 S50 75 100 g
Lateral Displacement, mm £ 200 1
5 150
Fig. 9 Lateral force-displacement (U6) & 100 4

Lateral Force, kN
(=]

— Lattice

-100 -75 -50 -25 0 25 50 75 100

Lateral Displacement, mm

Fig. 10 Lateral force-displacement (U7)

of Uenieith Zagee 954w 2 3%
=49] Aolo] W2 shE-wle] olgA% Y
Aol Aol 14 ARNAE W Fako.
e

22|

63:
g Aol
2 A=

2-1=

2xF 2HE|A 2o oI5t HE

0 T T T T

0 1 2 3 4 5
Displacement Ductiliy Factor

Fig. 11 Force-displacement ductility (U4)

400

W
U
(=]

v o
o o

wu
(=]

Shear Force , kN
= =M MW
o
o

=—Exp
- Lattice

=]
o

Ul
(=]

(=]

0 1 2 3 4 5

Displacement Ductiliy Factor

Fig. 12 Force-displacement ductility (U6)

i

StEe B F2E32E 7|89 oM | 107



s
8

350 —_—
E 300
@ 250 -
5
£ 200
= 150
= 100 - —Exp
i - Lattice

50

0
0 1 2 3 4 5

Displacement Ductiliy Factor

Fig. 13 Force-displacement ductility (U7)

50

B0 e .......................................................... ........

20

—=—Exp
: —e— |attice

0 * T T T T T T T

0 1 2 3 4

Displacement Ductility Factor

Accumulated
Energy Dissipation Capacity (kN.m)

Fig. 14 Energy dissipation capacity (U6)

4.2 Xiao 2| 1T Z3L|E 7| AMEA

457 mm 254 »

‘ 189 N

1016 mm  —oFTle—254 mm e

457 mm

l

Fig. 15 Specimen

TTTTT
1T

details for Yan Xiao experiment

A A3o] A5t
= 357r S7rebaA Add wis) iAo od A=t
AA o2 otz gk WHolA 10% 71 3] eh=
A2 Bt 3 ZIYE =A% 86 MPaol| 3w
g JiE HoFge] MFE 4 gt 7 AIEA
16T10 % 19T06 Al @A ol ot 3k stz-He #A<
A8 9 i A= zH7} Figs. 17 2 189 YeRlA+E
o, T Ag@A] tigh o]g F4de] o5 Az vbE &)
9] Slpol e W9 S 2 N g St A
Z o Sgk Ao g HrtE T
g3 AlEA 19T10, 16T10 2
Z7t) e e g

=

Xiao 5" FEHE7}t 76~86 MPadl 17tE EAg

E2 gAd /15 Be 9 FGselAe] wE e 450

2 W T 254 x 254 mm ALY 7150 ek xR 200

s ARL FRsATh. A8 o 715 waA 9 AR

A8 A ElES 7M7) Fig. 15 2 Table 33 Zth Al Z 450 [

A AAMTE 2o dFdts, SRYUEY] d=4 g

=, 283 29 2 0 Aot o] 1,016 mm g °

o] 715 #eske FEEol 715 U 10% £ o0

2 Ao Al AFAE AR o] AellA HEE S

_ i, y Ex

g2 mdo] o3t 4 Anst 4E AFL MAES 3 300 s

ek AN FakEol U@ wrE 8% Aske WelAl - - S

01011 _o/]gH _ﬂr/H %%%A(—)]H] 1, 1.5, 2, 3, 4, 6, t}l 8 H]— -100 -75 -50 -25 0 25 50 75 100

l:]— Z1PZ1Poﬂ o5l 3§]_7':7]94 wpE o]a szo= ZH?S]— 2] Lateral Displacement, mm

&2 33Tt Fig. 16 Lateral force-displacement for 19T10

Table 3 Test parameters'
Test Lateral reinforcement (mm)| Concrete Axial load | Longitudinal reinforcement | Transverse reinforcement

specimen Dia. Spacing  [strength (MPa)|  (kN) o* #, (MPa) o #, (MPa)

19T10 9.5 51 76 489 0.0352 510 0.0367 510
16T10 9.5 51 86 534 0.0248 510 0.0367 510
19T06 6.4 51 86 534 0.0248 510 0.0163 446
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Table 4 Shear capacities of column specimens

) Shear capacities (kN)
Specimen -
Test result ACI code |Lattice model
U4 326 313 327
U6 343 319 338
u7 342 319 339
19T10 328 295 349
16T10 269 257 268
19T06 273 260 270
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