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Damage Spread Model of Reinforced Concrete
Beam Column

NING Chaolie', LI Jie'*
(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. State Key Laboratory of Disaster Reduction in Civil

Engineering, Tongji University, Shanghai 200092, China)

Abstract: Based on the damage spread process of reinforced
concrete beam-column member, the damage spread model
adjusts the length of damage zone in every loading step. The
modified Gauss-Radau integration scheme is employed to
assure one integration point in the field of the damage, the
plastic zone length issue of the segmented fiber beam-column
In the end, the
comparison between the theoretical and experimental results

raised by Scott & Fenves is avoided.

of a reinforced concrete column verifies that with the model,
rational results can be obtained, and the damage spread of

reinforced concrete beam-column member can be simulated.

Key words: reinforced concrete beam column member; force-

based model; damage spread
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_ G
€0 0.6 f L
G HIREE 1032 R WA AE E Ry MR & s Ly
AR AR 3 R AN .

2006 4 Scott F1 Fenves!™ #E Coleman #
Spacone" " ViFFFE () FE A1 AR AL B S R IX K A A
FH 7R AT TR BE + 32 T W 24 g 1 & . 7F Coleman Fl
Spacone $2 H B FRIE (D) Y FEaE T #E S BB X K
FE 1, e RA

Ly

*O'gfc_'_&) (1)

_ Gi
B O. 6f( (62() — &0 + O. 8f(/E)

P I A 7 R 9 XK B 5 AR Y R A RO 1 G
. 1 Scott Fil Fenves #BCH 56 T 52 B 15 1 241 4
AR 43R 3 B v ] Ay M DX R g Sy 9
X, ¥ R B IE B Gauss—Radau BU3 RIS , fRIE
SAME DXL R N AAEAE 1 A B3 A % B s I By
BNy R AR PR e 1 37 FE W A R T 545 21 i 48
PEX R,

SRIM FR Scott Al Fenves 3l i3 5L F 52 i v
(AT Y AT AR T R AT 4 B 0 bt A T ST g AR
Sy U [T, (B R AME IE /Y Gauss—Radau £
PRUEBAPE XA B 1 A B3 o i B s A 45
HEEAY B DX R ) A B X 3 A A g 9 1 IX
JESZBR bRl RLBE AN R 3B X BERT DA BE R I
WL TFIREE + 2 WA I 5 ok ) Rk 0 (2) .
A DA REHA Y 22 50 e ik 5K, 30t s % ] . 55
SEE IR K B R A U, 4 K SR A
R4 A A PRI AR L T2 50 A 0 19,
I 33 4 2 B 3R R B3 R A B 1 DX AT e 2
S, X 22 5 0 FH F Scott Al Fenves [ 43 Bt £F

(2)

Al GRS 25 15 LSS A e 1 P AN — B 4] 3
Scott Fll Fenves £5 7Y ¥ 5 1 AR 3 S8 4 [ A8, {HL [7)
Aok S A T A DX P R [ B, %32 ) R 78
R R R R P BB O R S R 1 1Y
Wit A gs Gk, ok H 3 4 Gauss—Legendre
FRUA3 fifi 1 — Sty AR 4R X 3R 40 9 R A 43 )
Yo oy VRS P R PR A X S X o U XK L HL
DX FR O AT IH T LA 25 0 — A AR X
JE DR Ikt [ 8 AR A5 381) 52 ol M i ke

G T LR S AR SCMHR A TR B A TR A A 1 A
SRS A T I s AP R A I & AR
214 [ g 28 A5 (14 15 0 0 245 R R AR A AR Hh g i 40 XK
B ML Scott Fl Fenves ARFE i 646 & — 1
FE IRV I, [R5 R BREE A R R 24
O3 BB 2 7 A AR BB 1) 8, PR AT TH A AR AR v
KAMBIER) 2 84 Gauss—Radua 43, SRUEF A5 X 35k
IUAFHE 1 ARV A5 F e s — 28 A AN TR o+
DA AR A,

1 i BIESHRGT B&RE

AR AE - SR AL TR T 34 A A A T Bl 34 A
fir BAE P /N B0 405 — B4 v o 307 S 7S
RIVBE G S0 A7 2 38 00, B S AR A2 108 i 3 AT K
FNFF LA M., . 2 TR BE 2 R 5 e
VA A A2 e S S A (] 3% A i S 4G TP 174 25 R 4 2
HER 5 2 Iy FAEK TP 1) 25 8 B AR S ML, B AN
R Ttk MR BSR4 5t o B AR TR TR g £ T B —
FEMITFLLX; I e, TR IX Ak S i 1 rh e 4 e, 9
P DAL T ey DA s RS AT AR A4S 7 Hh R . f i i
BAY BT R 5P H k3 ek
JE L RUNBZA R0 © 4 7850 K e,

BT B I AR BE - A A R R R
MR B AR AR 53 3 B, ] Ay vk X, R
Ui R A B 5 X (L4 B A8 J i I 24 XA
Y XD, WK 3 FroR. Bl v =
Lor v v ] HHITHARTE M, v s 3518
FATTI AR ARG LT 9 s AN T T B EE S s e—
Le(a) () 1" T B 28 IE 7] 5 e () T () 4
B B AR AR g = ¢ 1" A
FICH L g1 qe s gs S35 BTSN T L T 15 53
MVEEA T RS s=[N@) M) " Rk
T 7 )6 N (o) s M) 43 310 R 4818 7 %t 7 KN A
LR,



12

TS 5 AR AR R AR Y 1749

b #& i
B3 TRMEBEXNHRGT RIER
Fig.3 Damage spread model without rigid-body

displacement mode

SR 711 7 2 oR B, BT ) 1) 5 AT g T
22 B3 2 AN P Ak
s = bq (3

1 0 0

L L
Ao RS T RAYRERS s L Oy T i K.
[l o AR R D U O AR o) & v SRR
ARSI 1] o e 22 [E)l R AN T A A A

-
y = J()bledx (5
(R BTG P 22 S e
_dv _ L T
fo=3= Job f.bdr 6)

AP . A TR .=k e, TR
BEREWE K= 55 A SRR BEAEE £ Kl H T 7
LT RIS K.

PSR A R A B8
A5 C6) — M 22 4 LR 0 07 Aok
i, B

N
v= > (b .o (7
sz]
Jo=2 0" fb |-, (8
i=1

b MR RIS s N 9B G 6 o,
I3 AR GY AR L A

X EREE RS R A& IE /) 2 55 Gauss—Radau
FRUO S RIS XAAEAE 1 AFU0 5 A RV S5
B B SFUMGET .

&= {0 %Ldl L*%Ld_l L} (9)

w={La 3Laq 3Ly Lg} 10
HH Lo R L oy 53530 A A7 V9 ity 1) 45 49 X B S P 4
R BE T AR A T e Ak R 1 < TR AR 0
ZT AR A0 XA BE Lo 1 Lo BUFE , B SN
B IN  BERL APA0 X A Loy A1 Loy 332538 0. 4n
Kl 4 fis e HETE AR .6 ((=1,2,3,4) R
AL w0 (i=1,2,3,4) U S AL, 7524
Hfar 2820 B RYPR oig () 45003 IX A BE R Ly B Loy o5 7E
T 10y 2 A i A A XA BE A L, BT L gy

T Z AR A FE N R v, S i 20 4R
R PRI B XK Lo AL oy S b —7 2K
A TS T — oy 20 2 A R P B AR B 54 IX
KPE Lup,, A1 Loy, 02 SRR 20T .

TS
BE X B

- 7]

. 8
§3_1‘_5[’d[,c §4=L

L-' §2=§Ldl,c
]

=Ly @3=3Lys @3=3Ly;, O4=Lyj,
a 2 S M EE A
¢ it
PP Hif5IX

£=0 Wg_/ V% % x
$o=> Larn €“=L'§Ldl =l
3% I B 4

O=Lq, @=3Ly, ©3=3Ly;, =Ly,
b F—fr gk A A BUE A
4 RGTEEANHSHRLFTER

Fig.4 Dynamic integration scheme of damage

spread model
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Fig.5 Iteration flow chart of damage spread model

PR B ST MR g 2 e R (B AR AT A 1 2% T 1Y
PR M (o). S8 W 24 A AT 25 A M (o) 2 7R ik
R 4 M) >M,, . M (o) >M, RIFA %
e ATT R X B P X H, M, S Y I
B M, S IR S 2 M o) >M, R
B o AR HE AT RIX s M (o) >M, R
o Kb BT E A IBVEIX. BB IR

(1) TRBE b AR T 2 R 5 EL A 75 oA It i =2 i

PRI AR g LR B I 2. SR 5 AR 4 i i 220 1
) 1 i 1S A AT 72 PR B i AR T 30 % TR RE - B 2 A
J7AL o USRI AL IR B TR B A A BR A N 7AE g 24 i
B ) i AR R A A T R M PR
NAVIPIESY) =%

(2) A RERUBRIR N IF 2. B S AR Y il fir
AT 3] (% S S A T LS A i P AR T 9 A 4
o7 AR A G IR - A 32 TR L. AR I SR BE L)k
U728 35 ) T R e R e 7 72 s A 477 2 28 35 1) 44 57 e
I W AE o R 24 A A0 ) S v 4R T 25 R A A i R
SR M, IR R R AR BN 28 2R 1L S IR Bt
A PREAT T R UG Al PR 7 A A A A
IR BN 7 S AR A 5 DA — i 2 1 I XK
L. D78 50 FIWT BTN 2820 i S 45 02 75 2 AT
DK BT B iy 2P (TR L

(3) AR RUAR I g BRI & Jo ke T 12 bR
R AR AR5 AT A . % TR R DL
— M AL (AR XK L, SRR A I I S 45
SR A SR X, BT 24 i 2 A S R
Ly s XF PP B, UL b — b i TP R XK
L. i 5L P BT IR 22 2% B0 15 2 A T2, B0
YR 2D BT RIXAE L.

P XA BE TSR AR A T AT 6 2m.

EHR_E— R 3 T AR
KR Lo, KK L,

B
KK L,
VR |
KK L, [*
v

BT K
-1 Ld,n=max {Lc,m L)’»”}
Y

R AT F BT PRI K
Lc,n‘ EﬁIZJ&fE Ly’n *ﬂ?ﬁﬁlz&}% Ld,n

E6 MHEXKEITERE
Fig.6 Flow chart of damage zone length

3 HESESH

X Tanaka A1 Park 4% #j J& 5 + & 8 £ ik
g 7 . RV O Kty R T R [h) gy



12

TS 5 AR AR R AR Y 1751

# P=0. 3f Ay FE# I M A A, =550 mm X 550
mm, #EE L=1. 650 m, {R&E H R ZEE =40
mm, FHEH 12 R, BAE dy =20 mm, 85 i Ik 58
JE f,=510 MPa, #fip: A E,=200 000 MPa, £
B+ PR f.=32 MPa, JR#E + 8RR E.=30
000 MPa.

P=0.3f.4,

g o

2 A

©

0

~

fe———
550 mm
a MR EE + B i b A I A A

B 7 Tanaka #0 Park $R A% ;B 5 +1EiR a0

Fig.7 Tanaka and Park RC column experimentt'?

5T Scott Fll Fenves 43 B4 4 R AR A4S, 5| H
& IER) Kent-Park JRBE + A A7, 18 FHAH ] (14 2
FI BRI, SR AN ) 9 s 2 g 1 8 4 XA B 3330 4 5
i E Scott Il Fenves 47 Bt 21 4k G2 A3 45 AU v (1 38 4 X
ARG ARAT AR T2 75 T B - B A 1Y B
XK BE R 867 mm; R4 T 4w BHAR AL, 1208 iR i +
BRI XN 89 mmi AR HiE vk ALY , 1%
A F VR TR R A Y S M XK B R 102~ 255 mm;
Fi4f Pauly Fl Priestley #7128 i 1R B 1 B 4
A SR X K B 356 mm; AR i Scott Fil Fenves #&
AU B (2) B TR BE 1+ 57 FE W S e S 45 2 1y S 1
XK BT R A 2 IR TR B - B A PR IX
KRy 486 mm, AT UL AN [ 5 8 XK TR A X
A5 2] 1 BE P DX R B AH 22 55 K. B N A 31 Scott F
Fenves 77 B 27 4 GEAE AR A5 21 (%) 400 fify TR 22 A4 Tt
RN FENRET ) i AR 228K, A 8 Fuw.

600
Z 400
R
g
4 200§ et ]
ERPRL Pauly ! Priestley 157!
0 0.02 0.04 0.06 0.08

TR AL /m
B8 SNEAUBBERTN-TNRME

Fig.8 Base shear-top displacement curve of segmented
fiber model

SRR SCHE M 04 40 77 18 05 - TR A 4 05 9 PR AR

R fE G B b S ST R IR XA B A
JIRAR TS A - SE S BTy h e 18l 9 BroR. B4R,
Y AL BUAAEAE Scott Fil Fenves 43 BL 21 4t 4%
TR ) 9 1 X Ak 1), HL AR (A 0L 25 R
R 45 W) G BT

600

TR /m
B9 BGY REMEREN-TRMB

Fig.9 Base shear-top displacement curve of damage

spread model

Jy— 7 MR 10 fiR , B iR L B e
BT AL BRI RS HDL 5 A5 TR 05 - TR A 14 1
AR I, o T L BB A8 A ADL A 7377 TR 45 b TR A A 428 B o 2
IR PR K - % B A AE KT 3 246, 0
KN KPR A 2. 90 mm B4 T 4 2 248 0
([ 102) ; IU I » S44%E 2 A A Hh 3R A A, ZA: I
TR 11 25 R AP 38 R K- 17 38 569. 5 kN 7K
A R 15, 55 mm B HB 4G T A B Ak 25 C[E
10b) , PERS AR A R IX A A 941 mm; 2 4% 4% 21
TG 1 B4 TR [ B4 2 ) S 1 XA, iy DA
A A rh iy 8 AR P XK A 1 e ikt
RNFIRPE XK B TR, A KFff 30k 5915
KN IK-7 #2431, 00 mm B, REEAFRY 2, F 3
XK R EAE 968 mmy; M ¥ XK BEAR LY 8 L 75
IR fif 2 A 591, 7 kN K S #8 4 32, 20 mmE ¥

P P P
¥ V=2460kN |} V=369.5 KN § V=S9LTKN

1 650 mm

L=

968 mm

941 mm
63 mm

LC

1

]

]

1

1

1

1

]

]

|

1

1

1

]

|

1
b
I ?\
—
-

7777777 7777777
a PR b JER A chEs
10 MR EITHENRGERITE

Fig.10 Damage spread process of RC column

H

Y !

B A [
7777777

Ly

JES A

LC



1752

Al B Ok 2 2 4RCA & BL %

10%

PEX 9 L ik B AR 2 . BB X 63 mm (4]
100) , R L I 1240 A5 TR Bk - B AR Y 0 0 L 2 70
Ir K.

4 £5iE

X TR EE T X N ERAL AT R BT R
LI e HﬁmﬁfiﬁﬁuﬁﬂﬁSwﬁﬁFmW%
(153 B 41 4 G AT AR 0 A 1 AR O3 SR M [R] 7L, {HL [m]
AF S A T 3 M DX R U TR R A SO A7 TR
BT AR s S A TR A SR B L IR TR
(ECTHARL I 8 Ny S B i 2882 1 3 0 20y 285 ] e A A4
FF 3 XA B S [A] B SR FHAB IE /Y 2 8 Gauss—Radau
Uy DRAEAERI) XA AE 1 AR L R — 26
TR R 1 AT D R A AL, B A R AR
A SCEAUAT BE S fif TR Scott Fl Fenves 43 Be2F 4 3¢
FEABE TR () 9 P X R [, LA A - 1 313
K B2 55 BUE AR E Pk 1T HLRE S A 40U A 177 TR 2 + ZR AT
R .

SE Lk

[ 1] Mahasuverachai M,Powell G H. Inelastic analysis of piping and
tubular structures [ R]. Berkeley: Earthquake Engineering
Research Center of University of California, 1982.

[27] KabaS,Mahin S A. Refined modeling of reinforced concrete

columns for seismic analysis [ R]. Berkeley: Earthquake

Engineering Research Center of University of California, 1984.

[37] Ciampi V, Carlesimo L. A nonlinear beam element for seismic

analysis of structures [ C]//Proceedings of 8™ European

Conference on Earthquake Engineering. Lisbon: Laboratorio

Nacional de Engenharia Civil, Portugal, 1986:73—80.

Zeris C, Mahin S A. Analysis of reinforced concrete beam

columns under uniaxial excitation[J ]. Journal of Structural

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Engineering, 1988, 114(4): 804.

Zeris C, Mahin S A. Behavior of reinforced concrete structures
subjected to biaxial excitation [ J |. Journal of Structural
Engineering, 1991, 117(9). 2657.

Taucer F F, Spacone E, Filippou F C. A fiber beam-column
element for seismic response analysis of reinforced concrete
structures[ R]. Berkeley: EERC of University of California,
1991.

Spacone E, Filippou F C, Taucer F F. Fiber beam-column
model for nonlinear analysis of R/C frames. I: formulation[]].
Earthquake Engineering and Structural Dynamic, 1996, 25
(7).711.

Spacone E, Filippou F C, Taucer F F. Fiber beam-column
model for nonlinear analysis of R/C frames. II: application[]].
Earthquake Engineering and Structural Dynamic, 1996,25(7) .
727.

Neuenhofer A, Filippou F C. Evaluation of nonlinear frame
finite-element models[ J]. Journal of Structural Engineering,
1997, 123(7).958.

Coleman J, Spacone E. Localization issues in forced-based
frame elements[ ] |. Journal of Structural Engineering, 2001,
127(11) :1257.

Bazant Z P, Oh B H. Crack band theory for fracture of concrete
[J]. Motorol and Structure, 1983,16:155.

Bazant Z P, Planas J. Fracture and size effect in concrete and
other quasibrittle materials [ M]. Boca Raton: CRC Press,
1988.

Scott M H, Fenves G L. Plastic hinge integration methods for
forced-based beam column elements[ J |. Journal of Structural
Engineering. 2006, 132(2). 244.

TR 2R %ﬁﬁkﬁ$ﬁkﬁﬁﬁﬁﬁ%%%ﬁﬁﬁ
%] TR, 2012,29(5)

HAO Xiaogiang, LI Jie. New integration method for force-
based beam-column element in consideration of damage
distribution[ J]. Engineering Mechanics, 2012,29(5); 19
Tanaka H, Park R. Effect of lateral confining reinforcement on
the ductile of reinforced concrete columns[R]. Christchurch:
Department of Civil Engineering of University of Canterbury,
1990.



