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Rate correlation of the ABAQUS damage parameter in the concrete
damage plasticity model and its realization method
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Abstract: The concrete damage plasticity (CDP) model, as commonly adopted in ABAQUS routine, fails to correlate damage
parameters with strain rate. To accurately describe the damage of concrete under high strain rate, a modified CDP (MCDP)
model considering the rate correlation of damage parameters was developed by defining a new strain rate field variable and
compiling VUSDFLD subroutine. In the MCDP model, the tensile and compressive damage parameters can be obtained by the
energy method, and the main solver can automatically update the damage parameters under different strain rates with the
change of strain rate field variables. Under static load, the results calculated by the MCDP model are in good agreement with
those by the CDP model. The MCDP model was then used to calculate the dynamic compression performance of concrete
under high strain rate, indicating that the tensile and compressive damage parameters of concrete under different strain rates
have a significant influence on its dynamic mechanical properties. The compiled VUSDFLD subroutine and the MCDP model
can solve the problem of the correlation between damage and strain rate, investigate the dynamic response of reinforced
concrete beams accurately, and provide a more reliable technical way in predicting the response and destruction of the concrete
structures under severe dynamic loading such as explosion and impact.
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Fig. 1 Uniaxial stress-strain curves of CDP model

103103-2



5 42 & TR, 5 ABAQUSIREE AR5 28 HEARARY it 43 P81 7 (0 A RE St K S BT 16 101

e b2 RS, TR BE L A4 B I8 BRI IR T ARV T oo J SERE AL IR B0k, B 28 FRRRIEIR s A6 Sk A2 417
AR, TR BE AR IS R B4, BRITE. 78 CDP BRI, HT P g AR IS D A2 T A ik
AR B RS2 R IT RNA &% , ABAQUS 17 I 8l 5% 46y BB AR Y, 1 245 B8 1 1oy A8 801 45 32 s A 5F v B 78
g R IBPER AR & 5 2RI B RNIAR B OE RN

o _ Jc
Eoc = E
0
~in __ el
& = g gl (1
épl _ éin dCO—C
¢ ¢ (1 - dc)EO
o _ Tt
ot —
E,
~ck __ el
Bk = g gl @)
épl - éck _ d10-1
C (-d)E

K o AR T, e MRS, Eo ARG SRR, d R TR0 1, 5, s vE RIS, o RN ),
s HPLIAE, doAREARERAT K T, &gy A AT AL o

FERKE T BRI R IR BE L2548 B4 H I AL AT LA B 10°~10° 510, TR EE L U758 B FNHT I 56 B2 B N
ARFTL 3G . AE CDP BRI, g A JRBE - (9 05 N g AR SR R AR St I, m] L3 e /) s 18 o o A2
B S BRI, S5 A AR IR v 2 TR G i R ) I AR RO o T A A A 2 B B T R D A AR
FRPLIR, To vk SR BE LA AR A0 0 55 AR AR ARG o 5B b, AN [R]AR 3T A BN ) - FL SR8 i 2
Xk AN R B 454752 K, R TE CDP BB B 54752 0 58 73 7% A 405 A9 00 A2 R A AR, A REASCHE fy A
LR IBE - S5 AL LR M KT 2 R B i R 728

2 EEHGEFRAERMER MCDP &2

21 ARINTRTHPRELN S1-METrhZk

CDP # A a3 5 | A B354 4 (dynamic o
increase factors, DIF), BVE&E 1+ 19 2h A 0® B 5 i
AN 1Y LU AR, SR RAEBA ISR B2 1) 5RH O
e I L35 O - R 5 £ B 2 (CEB) B4 ose |/
¥ DIF 55 0728 381 5C AR, 1A ) B AR 30 AN
TR EE T B AR IR 45 GB 50011—2010 B . —
CHESUPURZ B THLAE ) Bt C iy TR - ° "
N7 -R AR M2 (UL 2), FHSh 25 B R e i 25 - for
S HE(E; A (1) F1(2), AT 4051353 CDP A
SRR 3 T/ 1 R S S O N [ RTE = A S B2 Y R - A
1= RS Ay ) & D | X Y I A S = RS 1T R 1A Fig. 2 Uniaxial stress-strain curve of concrete
TN AR 2k

SCHR [12] A TR BE L HUE S I 7 0 T A0

1 E &gy

cho—Cdz (8

Tes éstat
y(@)'" £>30s"!

1.026a
) £, <5305 (3)

103103-3



5 42 & TR, 5 ABAQUSIREE AR5 28 HEARARY it 43 P81 7 (0 A RE St K S BT 16 101

N o WENETURIRIE ; oo NH SRR L 5 S0 RSN R, B 3x107° 575 1gy = 6.1560—0.49,
a@=(5+30u/4)" = (5+90u/0w)! s oo FSLITRIREE T HURRE (MPa), 0y =10 MPaA S E{H .
SCHR [12] SRR BE L P s B KN 70, 195 2500

1.0166
£ < - ) S &30 5!
— Jid — Estat (4)

L N1)3
Ju 17( © ) £>30s7"

Estat

6,

K fu W PURREE; £ R F A DURL R B 7 A N AR e, BUR 3x107° s7'51gn=7.116-2.33,
8 =1/(10+6f.f;"), foo NERAPUESREE (MPa), f, =10 MPa NS % 1K,
22 WmGEETFIHERE

P05 7 B3B8 2 DL SRR [11], RT3
AU SR AR A 20 SR 05 BRI 15, 38 1 Rl o 1 AR L
Wm0 K+ . MHE Najar 9405 BLIS U, R
AE R AEROL B AN n] 3, S TR R AR S T
RN
Wo—W,

W ®)
Kb Wy = Epe?/2 HEHUIRE T IR AERE; W, hy
PR T N AE BB, 7€ Najar B #SH, W,
P MR AR AR, BUE R oe/2, QnE 3 B 52
BN o

1l 3 AT, SR FH AT 2 2 B 405 R A5 00 A2 BB /N T S PR A0 1 R AR R o PRIk, AR AR5 R FH v 40
BUFITERIGW, = [ode = [ f(e)de , AR (5) 75245 A 7
_E 2] f(e)de

E &2
K fle) AR R AR R T (A TRBE = 17 -0 A% il 26 1 5 o
23 mEFREEREXE ABAQUS FEFHHISLI

TE CDP # AU rh, 1 TG VA2 TEIREE 1 10 7 X 1 iy A8 2240 5G4, MCDP A8k | VUSDFLD H J' F- 7%
JP g T RN AR R T AR S5, R T AR R sg Bl =X (1) A (2) T A A [ vy AR S AR Rk
P 7 A8 X IO AS [) F A B O A | R SR AR R A S8, T A CDP AL (0 Sl - B — A AR AR A8
PR AR R 348 i, il 5 ABAQUS FKfif e

™Y

P 3 Najar Ze P45 M AR

Fig. 3 Najar’s linear damage plastic model

d (6)

J¥ %% 8 ) Fortran 2 J3 42 1 ST g o o A8 J Xt ABAQUS/CAE VUSDELD user
N AR R Bl A AR . R R T R T I
OB 78 , W) 320K gy v AR R S 8 I
$4 AW HT . ABAQUS H1 I 1 F- T ¥ IF 4 Geometry CDP model
I 4 9%, 8 VUSDFLD TR HE7 4 ' l |
JUA TSR T . —
N . ABAQUS/Explicit

(1) 7€ CAE B rp ) 4 26 B LAy B 7Y I
FFR o A o _

2) ﬁﬁﬁ/\j{ﬁi’fﬁ , %iﬁ%%@?*INITIAL Visual post-process
CONDITIONS, TYPE=FIELD 1% T F2 % . 4 ABAQUS UK MiFA

(3) & X377 A%, A Fortran iF 5 9% Fig. 4 Flow chart of secondary development of ABAQUS

103103-4



5 42 & TR, 5 ABAQUSIREE AR5 28 HEARARY it 43 P81 7 (0 A RE St K S BT 16 %10

BB it BB . QUESE, 4R R

Ja& M, ‘ VUSDFLD user subroutines
(4) SEBTHOLE, QIR AT, BT i 28 l | l
(5) ﬁugé&]ﬂi’ E@hnﬁﬁ ° VGETVRM subroutines SetField subroutines
(6) GRS VE ML, i A7 B I for S i I I

1%, %ﬁ_‘éﬁ*ﬁ o Equivalent plastic strain of the Equivalent plastic strain of the
(7) 15 VIEW Kt 65 07 00 5 Ak S current 1ncreme|r1tal step &, Jast 1r1creme|r1tal step &4,
Z7% ABAQUS i {3t H ) VUSDFLD 1~ I

e e A% U0, {1 Fortran o 5 9 5 1 22 %6 Ae=le; e

YRy, PRSI 5 Fron . Ed N

BRI VGETVRM 15 21| X §i g i 20 I 4 i A4

iﬂﬁj\ﬁ‘ EI/‘J %Ki?ﬂ‘f’i"}ﬂl”ﬁ Eitn> Iﬁ] Hd‘ ;FIUJH qu Eﬁ:‘%}? |Assignment to field variable|

SetField 743 £1)_t— 3% & 20 T 46 AR i 45 T

IR AR Ei(1-np BH 3 ZE 4, 552 | ABAQUS/Explicit ‘

IR RS 20 D S AR W R @2 K i ) VRGN £1)
. MHH R R,
Ae

= A (7N
o A RS R DI R S T 9 AR, 7E VUSDFLD 112 % Aol i 28 IR E 245 37748 i, il 2 55 b
R A, R VH R RN AR SR (AR S R AR | T 240 AR K 61403 R B A T A BRI

5 VUSDFLD F#/FitFmfr
Fig. 5 Flow chart of the user subroutine VUSDFLD

&

3 MCDP HEFiTig

310 BRTERAEL
R T B UE A S BT £ 57 1) MCDP #E AL, 7E Load

ABAQUS 1 HL—> /45 s 4 AR 43 FR.OT C3D8R

HEAT 4307, AL C30 A5 GIRBE + 7E B 1) 32 K T 1Y

BASPERE, BOE N AR RAEE Y 10°~107 s 4N

& 6 fT7N, Xt IR EE it Y Iy 1) 457 F% 29 R 2k 1, v’ v

FIH ABAQUS/Explicit 3R fift #5 EAT5R i . TR %

S AR A SR B MCDP #55, £ CDP A% A 3L filt C3DS8R element

I A S ROB PR N AR R 13748 = (Field 1), Constraint
SEHLIJ  ES KX LA 0 R T i%//
b X, JB CDP BRI S HURAS, Sk [16] 4 1! 4

T HAABAISHHERRE, % 1 iR,
K TR BE £ il 538 3 A5 MEAELAf 22 MCDP £t

SRR3R T, T T LA e T, o HROLERE

W, VP C30 YR BE 4 S0 B B8 R R A Fig. 6 Finite element model

20.1 MPa FU AT 58 BE AR HEH 2.01 MPa 7351 #1 MCDPEESH
VEREAPEREMPLpisn . RIEaT & Table 1 Parameters of the MCDP model

T3 145 B[R] A2 AT R BE - 1Y s A T T WA S RSRERE AR
RIgRAE, 4 2 Bk, MAROIREE LR, Jp-mds () WBE mEZK i

2 T o I B 5 S B 7~ 8 T . 30 0.1 1.16 0.6667 0.0005

103103-5



B2 TR, 5 ABAQUSIREE AR5 28 HEARARY it 43 P81 7 (0 A RE St K S BT 16 AR

#F2 FRNEETH CI0RELHNTRE

Table 2 Dynamic strengths of C30 concrete under different strain rates
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Fig. 7 Concrete’s dynamic stress-strain curves
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Table 3 Parameters for variational strain-rate cases
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P CDP 0~0.005 100 0.005~0.055 10 >0.055 100
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Fig. 11 Stress-strain curves of case A and case B under uniaxial compression with varying strain rate
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Fig. 12 Predicted dynamic compressive stress-strain curves of case A and case D
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