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Research on damage assessment method of concrete components

based on the material damage
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Abstract: To facilitate engineering applications and quantitatively describe the damage level of concrete
components, referring to the constitutive model of concrete mentioned in Appendix C of the current Chinese standard
“Code for Design of Concrete Structures” GB/T 50010—2010, this paper proposes a damage assessment method for
concrete components based on material damage. That is, the damage level of the component is defined according to
the values of the damage evolution parameter. It is specified that when the damage evolution parameter d_,, is less

than the damage evolution parameter d,,, , corresponding to the peak strain of concrete &, ,, the concrete component
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is in a non—damaged state (Level L1) ; when the damage evolution parameter d,, is greater than the damage
evolution parameter dv(l)u corresponding to the strain of concrete E(Dus the concrete component is in a severely
damaged state (Level L6) ; when the damage evolution parameter d,,, is between the two values, the damage state of
the concrete component (Levels 1.2 to L5) is evaluated by the linear interpolation method. To verify the rationality of
this method, a refined model of 18 beams and 2 columns was established using the ABAQUS software, and
numerical analysis were conducted. The simulation results show a good agreement with the test results. According to
the damage assessment method proposed in this paper, most of the beam components under the peak load and the
column components under the yield load are in a severely damaged state (Level L6). However, when using the
damage assessment method based on the compressive strain of concrete as mentioned in the “Standard for
Performance—Based Seismic Design of Building Structures” T/CECA 20024—2022, most of the components are in a
moderately damaged state (Level L4) , while a minor portion of the components are in a relatively severe damaged
state (Level L5). From a macroscopic perspective , the damage assessment method for concrete components based on

material damage proposed in this paper is more consistent with the actual expectations for evaluating the damage of

concrete components and has a certain reference value.

Key words: concrete components ; damage level ; constitutive model ; damage assessment method ; damage evolu-

tion parameter;numerical analysis
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Fig.l Uniaxial stress—strain curve of concrete!?!
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Tab.1 Damage evolution parameters for uniaxial tension

(10)

corresponding to different concrete strength grades

SREESER f /MPa e, /(x107°) o sle.,  d, d,
C30 2.01 95 1.25 2.51 0.3 0.86
C35 2.20 100 1.53 2.26 0.3 0.85
C40 2.39 104 1.80 2.10 0.3 0.83
C45 2.51 107 1.95 2.02 0.3 0.83
C50 2.64 110 2.19 1.93 0.3 0.82
C55 2.74 112 2.36 1.87 0.31 0.82
C60 2.85 115 2.55 1.82 0.31 0.81
C65 2.93 116 2.69 1.79 0.31 0.81
C70 2.99 118 2.81 1.76 0.32  0.81
C75 3.05 119 291 1.74 0.32 0.8
C80 3.11 120 3.03 1.72 0.32 0.8
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Tab.2 Damage evolution parameters for uniaxial compres-

sion corresponding to different concrete strength grades
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Tab.4 Damage assessment of concrete components based

on material damage (damage evolution parameter)

iR i AR /.. ./MPa QﬂMUq a, e le d d

cu Ze,r c,r cu

POISEY RUEE 2RISR 2R S A

C30 20.1 1472 0.75 2.86 054 0.92
C35 23.4 1531 0.96 2.73 0.51 091
C40 26.8 1589 1.17 249 048 0.90
C45 29.6 1634 1.34 232 046 0.88
C50 32.4 1678 1.50 220 044 0.87
C55 35.5 1727 1.68 209 042 0.86
C60 38.5 1769 1.85 2.03 040 0.85
C65 41.5 1 808 2.02 1.97 037 0.84
C70 44.5 1 844 2.18 1.91 035 0.82
C75 47.4 1 884 2.34 190 033 0.82
C80 50.2 1922 2.49 1.90 031 0.82
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Tab.3 Damage assessment of concrete components based

on material strain/damage'*’!

iRt
L1 L2 L3 L4 L5 L6
ZIEPHEAE R <001 <02 <05 <065 <08 >08

ZHERAE  <0.5e, <l0e  <l5e  <lOe, <lSe, >lSe,

At

Lty

Ll PRt} <d,, <d,,

12 B <0.25d,+0.75d,,  <0.25d, +0.75d,
L3 LR ] <0.50d, +0.50d,,  <0.50d, +0.50d,
L4 A <0.75d,,+0.25d,,  <0.75d,+0.75d,
L5 e E A A <d, <d,

L6 JEE A >d, >d
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Tab.5 Damage level corresponding to tensile damage

evolution parameter

LR

S BE ARG
LI L2 L3 14 L5 L6

C30 <0.30 <0.44 <0.58 <0.72 <0.86 >0.86
C35 <0.30 <0.44 <0.58 <0.71 <0.85 >0.85
C40 <0.30 <0.43 <0.57 <0.70 <0.83 >0.83
C45 <0.30 <0.43 <0.57 <0.70 <0.83 >0.83
C50 <0.30 <0.43 <0.56 <0.69 <0.82 >0.82
C55 <0.31 <0.44 <0.57 <0.69 <0.82 >0.82
C60 <0.31 <0.44 <0.56 <0.69 <0.81 >0.81
C65 <0.31 <0.44 <0.56 <0.69 <0.81 >0.81
C70 <0.32 <0.44 <0.57 <0.69 <0.81 >0.81
C75 <0.32 <0.44 <0.56 <0.68 <0.80 >0.80
C80 <0.32 <0.44 <0.56 <0.68 <0.80 >0.80
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Tab.6 Damage level corresponding to compressive damage

evolution parameter

i i il

L2 L3 L4 L5 L6

C30 <0.54 <0.64 <073 <0.83 <092  >0.92
C35 <0.51 <0.61 <0.71 <0.81 <091 >0.91
C40 <0.48 <0.59 <0.69 <0.80 <0.90 >0.90
C45 <046  <0.57 <0.67 <0.78 <0.88 >0.88
C50 <044 <055 <0.66 <0.76  <0.87 >0.87
C55 <042 <053 <0.64  <0.75 <0.86  >0.86
C60 <040 <051 <0.63 <0.74  <0.85 >0.85
C65 <0.37 <0.49 <0.61 <0.72 <0.84 >0.84
C70 <0.35 <0.47 <0.59 <0.70  <0.82  >0.82
C75 <0.33 <0.45 <0.58 <0.70 <0.82  >0.82
C80 <0.31 <0.44  <0.57 <0.69 <0.82  >0.82
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MR, TS T MR PERERY 225055 RS BS-Al 2415386  307x561 3660 150 3227210
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PO (AR BE 3510 S B0 AR QR PR ) B K 45 1 BS-BI  248/3.99  231x556 3660 2.0 32.2/190
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F D IUE I 55 2% 3CHk [ 34 1, BRI B S R0 E 1 BS-C2  23.8/3.93  152x559 4570 3.04 3227210
S WIRE B R T D 5 R A0 3 AL B 8 d I B e 0 BS-C3  35.13.86  155x554 6400 301  32.2210
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K(12):
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R IR AR SCHR I T AR A (A TR 1 44 45 VS-C3  4353.13  152x552 6400 286  25.7/168
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Fig.2 Comparison of mid—span load—displacement curves between simulation and test
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Tab.8 Comparison of test and simulation results of beams

R8 FiB SIS HERITLE

i PYUKN PN PP AYmm  A/mm  AYA'
BS-Al 467 467 1.00 14.2 135 0.95
BS-A2 489 480 0.98 22.9 20.5 0.90
BS-A3 467 423 0.91 35.8 35.5 0.99
BS-B1 445 418 0.94 13.7 130 095
BS-B2 400 364 0.91 20.8 19.8 0.95
BS-B3 356 344 0.97 35.3 37.0 1.05
BS-C1 311 304 0.98 17.8 16.2 0.91
BS-C2 325 311 0.96 20.1 19.4 0.97
BS-C3 269 242 0.90 36.8 38.2 1.04
VS-Al 459 458 1.00 18.8 17.6 0.94
VS-A2 439 434 0.99 29.1 22.7 0.78
VS-A3 420 433 1.03 51.0 41.1 0.81
VS-B1 434 422 0.97 22.0 17.5 0.80
VS-B2 365 330 0.90 31.6 24.8 0.78
VS-B3 342 341 1.00 59.6 42.6 0.71
VS-Cl 282 282 1.00 21.0 17.2 0.82
VS-C2 290 293 1.01 25.7 21.8 0.85
VS-C3 265 252 0.95 443 44.7 1.01
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+3.132e-01
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+1.566e-01
+7.830e-02
+0.000e-00
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Fig.3 Schematic of the concrete damage of beam component BS—A 1
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Tab.10 Basic information of the test columns
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Fig.5 Comparison of skeleton curves between simulation and test
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