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Nonlinear Analysis of Concrete Using K&C Model
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ABSTRACT

This paper develops a relatively comprehensive and sophisticated constitutive model of concrete for finite
element analysis of concrete structures. The present model accounts for the hydrostatic pressure sensitivity
and Lode angle dependence behavior of concrete, not only in its strength criterion, but also in its hardening
characteristics. The implementation is carried out through incorporating the developed concrete model in
User Subroutine Material(UMAT) of the general-purpose FE program ABAQUS(v58). It is found that the
model can sufficiently predict the hardening as well as the softening behaviour of concrete under high
confining pressure.
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2. Concrete Material Model
2.1. Deviatoric Response
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Fig. 1 Nonuniform Hardening Plasticity Model Fig. 2 Construction of Yield Surface
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Residual Surface

3% &8 oMY residual surfaced]l WE AFE AWHOE AY o]FRA YUth.  Failure
surface® A} softening®] BT FHIYEE ¢ o4 AR AHdA R} Malvare 23
EC residual surface, 4o, & Eq (4¢h 2ol 48, 9 5z QO

- b
do, p— 4)

Stress limits ©

F3ES 22 brittle material®] $H-WFE JIHL HMY¥9YH hardening 99 X  softening
99 T 3992 v= F Atk AR wHeR b, p (p=-1/30;8,, & ;=kronecker delt
a) 9 deviatoric stress(S ;)9 <  loading surface, 4o (do=V3J,, J,=second invariant of
deviatoric stress)®] FHL Fig. 2914 BXRo] 4¥Y9E& uYehle initial surface (do,) 9 hardening
49& uUehll= falure surface( do,,) 28] softening ¥9S UEMIE residual surface(do,) 5 33
o  suface2 FHED. HFE e ASE Fg 2 o JER vl o] AN AFEe] 4o,
o =298 wd7tx AYgeld wolA HY, g, HAUY Lo, =2¥ wW7A hardening AFES
vehdck. ol fARBH o, =8 Foe do,E HolAA Ho| softening AFST ERd
. |
APYYe 293 ZAYEY Lo effective plastic strain (d e”=V2/3de’de’) o T4 19
gl wet Eq Gt Eq (6) &2 Uit

do

W 4o, — de,) + do, for hardening(A < 4,,) (5)

do W do,, — do,) + do, for softening (A > A,,) (6)

A7) g AYIYAN =0, HUSHAN =1 2T AFEHIN »=0< UeE 2
o 52 FEIL. Av d 9 ¥4EAM Eq O # 2. z8lm A,E  failure surfaced] &
gAY A e ougith

¢ de®
— Y / 1 7
e N TR @

o7} f,= tensile strength, b,= material constantS e}

2.2. Jacobian Matrix
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3. Modeling
Mo AM® 2dgle wsAlY7] (Universal Test Machine, UTM) & o83t A¥ Ay FFAUE 4

28 FAAY QYPAT triadal celle o]§F standard triaxial teste] YU nANAT.  Fig
3e] Ued el gol WAAS olfstdd (38 82 ¥FY FTAAY 128 2dIHn FA

412 FERHH/LETE2



A Astdel rgid body sell 845 o]&3ld slEWE BARIEG.  JHE#EE o]4F dFEHe Wy
2 HA FAAY el FYF ol obd FUST Wyt wAEl FAAY AdEelN ¥
o tEA HAgdte AL TG Ao U sYus FaE FAAE ABAQUSIHM Adske
contactd ©o|&3lo] wldd] o] vEP Asm MYl I dFo] AHLI}E=E YT EH,
softening®] wAoz <ls] FFo]l 74T u o FHAPE TWHAII] f8ld AP g
reference pointel HHE Jihe WA Wz AT sidATI= P9 reference point®]
ghein FAlA] GHEE ofdld §EHE FIn FAAY FERAAMY HIEL o8I Y-
HE HA=E Jehidich

Fig. 3 Modeling of Concrete Specimen Fig. 4 S22 Contour
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Fig. 6 Comparison with standard
) ) ) . ) Triaxial Data
Fig. 5 Comparison with uniaxial test data from the literature {under highaconfinement)

4. sia 2
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Fig. 6& US. Army Engineers Waterways Experiment Station(WES)SlAq AA1d 4 3% 3 A
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HE9 E=35.0GPa, v=0.18, f.=45.5MPa, f,=4.55MPz°l®], Z7] &9, »¥ ZZ4 0.0, 20.0,
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5. Conclusion
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