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An isotropic damage model based on fracture mechanics
for concrete and its evaluation
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This paper proposes a new isotropic damage model for quasi-brittle materials and demonstrates its per-
formance in crack propagation analysis for concrete. The suggested damage model is based on fracture
mechanics for concrete, and is therefore capable of simulating the quasi-brittle fracture behavior with the
fracture energy. We first formulate the damage model in 1-D problem by borrowing the ideas of traction-
separation law based on the fracture energy of concrete. And then the damage model is extended to 2-D or
3-D problems by introducing the modified von-Mises equivalent strain. The fundamental characteristics of
the suggested damage model are examined in chapter 3. We evaluate the energy balance in 3-point bend test
specimen with a single-edge notch, and verify the mesh objectivity of finite element solution with the damage
model. Finally, a benchmark test characterized by mixed-mode fracture, which is called Nooru-Mohamed
Test, is performed to demonstrate the capability of the suggested damage model.
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Fig. 1 Contour plot of modified von-Mises equivalent strain
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Fig. 2 Uniaxial tensile fracture problem
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Fig. 3 Load versus displacement in uniaxial problem
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Displacement: 0.05 mm
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Fig. 6 Tensile fracture problem of differently-sized plate with a

circular hole

k15,

o L — 202 BALR & bEi U 7o SR % Fig. 7 (k3. ftlb i
EAFM I CBLZ AT oIS, BN 2T VvE
STRLEZANTOOTHTHSD. £7, TTAHERFLT
TAy Y atf AOHRMNEDH Model H2 & H3 Ot % Lt
5 L, MEOHKFITIEE - HLTRBY, BEET L
DIEIENTIZ A > ¥ a A RIUEF L7 N R g0D. —
7, BFAAENER D HI & H2 (£7213 H3) OfEHR%z
By DL, T AHENRKEVH2 (F721X H3) otk
BIZRAER L 7o THs Y, HEMEMER B Ok ) 6B O R T
BHDHETNAHEKRTE LEIRER S LTV 5.

Fig. 8 1%, £ETNMIBITH2HEOERELRLIEFHERTH
%. Model H2 & H3 OfEF % it 5 &, BEEFTCEED
HERIZIE, Ay vatd A XX ENTEAER LR,
PEXY, g F -2 L= m NV F— I EEBE LT
ZLIThY, MEET ML DTRERIL, BT A NERE
NI TE, Ay yaV A XTI ELZ T RN &35
5.

34 EATE— FHE (Nooru-Mohamed Test)

(1) Nooru-Mohamed Test KL CTIRET 2HEEGE
TV E W OO B EIT FIE A IR AT — NHEEO ERR
WE L, FEBRFEROEBIMEICOWTHGEET 5. xHRe+25%E
B2l¥, Nooru-Mohamed® #3{7-72, F— FI1 L E—FILIZ
FS+ 55 AR Z 5 2 5 TV Z UVERADIRA T —
RIFEERTH D, T OEBRFERIL, EMEIER B O EARAT

Load / Area (MPa)

0.0004

0 0.0002
Displacement / length
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Fig. 10 Finite element mesh for Nooru-Mohamed problem
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