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A method of dynamic fracture analysis for quasi-brittle materials by means of cohesive crack model
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With a view to the development of a new dynamic fracture analysis method, the cohesive crack model
is incorporated into an explicit dynamic finite element method to evaluate dynamic fracture behavior in
quasi-brittle materials. In order to evaluate the softening behavior of fracture process zone, we employ a
cohesive spring approximation for implementing the cohesive crack model. After briefly summarizing the
formulation and the solution algorithm in the present method, in which discrete crack model is used for
representing evolving cracks, we examine the mesh-size dependency and the size-effect for quasi-brittle
structures subjected to dynamic loading. Finally, a numerical simulation of the dynamic failure of a brick
structure is performed to demonstrate the validity and applicability of the present approach.
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-1 Cohesive crack €5 /V
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After fracture
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Force velocity: 0.01 mm/sec

Young's modulus 10000 MPa
Poisson's ratio 0.20
Density 2500 kg/m3
Tensile strength 1.0 MPa
Fracture energy 0.003 N/mm

E-6 ZERRBROET L

: Static analysis (reference)
-~ -~ 1 Dynamic analysis without cohesive crack model
@ : Dynamic analysis with cohesive crack model

T T

Load / Area (MPa)
=)
T
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—— : Cohesive crack model
- : Dynamic analysis without cohesive crack model
: Dynamic analysis with cohesive crack model
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Relative displacement (mm)
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Force velocity: 0.0005 m/sec

Young's modulus 10000 MPa
Poisson's ratio 0.2
g Density 2200 kg/m?3
Tensile strength 1.0 MPa
Fracture energy 0.075 N/mm

,&;

Casév 2-a Case 2-b Case 2—c
136 nodes 306 nodes 470 nodes
212 elements 508 elements 816 elements

B-9 ERYV A AORLDAARDEROET IV
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- o6 N | : Case 2-b
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X 51z, Cohesive crack €7 /Vv&—FEDFNVT LIET
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%. F3°, Cohesive crack &7 /L% V72 W B RO EEAR
HrCid, BREEH ORI kAN, BRISHT7 Y —
DARBEEEAR SN D DT, BHEZIIREICEKRTN
PIETTHBERLERSTWD, ZHIIHK LT, Cohesive
crack &7 /L& AW AR FIEIZ X 2 BIWRRERARAT O
R, BEURSEEACMBRBIEOLN TR, BEMR
<3 % Cohesive crack EF/LZFD L DDREE—FKL
TFRRLERSoTWVS.

32 BIMBIRICHT 2ERY A XIKFENE (REEH 2)

EOHERIRNT 21T O BIX, BRI A JRGEE (X
Sa NEURTEME) RENETAMSERH D). ZZ T
Cohesive crack &5 /L& AW - BIRREMAAT IO 5 B
FH A RO FEIZOWTRETT 5.

0.0
(MPa)

ase€ 2—C

H-11 A v > aBEORLDET VKT IERK L von-
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1) BIETNREEH

ERV A AR EZRET A6, B9 RT X
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FRIKIRT@EY & L, TV ERESEE T o8k
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F7, B —RACB T EERMNE TORS (Kl
71) ORFZIEERE (frE— LK) 2E-10 (2R
B — ZADBLABIGEL, C—I7ETETRERSD
HTHY, KRR M —7 O bEEFTITEAE—KL
TW5. Thbb, AREFRELVUCKTHA v ik
EHOEEIIHHIHLOD, DOENERIIKT A A Y
¥ RIFHII BT DISEIZB TR LA YR HBNT,
AER ST CHESE L 72 Cohesive crack €5 /L % W - BhH)
WEEARATIX, BRI A JEGFHELEERETHD Z L
Bnbd.

wIZ, B 0.18 sec 1281} B Case 2—a & Case 2— D
BRI L O von-Mises 8% 5 153H 2 B-11 1277
CORRERTHLOND X DI, KFEFFIEL, Ay
T aRBOMEIC»»DL LT, [ZERFDOTY I 2 b—
aliERELEZ DB LENSDD.

3.3 BMBIRICHT STEMRE (BRIEH 3)

ar 7 ) — MEOHERMEMENT, #BEMORE X F
) 12k - THRESPHMMENRERD Lo Tz, Wb
HTENRORBRNPMONTND, = Z Tk, Xk
SCCHESZE L 7= Cohesive crack &7 /L% V- B ARk
FRMTIZ RS A ~TENROFRMEICOVWTERT S,
1) MRITREBIEH

SHERN R OB B M 2R BT 8L, AT FIRE
CEBOMILRbERET S, EL, ETLDOKE
X3, B-1212"T X5, MAEMcEeEg 3%
A—UHEREL, TRCA—DOHRERA v 2% b
25, Tihbb, BHMIZETLVOKRE EOBBRERD
HREZETNEMIMRETD. MET A —21Z
R RT@Y & L, BRAFHITETNVORE LS
L, EBmiZO$HEE 0.0005 /sec 5% 5.
2) MBIHEREER

F9, 7V LR TORIT ORE S ORZI RIS
KEFE-13 1R T. 7T 7 ORENT, RNTOERES
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L .
Case 3—a Case 3-b Case 3—c
Young's modulus 10000 MPa
Poisson's ratio 0.20
Density 2200 kg/m?
Tensile strength 1.0 MPa
Fracture energy 0.075 N/mm

E-12 TEHROBROIZDDORE SORRLIET IV

T T T T T T

& ——:Case3-a
05 F LS wwwnwn : Case 3-b i
L o | —-—-—:Case3— § 1

Load / Area (MPa)

duirenni
il |5§i3.' 3]{?%{ 5%

-

1

B-13 K& XDOBRRDETMIHT BHTE B EMRD

WCRDEIBFETADTIETHRLTWS., BITERY
RTHmM2 LD, EEMMEIORFETHERE - &)
HOTEDRMNFRINLTWS. 2k, KEHFICE
VT, Cohesive crack EF /LR EEICHEREL TWB T L
EFEWHRLTWS. T, BT ANRKE W& Matka L i
5128, EVWEZNIT Cohesive crack & /L DEEE M
55 725728, BEEORAIHED MBIKICL->THHE
FBEINEZ - TWD. ZDZE25Y, Cohesive crack
T NE AW ARGRIUTE T 5 BIRRRERRNT D 224 M
BRTHENS.

H-14 1%, BFEZ10.18 sec D & & D Case 3-a & Case 3—
CODERELEIENDOHHERLTWVWS., SHED/HNE WD
Case 3—a IZE¥IMETH B 72, Case3— LV HOVE|
NOFEMPEL IeoTHEY, ZOENLLAT VI
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ase 3—a (1 m) Case 3—c (4 m)

H-14 K& SRR DETNMIIT HEFKX & von-Mises 8
LISHHAOLE (£ x1200)

Constant velocity: 0.005 m/sec
or
Impact velocity: 5 m/sec

v 3y

Young's modulus 5000 MPa
Poisson's ratio 0.07
Density 1800 kg/m?
Tensile strength 0.1 MPa
Fracture energy 0.04 N/mm

B-15 v FiEE&EIoxt3 2 BROBE ORI E T L
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B&IZ, UV HEBEICRT 3 BhROREE O BE AT 5
L, AEmICTHE LT Cohesive crack E5 /L% A
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Time step: 100000 /500000

Time step: 200000 /500000

Time step: 400000 /500000

(a) Results of dynamic fracture simulation without cohesive crack model in case of constant velocity

Time step: 100000 /500000

Time step: 200000 /500000

Time step: 400000 /500000

(b) Results of dynamic fracture simulation with cohesive crack model in case of constant velocity

Time step: 2000 /10000

Time step: 4000 /10000

Time step: 8000 /10000

(d) Results of dynamic fracture simulation with cohesive crack model in case of impact velocity
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