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Effects of coarse aggregate of different size grades on the
strain localization of mass concrete
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Abstract; In order to reveal the effects of coarse aggregate of different size grades on the strain localiza-
tion of mass concrete, we established a mesoscopic finite element model to simulate the damage and frac-
ture of fully-graded aggregate mass concrete under the conditions of different mesoscopic material struc-
tures, so as to analyze the evolution process and distribution characteristics of the region of strain localiza-
tion. In the simulation, the effects of coarse aggregate of different size grades on the strain localization
were respectively brought to light by changing the coarse aggregate distribution of one individual size
grade while keeping that of the other size grades unchanged. Numerical results show that most of the
strain localization appear in the interfacial transition zone between the large coarse aggregates and the
mortar, and the main distribution characteristics of the strain localization region is mainly controlled by
the extra-large coarse aggregate. Moreover, the large and medium aggregates play important roles in the
evolution process of the strain localization region directly or indirectly, whereas the small coarse aggregate
has little effect. The research findings can provide a preliminary basis for reducing the simulation difficul-
ties and computational demand by simplifying the mesostructure of mass concrete.

Key words; mass concrete; strain localization; concrete damage; mesostructure; coarse aggregate;

effect; finite element

Y Fa H #9:2021-08-08; &6 HH#H:2022-01-11
E£WH : BRAKEFEAT H (51979092.,51739006 ,U1765204 ) ; V1754 K FIBHZ I H (2020024 )
1’E%‘us—u N2 (1998 -), B, smEHA, Wﬂﬂ%:tt FFENFK TIREE B E AT 5T
WIS . %m(1981—) B R, i, B, B4R, E2NSHK TIREE RS 256 2 ROE 50 i
WE I,



170 P S QSRS S N o 14

2022 4

1 sl s

TR BE T 2 LAY 0% Y PR AR, 7545 4 T 24 B0 Bt
S F A R AR R A 2 LR 7 R AR i 4
R EAE RS, B A N S K, N ) 38
Ao TEANWLRUE |, — R TR BE A0 i oKLk
(KRR T 5 mm) (G5 LI K P 3 22 (8] () 1T i
[X (interfacial transition zone, ITZ) #H 1 =HHE &
FEREET . E T REAIL A A 1 T 3 A A R
AANFE RS TR CHBCN S =, FEOREE T 1 H
SCANNE(RERL) M o A 2 TR R T 2R
A BJE T 2 RIEBG, & MR LOR Wi A4 3
J& MERAELE SRS AR By, B
AT/ IN , AR S A T AR b T R R X, O S EUR
WSS 7= 3 — 1 R R O I A8 SR e g A
JryERARIX S8 43 A R E -5 TR - i A WL 25 A8 2 DT AR
K I EE A TR BE 0 2 W IR e 5 T 2 B
L R, AR AR L B SR AL IR U - 8 A
FFZLIT R PR BEE - 20 U0 435 ) AR 481 75 3k 3] — 2 1)
Ko,

TELIREE T IR AR TR BE - 2544 b, 3
HRH = A o R B (/A
KA R A SR RRR S+ 5 IR
AR, FOHU R RDRAR R, AR & R . A
VU2 BETR BE a5 R E BRI 4350 2 80 (150 mm , A
BUAT SR IL 60% ~70% |, v @ R EE R H R
R 40 mm M BHAR S 2 — ol 40% ~
50% o LA, Al i Gu it a8 Sk B BR, KRR B
- AREE A T 38 B A fe/ N RS IR B KT
WIREE T, R R I SBCT RN LA FROT R
PR BB Ty 12 T e KB BHER BE 1 AW 53 B I 3153
P Bl AR RN bR A £ R
SYMTZ BT AR R R G — s e
AW EAR AL P AR AL B i AR 22 /IR A KL B R
BORE BHEBE T AT 5 A K E 2R K 2
— L1V TR, — b AR R ) T A i
AR B RHEBE 1 A A WLA5AE , B AR 0/ R KL B R
SERURPIR AR By EARA R RHR B
PR T, BT R AR S A AT I A5 0 22 )
PR DX I8 ) T2 53 A R R Ny 55 A AUL i A R B R A
Fi—80, A, A LERR RN RGO B RE B R
TRBE T2 SR A VR HIEORE , o & BRIRT AL B
TRBE A0 AS IR 2%

R — RGO R E R B RHE BE 1 8 R

AL R A VE HIEONE , 75 X FEAE IR SR B R AN [
A 25 F T CHAURE SR A DR 15 AN ) 01728 SR
P DI o A A o S AR, SR T B
BofELASE B o I3 —T5 i, AR MUEIR BE L7 B A
TRBE AR AR R Z R AR
1 AR UL A O T ERFEAS RGO B B E R
TR BE AR JRy B AR R A FHARRN, A AR S RIE . A SCIA
VUL BE B RHRBE O IF ST x4, 1 Yol ad i ar H
A AN TR AL 1) A0 AT BROTASE TR AP A 475 0T
SUIRE, AT AL A2 438 22 % W 2 7w A
S0 AT R AT AL MUY 5 £ LA L i 1 B LR
S 2 W25 v e — R GROREL B s A (EL R R Aok 25
HUB B AT A AZ R I35, S — R I TR
RLZR R R R Joy B A e P A AR B4 A A
BROCASEIY , 73 S| T F AR L )45 £ T 2245 R, A
PRI DU IR B R BE 28 JRy B A P AN R R O
R FE RN

2 KA RHEEE -ADUA R TE

2.1 ZHWMEEHIIEIL

FeT e iUBE LA RS JEAT B RHROI ) BEAILIR
fik B T R LSS A B LA AR AE Au-
toGMC., MRIE 45 72 A TR B5E - 20 X235 4 42 1l = 80 CRL
BRI B i S OE AR R RBCAE) T A
BIEAT R ARBH X 8N 58 1 B 58 22 30 5 4
SREEAGRIBEALAE B 7381, B TIREE - UL 45 A
JoT b2 =R, SO A TR B A A T 2 25 A
AR D, TR TR E 1 R R G i 5 O A — 4k
R — Y, A SR Walraven 2430 S X — 4%
B, 40 R
P.(D < D,) = P,[1.065(D,/D,,)"" -

0.053(D,/D,,)* -0.012(D,/D,,)° -

0.0045(D,/D,.)* -0.0025(D,/D, . )"] (1)
KPP (D < Dy) h L AR D <
D, (HEZ; D g kbR #E, mm; Dy £l H AR,
mm; D N KE BRI, mm; P, =4 E R
FEHLE RS 4Bk PR B i, % o

B g5 T =45 BHAR & i R 75% 19 454
TR AT EBHEAR B KB e - 4045 4 A=
IS
2.2 ARTMEHS

XA AS R HEA T RS ) o3 L ST A R OT
1AL, F) H ABAQUS i &b B AR e, 38 if MATLAB I
Python JE& g% g il 1R EE T 4000 A FROTM A% A 30



53 Wl

B T ORATRHERSRE LA ) AR AN IR AL ek £ 2800 171

FIARERE . BRI, 1 e TR X A 45 i
JUAIE B, M ABAQUS 245 (45 HUM ™ | | 3
JR AT ABAQUS Hif b BEAE AT B4 Python 1A ; 75
LR -, 4 MATLAB 3 F ABAQUS Ry &b B A6 b
A Sh S8 AL, S R RO T AR RS 143 5
A, SRR R SRS 2 ] B SR o X, 3
ACER TR T A e 1 ekt B, AR 2T S b
JLZ Al A BAT — 5 SRR (BUCR 100 pm) 1) B
PEE X (1TZ,) 57T , T AR 24 1) = AR W04 , 1] 2
FiR. R BB se T8 | Rt mf

LTSI S -
~

(b) =AM #
2 BRTEAmTERSBTAER

OET L

2.3 @EYNFEE

I TR EE T8 T2 — Mo A ITZ A A 5 1)
U I TR S S P e R 67 N S s
AR SCHG B BRI Ry 2 B A ) 5 SR T 9 P 45 A A Y
(concrete damaged plasticity, CDP %) (260 W Sy b
K5 ITZ ARG R RS (R0 35 ) AR et D) 2447
1 CDP AR A7 — R A S R AN

o=(1-d)D:(e-¢" (2)
H o Oy Cauchy JJyikEE; d i & D' ol
PItG sk L e AR TR & IR AR K B,
H B (de™) Rk .

de” = A M (3)

Jo

Arpd IR T G(o) LA ht o
(0 = 7)) B REBYER oA, 0 s

G(a) = /(wogtan ¢)” +3J, +;—1tan¢ (4)

K w MR, FH T A 58 1 5 ok B3 ) LT 3l

LEIBIT R, — T Bk 0. 15 o b BB Hr s

FE,MPa; o RRZRKA, (°) ;5 J, A R0 J7 5K 5 i o

BI5E 2 AR 1 AR Sk S 1 AZE
CDP YR FH U~ 12 2 J IR pRi %

F(a,e") = ——( /3], +al, +BGEM G, > -

1l -«
Vg ,m>) — 0. (&) (5)

BROCIMAS o3, DLIET 3

D=4ERBEE Q@ =4KLARBEH
QO UEZERBER @ NERLAREH

Bl XERIEREVEEERLE (AL mm)

“‘A‘A‘

(b) B M ¥
3 HIRTEB M T 5 L5

(a) B1EM &

e & = [&0 &) & B Al e S R
VRIS, EART” FoREEE; o, WIRKRA TN S
(PA$Z 4 1E) ,MPa; o, (&) b B A 2505 B g,
MPa, FC i (B 1 45 25 OB PR 8 1) 2 AR T 24 5 o
Hly R TR RS R, X T8 IR EE L, 7351 Al H

0. 12 #13.0; <+> 2 Macaulay 55 ,<{x) = %(lxl +

x) 5 B(&") WA RIAX AT .
o (E)

PED = @)
Kb o, (7)) NPBA RN J7, MPa, Ho {H Bl
it S5O AR () AR AT A2 Ak

SIARLAR R0 K 1 d, d, 5350 FAEF7 A
FE4a 003 T2 W BE R AL, e 0 0 B R R 45
SRR IO A ) AR Ak T AR Ak i — 25 2 R T IR )
JE PRI BEMR S 3500, BIAT 25 M 2 2 TIRAE TN d 5
d,d, Z AR

d=1-(1-sd)(1-s4d,) (7)
A s, s, BYBUES R PIR A | ot A2 i i
s, =0,s, = 1,8d =d,; sz %t ,s, =0,s, =1,
id =d,.

3 K RHREE 1AL R # 5

IR B R BE A5 T 2 e A 5 4
P3RBT SCER 2 99 I i

(1-a) -1 +a) (6)



172 KPR 5K TR

2022 4

58 T AW S5 48 B AL B AutoGMC FT 21 AT B
TS B3 Tk, AR T 3 AN BAT S [ 40 WA
F4) B DU 2 i R kR BE - AR FROCEE 1 A B
FC,IF53 T T AH R 25 44T 118 B Al 43 o by 545
R, = 4e i BHMARR & O 75. 00% , A 0 Y
YR ORMA R S = A 59. 87% , B R HE R K
AR A A = 0.28:0.28:0.20:0. 24, 4100
MBS EOLER 1, BE o ry 4n 25+ ( LU A
) RST RO aR 5 DL 45 35 T E0E i e 4
A B 2B A4 ) — AR T ZE UL S

Kl 6(a) ~6(d) g5 TiF A th g RbIR A LRI T
PEXAEA RN TPIRAST X e T 5 sl ~ V)

PRI AL 734, 1] 6(e) ~6(h) AL A A 113 73
A CHETIEE, B sk TRZ I AI0) . K7
g TSRS B A C AR RbIR A RS X
PR AR 34 B AR AR 30 o

2.5
- 2.0
: Sis
R
g 5 1.0
ﬂE 0.5
0
B4 MRE KBRS T AT EER (AL mm) 5

8.4x10°

R2ZE 0

9,

A Q) 0
AP0l
I -y e,
vidlewy W:T

F1 KEBEZLTHENHNSE
4 gk IR WPERE (AP IBEPURE WEEE
B /o) T R/ GPa M/ MPa 3RME/ MPa (N -m-')
=gl 0.20  50.00
wE¢ 35.00  0.20 25.00 3.00 30.00 340
ITZ 3500 0.20 18.75 2.25 22.50 255
I I
il
v
1 2 3 4
MAE/107

ETHEREHXERER T AN EUR S - MEh 2k

2\ T \
e SUR YK

(f) frfdifs (R I)

() Bty (RB1)

E6

XM 6 AT, RN B, AR R AW LE |
WAERB T —%E R A AR 291 (HAE 2 RUE
b AT R S0 (B 6 (a) ) 5 £ 65 ik
B, B AR R A RL ORI R S R0 I Z [ (4 1TZ 4k
WL T BN LR B AE R e B (6 (b)) , B

() Tefpfits CRZARID) (h) P CRELV)

RER AR TH R R T SRR HR5 57 (L A)

AN AR HY I, AR Jrg Ak DX S s T 3 1
FIE BT 2 A B AL Jr AL X B (1 6 (e ) ), T
AN 18— AP0 DR AT 72 g v Al DX S Ay g oz 7
R — I (& 6 (d) ) o A5 453 77 i
KFE,WE 6 (e) ~6(h) FrR, TEUgHT B, fE 11 F A



53 Wl

B T ORATRHERSRE LA ) AR AN IR AL ek £ 2800

173

E B OR B 0A0 RRAE Y SZ 40 BT (22 1TZ
FAIG) 3% S B AR 3 A R — B 7R I 5 B
PBE, IO 728 Jay A DX A6 15 A AN W i vy , Tl
A DX I bR A 0 R 5 AN A, PR B T 2 40 3
55 AR R FRA A B AR A

HIIE 6.7 ATLIE H, i Tilfh A B.C BA AR
HIRESH , BOHAEZ o R b, 0T R AN R A
Ji& , B A SR AL XS A A7 A W e 22 55 (0 5 — T
T, X5 T AR A AN A, AR R ) =2 A AR
KA AR CHSR R A RGO RS 0 SR ] ) S
TP DAL, IR AT RHRBE 113 28 R AR X Ik ) 73 A1
ERZ B LR RATA R IR LB BRI N Y
FEARFIALE MR, R AR AR AR R R
A I R R AR X sl SR

4 ASIREHLE R 11 B0
fE LRBFSIT L, RSB HT N o

(a) DI R RHB (b) i 345 A 4B

A FIRATREGOHL B A 72 Jey Ak HP A TR
PUAE A S0, 72 HARULES A (T FRIEEEHY ) (Y LA
bl BEAL AR b A — RGO R A (B AR
AILE ) (PR A 3 A0 G B A AN A2 9 5
V5 TR 3 TS [ 8T A0 WL A8 1T Jé 5 I 45 F AR
[ 2T ) B b fe A SR AL

K8 Zath T HA AR MR SO R o A 1Y 3
B AE AL 25 T AL AR S AR o3 A SO N F7 = i
ARMMAS H o T LLIE] 8 (a) SI&T 6 (d) AT LA BE, 75
AR NTREGRLE A AR JRy AL X 7
A A AR L A AR ], BN KL ROk B R 53 A1 114
AT R AL 7 S A DX o A B9 AL, 3K
VE/INRLOHL B R I AE SRy AL Fh B8 4 FHAR /DN
HIPE 8 (b) AT LAFE Y, JCiE e WAy Bod R AL Be, 61
8BRS TE N IR R /RO R 25 T Y
WL ST = WA i eI AR H 4, X 5L AR SR
AL DX A A A R R B GW 5

Hrfd 0 0.99
#4; I
K ol Wy 3 B
(\%['M\\O’/’\U[) 3 R/ H "\{1[ \%;
v ) 5 AR
IINES A IS
¢ W conl el i
[ REEN e
\‘ « o Y Be
< TR B[ »
\ ¢ oy 0D
y / W( iy e S0
(1) ),\(" )%ZU
4 ’/} T\/\ @
5 0 % %
Y >L1§ £ ”\ 1
A ol \\ G
LN WO o ]
?U = Ol R, e iy ‘-‘éx N
J v BRI LY w g
DERP LRSS i

() DM RAC

(@ Prff Btk prC

7 RHRESR GG S H (X4 B.C)

»Y X R
“:.“ 0 4 l.‘ L1

‘q’l v ;.‘:
(A

3

oread L
: i 2 K
cws 04

va®

B &M
(a) rfd N 28 4y A

B8 3FMARNEREABRSHTHRMNESHREEMUNESN - L3It

P9 S A AN A R GO BB o3 A 14 3 o
LR AT LA AR oA S H R g — oz 728
SXfte. mE 9(a) al LUE H, ok O B e A
B S 5 IR AR T A O AR R A DX 3 A
KM T AR BE AR, I PN T 523 h AR
FLAEREHS DI ] 5 o 9 X B2 ST 5

e Ll

"’ﬁ
YA

& 3".0 -
B 4
o}

3 4

1

2
REAE/10°*
(b) %W R F3- 8 28 fth 28 % E

I A SRR X R (18] 9 (a) Bt 1) 348 T A1 ki gk
R LA (14728 A i T 32308 2o Xk 240 0L, 7 107 A2 AR 25
AR MR AR OB AR 1Ak i Ak g 7 728 Jay s A X S
G4 (B9 (a) B4t i) , WA rf £ ZORL B A L
AR Jea S A DX IO B e A 3 A W S A T ASOE
NN S A RS W PR o S N U B AT 4



174 KI5 K TR

2022 4

TR 2E 5 0B 2 (1] 9 (b)), BERA T L SE A
IO AZ Jay S A DX ek S A A A R A

P10 S AT AN ) KA RE GOk B oA 1 3 b
LR ZEAE S BB AR A1 B RS ST — AR
IS b o K 10(a) S5 6 (d) XFHERTLAR i, K
ARG B3 RS PAN ST 388 1 X6 UL g
A AR S 52 [ 2 A0 107 7288 Jeg vl A IX ek g A (1]
1.1x10* [3F 0
-

i
Y
ol

PYK APl PR, L]
'."9. “".-s.. ‘.‘.o
a® & X all
® .. 2

» e

Q ..

]
Y

a
'-
»
8
A
N

(TSI i}

1.1x10% 735 0
|

10(a) &ty i) , I8 ] B S R R A R GO AR 3L
[Fi) 2 o) 7 A2 g i Al DX Sl ) 2 2 A AR (151 10 ()
B i), 2 W] AR ZOHL R N AR Sy B AL
VR IR A o AN, AN R) R AR GORL R o A
SR BRI 7~ B A EE (18 10 (b)) 4
ORI T AL SR A DX 3 32 2 A R 5 TR B %
WIS AT g 6] 4 B AR S

.......... JE%#‘J
— F4mi
------ H &1
- B W iii

(b) 5 WS - I8 38 1 28 % L

9 3MARFEHNEEETHSH TR MEESHREENM S - M L&ttt

" RN 0

T = PO ST
-‘A-“O.‘t . - r)

(OETAIVE g

L 4

[} e "- S
. - s o

B .‘ ".- \® Zame 3 '. ..-" U
. ¥ 5

..A-‘"'-‘t'~:. / /
A o O 1 4 #0 i
> | L - F i
°® ."‘ -2 |rP E
s e~ % ' \
] " 1R
\ . §

1.1x10?

bk 4

1

2
N25/10°*
(b) 7 MY F3- 1 AF i 28 0 L

P45 ¥ i

10 3 MARXAGHFETRLH TR MEESHREENN S - R EXTLL

5 & ®

JO7AZ SR e A DX 3 3 A R i A TR 5 ) 2 0L
BRI ST 3RS A , O 55 TR R - 4 LR R 45 4y
DIASG . ARSCRA UG e R R BE oA TS0 42,
HRIT T A FIRLGRL R AT I 208 Ry A
FErP AE IO . T EDFFEB IR

(1) BAR K RHE BE L )5 B Ak X 373 A1 B A Bl
B, (H 32 B A e ORI AR L e HOR RS R A kL
GO RES DI ] A4 55 XA, 2 W R R kL
GO B RMEAR R AR i) 5 107 A2 Jey 3 A X sk ) 3
Z AL

(2) AR KAy sl rb s G B R 20 A 1T i
FOW A SR A DI 3 B A REAE 1 A2 A, B E T
RAT R AR ZORL A ] B4 s ] e A 1 R SR A A
DRI B A R A AR

(3) AR TREGL B o0 A Z5AF T 1 VA2 =)
PR DX AS — B, S W/ AR ORL R N2 )
AL R R AR A

(4) A% Jr A DX I Yy 5 2 03 A RS AIE 5 TR 5
FWTTREWIAAT A EAEAR S, WF 5T R ] e 57
R RHRBE 1 A AR VLT SR rh 5 B ey A LA LA
RS

SE

(1] Sk, i %, BRAesk , 5. FUm i I IX 1 2 R X K T
IRBE T WIRERER SR [J]. SR 24 ( B AR~
i) ,2019,41(3): 1 -5.

[2] CEN Weijun, WEN Langsheng, ZHANG Ziqi, et al. Nu-
merical simulation of seismic damage and cracking of con-
crete slabs of high concrete face rockfill dams[J]. Water
Science and Engineering, 2016, 9(3) : 205 - 211.



3

B T ORAT RHERSRE LA S AR AN IR AL ek £ 800 175

[3] AL 30, BRILAH, Tk & IR BE LB R BEL 2 A 1 23 TR
FERH XS WA R PR B 2w [ ], 7K M 24 4K, 2020, 51
(10): 1267 — 1277 +1288.

[4] XU Yi, CHEN Shenghong. A method for modeling the
damage behavior of concrete with a three-phase mesostruc-
ture[ J]. Construction and Building Materials, 2016, 102
(Part 1) 26 - 38.

[5] SUN Bin, LI Zhaoxia. Multi-scale modeling and trans-level
simulation from material meso-damage to structural failure of
reinforced concrete frame structures under seismic loading
[J]. Journal of Computational Science, 2016, 12; 38 - 50.

[6] RUUK, ZABEFH, B 5. B PITIR AR K HAE R B
et ipUY V‘ﬁ’fi’éﬁ;'#ﬂ’] LT i R4 (B SRR
Z£hR) ,2017,45(6) : 535 -542.

(7] 84 00, R0, Eh AR, 45 T = 4R - 20 R B R
TR BE L 1A PR RERT T [ ) ] T R 4 ( [ SRRk
i) ,2014,42(4) . 321 - 326.

(8] Bkt , bk 2. SR HIid F A FROTHR Fr ) R 1R 4 A Y
Mo JRTC IV A R BE LA REETERE [T ] TR
J32#,2020,37(4) : 165 - 177.

(9] E3EH, WA 58, 4 0. URR IR AN 7] 00 SR 4% TR 1k
TR REWDT ST (1], KB IR 5 K TR 41, 2019, 30
(2): 178 —185.

[10] SKARZYNSKI L, NITKA M, TEJCHMAN J. Modelling of
concrete fracture at aggregate level using FEM and DEM
based on X —ray wCT images of internal structure[ J]. En-
gineering Fracture Mechanics, 2015, 147, 13 -35.

[11] 2= 58 AR 3C 3T IT R X246 07 2 i TR Bk - T 2L
FEPELT ] 09 R 27 24l (FLARBR7 IR ,2016,44(3)
226 —232.

[12] MA Huaifa, XU Wenxiang, LI Yuncheng. Random aggre-
gate model for mesoscopic structures and mechanical anal-
ysis of fully-graded concrete [ J]. Computers & Struc-
tures, 2016, 177 103 —113.

[13] QIN Xiangnan, GU Chongshi, SHAO Chenfei, et al. Nu-

merical analysis of fracturing behavior in fully-graded con-

crete with oversized aggregates from mesoscopic perspec-

tive [ J]. Construction and Building Materials, 2020,

253 119184.

REZAKHANI R, ZHOU Xinwei, CUSATIS G. Adaptive

—
—_
N

[

multiscale homogenization of the lattice discrete particle
model for the analysis of damage and fracture in concrete
[J]. International Journal of Solids and Structures, 2017,
125: 50 - 67.

(1S ] XUARHE , XA B 3G W5 TR R 1 5 52 PRC BB WL 2
B[] Wi KR AR (H AR BRI L 2020, 48
(1):53-59.

[16] THEMT, RIS . A RC IR B T A0 g 27 A ) 43 g

TCUIHN S SRR TR [T ] DO 24 (T
W) ,2017,50(5) : 641 —647.

[17] CAGGIANO A, SCHICCHI D S, MANKEL C, et al. A
mesoscale approach for modeling capillary water absorption
and transport phenomena in cementitious materials [ J].
Computers & Structures, 2018, 200: 1 -10.

[18] DU Xiuli, JIN Liu, MA Guowei. Numerical simulation of
dynamic tensile-failure of concrete at meso-scale[ J]. In-
ternational Journal of Impact Engineering, 2014, 66(4) .
5-17.

[19] JIN Liu, YU Wenxuan, DU Xiuli, et al. Meso-scale mod-
elling of the size effect on dynamic compressive failure of
concrete under different strain rates [ J |. International
Journal of Impact Engineering, 2019, 125: 1 -12.

[20] YANG He, XIE Shouyi, SECQ J, et al. Experimental
study and modeling of hydromechanical behavior of con-
crete fracture[ J]. Water Science and Engineering, 2017,
10(2) : 97 - 106.

[21] WANG Zongmin, KWAN A K H, CHAN H C. Mesoscop-
ic study of concrete I: Generation of random aggregate
structure and finite element mesh [ J ].
Structures, 1999, 70(5) : 533 - 544.

[22] WALRAVEN J, REINHARDT H. Theory and experi-

Computers &

ments on the mechanical behaviour of cracks in plain and
reinforced concrete subjected to shear loading [ J]. Her-
on, 1981, 26(1A) : 26 -33.
(23] t % AR, 22 4, 55, T XU MO AR iR BE + H i
JE 7 LB R A BROC e BT ik [ ] TR 45 ,2022,39
(4):197 -208.

[24] XU Lei, HUANG Yeifei. Effects of voids on concrete ten-
sile fracturing: A mesoscale study[ J]. Advances in Mate-
rials Science and Engineering, 2017, 2017 1 - 14.

[25] HUANG Yujie, YANG Zhenjun, RER Wenyuan, et al.
3D meso-scale fracture modelling and validation of con-
crete based on in-situ X —ray Computed Tomography ima-
ges using damage plasticity model[ J]. International Jour-
nal of Solids and Structures, 2015, 67 340 —352.

[26] LUBLINER J, OLIVER J, OLLER S, et al. A plastic-
damage model for concrete[ J].
Solids & Structures, 1989, 25(3) : 299 -326.

[27] WANG Xiaofeng, ZHANG Mingzhong, JIVKOV A P. Com-

putational technology for analysis of 3D meso-structure effects

International Journal of

on damage and failure of concrete[ J]. International Journal
of Solids and Structures, 2016, 80: 310 —333.

[28] CHEN Honghing, XU Bin, MO Y L, et al. Behavior of
meso-scale heterogeneous concrete under uniaxial tensile
and compressive loadings[ J]. Construction and Building
Materials, 2018, 178 . 418 —431.



