BT 1

201741 H

X % ® I kK ¥ ¥ B

Journal of Dalian University of Technology

Vol. 57,

HoiF o=,

No. 1
Jan. 2 0 1 7

27

O

XEHE: 1000-8608(2017)01-0078-09
(RBZEHEI A FUIREH, 17 k%

SEL 956 - 0 5 0 20 O 45 A O B O 5

116024 )
WE: s HHEEERRBELM R EENER Y — GULE WS AWK EEEY HRE

ITHUEBLE O REREEFEA S FHEERL. AERARBELENETHE R #HATRERE £
ARFERR G RELERB B ARDEURFH ZF W FE L E X AT 4 &=

MEAMB, FERRDEFINTEILE LR FHILE, E A A R L4 %4+ MSC.

hES%ES.TUS28

Marc, B B ERBARX T AE LRI H BRI RAREREA R RREEN T WAL K
AT TRELNERGEILRE I EZANR R WL TAARTTRELGWHE G E .

BERLY RELHUMEAR - ALETHAILRENEKELZUETHE. AR -LRET

0 351 =

(=]

MAELGHAEGE TR REL AT RERZHELREMLEHEAEFHTH. LR B
HERBERGZRAXATTHL . BIERERLDERGEAS. R REABERBLER,

K@ BRLEALRE A BEEE, B ;WA HG
SCHEKFRIRAD . A

AT RBBELENENS R T ZNA FHEZ WK A R ERBE LN FETITT T E4.

2L TR

doi:10. 7511/dllgxb201701011
4
TRBE 2 2 4 0 Fl fe )iz B i SUA R DAAE
X TR B - AR BIF 5 A A R o0 HG 5 0L )2 A AL
I H R JE T A2 BAS AR e B E AE L

SR BEIE | O BEIE BT AE B W R T e
IR ) 2 B A T b kY 2L 5 )

=
2 WL E Y 2 AL A AT X YR BE L A0 0L 45 A
HEAT IR A BB I, 17 75 AL 22 TR) IR 2R I AT 32 L A7
e L PEREST T LA

T2 UL AR B L R (A
AE 7E 70483 718 TR B b IR B9 AR A S [AT L I O i g TR

PR B FE AL, T 200 i ORI IR W5 T IR
BE L LA S B R AE. 4 A 45 A R )

SFRAH B ST BEIE  20 B 1 TR BB b AL B0 i P A
T 2 THIRE B9 L B2 0 TR BE b FLAS M A2
BRI —E R R TR EE LR
X R B R R R L R N g AR A0SR T K
ANWLIZ UC IR BE 2l oRLE R R TR AP K A

Ko 3 2 () 19 5 T 3k O DX 2 1 = AR 52 5 b1 R
[Fi) I R 35 - S — b il B Y 22 FLAE R, N B 25 A

R I LRI T BRI BE L i AL S L R T
Sk R BE L AR R RE AR W BRI R

16 3 04 L) 3 SR Y = AR BROBE R A T AL
rESATIIPES

FLBR AR ALAR S5 DN 2 TR B 2% WURF R B 5 i) A
TRBE AR A PR R OB PR 9 S AL

WE5E 2 B TR B - 70 5 L B S5 AR ] I, 14 J5T L mT g

AR K22 S, BIVR B A 1 B AN AL [m] L B 38 AH O

7 LU 285 L FL AR 23 A 3 R 45 8 A5 2 U0 0 Bk
=]

KRB 2016-06-11;

R AES BAS T IR BE L AL B B D5
EEHA

A TR AR R 98 K 22 o 7% TR IR Bk AL
AR W52 e o A F a3 ke AT 5 TR BBE Y L &S
F) LB 2350 T e i R 5 A8 1Y) R T B, A
fEE B . 2016-11-25.
zlfengshiwuhen@ qq. com.

TR AR TR BE 4 b i 5 AR g 0 X2, 4R

PR 77 2R RE e — E B 8 b 42 i 1R B L b AL B
Y R 0 S A G AR

B LAY | ME LR 7 LA X TR A i B A s e
HEeWA . i KEARIL S LW R4 W B (DUTI3LK41D) ; F % 3 RFH #3405 TS BRI B (51421064).
H Rz (1973, B, W+, #0821+ 4 2 0, E-mail: shyxiao @ dlut. edu. cn; &

7% (1989-), H , it £ 4, E-mail .



513

HiFm . BREAGRGAAEMEERERRIR 79

TR BE L oV AR i 5 BT R T i R TR T
BRI T2 S8 4 s TR BE W R 5 TR
e ARG J1 2 R RE Z 18] B 58 & AR SCR TR
5 - B AL P A 2 T J B 3 AT 0 K X
5, T TR BE L AL BT 3 R AL AR X TR B B b St
F T3 A VR RE A 82 W, 3 — 20 Wk 5 X BE - w0 th
03 5 P B 5 )

1 fRRBE 140 4 PE B L 55 50 B st
BRI 2L R

TR BE b 5 AU 7 2 B X 6 23 BT 2 7 40 0L )2
U ORI BE 4 A 1R R0 S LA R W 2 (] Y 5
I DCZH Y = AR S A BB R AR A S bl
R R IT AT S IR B - A A A | ) A R R
GEY R, LR ZEERIET — RN
B 20 LA AL L 455 A R A | B AL ) 2 R A | B
HLE RS HL | W A 3 5 o0 455 70 451 B AL B AR
B A% B0 M ST UL 5 R DI DL B R
B (4 S T S 5 AR R SR TV 2 5 Y
2%

A SCHE T BR I8 43 B B MSC. Marce, & H
T BEAL R RS A A 400 R 1 R B 1
SRRV SEAT AR M. SNSRI
B R SF 2 100 mm X 100 mm . 2% ] 5 3C#k
12 AR [R] A £ A8 T iRk JH R 6 33
FEHICA 40 %, 4 BHRIAR A 5~20 mm, FA AR
/ANT 5 mm B R AR S R RS SR e
DX R A 14 B M A o P DX RS R
PR LS R AR R . DR R T — ROk
FAK S F IR BB e T DR /N T 100 e,
SR, J5E B Gt 22 9 1% 5L T o O DX 9K 25 S B
SERAIT RS AR /)y, BT H S 5 T AR R
BN AN ZE T R 5 0 TSRS B R E I BT
SRS D AR AR SORs 5 5 TS X AR
R A3 D A 2 R B T e X AT R R
A 9 XA R R GA F) 0. 2 mm. SR EEDY R K
2R TS [R) AS ¥ 5 B9 1) T 53 45 SR 54T 1 % e #r
R T AT A R A O AT R AR SCOR G A B G
PEREAL 5 2% U 23 B RL R a2 2 8 3k 1
JIR.

REELTER T B h 2 kT A B
A2 B 7K 8 7 B 45 0o B vp AN A ok A 7 A

FLBE AN LA o [T I o b R 48 A 52 L 37 47 A8 4 45 it
P2 FER B L vh B R ALB, X Se L 2 SR IR
B -t 40 0 9 2D R IR B 52 R )
A U 5 AL TR I A X YR O R AT A UL
(B3 BT B B v R R b A LB — AT 2
f T 2 R

k1 BREBIEARESNFESEEK

Tab.1 Mechanic parameters of ingredients on concrete
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Fig. 1 Schematic of calculation model of concrete

random aggregate
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Fig. 2 Effects of microstructure parameters on tensile

elastic modulus of concrete
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Fig. 3 Effects of microstructure parameters on tensile

strengths of concrete
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Fig. 4 Effects of microstructure parameters on

compressive elastic modulus of concrete
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Numerical experiment study of initial damage microstructural
behaviors of concrete

XIAO Shiyun®, ZHU Liang

( Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Microscopic structure characteristic is one of the most important behaviors of concrete.
The change of microscopic structure parameters affects the macroscopic mechanical behaviors of
concrete, such as the elastic modulus, the tensile and compressive strengths. Firstly, the numerical
experiment of concrete is carried out with the random aggregate model. The concrete material is
discretized as the three-phase composite material with aggregate, cement mortar and the interfacial
transition zone (ITZ) and the void element with different porosity ratio and pore diameter is
introduced to simulate the porosity of concrete. Using the finite element analysis software MSC.
Marc, the specimens are simulated numerically to study the effects of porosity ratio and pore diameter
on the elastic modulus, the tensile and compressive strengths of concrete. Experimental results show
that the concrete elastic modulus decreases linearly with the increasing porosity ratio at the same pore
diameter and decrease logarithmically with the increasing pore diameter at the same porosity ratio.
The tensile and compressive strengths of concrete decrease logarithmically with the increasing porosity
ratio and pore diameter. Secondly, the numerical results and the empirical formula are compared to
verify the correctness of the numerical experiment results. Finally, according to the numerical
experiment results, the relationship between the initial damage and the porosity ratio and the pore
diameter of concrete is established and the initial damage surface of concrete is depicted on the micro-
scale, which lays a foundation for establishing the relationship between the microstructure parameters
and the macroscopic mechanical properties of concrete, and improving the mechanical properties of

concrete in the future.

Key words: concrete; porosity ratio; pore diameter; elastic modulus; strength; initial damage



