H555% 4 6]
2015411 H

X % ® L K ¥ ¥ HR
Journal of Dalian University of Technology

Vol. 55, No. 6
Nov. 2 015

XEHS: 1000-8608(2015)06-0597-08

1t D3 R BE 1B AN /K PERE TSI RIK 53 3 Ao Fitil 5 B

ERE A FRR I T A Gl G~ - 5
(1L.AERE AKXAKARFESANIRAFERELEZRZE,ILH EHE  210098;
2AEBEIAY HEMNEBIRERELELLE, 1T K& 116024;

. PR EARITARAIFTS22E, UK FE  266034)

FE: BARLNB RS FARTA T KR ERENRENBRE L B, R
FIRBHELERSCMEMHAESRNEZRA. TRTRAEL RGN HO 2w, ZERK
B, R FHR R E w7 R, bR R LR SoA n RE R IRFH Y 7026.80%40.90% & # #.
AT ERFORE RN E LS R R HFRNRAR BT RSB R L BREAE KK
B H5AWBEREARALERS LN EZA HRAA PRI BRI TR AREFTHEEN
LT B AKCF 8RR A & SRR Gl WS 7 T A% LR B £ A A e K R
SOTENFEAES) RERAFRARER, S F B EE R KERHEE, 5 A
Bolzmann & &, 2 T HGREL NG EKELXFAHTMNI2H T ik AN FRBERLEANHEE

MR ABTFEEARBRE T EOMERMATRET TE.

KB : WA HRE; THBRAGHTEKERARE; K2 A

FE4EE.TU28. 01

XHERARIRAD : A

doi:10. 7511/dllgxb201506006

0o 9

TEARMR AR SR L K AE S 4= phove A B2 AT % 1Y
B, 32 AL BRI AR 2% 1 5K ) AR R Al )
B A5 AR BBE LB R Y P9 T L T AN A TR E L A A
4 T2 T I 284 LA KB 7 1) 5 ok YR R v B A IR K
IG5 N FRFL BRES K K v A 2 VIAE oG B T
¢ i AL CHINE fir 2800 5 3 g 2 Tt R Bk BN
A K VR BTG PR 45 52 R, M S K R A Sk A S
BR 45 1y P IR B 1 A7 AN R P B ) 4 £ (R4 48)
UOF R (BEE) . A A I B AR T T O UK =
(9 BT AT AL G, iR 1K S AR ik v A B L TR
- DN A% i TS 0 2 R T PR

KT IR TES 5 1R BE 1 P (1935 3 7] 3, [
GhE BT T R EMFFT . U0 Wang 555 fil Aldea
B0 SR FH R A 42 1 B S 7 A — T T I A R
B W H AT AR SRB B IR S AT T R ST 5K
IPBIE R R, PR R TR AES0~

KW EHE.: 2015-01-20;
EE&WAH.

EE HH: 2015-07-26.

(201349171D).

200 pm Bf, B BRI B E. Yang 75 51T
i o St fim 28 SE 48 I R VR R AT PR RS R BE
AWK IR L & BN BN ) KSR T 90 Y6 I
W 7K i R 7K R R I g AT I AN B0 T R
P05 5 IR BE 5 R RO PE G R, Zhang
FH v 75 M AR F AR B 8 T 1A A ROk
SLEE (MR BE T b oK o4 A AR Y A] A S I BRI
B 2R I WL B AR A 777 o 320 ) 2 4 X K 4 1Y)
1 Yy P8 A R B

H 1T, 5B 7K R (sorptivity) E 4% )12
FHA RN TR BE 4 i W A P RE | 28 11T 32 7 R F- TR
BE 0 AR B — N E SR bR, BN S S IR BE
A B AWK R 38 R B K FI AR Y BT 2
Sfe it MoK A IR FR T e N TR
PR 75 5 W R ARAE 1R 22, T HL3RAT A9 12 96 2 3
KR S BRD S Ry TR TR AR G I i X —
R A SCBOTH TR B B A WK 1Y el i g e
DL K ok R A o 2 1. AR i ok o 2 R A

EXK H AR 4 B H (51378090) 5 K K WK SR A LR ¥ E ZE QLK E IR EER® I A

TEEBE . B (19759, B, 242, 1 1 4 F i, E-mail : wanglicheng2000 @ 163. com; ] ¥4 3 (1989-) ., 5, i 4 4=, E-mail

baojiuwen55@ 126, com.



598 A # ¥ I X

¥ ¥ # % 55 %

B TT IR BE Ll pRhO 2 47 32 TR SR
B S 2 a5 3 xR BE A ey o A8 = R
58 7076 .80 %6 .90 Vo i HI A i f 0 451 40 1R 5
i A K A 23 i B K SF (7026 .80 26,90 %%
A BR A 280 i 28 7 3 CGRp 380 B B2 I 480 %o ¥R o€+
B A KA BE A4 52 WAL . AR AN [R] 4eF 287K 7 T 1
KA S R 455 B 40 WOK BB R, ST 4
PR B A AR 5 A T 23 M k.

1 fRRBE K 55 5r A mel 5y Br

1.1 Bk
XFF AR AR B+, 8 5 R H YR A Darcy

SE IR EE G S E L R IR EE T i B
WK AR AN

q= K@ « Vp,

%er divg=0 R
K :q HAKGFHE; p. WEMEETKWO HE
AW K B K T 4% 3R, 0 R kRS AR X K L 3R
KX HKO=(O—06)/(0.—6) , HEHMLFE K0 ~
1,0, F1 6, 43 5 J 46 FAT10R 28R B9 R B K
S EI h sE e T RS LRI 0 = 05
Bt HAE — AR 1 -5 /K U5 52 44 ik e 200 5 )
PR 25 520, D) YR B 1 v — 2 1 T AWKy gt

9‘9—"(1)(0)%); 0< z<co (2)

dt dx
Fi VRS 0=0,82=0.r=0; AKXHHR
£ 0=1,%2=0,>0,0=0,Y4 x>0, >
0. FEAE I, (2 WER EXRA = wAELk
PP RO R DO ATLARR A “ P B R B0 (Y
P& S WA TR R E T Y ol 7258
SR E,
D(O) R AR 5 K e 1 Al 2t ok B, 3 H R
o B R BOE (DO = D,e"’) %5 o $UE =
(D = D,0")"*'' . 5] A Bolzmann 28 i ¢ =
at VN — AR M 1Y B AR K T R (2) M Hh
TR R
— 1y (%Z - d%[mm S—Z) (3)
W s=00.0=1;¢—>00,0=0.FH, (3 %
KH U 7 BRI A ) BB, Parlange 250 45 T
(3D B I AU BT A EL A AR o BOKGE BE L A R SR A
KW

ZJ] Da)y, — 4+ %552 (4)

[ a

Ao es AEXF K F AT 3RO

S ~
6,—06,

Forp S Sk R iy 28 i iR B - 45 R B4 L 2k
AR T N ERFLBRAE R I o0 A L 5 R AL LR 19 224K L th
25D APHVHXT WK 3R s 5 FL IR A G, B AM r 42
VB FHXHIR B - 1 6 40 WK 1 B 1 52 0, AT LA 45 A%
DR I BT 5 | A AL R A X A G T S 1R T
A PRECA MFRBEA N

g

A :{Zj;mwde} 6

BB R DO RELRAX D, E X
AO) = L DO g it o)

1/2

(J:<1+0>D(0>d0) (5)

N

%¢2+s¢—2/1(6> =0 (7

i 7 5 BV AT 5 20 AR KGR s R AT A
Xf K 0 BB Bolzmann 28 ¢, 38 3o 3 56 Al 3k
PSR RR B 405 IR 1) SRR K it 45 30 405
TR - (A X IR K R, £ 1 i ik , m AR 43 47 T i+
A AT B B 20K 2 1938 AR
I:M;:—s—F/sZA—MT(Q)% %)

1.2 BB ESIE

T3 S 4 S R BOR T BORUR: eR B
TE 2 K o 0 3R T {8 5 X 56 1 0 X b AR
P 2K (5) 6 A4 R AL A T D, p A X
IKF s FoR B FBME 1 PR, BFsE KWL 55
PRIECH S0 0 U —FBEAE 6 ~ 9, SRR RE LT
ToE Y /NGB HES (R e T 4 X T
FRBOE o AL BN 4 ~ 67, — T B
TRRAE 4V B PR E n LT, AT LU
A BYEUE 53 400 50k 04 AR i I K 3R 3 i 3K 56
B 2 o D) A] 38 ek 2 bR X S8 D

Z54 SCHR 9] H b 3 B Al oK i K 5 K0
Xt A M 24 D(O) 2R LA L T R ok 25 3 12 P A
Xof KR o A CUn &L 1 B ). IR 86 P SR TR
R R AG A AR D g 3 K A3 L K TR D IR R
FH 838 ik R $h K U6, KK LR 045, LR h
0.27 (BEA R mOKIE) + m CHIK) + m(WF) =
1:3:12), A& 1 A0, DO KL E BRI
BIRe s th Z AL SR N T K o & A G
BRI 55— J7 16 e B TR BE 1 N K 40 A S0
2 AR



9§56 M T xR & WA R L E 4R AR IR F K oA T 44 599
k1 BRI #HAHZFINSHEARX . .
. . 2 SR
Tab.1 Parameter expressions in two kinds
of diffusion coefficient 2.1 ,E*d‘*,[,&jiﬁﬁ:fﬁ[”lﬁ
BEEBUER (DO = Dye?)  BHREUER (DO = Do) ARG AR B EZEA P. O 32. 5R
Dy — s b, — (LEm @ty et fef R R K e s e KORiAR 20 mm 1Y KRR AE B A
s bl e FURPRLE R Q0E BT 2.7 KRR 3 mm
A= ("—n—1/[nCe"—1)] A=1/22+mnw) E@¢@,%¥§@§ﬁ%%§ﬁﬁ7kﬁﬂ,ﬁ'ifﬁﬁyﬂ C30
A(ﬂ)ZDo[iN”.%(l*ﬁ”)*lnﬁ] A :%(1,9,,) TREE L XOFBC & HE AR A AN 2 . A
- FLHIFE 21 A0 32 R (3 AN Ao fir 12 4~
1.0 JEAR kg W% 7Y () 32 Fr il A, W 2l 3l %) J LA S 1
08k NP B n#E R A 2 B 3808 E R 200 mm.,
< ¥9[ saieor %2 RELWEAWFEEE
04 :gg z;; Tab. 2 Mixture proportion and strength of the concrete
o 97 min
0.2] 4 208 min R/ (kg + m )
x 271 min ) KT AR WA X KK L WK S
0 40 80 120 160 200 240 L ’
x/mm 410 1195.95 589.05 205 0.5 0.2%me
(a) HRBRBE K W F3RE /MPa
10 SOTRBUERIE  WUEMETHE R T
0.8f 35.71 41.17 3.6
< 0.6 -iﬁgggl. o ome HKIRH 2
L min -
0.4r ST min - 2.2 mE BN KA L
o min . R " .
0-2'A§g$m§n1 AT R KB TR e g R 5 KT
X min o L N . . e N

A1

x/mm

(b) WrBIER

WA L2 AT

Fig. 1

The

o B BOR R D R Y R B0 B R

distribution of relative water content in

specimens by exponential or power law function

A 2

Fig. 2 Specimen geometry sizes and loading configuration
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Tab.3 The experimental design of loading mechanisms for concrete
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Fig.3 Schematic diagram of experimental setup

for cumulative water absorption
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Fig.4 Cumulative water absorption curves under

different sustained and repeated load levels
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Experimental study of capillary water absorption in damage concrete and
prediction of water content distribution

WANG Li-cheng”'?, BAO Jiu-wen’, LI Shu-hong’

( 1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,Hohai University,
Nanjing 210098, China;
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology s
Dalian 116024, China;
3. Qingdao Branch of Shanghai UDG Architecture Design Corporation, Qingdao 266034, China )

Abstract: It is generally recognized that the formation or interconnection of microcracks within
concrete is the important cause for deterioration of the concrete performance and poor durability of
structure, which speeds up water and aggressive agents to transport into concrete. The experiments of
concrete specimens are firstly carried out under axial tensile and compressive loading and subjected to
either sustained or repeated loads with three load levels of 70% ., 80% and 90% of the ultimate
strength. After unloading, in order to realize the continuity of the suction process, the samples are
then moved to an improved gravimetrical device for cumulative water measurement. Compared with
the results of unloading specimen, it is indicated that the loading-induced damage (microcracks) is the
key factor to influence the capillary water absorption of concrete. By linearly fitting the two portions
of the cumulative water absorption curve i-t"? with different load levels, the initial and the second
sorptivities S; and S, of concrete after subjected to different load levels are obtained. In terms of the
test results of sorptivity, and combined with the theoretical model of capillary absorption of
unsaturated water, the prediction method for relative water content distribution in concrete is
proposed by means of introducing the Bolzmann variables, which is foreseen to facilitate the transport

analysis of aggressive agents (such as chloride or sulfate ions) through concrete.

Key words: mechanical loading damage; microcrack; capillary water absorption; relative water

content; sorptivity; water content distribution



