55 28 445 05 R 2 R R Vol. 28  No. 05
2011410 A Journal of East China Jiaotong University Oct.,2011

XERHS:1005-0523(2011)05-0046-06

BT 4K SR RO T 1 B B R < R B

AL, XKZ
(ARSI AHE S V7 ) 330013)

R 54 /4380 RoF 6 JUAT A8 &1 Ye KR AY S X AF | A2 2552 W JE TF M X AR AR o, A 18] 4 o, 37 5 M 3R 4 ) 2 K F o, FL R A
ARG MLIRAT B, AT S TR0 AR R B0, F b E T AR R RE AT R B4 YR A M AR B
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X217 : CFRM; /) w30 R AR AR &, L ; 3%

HE S ES: TUSS XHERERG: A

A8 K Y SER BB A S R D RRET 2, TP U 2T A3 5 K I 5552 A #4 K} (carbon fiber rein-
forced cement based composites, CFRC) , 235 T & & W8 ) S HU P RE , I HEA i BRASURRAE: | JE U et
B FIH CFRC R I E FH F A A8 (R W I (9 A2 JaRets , AN T o HR A% G A% JEetie i A PR IR e M 22
(R BHe pst, , T EL A A R B T 20T o, DRI A SRk - AR R i W D i FRARL A kAR 2 — 2 BT A A
CFRC il & 120 i F 4y et A B2 K& i 58 R 206 CFRC 24 R g i PR BE R I Jy T A F9E 7, O e
PEEE ] ST (XTI AR H B RS RIRE A S AR 2D, e ROH R0 B A 9 2 2 7. CFRC
F12 5 B 2R REA KRR A e m , DN I ELA B IS PR

ARG LA T B FERRET G55 K PR3 (CFRM) AEARTER R R AY58 5 L S B 1284k, #1758 )L
ARTAFRL AR AR A TE A [ T B R AR ZR B A B AR BIR Aar 2 T RS 4500 58 45 (] T, F 025 A HA AL
1 REERF

RIS R AT AR 2 R IR T8 A BE & i S ook 55 = s i i 7 4k 52 G AR T
JIHMERE . FEWFTERRET oK YR b IR 1 F PR BT, 45 o0 B8 50 RS S5 R Ry H R SO iR R MR RAS AR
SEHLRIGER . S0 A TR AE 2RI 5 8 T AR SECA H o SR /K e S5 R
KV (P-042.5) , RS B TR /K IA BR ST A FIA ™, 40 RER FHA bR vERD (T e 40 EAECH 2.43 1)
HD) KRR H VLS B AR A B 2 /A 77, SR FH B S DI 27 42 iR R A BR A )
PEOUEA TN SERR LT 4, L REFE AR AN R 1 7R o FERAMBC S He e m OKIE) cm (B2) em (BEJK) :m (FK)=1:1:
0.15:0.45, #% 57K B E 43 LT BREF 4 K R RD IR AL A5 HL MR ET 2 0.6% , RIR = 508K 7 2% , 14
HF (IR = T )0.13% , CMC R H SLET 4 240 588 0.8% .
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1 BRAENTERARER
Tab.1 Main technical indexes of carbon fiber
Fhzk PUhiEE/MPa  Pihifiid/GPa WEE/g-em” HA%/um FBH#/107Q-cm
PAN % 2 000~3 000 175~215 1.74~1.76 7 2.1
AT WFFERET AE K P VDI T B RE IR RS 8800 g o i 1A T 64 A4~ JULARTARALL A% S DB 41 4 7K
PeRPIEBALA, RS A b xh (b R IE TR, h R ) o S (il v 0 52 050 s 0 PEE 42 BEL g ) 52 i)
b 51 52 RS AR S b AR e 2, i RS LR 2 T
*2 CFRMiXHRTREHS

Tab.2 Size and serial number of CFRM specimens

Al JUF /mmxmmxmm HRBUAR Yt

CFA 66.7x66.7%133.3 18 CFA-01,CFA-02,---,CFA-17,CFA-18
CFB 100x100%200 18 CFB-01,CFB-02,---,CFB-17,CFB-18
CFC 150x150%300 18 CFC-01,CFC-02,---,CFC-17,CFC-18

XA 4E /K D302 5 AR 7 B REHEA TR SR, 388 8 1) FH P A 325 8 Dl v A 3 R A oA T i HLAAC R
BHR o 306N AT 22 B < DU R A 20 St 75 28] %) e At BB A g I Wik 41 4 52 5 Rk 1) LS R A, AR SR
D e AR 0 R B L BELR o S50 S O Bl 2 A 7K R D A8 AT 5 S R AR EL v 1R S 8 5 4 AR
BN 22 (U126 mm) FELAR o TR e 1 Ao b4 25 Fi BHL R %) R TR AT A e, AR SRR Y il ES 2
SCHRL10 TP IVE T i, FE AR 5 413 A2 IR T A FE B 340 10 mm, AT PR UESZ FR B AR 5300 T sk 4 2% . 1l
RIS 24 hWFBE, FEARHESR I AR R R 2 28 do

BRI TE UG , FERRET HE /K PR H b A A 3 T 1 A A7 8 (R F A P S T ) A D0 8 g 1o A e GR8:
Jir A 2 VL S T A 7 A L LR A8 |, A8 7 -5 BX120-50AA , LA 119.8 Q, REREL

Bl BEfRENERAE B2 JLaEelte

Fig.1 Layout of the prism surface strain Fig.2 Test specimens of geometrical similarity

2 RN RN R

2.1 REEZRMR

CFRM SRR T B 2T /K e b i L 2 PERE , 5 MR ET K YD IR 14 T F PR REFEA T DK, BT i
BT AE /K JRRD IR AL REL AR . 17 R S Wi 2T A /K YR A0 A BT 10 g 17 728 AR SR S0 A 175 0 1 v BEL 3 2 (AR R
BHAR . AR R 7 PRI 0 s BEL AR, r RO B AR I AL R LW 1002, KA R 5 Ve
TAREALE A R R4 3D 1, B —HE IR 18 bRt . PR3 28 d 5 I B, At vk i
TR Y R B AR RSP I B 22 F0728 S RN AR 35,

®3 FIHERFLEKIRR IR 28 d FRBERNXE
Tab.3 Test value of CFRM resistivity for specimen after 28 d in the first batch

NI FLBH AP (H/Q - em HLBH AR i 22 AR5 R
CFA-01-06 4943.48 375.59 7.59
CFB-01-06 4168.29 292.43 5.93
CFC-01-06 3465.17 292.43 8.43
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R4 F2HBRAURKERR 28 dFREXRMRE
Tab.4 Test value of CFRM resistivity for specimen after 28 d in the second batch

5§ ke HUBH AR P2 {H/Q - cm HLBH R b 22 AR5 R
CFA-07-12 4633.26 399.37 8.61
CFB-07-12 3991.72 327.42 8.20
CFC-07-12 2793.70 201.33 721

x5 FEIMBTHEKERR 28 d FEERMIXE
Tab.5 Test value of CFRM resistivity for specimen after 28 d in the third batch

LN Ao HUBH AP {H/Q - cm HLBH R i 22 AR5 AL
CFA-13-18 3979.80 361.68 9.08
CFB-13-18 3173.28 284.23 8.95
CFC-13-18 2814.48 221.06 7.85

N 3~5 AT UL, 3 SV R I A 194 A AR BEL 3 A (] B R B il RO B3GR, B A5 A i A
HL BH TR/, AT LA R B 2F A /K Je b i v B 38 A A RO RO B4, 32 S i PR pR T RS R 35 Rl
FEA T 22100 3 FLH P
22 HEETHERATHERET —NTHEEHET —BERHE
221 JytkRemhZ

0 F2 BRI 3 B LA AR B 2 2 /K Y A3 1% B 1) i 482
B4 T A T LART RUST B 788 AR X B 2T 4 7K e b 25 e e A . gy
PrEsRER R . ML 184, Hrh RSP R/ R 66.7 mmx
66.7 mmx133.3 mm R4 64,100 mmx100 mmx=200 mm R
61,150 mmx150 mmx>300 mm A4 64~ XFHARI AL P E
I Y [ A R B R A AR A . XA ARTEA T ORI, ;
IHRIE HAR A OS5 R At o o, JFAE IR Y L P s a2 E3 R ESMRiEE
FEER7 LA R ) A TR A e . b & an &l 3 R Fig.3 Testing and measuring equipment

AR BH AR A (DA

_plL
p—R§ (1)

2 s LTS 43 5310 g 795 F A ] B8 R g R e T Ry (1) 2T 2, g vl BRI St o, IS 4 A
PR B AR AR A (A0 55 T F BEL A AR X AR A AL, BIMEGR p. p 43 MR W b Fh BEL S R H BHL 2 DU 554
RAYHLRH Ry, R Z R UWNTF KA

pP—Py _ R-R,
Po B R, (2)
IR S | 22 A AL B R AR L 5 0 ) 22 ] 9 O 2R il 2 Sy -1 A% O ZR 2, n&]
4~ 9 7R .

3 JE ¥ }7/MPa
5517 73/MPa 0.0207 6 10 14 18 22 26 30 34 38

B4 ERETUEKIERYRATMER /- R IL 2k BEl5 GxITUEKIRRY SRR E R /1-F2 PR ZR 204K fh 2%
Fig.4 Curves of CFRM cylinder pressure stress and Fig.5 Curves of CFRM cylinder pressure stress and
resistivity resistivity
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J 1% J3/MPa H ¥ J1/MPa
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2 ~0.060r X500
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= —0.100f -3 00
# -0.120¢ 3 50

—-0.140f —4 00
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BEl6 BREFHEKIRRD RATEER S — RIERT WL
Fig.6 Curves of CFRM cylinder pressure stress and
resistivity

BE7 BREFUEKIRRD RATRERL ) — R 3E i £
Fig.7 Curves of CFRM cylinder pressure stress and

resistivity
JER. )M JE R, 77 /MPa

Pa
0 4 8 12 16 20 24 28 32 36 40

— CFB-01
---- CFB-02
""" CFB-03
"""" CFB-04
--=- CFB-05
— CFB-06

B 8 Tk LT HE 7K e b SR AL JE R 7 — Rz 35 fh 2%
Fig.8 Curves of CFRM cylinder pressure stress and
resistivity

9 R AT YETKR TS SR AT (R E B 1 — R 3% ph 2%
Fig.9 Curves of CFRM cylinder pressure stress and
resistivity

HT P 4~9 Rl UL 1P £ L BH AR AT W] A A 72 1 , JFG R BHL R g B AR A 7 A B — S50, R WD ] LA
BHL 3RS fe S A 14 32 s L SR A3 17 00 , i — 2 1) A 2 ST e SR AR PR D JAE A2 R I 5
BHAR Z ] A4 5 B AR I 2R, AT AP SR 4 P BEL A< A 22 AR B i A il A 315 28

222 RIEFEZRR

BT Y- 7K YERD I ) IR MR AR 0 v LR R A iR AT A R AR IR o BT HE S SRR
14 R B ZR B T LI AR Y F LR A AR A . RS R K T g A 5 (3) 353

K

_ A(ARIR,)

(3)

e Ae NS RYHCAEE o 36F 3 2N R ST ] — R (A T35, e e 4t
F6 E—RATHRERGERYKTHE

Tab.6 Calculated value of sensitivity coefficient K of specimens under the same stress

Ry G Rss HH B AR fE % 0 75/107 K
CFA ~0.0157 _998 54.89
CFB ~0.0210 —344 70.71
CEC —-0.0333 -365 96.52

TR R RS ZR R W T L B 3R A Al X R AR IR ) A BRURR R, AR 6 ] L, B 1 R s, 3t
1A %) FEL BHL 23R A28 At B 1 I, BR8P 1 2R 00 B e vy P e L 3 5 SR [ 11 ] i 5 2R — 2L
ANTF 82 SRR [ 10 TSR FH 14 A A v R 0 T v AN () )R (— AL ), T AR SR FH 114 02 =248 J LA
AR, o RS 30 1 i PR R T AN Sy v SRR A AR ] R I ) A B8 KW AR T | (45 5 2 (R 4T 4 AH
SEIT A, DTG S0 PR AR bR
223 HLOPUESRE

R T WFFE R K Pe b BR R ) 553 RS B 96 3R X R —Hb i (A 2l e N Iz 2 bR, ik
e BRAT AR PR LA R v T AL, T LA 2 B D b s iR A5 SR W 7.
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&7 CFRMIREEHOHUEREIXIE(E
Tab.7 Axial compressive strength of CFRM specimens

A 5682 {F/MPa b2z AR5 AR
CFA 41.40 1.96 4.73
CFB 37.85 2.44 6.44
CFC 31.26 1.87 5.97

HIZR 7 Al DL, 3 Bl LA AR LR 2T 4E K DR DSl (1 560 K 55 0 G R o5 i B — o, AT RS RN, R 4T 2
IKPEREHAAE AL F B b Co P 588 B2 R A TLA RS B e . LI AR T, ABRET HE K e i
AR | BRET AR YRRD I R TR B RS BRET 2 22 6] (ARG 45415 T I ) S o iR PR I
WL RS2 Jo b R A LA R W SR T o A B BRI e AR IS K, 2 e Z TR RS 457 o st 22,
B oy 32 AEITRE, PR A 72 Wi B AR T /M ) 2 Wi B2, B B Ay 5 WL 88 Y RS 2800, TG
PRI R JEE RSB0, — B R L A2 Bazant (49 RSO0 AHE 2

S/ (4)
NEY]
Xt p= % , BRIV D A RS s Dy RIS TE5H G R U 2800 B I o WSHL f, el
PR R B
idx=D,y=L, c=—L_ 4=CD, WK FE@ER K
o (Bf)
y=Ax+C (5)
BRI TG 5155 Dy =40 mm, Bf,=70.71 MPa, ftA C= ( ! T A=CID, T4 C=0.0002
B,

A=5.0x10" , R (5) BRI FmR i y=5.0x 10°x+0.000 2 , 7] L5 HY AR 4 Bazant K ST 200
P RIS A5 T UL, A FE K UE D H rh in AR £F 4 v] LIGE B3 EIVE F , (E SR A7) S B I o 1 I
FORGTZ03 AT L) Bazant 4 ROST RN HERAU G 335 0558 TR EE o BRI 0L

3 #Hig

38 2 TUAT AR UK U AR ik i BH 23 K oy 28 4 FH T R L 228 19 7228 A Rl FR fir 28 i Ik 5 0, AT LAAS 3
R B4 -

1) BREF 7K P rD H b A AR 18 FL BE 3R il 25 i RS AR 38 R s/, BV 21 24 7K e b3 e A A4 i i BHL %6
ARG RO RS 5

2) BREFHAE/KPERS IR AEVR BAT FRBURRE , T LA HTH B AL AR I A P ) E 4510 5

3) RUTIUATAR (A e 21 Ak /K R RS I RE AT A BT A8/ T FR B HR A PR SRR A i AN T B 2T
7K PERD ST B PR R R ST 3O, RV 22 MR HAT R0 5

4) BREFAE /K DERSHARAER AT Ak T i B B 1 LT RO A3 s FAR , By RO R A
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Size Effect of Electrical Properties of Carbon Fiber Reinforced Mortar Prism
under Axial Pressure

Tong Gusheng, Wu Qiulan
(School of Civil Engineering and Architecture , East China Jiaotong University , Nanchang 330013, China)

Abstract: The 54 geometrically similar carbon fiber reinforced mortar prism specimens are adopted and electri-
cal current at given voltage, electrical volume resistivity under axial strain, extreme load are tested. The gauge
factor (fractional change in resistance per unit strain) at a given stress is analyzed and the strength of mortar
prism specimen is calculated. The experimental results show that carbon fiber reinforced mortars have compres-
sion sensibility and the change rate of electrical volume resistivity can be used as a self-diagnosis indicator of
damage. The resistivity of carbon fiber reinforced mortar prism decreases with specimen size, and size effect of
electrical volume resistivity exists. The gauge factor of carbon fiber reinforced mortar prisms increases with the
specimen size. The strength of specimen under axial pressure decreases with its size, experimental result of
strength has a good agreement with Bazant size-effect law.

Key words: CFRM (carbon fiber reinforced mortar) ; electrical volume resistivity ; electromechanical effect;
strength
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