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Relations among electrical resistivity, chemical shrinkage and
autogenous shrinkage of fly ash cement pastes

ZUO Yibing, WEI Xiaosheng
(School of Civil Engineering and Mechanics, Huazhong University of
Science and Technology, Wuhan 430074, P.R.China)

Abstract: The relationship among the electrical resistivity, chemical shrinkage and autogenous shrinkage is
investigated. To quantitatively understand the volume proportions of autogenous shrinkage and volume of
empty cavities to chemical shrinkage during the hydration of cementitious materials, the electrical
resistivity, chemical shrinkage and autogenous shrinkage are measured for cement pastes with different
water to binder ratios and fly ash replacements of cement by weight. A linear equation is established
between electrical resistivity and time in logarithmic scale during decelerating period, in which the slope K
has a linear relationship with compressive strength at 3 d.The chemical shrinkage and autogenous shrinkage
of the pastes decrease with the increasing water-binder ratio or fly ash replacement. The proposed
proportion ¥, defined as the ratio of the autogenous shrinkage change to the linear chemical shrinkage

change after final set, decreases with hydration time due to the increasing strength and elastic modulus of
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the paste. Autogenous shrinkage is a quite small part in chemical shrinkage when compared with empty
cavities formed in the paste.
Key words: electrical resistivity; chemical shrinkage; autogenous shrinkage; cement paste; fly ash;

empty cavities

P2 Wi 2 4 K PR K AT o by T oK P AR 7 9 9 A AR /N T B i 7K U ALK 1 s R BRI 5 0K AL 1 &
2 XA BRI /IN Y B 5 A i 2 1) SR e T K A 7= 9 5 s 0 K8 A 7K 1) %6 5 A [ BT . A WG4
Je A8 /K YE LB BHE 5 P AU 32 S0 A B0 26 00 1 77 A 19 LR AR I/ I BEA L 518 8 Wi 9 Dt PR |y 1K
JERES MR B T BRAE TS, Al Wi A0 U A5 K PR AT REC 5 LU B I 8 A R B0 K AL R BE A G . K D8
AL 2= W e 23 T BOR BE L AR X R AR 77 A B A O DT S R A M L 1 TR BE B 45 L8 T
e E o HET . O AR 2 SCIRBT 58K U8 56 BRGS0 A 30 AR X 0 £ 72 F MU DL B — o =2 fi iy
JEZRE ORI A P A O I R Ok TN 1 W LR AR A SR I B A S K U8 A R 18 W R A 2 A Y
R DL 8 Z B E R R R

Wit 5 7K e KA R 1) R A T AR 2 B BB/ B AR . BT D AR AR RO BRI AR 1 Al
A Vs AU Vas A RARTEK BAIFLAR Ve Z I B KRR I . WE 1 AR Ves =Vas +Vie iR,
A i 45 T BN 5 R FE K B A FLIR TR Z R . FEBEZE 200 . o1 T 51 1 i BE ARG 7K Y 7K Ak 51 1 5 4
PR B D b TLF- 22 MR AL L B WA - RVAFTE Vs =V KR s TEABEZ S5 + i T IR A 2 72 7 52 55 AR 1Y
FMATBUARTE 32 B L oK P 7K Al 51 1 5 (A A 98 A AR s 20 A BE 5 4 % 16 O SR AR 1) WL AR BRAS ] » e i)
Viasth Vs B9 HCBI AR /N PG A7 40 258 B0 P Z R B INTE G R o

KV FWRB RIK AL

..
°% °
]
o
[
pe *@
MYBEIRIBRL  FLBK
=R %) A B =25 H— AT %)
Ves=Vast+Vis 3 Vos: AEWARETR; Vis: HBEEATR Vis: RITKBAFLAR

B1 KEEREHEVREREE

Fig.1 Schematic representation of autogenous shrinkage of the cement-based paste
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Table 1 Chemical composition of cement and fly ash by weight/ %

A 22 4 J CaO SiO, Al O Fe, O, MgO SO, Na, O LOI
KR 60.12 22.38 5.82 2.80 1.64 2.46 0.15 2.43
Hy IR 4.82 52.54 32.2 4.71 1.16 1.06 1.16 1.95
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Table 2 The mixture ration,the setting time, the dense structure k and compressire strength of the paste

o b Ji52 5k 1A Rk AL/ WIEE R [A] 2R 5 i) X P 5k & / MPa
KIEA—B B P /h /h 1d 3d
P3F0 0.3 100 0 5.42 7.08 11.237 0 28.2 50.4
P3F30 0.3 70 30 6.18 7.90 5.711 4 16.2 34.4
P3F50 0.3 50 50 6.78 8.65 3.550 4 7.7 22.3
P35F30 0.35 70 30 6.75 9.75 4.571 7 10.6 25.8
P4F30 0.4 70 30 8.55 10.38 3.319 1 6.6 20.6
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Fig.2 Schematic setup of non-contact electrical resistivity measurement apparatus
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Fig.3 Illustration of the experimental setup for measuring chemical shrinkage
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Fig.4 Illustration of the experimental setup for measuring autogenous shrinkage after final set
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Fig.5 The electrical resistivity development of cement pastes
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Fig.6 The chemical shrinkage of samples P3F0, P3F30, P3F50, P35F30, P4F30 during 72 h
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Fig.7 Linear regression results of electrical resistivity and volumetrical chemical shrinkage of samples after 24 h
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Fig.8 The autogenous shrinkage of cement pastes during 72 h
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Fig.9 Linear regression results of autogenous shrinkage and electrical resistivity of samples after 30 h

12.5
win=0.3, B =30%
6 E
c
a
<= 20 000 0
g
g 1600
2 15000
£ EEC _97.449%
= Empty cavities Aggs o~
§ 0000r 5 Sl E——
3 & g
# v = A =2.56% 2
K 5000 £cs g
0 X
Qg
0 1Y L 1 1
8 16 24 32 40 48 56 64 T2

B 10 REEm PIF30 B £ 1L S Y 48 Fn B 4g 48
Fig.10 The linear chemical shrinkage and autogenous shrinkage of sample P3F30
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Table 3 The proportion yof autogenous shrinkage to linear chemical shrinkage after final set

FE b Wi/ (pm e m™ 1) ZLBENT 24 h 48 h 72 h
ecs (1) 3193 10 873 14 356 16 511
AE(‘SZE(‘s(f)f E(‘s(Sel) 0 7 680 11 163 13 318
P3F30
Deas=eas (1) 0 222 286 320
Y= D0eas/ DNecs — 2.89 2.56 2.40
P3F0 — 2.70 2.27 2.09
P3F50 — 2.41 2.23 2.02
Y= 1A2eas/Necs
P35F30 — 2.17 2.08 1.79
P4F30 — 1.71 1.48 1.27

HAWFE S P3FO, P3F50, P35F30 Fll PAF30 7EZL5E 5 1 A e 4i 5 &b 04 iy e v W3R 3, A3 3
A LA BB K U KA HEAT SRR 00 B B 20 Wi B 5 L UL AR BRI 32 3 24 o 38U o A B i b B M 5
R b2 W 48 1 (B AR U/ T R v o 38 7K B Al L T G R R T B 5 Ak 24 WA 1) L 9132 T 3 . A, Y
T IR 45 i 1 72 2 30 Vo B A ()% 0 14 19 WACAR 55 4 A 2 SO 1 B 481 i 7K G B 1) 3 R T B R AR . Y
SRt 2B I K U SR AR 1Y B s R o 2B I 2 R L2 W e Y 3 00 i LT B 8 Bl 2 K TR K Ak 1) E
A7 T 328 5 /)N

A ARPESE y PRk 22 e mT LAl ek 2 C6) SR TS RN T /K Y 28 AR IR e as () . B8y 5K
JE LU SR AP 0 300 T BB Ak I 2L A5 A DG e Ry SRR ) R B TR] 2 C6) K D A2 W N B IO =2 D Y AH LA
SR T A

1
S(ts(l)zgv(js(l) t <ty
ens (1) = - (6)
EffAS([) +e(~s(set) :%V(js([> + TyVCs<S€t> t 2 [‘/' °

3. 4

DK YRIARI 3 d F0H 5 JBE B 2 1A (9 45 4y 5 S BT K 9 e R BT AR I AR PSR R W K (DB SR ACRE
fity P90 S 5 R R st P, DR kG, P AT A K ok TN A s F) 0 T R B

2RI A SR S B R i 22 Al AR R 00 O 4 A AR B B CTDOBESS I CIDD PR3 R AL CHID 2
FRIAFNCIN) A 84 K. AR TE 24 b5 9 SR ALPR BUR A B A~ Wi 4 0 30 b Ji5 B9 1 Wc 4 B v BEL 3 9 K J 3
RPN AR SC A PG T L3 o r BH 3R B RE fh 9 fh 2 o4 A0 F U

3) A 2 WA ) A AETE SR B R 18 WS048 0 R 8K B A AL« T 7R R I« K 8 5 TR 14 ) WSc &4 7 A = Wi 4 v i
o LA Bt A 7K Ak I ] f SEE K T R AL, 55 2 FE K B A AL AR LL . A Wi U AR A e i AR /N — B4

DRy $ A B T e b K I S b kAL 5 b 8 i 16 A 2 Wi v Bie i (9 L 1 22 4k 9 O A2 i e
1A W4 22 8] F) R B A B R T B 2
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