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Measurement on Fracture Toughness of Cement-Based Materials
Based on Micro-Scratch Test
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(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China;
2. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Cement-based materials are brittle and easy to crack, which are concerned as the key problems to be solved in engineering
application. The microscale brittleness of the material phases of cement-based materials needs to be investigated, and a relationship
between the micro-scale brittleness and the overall brittleness needs to be established for the toughening design of cement-based
materials. In this work, the fracture toughness-displacement curves were obtained via micro-scratch test, and the phases corresponding
to the scratch area were analyzed by high resolution scanning electron microscopy, thus charactering quantitatively the fracture
toughness of cement paste and its material phases, and establishing the relationship between the overall brittleness of cement paste

and the brittleness of calcium silicate hydrate gel.
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Fig. 1 Schematic diagram of a micro-scratch test
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Fig. 2 Schematic diagram of fracture toughness K. measurement
of cement pastes at the micro-scale
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Fig. 3 Surface scratch track of cement paste



%5 50 B2 2 3] Wk AE: T RORKR I KA R RIS 2 By ik © 455

W 4 Frow, JPRIRSEK R R R T4
B/ 07 FEAT , FERTEEMY BL(X =150~200 pm), HH
Tk Ve F A RHEGOW R _EAR I H 1) 5 9% 2 AH R
fIE, D] b e g R T A ) 81 P B 2R P A B R
R R A AR AL, L Wr R VB AE — € X TA)YE
BN BT sh. giaafibrRsusotr, K
55 B W A GT I 1) W R0 AL VA T AR AR A ) )
(UC), M5 I AHE . 1) I 20 VB VA & T 7K Ak ™
YI(HP). FERPR LS i e B B, i i R R Al 210 1)
W 2L 1) M A )L P A 1 B I IR 7K P A7 7% 1 AR A T AR
o, JFHEBmT—AMEEE. W, RPRIREEC
BN BRI SRR R, AR 1K R AR
1A W 20 1

Cement paste

K/(MPa-m'?)

1 L 1
0 50 100 150 200
X/pm

K4 KIS ARBERIIIE 2 REI &R
Fig. 4 Schematic diagram of multi-scale measurement of
fracture toughness of cement paste

4 OB 5 AR I AR ZHT M 2 [

AR 28 d B A B K YR 1 R AOK RIRRES, 78
LT 440 e~ s i 2 b 3k AN [R) A 1 BT A i 3
WVEX AT Gt A an &l 5 B, W R K TE
HEHAHUC) MW AP i, HVuE RS A X
A4 1.00—2.20 MPa-m'?, HILLTT S, KL
W7 24970 4 43 A7 [X 7] (0.40—0.70 MPa-m"?) 57K Jfg %
AR P 1T 280 1 43 A X 1] (0.60—0.80 MPa-m"?)F
P, W T KA RS YIAECNE S, BEE
F % C-S-H &5 K% C-S-H %t Ca(OH), AFt
SR, BT LOKAL P AR T K Ve AR T &, FL
ZEBIE 43 A X TR AR B8« 7 AT RIS i T
PN A Z A R Sl A, 15 KR 3R A4
IKAEFER) A 7K A K I Bk RE FR) W7 24900 1 B A TR h

0.70 MPa'm"?. 0.60 MPa-m"?. 1.40 MPa-m"?, %}
TR AKTBARIATT S, AP 1 5
IKPRIAR BB R TIE T oNEE . E 1 GEih 4k
K&, ToU AR WL 1 43 A7 X 8] 90 R 2 A 2%
Ml SAE, AKALPE) 5K IR I ARIE — e FE R ATk
LT ERRIFRBENE, DR AT DU E K YR S AR B A g
P 3 B KA P e m%CSH&&XEm
VeI AR i =B (KA =1, SRR 5256 78 40 iE B
TCSH&&MW@Emﬁ§%%ﬁ%%£%%

Vo AOR IR A 388 3o 8 i A/ 800K 2 P38 i —
RERR, SZEL T ROV R W 1 o R R £ e
DRI A 2808 ST T /KA Tk R S U e 4 ) 1k 5 K e
PR BRI 24 1 2 TR B &R

0.4

Y cp
UC

i

Probability density
(=)
[\

o
-

0%4 06 08 1.0 12 14 16 1.8 20 22
K J/(MPa-m'?)
KI5 KT HARAN R AR W 281

Fig. 5 Fracture toughness histogram of different phases in

cement paste
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Table 1 Statistical analysis of fracture toughness K. of
different phases in cement paste K./(MPa-m'?)
Phase Area Average
Paste 0.60-0.80 0.70+0.11
Hydrated product 0.40-0.70 0.60+0.06
Unhydrated clinker 1.00-2.20 1.40+0.26
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