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Freeze-thaw damage characteristics and evolution law of foam concrete based on

acoustic emission-digital image correlation technique
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Abstract: To study the compression damage characteristics and damage evolution law of foam concrete under a
freeze-thaw environment, a joint test combining uniaxial compression, acoustic emission (AE), and digital image
correlation (DIC) technology was carried out on foam concrete with a density of 800 kg/m®. The strain evolution
cloud diagram and acoustic emission parameter change characteristics of the foam concrete during the loading
process were obtained. The results show that the compression damage process curve of foam concrete presents an
obvious staged effect. The more freeze-thaw cycles the specimen experiences, the more pronounced the ductile
damage characteristics become. With the increase in the number of freeze-thaw cycles, the area of the strain
concentration zone of the specimen monitored by the DIC gradually increases, while the average value of the strain

field gradually decreases. Meanwhile, the morphology of surface cracks in the specimen evolves from initial vertical
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single cracks to tilted shear-type multi-fractures. The proportion of shear cracks in the final damage of foam con-

crete specimens with 0, 20, 40, 60, and 80 freeze-thaw cycles are 52.5%, 57.8%, 59.2%, 65.3%, and 69.2%, respectively.

The stages of decreasing acoustic emission b-value appear in 92.3%, 89.1%, 88.5%, 76.5%, and 72.3% of the loading

process, respectively. The freeze-thaw environment can promote the transition from tensile to shear damage

in foam concrete, exacerbates the internal damage of foam concrete, and thus induces large-scale rupture pheno-

mena within the material. The results of AE and DIC complement each other, and their combination contributes to

a comprehensive understanding of the developmental pattern of microcracks and damage mechanisms in foam

concrete.

Keywords: freeze-thaw cycle; acoustic emission; digital image correlation technique; damage evolution; crack-
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Table 1 Mix ratio and density of foam concrete (Unit: kg/m®)

Sample Cement Water Foam Wet density Dry density Freeze-thaw cycle
A08-0 416.67 208.33 35.49 944.31 868.03 0
A08-20 416.67 208.33 35.49 944.31 868.03 20
A08-40 416.67 208.33 35.49 944.31 868.03 40
A08-60 416.67 208.33 35.49 944.31 868.03 60
A08-80 416.67 208.33 35.49 944.31 868.03 80

Note: Sample number A08-40 represents the design of dry density of 800 kg/m® and 40 freeze-thaw cycles. The rest of the sample numbers

are the same rules.
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AE—Acoustic emission; DIC—Digital image correlation; MTS—Mechanical testing & simulation
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Fig.1 Test method and apparatus
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A08-40 refers to the specimen of 800 kg/m?® with 40 freeze-thaw cycles, the rest of the specimen numbering rules are the same
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Fig.2 Uniaxial compressive stress-strain curves and damage patterns of A08 specimens under different freeze-thaw cycle times
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Fig.3 Cloud diagram of surface strain evolution at different moments of A08-0 specimen
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Fig.4 Cloud diagram of surface strain evolution at different moments of A08-20 specimen
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Fig.5 Cloud diagram of surface strain evolution at different moments of A08-40 specimen
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Fig.6 Cloud diagram of surface strain evolution at different moments of A08-60 specimen
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Fig. 7 Cloud diagram of surface strain evolution at different moments of A08-80 specimen
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Fig.8 Acoustic emission ringing count-load relationship curves for different number of freeze-thaw cycles for A08 grade
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Table2 Characteristic parameters of the boundary between

the quiet stage and the steep increase stage of A08 specimens
under different freeze-thaw cycles

Freeze-thaw  Breakpoint Peakload/ Relative peak
cycle load/kN kN load
0 29.88 31.33 0.95
20 21.82 24.24 0.90
40 17.81 20.24 0.88
60 12.15 14.47 0.84
80 7.16 9.30 0.75

Note: Relative peak load = Breakpoint load/Peak load.
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Fig.9 Acoustic emission rise angle (RA)-average frequency (AF) values of A08 foam concrete with different number of freeze-thaw cycles

AR — o K, A Sl dotk e b 5 5 0
Bt AN 7] 5 Rl A0 24 U BT W R TR B A sl 1 75 e 53
BRI, AR,
IgN(u—a10)—1gN(u+ar0) (1)
(a1 +a2)o

Kb NAFE RS HEE, A 205 o). a N
SRR, —ECL; p o NS KO SR 1
PR (dB); o A N UK I S S A 4 i s o U7 22 5
N(p-ay0) FIRTE & T (u-aq0) B9 B R K 58 &
B N(praoo) HIRIEE T (prayo) 19 RS &5
A

P 10 S A [e) VR Fal 0 P KT W TR TR B8 0 P
S pAEAE . TR, 7R b BE N Bk R Y
S WA, RET o8 1, AN B i,
FOWE T BB R AR K Bl R . 1o ETHRY
B, BBt E RN RS b B T, &
B Sk P R B 3 N BB RSO IR B R T R
INRER BRI 2 T ahBrBe, RMNH
RS b HAE—E B EIE B N B8l RPZB BN
ANRUBE 5 KRR (1 280 e 328 o 46 £ S b Az
TR EE T N B 8ab T — Rl i U 9 e i Ak ik

b=

e, HAEE AN BER R TN T R B,
BEB Be N A R b AEBE T T R, B ARG 5%

JERFERIN, FOESHERE BT, G BeN R
e IR RCR SR A B O RO A R AT, 5

Ry JRBREY, IR = N AR fE .

7R b AE T BB B AR B IR EE
TR SR G R /N RUBE Ta] ROROBE A7 55 A, HAR K
AR TR - 2R R AR Rl gk e
R b AE T B By A T T AT, 0. 20,
40. 60 i1 80 YK Vi Al 0 1 1 75 2 53 b (T BB B 43
S BLAE SR EFE ) 92.3% . 89.1% . 88.5%. 76.5%
M1 72.3%, B VR RlE PR BRI BG I, b (T R B
Sy PR TERT A B E R AT, RUIVRELA B e 98
I 6 TR VR 35 - P AR A, 3 G Y R AR T R A
KREEHEI S, X 5 AR 145028t L
—F

4 Fig

(1) R Rl 2% T 9 A VR R - A TR 44 1 B o 7 i
B W B By, B2 D) B9 O e 2R
WH L, TEVERG SRR BRI B kR
R

(2) ¥ 7R VR 5 4 4 0 U 5 R B B0 PR AR G
(DIC) 5 1iF 2 B, B 4% fl 418 38 vk By 3, ik o
IO 725 A e A TR B R e, AR A (E
FEZ W T R, SR Z45% i T B B oE AL — 2 4%
I {650 A ) B 1) 8 22 S48 % e

(3) VRN FREE T 6 VR TR 36 1 F 4 il R o B 1y 75
R S PRAS TR BB A Y B L TR B L BEY Y



+ 2750 -
1.2 T T 1.2 — T 1.2 7 T
1 1 1 1 1 1
10t . 0 * s L I U VY Y I Lo
1 1 1 1 1
08l ; KL 08 f A | 08f | |
1 * 1 1 1 1
* Y *l\ 1 1
=06} ] x ***L C06 [N, *\ N ! co6r f — *\ Lo
[ [ 1 * s *‘l\ 1 1 * x *, /\ 1
* * * o / *N Yok
04F & AN Y 04! VA = 04} |1 ¥ \\/*** R
* \/\*: \/ > : : *\* \1&/I : *\* \
02| : 4| 02N ! ﬁ 4 0ZA] ! : L8
R S S . 3
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Load process/% Load process/% Load process/%
(a) A08-0 (b) A08-20 (c) A08-40
12 , , 12 , ,
1 1 1 1
Lof T I b of 1 o
| : i '
08f ! 08t /' |
: 1 [ I *
< 06F + = 06 /\/ AN *\/w\* !
« < | \/ ~
oo Pasgiaf il el - e
\**:«** VAR SO\ | * l*;{ *
024 /¥ Vi M*/ 0.2 : A
bl : v L . R .
0 20 40 60 80 100 0 20 40 60 80 100
Load process/% Load process/%
(d) A08-60 (e) A08-80

10 AFIZREERUCECT A08 AIREE LS & 41 b (i

Fig. 10 Acoustic emission b-value of A08 foam concrete with different number of freeze-thaw cycles
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