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Evolution mechanism of spatial damage of mortar in the early freeze-thaw stage

CHEN Siyuan', LIN Baochen'?, ZHANG Chunliang®, XIAO Huigang'

(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. Heilongjiang Province Construction Engineering Group Co., Ltd., Harbin 150090, China)

Abstract: Affected by the direction of temperature and moisture transfer, the damage development of mortar in the
early freeze-thaw (F-T) stage exhibits spatial characteristics. However, existing F-T damage monitoring methods
mostly focus on the overall average performance of specimens, ignoring the differences in local damage evolution.
To quantitatively evaluate the influence of spatial position on the early F-T damage of mortar and further reveal its
evolution mechanism, this paper proposed a real-time and in-situ strain monitoring method based on fiber bragg
grating sensors and tested the strain at different spatial positions inside mortar during the early F-T stage. Results
show that the strain amplitude in the upper layer of mortar is higher than that in the middle layer during the early F-
T stage; with the increase of F-T cycles, the peak strain continues to rise, and residual strain appears; micro-
morphology analysis results verify the reliability of using residual strain to judge the spatial difference of F-T
damage. Based on this, this paper further established an early F-T damage evolution model considering spatial
position. The comparative analysis results of macroscopic performance tests and local strain show that the damage of
mortar in the early F-T stage is dominated by surface cracking. Although this phenomenon has little effect on the
degradation of macroscopic performance, it can provide new transmission channels for environmental moisture to
enter the interior of mortar, further aggravating the evolution of F-T damage.
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Fig. 1 Working principle and structure of FBG sensor
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Fig.2  Position design of FBG sensors
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Fig.5 Mass change of mortar in early freeze-thaw stage
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Fig.7  Variations of compressive strength and its loss rate of

specimens in early freeze-thaw stage

2.1 15 2.2 WA T DU RSP P fE
VR PEAN S bR B 30 0 2 K, 1 R Bl R 300 B A 5 A
WA o 3T REJE: PR D I 3 SE A o B (A BE R
RIS AT /N E2 322 013 RE A8 3% I VR R ik
P K o et i A o DRIk, A VRl B 30 X b K
AT AN ) 2 37 5 B4 4 0 M, A7 B S o) B



55

YRR, A5 WD IRAE VR R s TR 45 3 A AL B 49 .

R A7 SR R 1 % e
3 URERF 6y PR R 1A b AR AE

VRl AR A 32 BRI I SR SR R AL
PP SR PN B R A Bl 2 R R R, HiZ
PR AT O RAE R U ) S N3z i ke A AR A
3.1 BORZREAIEIA o b 28 B =S (8] & R AFAE

PAZE 5 URAEIN N 22 ) 1 VRl cd A vl o i
NI 23 [ 7 5 14 7 2 - TR B 2, 2 2R AN 8 BT
P 8 Mg iy i AZ J5 1) 5 FBG &% — 2, HIE(E
PRERBLN AR S EACR NSy TR A% HAT
Jrra e, PR, 7 R TR - R G &

150

ob  Thawing
7

-150F

-300F

LA ue

-450}

’
;
47

-600+ Freezing

750 SR
- -12 -9 -6 -3 0 3
W AR /°C

(a) 1*updll 5

1501

150k Thawing
150 o>

-3007

LA e

‘__‘_____,

-4501 .
Freezing

-6007

7502 R

- -12 -9 6 -3 0 3
W AREE/PC
(c) "midil] /&5

T A A s fefT RN A5 AS7 1) S B (2 1

MHIZRIE ST 0. & 8 (a) 5 (b) B #2428 M
o, BB ; &1 8 () 5 (d) Byt 2B AR, ith
LILREL R -, Hor, 1 ap P o500 745 — 5 BE il 4%
PR A9 T A2 17 mid PS54 22,17 £ 52" up 0 45
725 Y0 B e TR 8 1) TR RR A 2 2% mid 0 AR 13,52
o XTI AE [A] — R R Rl B0 v, 00 ek 3 1 A2 ]
0] 2225 o), BAVR R A A 1% 7 AR R A B 3 K
AN, N 8 AILLE Y IRIERMKZE 0 CH5THRE
0 CZIBFFAER A4S 22 5, FLIZ 2% 5t Bl I 07 4 1)
LRIZMB MG,

150

Thawing

-150t El

-300F

A pe

-450+ ,
&
Freezing

-6001

2750 L L L L L L )
-18 -15 -12 9 6 -3 0 3
W AR BE/°C
(b) 2*upill £

1501

-1501

-3001

NEAE ue

-4501

Freezing

-6001

gsob—e
-18 -15 -12 9 6 -3 0 3

T AR /°C

(d) 2*midJll 5

8 MT-REMHLZ (5" cycle)

Fig.8 Strain-temperature curves (5" cycle)
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Fig.9 Generation mechanism of compressive strain
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Tab.1 Early freeze-thaw damage evolution model based on

residual strain
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Fig. 12 Microscopic morphology of specimen center after five freeze-thaw cycles
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Fig. 13 Microscopic morphology of specimen surface layer after five freeze-thaw cycles
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