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Abstract: Aiming at the problem of the degradation of concrete in freeze-thaw cycles, the pore formation and the consequent reinforcement cor-
rosion in the degradation process were studied. The nuclear magnetic resonance (NMR) technology was proposed to characterize the pore for-
mation of concrete during the freeze -thaw cycle degradation, and the electrochemical workstation was used to study the development of rein-
forcement corrosion in the reinforced concrete in the process of above—mentioned degradation. Results showed that there were three peaks in T,
(relaxation value) spectrum of concrete during the freeze - thaw cycle degradation. The main peak area representing the micro cracks in the
specimen accounted for about 80% of the total area. As the freeze-thaw cycle progressed, the area of the first peak ( main peak) in T, spectrum
increased exponentially. Meanwhile, the relation between the corrosion current density and the number of freeze -thaw cycles was exponential ,
and the relation between corrosion current density and porosity was linear. After 175 cycles, the reinforcements of group A-2 reached a medium
corrosion state, while the specimens of group B-2 were still in a low corrosion state, indicating that adding fly ash could improve the salt-freez-
ing resistance of the concrete.

Key words: concrete; freeze-thaw cycle; nuclear magnetic resonance (NMR) ; T, spectrum; polarization curve

EAHMAGH Y A TR R R TR
LRI 1 R N =Sl : U b= A1 N o

TELESIAD R TREE & IR S i vl 980 i A PRI 28 X VR R - A SR IR A% 7 552 i o A BT B A7 1Y) 5
KA R ?X@Wﬁ,?ﬁ%@%iiﬁﬁfﬁﬁﬁﬁﬁ* Tt FREERY A B TR GE T BTR3NS, Jf HaX 3
S FREE R 2R (05 ), A A sk 2 i B0 ) 7 1w 4 ATTTHAETREE T HUR A B 2 A B e A B AR
RIS MRE R PR EE , i A% v g 32 25 e (] i,

[k H] 2022 -01-27

[HETH] PUEEETEWREF R H (19JK0911) ¥EB)

CEAEIESR ] ki IE(1982-) Ml HF5E /4, BBz, 5 B FRREE L A MERIBFSE , E - mail : yiyunhai @ foxmail.com

0 Bl &




Rt 5.4

TREBRE 1Y) 28 48 T Je ity /N L 32 2 B 1
R, T I TR A 5 %o SR 4 2 B 1) R AIE D7 ¥ A B P R
PRk X CT FORNT G R 3 R
R I AR AN [ 5 ) A 475 T B A [ o 0[] — 43¢
NS 458003 T e 9 A P 30 0 S 8 AR R AT 23T, AT X
PG R EIATHRZE Y L X-CT BER EEIEFI A X
SR o A ) 25 ) T ) S el AN ), DA T 5 B A
PR IX ), fi Jm a5 [] T LA = 52 BAS [R] 4 Jo
AUEHY R S e JE LB AY 538 i JL 9 , T A P
PEBAXS FLB A A SRS R A X - CT HoR B AR AT LA
SR ALBR R A (BRSO R A, I
FXF R B — g 2R LBk R 34
R HTRE , 2B LB A R Y IR 22, IR BE L 3
R ZLETE U, FE s I SR R A 6 X R
B AEIRME i R P A FL B A SR AT b . R IGE
TG BE 1 A PF AL BR R AR T7 05, (E2 AR X X
PEPATRE P LB, A% LR (NMR) 80K BA K
i U RS O A, BT 2 N T BT
B AR AU, NMR R B T A
TR, RFZEED BARMAE R NMR R
SRR TR PR IREE PR T A 1 B0 fL B R AR A AT
BT FFR AT T, 38 %0 5 4 e 0 7 2 7 fL TR i 22 4
AT 3T, R B T, 1 T AR S FLBR A B T IRAG 2R | R R0
PRUCB R INZ Wi, B SR AT NMR X R
SRR T TREE - A FLBR R AR A AT T, R BRAEAH [ K
LA 35 10500 AT A AR BE + rh N L B 1
Z ., WAL IR FURT TR e L 9 SO AT 25 TG 45
IR T i, IS 2 A R RYR
FHHAE AT R A+ AN A 45 ot AT S, S il ad
SIHTINAT AR AL i 2 B AR R R Tl R AT 3RAE

AR AR 0 3 A 5977 9 05 A R RR R A R 1Y
IBAEPEREILT >R H] NMR SR IR BE 1 25 L 2 i
FLBUA AT O 5, R T A AL 22 K07 3k X 5 1 25
P R P A AT B A e A T T 5, a1 %o 9 A9 5 et FLBE
K S AR IGE IR A A R B 1 R LB A L] A
R RHETHRT

1 il 5

1.1 kPRl

KVERH 42.5 9338 ik iR R /K e, AR A
b AR AR A 5~ 10 mm A1 10~25 mm HIRELT, 2
BURE SRR, KA TR B 7 ¢ 3, KRR
UNF - 1 BUZE R 00K, KN 18% 41T, Rk

F55% « HTH - 202257 A Iw

WRNEEARYIE I, H R TR R 353 m?/ kg, $&HESE 1 4l
% A B 2 LR EE 0, B4 3 AN, 5 100 mmx
100 mmx100 mm, 1 H* m,/m, NI E KU B
MR, # A B AUl g5 A-1,A-2.B-1,
B-2, &AL R IR 28 d, SR )5 SR F Al 0 HURE
ML A-1F1B-1 T % dxH=50 mmx100 mm(p HH
L, H R MIBEAER, A-2 B-2 2R N 25 mm
AN T EE ik, B9 HRB400, A2 12 mm,

*1 BRIBESL kg/m’
Table 1 Concrete mix proportion kg/m’
No. Cement Water Fine Coarse Fly Water m./m,
aggregate aggregate  ash reducer
A 450 158 634 1167 - 2.14 0.35
B 310 158 634 1167 140 2.14 0.35
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Fig. 2 T, spectra of group A and B concrete test piece under freeze -thaw cycle
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Table 3 Area of T, spectrum under freeze-thaw cycles

Cycles
No.
0 50 100 150 175 200
1 3161.1 31202 32109 3359.5 4268.6 4309.9
2 31417 3122.5 3223.4 3347.1 4232.8 4300.5
3 31314 31247 32094 33783 42712 43153
TO‘?I;’“ mean 3 144.7 31224 3214.5 3361.6 4257.5 4308.5
or 1
1 17962 19532 19783 2091.4 2098.9 2219.5
spectrum
2 17853 19435 1967.2 2088.5 2102.1 2213.2
B
3 1800.1 1933.7 1981.7 2087.3 2100.5 2221.6
mean 1793.8 1943.5 19757 2089.1 2100.5 2218.1
1 80.74 83.06 8254 80.77 80.51 80.28
2 8055 83.12 8221 80.64 80.25 80.16
A
3 80.63 8331 8233 80.53 80.32 80.24
Proportion

of firss  mean 80.64 83.16 8236  80.65 80.36 80.22
peak of T, 1 74.83 8298 8652 79.08 80.17 77.31
spectrum
2 7421 8315 86.11 78.88 80.34 76.56
3 75.02 8234 8724 7939  80.88 78.03

mean 74.69  82.82  86.62 79.12 80.46 77.30
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Fig. 3 Fitting diagram of main peak area of T, spectrum
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Table 4 Change of concrete porosity under freeze-thaw cycle

Cycles
No.

0 50 100 150 175 200
1 285 3.04 315 3.66 429 498
A 2 2.82  3.05 3.11 3.68 422 501
3 2.83  3.02 3.13 3.64 4.23 4.94
mean 2.83  3.04 3.13 3.66 425 4.98
1 262 283 289 314 344 3.78
B 2 2.58 291 2.85 3.12 348 3.81
3 264 279 287 3,17 343 3.74

mean 2.61 2.84 2.87 3.14 3.45 3.78
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Table 5 Corrosion current density values of test piece in

each freeze-thaw cycle stage PA/ cm?
Cycles
No.
0 25 50 75 100 125 150 175 200
1 0.02 0.05 0.09 0.13 0.21 0.32 0.43 0.52 0.66
A2 2 0.01 0.06 0.08 0.15 0.22 0.33 0.42 0.54 0.65

3 0.02 0.06 0.09 0.14 0.23 0.31 0.42 0.53 0.68

mean 0.02 0.06 0.09 0.14 0.22 0.32 042 0.53 0.66

1 0.01 0.03 0.08 0.12 0.18 0.25 0.32 0.38 0.44

2 0.03 0.04 0.06 0.13 0.17 0.24 0.33 0.37 0.45

3 0.02 0.04 0.07 0.12 0.16 0.23 0.34 0.37 0.44

mean 0.02 0.04 0.07 0.12 0.17 0.24 0.33 0.37 0.44
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