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Abstract: To enhance the coupling wind erosion with freeze-thaw durability in concrete and increase the utilization rate of solid
waste fly ash, an experimental study was conducted on alkali-added fly ash concrete using a NaOH activator. The investigation
focused on the reaction products, pore characteristics, and durability deterioration of alkali-added fly ash concrete under normal
temperature curing through infrared spectroscopy, nuclear magnetic resonance, indoor freeze-thaw, and coupling wind erosion with
freeze-thaw tests. The findings showed that the addition of 5% NaOH effectively enhanced the reactivity of fly ash and increased its
replacement ratio of cement. The characteristic peak of vitreous fly ash in the infrared spectrum disappeared after alkali addition,
while the typical characteristic peak of N-A-S-H gel became prominent, indicating higher gel polymerization. The pore structure was
improved because both the initial relaxation time and spectral area of the corresponding 7, spectrum decrease in NMR. The concrete

with 40% fly ash and 5% alkali exhibited better pore structure than ordinary concrete with 20% fly ash. An optimized residual-
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Markov model was established to predict the durability index and service life of alkali-added fly ash concrete with relative error of
approximately 5%, based on the relative dynamic elastic modulus. The alkaline activator proved beneficial in enhancing the
utilization rate of fly ash in cementitious materials and improving the durability of concrete against coupling wind erosion with freeze-
thaw cycles. These findings provided theoretical support for the development and promotion of environmentally friendly hydraulic
concrete in cold regions prone to wind erosion.

Keywords: alkali-added fly ash concrete; infrared spectroscopy; nuclear magnetic resonance; coupling wind erosion with freeze-

thaw; grey residual-Markov model; maintenance at normal temperature
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Fig.2 Infrared spectra of concrete at 28 d ages
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Fig.3 Deconvolution results of infrared spectrum of concrete
22 FLEREEHIFHE

TREE 1 FL B K Y T, 88K, X o L Bt > 42 e
R, T, HAGBOR , fLER R i, JRBEL 28 d %
WIRREIR T35 018 4 B 7R, T, 3% AR AN 4 Fis

H 1] 4 TR INBRTR B 1 T, 315 5 B M A ) R
/N IR =0 2 TSR N A SRR TR B A
T R AR N-A-S-H 5 £/ C-S-H #E K,
P TE 7R A I v AR L 4, A8 AN ] RURE 3 ] 43 58



5 4 1] K 86, 55 . NaOH W38 by R VR 5

AR B B R - R B T 1 fE

WARFLBR 25 . A 5% #9 NaOH J5 F20SHO .
FA0SHO £ 7R ¢ & 4 5t 22 A5 18] P 1.589 . 1.203 ms
U/NE] 0.057 F10.053 ms, W40 4 H B A H% |, IR BE
T R ALBR I /NFLBR A, R 3R 4 WA A
5% 1) NaOH Ji7 F20SHO .FA0SHO ZH YR 5E 1 3% 1 £
431N 2 440. 825, 2 384.362 [ F 1 646.624 F
2 162.302, B[ NaOH 1)/ A LB $ i 48 /0 IR

HE NS
60
F20SHO
50 | F20SHS
F40SHO
F40SHS5
40 b
_‘i_';
= 30t \
Juilng \
Blisd \
20 f \
10 + /\ \
0 L N Ml
0.01 0.1 1 10 100 1000 10000

T /ms

K4 JREEL 28 d W T, 3% 504 <k

Fig.4 T, spectrum distribution curve of concrete at 28 d age

4 REEL 28 d I T, mR
Table 4 T, spectrum area of concrete at 28 d age
2057 F20SHO  F20SH5 F40SHO F40SH5

T, IEHIA 2 440.825 1 646.624 2 384.362 2 162.302

23 FLEMEUMES ST

DL YRESE - V% R A AR X ok — R Rl 0 B A% g 3
& T, 306 7 1) FL R 2 42 VR Ay ik 6 5 0 31 L B Ak
TR A 2850, R A0 W 4 50 e 1 R TR B + 76 7R
il AUk — R S R AR A A% 1 T AL A I AR AR R
BT IS A AR EE - 1g T, F 1g S, 19K
ZAMZ" ANE 5.6 BT ; SR 5 R 5 25 5 O R/
JER LT o B R EIR N LAY T 48K Dy,
MRSLIME ik D, AT 1g T, F1 1g S, < R KRS,
T RFLBRIG FHE (o B A WS ) 45 R a0 5 s,

5 R=0.94
¥=0.219X+1.36
] -
“ o 0f ¥=6.55X-2.28
oo
1+
olLe n n 3
0 1 2 3 4
g7,
(a) 28 dift i

Fig.5 The relationship curve of 1g7, and 1g S, of F20SHO NMR

2 -
Y=0.199X+1.41
1+
0 Y=4.73X-2.01
—1Fk
L ]
29 1 2 3
g7,
(b) VRGN A
2. R=0.95
Y=0.211X+1.36
1k
0k
Y=5.65X-2.75
1L
L]
) . 1
0 1 2 3
g T,

(c) Wb —TRAMEERG
El'5 F20SHO #mEIAR 16T, 5 1g S, 5 R Ak

Y=0.313X+1.28

Y=7.66X+3.73

0 I
g 7,
(a) 28 diy 1t

Y=0.232X+1.31

Y=6.96X-1.95

2
g 7,
(b) FRAMEIA



136 I NI

e (T % WO % 54 &

¥=0.253X+1.03

Y=4.41X-1.02

2 3 1
lg 7,
(c) W Rl ER
6 F40SH5 #mi3EIR 1g T, 5 1g S, KL Rl £k
Fig.6 The relationship curve of 1g 7, and Ig S, of FA0SH5 NMR

FLIE o3 A o ik DR 3 A% I IR 0 B E R,
P FALBRIG FHE T, IREEL AL 2 5 ki
BURHSG T AL AL 2 S LB AR RRAR OC . /D
LR LERL D, K, B W BN FLB 22, R AL B
HERL D, R, UL p R AL | TR 1 AL Bt 32
KU LRI FE T AR 43 a8, 1l 1 2%
S5 Al /)N Ji B AT A B R SRS T B
ANFL I 2 RORNR L 23 10 4 20 Iin vl 5, o g —
S T S e FLIBR R (A B R/ IV L

K5 BETREIHRET R 4%

Table 5 Fractal dimension calculated based on nuclear magnetic resonance method
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Table 6 Prediction results of relative dynamic elastic modulus
under freeze-thaw cycles
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