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Abstract: In response to the problem of deterioration of building structures in saline alkali areas in northern China due to salt
erosion and multiple freeze—thaw cycles, fly ash and coal gangue were used to replace some of the cement and coarse aggregates
in ordinary concrete to prepare fly ash coal gangue concrete. The damage law of the concrete was explored from three aspects:
freeze—thaw appearance, quality loss, and dynamic elastic modulus changes. A freeze —thaw damage model of coal gangue
concrete with dynamic elastic modulus as the damage variable was established in three media environments: clean water, sulfate,

and composite salt. A quadraticequation was used to fit the experimental data, and the fitting results were good. The salt frost
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durability of the concrete was evaluated. The results indicate that in three different medium environments, composite salt has the

greatest impact on the freeze—thaw damage of concrete. Among them, fly ash—gangue concrete exhibits the best performance in

resisting salt and frost. It only reaches the damage threshold after 250 cycles of salt and frost, with a mass loss rate of more than

5% and a relative dynamic elastic modulus decrease of 48.5%; Fly ash and coal gangue concrete have good salt and frost

resistance, and the addition of fly ash can improve its frost resistance. In clear water and sulfate freeze—thaw environments, the

frost resistance level can reach F250, and in composite salt solution salt and frost conditions, it is F200; The fitted equation and

the established freeze—thaw damage model can better reflect its true freeze—thaw damage situation, and the research results can

provide reference for its durability design in complex environments.
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Table 1 Physical performance indicators of coal gangue
coarse aggregate
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F2 BEFAEHLERS
Table 2 Chemical composition of coal gangue / %
Si0,  ALO; C,0 Fe,0;  K,O MgO  Na,O He

|||||

52.34 20.98 13.60 4.47 2.54 1.58 0.93 3.56

Table 3 Chemical composition of flying ash / %
Si0, ALO; C,0, Na,0 Fe,0; Ca0 TiO, HeE
46.84 32.11 5.20 3.43 3.38° 2.75 1.28 5.01
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Table 4 Concrete mix ratio

/ (kg/m®)
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796.5 389.5 584.0 180  2.25

1.3 XBF HEAME

RIS M GB/T 50082—2009 (3% i 1 5 + K
PERE STt AR Ty kb i) BOESR, SR R
BRI vE AT, B RS 100 mmx 100 mmx400 mm
AR S TARESRA A N 3R 24 d I, R ILR
A 202 CHFRHIR L 4 d LUK F) 7850 W K AR AR
Ao G530 AE =Pl G A B0 VR R AT R G B
WG, B 25 WHEA K — R, 76 B4 S5 30 45 o s
EH R, e R, YT 4l
FR T 401 K R O 5%, B X Bl vk A R T
60% , SRURAPEFREGE 300 WA, D65k

VRRR G 2 B R B TDR — 1 B3R ¥ 4 b 3 o
HL, fHH DT-20 RYIREE + o) 5k A S0 o TR ¢ £
() Sh e AR aE, H R 0 TR R R R
Je W i AR A
1.4 KBEnKIEAR

FrE R R A T .

0 Wn

AW, = x 100% (1)

n

K. AW, AL n TG G BRI R 3, % W,
WIR R, g3 W, NAW n IRAEVEIN G IR, ¢
ARXS B A B P, T EANT
P, :{%—x 100% (2)
S

b P, 2 ad n UCURBAE 2R 5 9 A XF 2l 4 A
W, %; f, AL n WORRMERS R AR 0 B0, Hz; f,
RV HEA, Ha,

2 BRI

2.1 mERAFE

HE T AT, SR RIRAREIR ARG, —RhREE+
AR 2 A0 0 BT O TR R B RV IS O, FL
JREAT A IR BT RV o e, RO €30 TR BE -,
KRR IEAT A1 TR+ R e 2



4 MBI 25 A FIH 40 %

(a) BYEREFARREL (b) HIFRREL (e¢) C30REEL

1 HRBRERIRET = Fhit Rl o aR B

Fig. 1 Appearance of three materials during freeze—thaw failure
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Fig.2 Mass loss rate of concrete under three different medium environments
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Fig.3 Relative dynamic elastic modulus of concrete under three different medium environments
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Table 5 Frost resistance durability index of materials under
different freeze—thaw environments / %
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Table 6 Frost resistance levels of materials under
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Table 7 Univariate quadratic model parameters of materials
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Fig. 5 Regression curve of material damage degree
under three freeze—thaw environments
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