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Abstract: To investigate the mechanism of the combined use of multiple admixtures in highway concrete on its mechanical
properties and volume stability, experiments were conducted on the two—component and three—component combined use of silica
fume (SF), slag powder (SL), and fly ash (FA). The compressive strength, elastic modulus, and drying shrinkage rate of the
concrete under various conditions were measured. The influence degree of each factor was determined using range analysis. The
results show that in the binary combined system, the mechanical properties and drying shrinkage rate of the concrete both show a
trend of improvement first and then decline with the increase of the dosage of each admixture. Among them, the SF + SL
combination has the best effect at 4% SF and 15% SL; the drying shrinkage rate decreases continuously with the increase of FA
dosage in the SF + FA combination; in the ternary combined system, the compressive strength reaches the peak (69.78 MPa)
when SF is 6%, SL is 15%, and FA is 5%; range and variance analysis show that SF is the factor that most affects the
compressive strength and drying shrinkage performance, SL has the best effect on shrinkage control, and FA mainly plays the role

of adjusting workability and long—term performance. The research conclusions can provide a reference for the design of concrete
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materials in highway engineering.
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Table 1 Experimental scheme for ternary composite addition

A oass SF $B#/% SL #B#/% FA B2/ %
1 2 5 5
2 2 10 10
3 2 15 15
4 2 20 20
5 4 5 10
6 4 10 5
7 4 15 20
8 4 20 15
9 6 5 15
10 6 10 20
11 6 15 5
12 6 20 10
13 8 5 20
14 8 10 15
15 8 15 10
16 8 20 5
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Fig.1 Compressive strength and elastic modulus under

the binary compounding of SF and SL
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Fig.3 Compressive strength and elastic modulus under

binary compounding of SF and FA
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Fig.5 Compressive strength and elastic modulus under

the binary compounding of SL and FA
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Table 2 Results of tri—component reinforcement experiment

. BaRB/ % HESRE  THE s

SF SL  FA /MPa  / (x107%) /GPa
1 2 5 5 52.37 385.24 33.85
2 2 10 10 50. 12 370. 58 33.12
3 2 15 15 48.76 355.43 32.48
4 220 20 46.33 340. 67 31.75
5 4 5 10 60. 48 400. 35 36.24
6 4 10 5 62.19 385.76 36. 82
7 4 15 20 56.43 370. 94 35.15
8 4 20 15 54.76 360. 28 34. 64
9 6 5 15 66. 53 420.37 38.52
10 6 10 20 64. 35 405. 25 37.83
11 6 15 5 69. 78 390. 46 39.21
12 6 20 10 63. 14 375. 39 37.04
13 8 5 20 62. 62 440. 18 37.55
14 8 10 15 60. 25 425.37 36. 94
15 8§ 15 10 64. 48 410.29 38. 12
16 8 20 5 58.73 395.42 36. 36

2.4.2 HHFEVFHHES

7 Al F0, K FYE B2 5N 2% I 1)
49. 40 MPa % #H K 5] 6%} 1) 65. 95 MPa, 7t 8%
BT RS 61. 52 MPa, EIHETHE MBS 5
EMTEB RN 15%0F 53 KAE 59. 61 MPa; Ky K
Bt 45 h B 3 i S B VR s R e, N 5% B
63. 02 MPa [%fK 5] 20% 0§ ) 54. 91 MPa, SfERER A
TR ) R IR (K 11) , BEIKAE 69%15 B A ik
B 5 5 09 2B R 38. 40 GPa,  H I AT R0AE SR X T4
TR BE T 2 PR AR ok, (HJ W 4 5 e
oK BB TE A5 B T A SR R 4 =22 R] s
Bz SRR TP ) PO e B v | R Y SR
L xhlscaE e BN, T4tk fg, fER Y
ST A 2% 15 511 363. 48x107° 3| 8% 1B H 11
417.82x107°, Ry M BRE K 04 4 2R I B 25 45 it
FBEINTG T F5, AR B X e 46 AR JE I AMEEAE .
BIK LA, IR RWFEERRICEE K ESH
R SR A Ry 32 AR BR R E e AR AL 2 1)
AHANFERY O R, IR S DR IR T AR 0
IVER

5 10 15
SLB /%

SFi51/%

(a) MERE

2 4 6 3 5 10 15 20
5 100 15 20

SLBH/%
(b) S

SFBH/% FAB /%

S 40 420, 420

X

5 400 400
S ———

%_5* 380 380

Z 36 g

=770 4 6 2005 10 15 20

3
5 10 15 20
SLB /%

(¢) HBRFHE
B7 &EXTHE

Fig.7 Average values of each factor
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Table 3 Variance analysis results of the tri—component
repeated addition experiment

SFiBR/% FAB /%

HE PURMBE/MPa TR/ (x107°) HipEAR I/ GPa
SF 16.55 54.34 5.60

FA 8. 11 42.98 1.36

SL 4.50 1.21 1.35
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Table 4 Variance analysis results of the tri—component
repeated addition experiment

PERETEAE  Jr2e POrAISS AME ¥ MS  FE SIE/%

SF 587.68 3 195.89 10.25 74.6

N SL 54.39 3 18.13  0.95 6.9
YR

FA 31.48 3 10.49  0.55 4.0

R 114.63 6 19. 11 14.5

SF 7295.2 3 2431.7  45.3 55.2
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EES .
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3 g

TR B BE TR K (SF) . BT HER (SL)
AR (FA) PIMEB K = tZ BB TB AR
HBIE e S Ta 5, IR M 22 20 B i o 45
R, HHLIFESE.

(1) SF+SL ZBH}, B Rk EEREE SF 55 AY Y
Kni BT = BRI B, 7 4% B 3k B A
66.4 MPa; SL BN 15% 050 fefE, TRl R
FESF BN 4%, SL Bk 15% i) 15 3 i AR EH
(436x10°) , HAA A A KPR ESE, HHBs
B AR AR B B,

(2) =B BK R Db KR E &S EH R
69.78 MPa, HINTE SF 6% . SL 15% . FA 5%RITHL 1L

b, W45 &/ NA SF 2% . SL 20% . FA 20% T
LA 340. 67x107°, 3 3 B 3 4o 240 AR F A3l mT P i 3
I ETE AT S

(3) W2z 5 25 a5 BRI RE IOZ W T A
PERERIPEMER R (TTHRE 74. 6% ) . fE KPR 51 JE
22K 16.55 MPa, KF¥HEIK . 0@, X+ 145
ORI (54.34%107°) fek, ULEARE KB
e JUE IR EE DL A PERE i SR i

0
s % x

[1] ZE&3, EBilh, BEH, % HREOBEET 8. HiK
XHRBEVERERIE I (1], BYEREEE AT, 2025, 39 (1):
24-28.

(2] JAEZ, HL. BEREIBI b0 K IR EE M AR w0 ik
Woray [J]. BRESiMRL, 2016, 43 (12). 84-86.

[3] SRE. T WBA R R R R R EE + F g R 2 R Y
2 [J]. MMOREGEEFIN, 2024, 38 (2): 17-21, 30

(4] I, BRRGE, XA3%E, 45 JEBIRAT A 18 G R & K xR
B YERER N [T]. JE£JET, 2017, 40 (2): 38-41.

[5] WHerty, WHEs, 2515, % AKAGHMSARTYBER I3
Xtk H SR BE R AR [J]. IREEE, 2018 (12):
81-85.

[6] BKRIEAE, XY, Wik, . R0 ZIoiEE RIS KL
BO[T]. BH T RZE2:4, 2022, 44 (1) 95-101.

(7] JEREDH, BRIOMS. wiStEe B AR+ T # R E
[J]. ®ERREREAZ, 2020, 39 (10): 3143-3151.

[8] KTy, MR, RIBE, % =00 WBS R IRE LRER
e [J]. JREL, 2019 (2). 52-56.

[9] BkzE, Kk, B, 55 EBTWHBE R IRE LIRS
MR R T [J]. IREEL, 2021 (3): 90-95.

[10] F#4f, Dk, g el 55 R K e B b B 1 5
W [J]. MORERES TRRAER, 2020, 38 (2): 295-300

[11] ki, SURKR, SkBRH:, 5. §-9BaRs SRR EE -
BUEh VR MR RE S W M BF 5T [T]. B A ST A ORE, 2018, 45
(12): 5-9.

[12] E#&, G, . 08B HLE R EE T M Re s
MFTE [J]. MHOREGEFIN, 2025, 39 (6): 23-28.

[13] 8, T8, AR, & B0 Y5 a kiR g - rERe o
7% [J]. W&+, 2022 (1) 106-111.

[14] PEEEH, HOM. SIS %3 &RIRE - %%
[J]. mEBREhi#f, 2020, 39 (10). 3143-3151.

[15] K, R, RIRE, 5. =00 WS RXHRE LR E R
g (1], REELE, 2019 (2): 52-56.





