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Abstract

Against the backdrop of the increasingly urgent demand for sustainable development in road engi-
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neering, the application of steel slag as industrial solid waste in cement-stabilized mixtures has
been verified for mechanical properties, but there is still a gap in its long-term durability data. To
explore the service performance of steel slag mixtures in complex environments, three groups of
mixtures with steel slag dosages of 25%, 50%, and 75% were designed based on a 4% cement con-
tent. Through rapid freeze-thaw cycles (-20°C to 20°C, 50 times), water permeability coefficient tests,
and erosion tests with 5% Na,SO, solution, systematically analyze its freeze-thaw resistance, imper-
meability and resistance to sulfate erosion. The results show that when the steel slag content is 50%,
the loss rate of compressive strength after freeze-thaw is the lowest (12.3%), and the water perme-
ability coefficient is 28.5% lower than that of the pure gravel mixture. Under sulfate erosion, the ex-
pansion rate of steel slag mixture showed a trend of first increasing and then decreasing with age,
reaching a peak of 0.32% at 28 days. This article provides key data support for the application of
steel slag mixtures in road base layers in special environments such as cold regions and saline soil.
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1. 518

KR Fa e 3 JEE B B A A R EE A% O, LI P B R I B TR Ay o AR G A 8 2 R VR A
W WKBIE RIRER SN TRAER T 2 KRG AN, AR TR =5, e i e
TEAETE PE A B AR B A B 1]-[4]. 2T, I 0T 90 B COUF SLANVE SR A R 1 22 R 3R FHE T, (Hk
ZHAEPUGRRL PUB LORIR SRR h S A MEFRFR 1 RS R, SEUNEIRARIEREX . Wi & EhE i
X (¥ R FH 52 2R 1 .

DR E A7 M X A, S35 VR RGP B 50~80 YK, ARS8 2 ARIAE 30 YRR il i 56 R 4 0k 3
it 20%; I MHLIX B E B K RECE KT 100 mL/min, 551 K MIeR #E, LS B EXmRIE SRS
(>2%), L2 BIIRBEIR R 525 18 0. R0k, BHERERE R A RO AMEREAE, SHr R TRENH R EA
SERAI O S

] P4 A0 G T ANV 71 T8 % AR P B AVER 0 2 AR T TR A B [5]-[11],  MirE/KYE AR e Ak
o, AHSCHF AR B . PUARHLEIAS I . PUBTEREE AR L . TRER ER R P LR, = 4
B5E 5 AR AR Bk R .

AT 4%IKYE & N FERC A L, B AR 15 1 (25%. 50%. 75%), JTREPLARML. HLis Kb
F b2 ikae, BEEANEBE S AMERNEN KR, REWEIRSBERRASE TR ILSE
B, N TREN R AL AR -

2. SKIEMM RT3 3%
2.1. SEERMR

2.1.1. B8
AN : B T AL RN, B 4 G kAR <20 mm, FEEAL K 43 A CaO (24.98%) Fe 03 (25.45%)
SiO, (17.08%), fLBAZE 18.5%, IE{H 16.2%:;
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WA BRI RARER A, Fife <20 mm, FLIRZE 4.2%, JEREAH 22.5%:;
BT KB RZE LRGN, Wit 0.075 mm FFILFRE4E < 5%, 4.75 mm FFFLER =05
40%~50%.

2.1.2. BREHR

KH P.O 42.5 @R Sk Ve VE NIEEA R, H & TVEREFR R 1977 & GB 175-2007 i HITERR #h
KUY FRUEEESR . SRS, %KW ) A 2.5h, KA AN 4.2h, ZEMEAK, 28 KIUEIREILF
48.6 MPa, HiHfTHEE N 7.2MPa, LRI N 358 m¥kg, =%ML& E 1.8%, HEE 2.1%, STHSH A
KRR TR A R R ST PR it 1 T S 0 SRR S
2.2. IWHE
221 RENEEHEIT

DL 4%7Kie & 2 AE A E S, Wit TS ES A 25%. 50%. 75%H) =4iR &k . Hrh, 25%
BREABHAFEZNBERBE TOHRERZER, 50%3EHEANTEBENRE, HT oW
AL, 75%%5 24N R AR S5 TOL T I E RS S5 YERER I . BEAk, kxS LA 15 NS AR
REZS, ARG - 4%/KIIRA BHE NS X IR, @il AR & (R DARSRL, & A H R
B i 5IR AR A VEFR AR B R

Table 1. Experimental mix ratio design
#* 1. LHREEELET

415 TR 25 (%) R (%) TR 5 (%)
A (X} H8) 4 0 100
B 4 25 75
C 4 50 50
D 4 75 25

2.2.2. A

R FH B R FGIRI6 (ASTM D557 btk 77 i) 5 93 /K Ve e e VR A h kAT o 9ilas, Jmik B gdsn &
IKEFE R I T seTh, e Ho S /K B (OMC) 5 i K T4 5 (MDD), FARIG4E ByE W% 2. b
Je, YR (AR LA AR E M RRRIGAAE) (JTG E51-2009) xR, i i & )1 K Skl & HAZ N @
100 mm. = A 200 mm BRI AR, RS SE, SERIB AR TR AT R, FRP AR R
HIRIRAE(20 £ 2°C) FHXTIRAE >95%. (EFRHIEFEF, 0HI7E 7d. 28.d. 90 d =/ CHaws HIHL ik 1,
TR G SN AR, ARG FA FIFR B BT IR A R RE AR A

Table 2. Compaction characteristic parameters of the mixture

=2 ORANEZHMSY

2153 LS KR (%) B KT % (glem®)
A 5.2 2.15
B 5.8 2.22
C 6.5 2.30
D 7.0 2.25
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2.3. WMAMRMRATTE

2.3.1. IARAEIE

FY 2 28 d WA ME, & LB KR 48h MK E, B T4 B SRRIEH I+, f£-201C
~20°C I DX [) P4 34T VR B AR5, MG PR IR E0E 2 o 50 IR B 5 10 IRUR ARG IR, B AR R A
0.01 g AHL TR TIE R EH R, KR (@R Rt /122 R ked J7 iEbnE) (GB/T 50081-2019)F% 1
JEREALI E PUR AL o BT HE PR RRE S ESRARE, TSR GmRat LKA ae A
i At BB S8 77 VA5 ) (GB/T 50082-2009) H V& HEN, X 4N /K e fa e TR &R Btk MERE EAT R4t
AT

2.3.2. gt

1) BKRBOK: RAH S T2 KO AR R, 78 AR O 0 18 22 1 0.1 MPa /K &, #5%
PLSEFR TRE AL R K XM KBE R . @R R TE, I03% 30 min AR08k &L, AR A 7 e
THEBKRE, ZRBENRIGRES B2 SR ShuistERe, REUEB/NE M RBTS ML

2) AHTHBERR: % ASTM C1202 (JREELHIAE T2 B stk 7%y , Kl
FRIRAAR B T ERBEISEE S, 766 h WA M, e s s e s e & . AR FLfer KN
MERHITIB S0 0 N HANX ](<100 C M mPtis, 100~1000 C AR LIS, LA R K fa
SEVRARME SRR IR EE R IO AVERE, Ao far S A R R MR &2 RN RE ) .

2.3.3. MR MR

B2 7 d W IR 58 AR TR BN 5%01 Na SO4 (2 i, ¥ FE 1 HI7E(20 £ 2)C,
HR AR R R A R R e . RS AR, &REIFE 3d. 7d. 14d. 28d. 60d f190d, 43 JHCH ik
AT 470 i P AR 2 PR R K 2600 5 o 7 s e PS8 DU R I 703, Nk i 28 15 8 O 0.5 MPafs; 2k
PERZIK 2 52 W I ks FE T RIS AL AR A 58 B, RS FERTIA 0.001 mme. T8 Id R G5 i A [F 4N 15
(0% 10%. 20%-. 30%-. 40%) I i1 Hs 2 B2 AR 10 38 Je 2R ME I 6 B b [H) RS AR, RS &
SHRA EHUR IR 262 i R s AL )

3. R RS
3.1. fukRhiEaE

3.1.1. BEFMRARE

AN BR SRR R R G (PSSR B R R B 2 iR AR, BAREE Al 1 PR
W R, FEGRRE I IR BOA R 50 X5, ZERR AR A R BT SR T HUR 3 ik 21.5%, N FEE 1)
PR S A ™ A R UK R I K I T T 32 7™ BN . 5 2 TR R I LR, AR 15 BB D 3T & 50%
I, TR AR SRR R R R AT, O 12.3%,  JEILHH AL I HTARTERE -

IRANRTUHAE RINLEE, AN AP BR VR R A B DUR TR REROIR T A8 T 0B E T A B B F
AR, EIRERE SRR, R RPN J1, I BRI A BB 28, T3
BRI AN, AR R SRS N 1 BRI RO B R S PR T, T R v A i R, X
ol B O A K B B FRAR T K R IR AR N IR IR TS, A R T R R b R K 7 G5 UK AR 51 R R
LR o BRAk, BNV R IR T RE S AR KA R A ORI, D SRR AL, 1Y
SRS P X 3R, AT P R ERTHE & R LR I AVERE -
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Figure 1. Data on the relationship between the number of freeze-thaw cycles and the strength loss rate
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Figure 2. The mass loss rate of different groups after 50 freeze-thaw cycles
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3.2. istkee
3.2.1. BKERH

EERPIBERR T, MBS EIL T 50%N, JRARE K RESLME AN 89 mL/min, T
Ak AR SRR 125 mL/min, S3E R T 28.5% (WL 3). E—3B o I, ARV RURIURR (B M TS AE
SRR, 5 R RE R T BRI B AR, A A T ORI A AR . [RIE, ANV
MFLBREEMIENIE JITER T, SRR BRI i B ANME TS, A7 S 5 0 R Ak pAy 1 322 36 -FL B K sk
o KPR A S RAANERTE TR B S B, SRR T BB ERE, v DR AR K o
(EHN /L R AV

—=8— 28 RiBIK AL
—e— 90 RiB/KAH
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Figure 3. Diagrams of seepage coefficients with different steel slag dosages
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Figure 4. Test results of impermeability performance
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AR TBERRER NI 4. RERHBIEEE, £60 V EHREHREENT, RFeEm 6 h s, Ml
SE BT 1 L AP R SR AR B BB R . 45 REOR, BEENES RN, @il
M LR N GBS RN 50%R, HIfT R A 1280 C, KR (i R EE LA A M R AN
AMERE RIS JTVEARME) (GB/T 50082), %40 MH CLik B = H1i8 5541 (<1200 C) o X —45 WA/ UESL, ANV R
NHG RN B L, AR 4 SR O 45 1 e 8 5 SR 1 R AR BRI R AL 22 45 5 R H
BEICEE TERA B 2, ATRIRSE SR A RN AVERE, o8N 75 2 5 2 AR R 1)
e AR AL T B PR -

3.3. MARERELRIMERE

3.3.1. BETLNME

TERR IR ERAZ Th A BEARALL S 56, ANV 15 50 50% AR 7K Je Ao e TG R B HE R () o i e e LA
Wk 5 Fon, WEEEFRY 28d B, PUEBREEME THIMGR K R IEE, HigA 8.7%, BE®TREAMT
N AR IR ARSI R . BRI ] (R AR RE K, & 90d B, SR TR PSR, B
YEFF 3.2% M IE K, WRAIZIB R T IR AR RSN 7R 5K JE I P AR R Bh 1 T 22 2 ik 5 ) BB IR AR
X2 R S AR AR A RHEBER 3515 T S 1A H I A R (I R R A X L, IE ST R4 N T L
p 3 K e R e TR AR PR BR 3R 12 il 1k A

—m— (A4 BEAZE
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Figure 5. Graph of compressive strength change rate under sulfate erosion
E 5 MEERFEMTRERETLERE

332 WhkERR

RGO, HIVE S RIA T 50%I, TRAEHE 28 d W A 2K Ik B8 0.32%
(W5 6)e X —IRFZIAR Tk R BRIR 2R 5K Ve KA =P B IR, AR S LA 45 BT 8 25 K
FRPEROM, TP EARRRIE K. [HARIENR, FEE TR ERER, TR AR RSN /)i R
WA SR, WAKR A B 5 BB T B Rl .
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Figure 6. Linear expansion rate diagram under sulfate erosion
E 6. MEERR M T &M B AKERE

BB TR, BB RS AR NI RS 7 OCBEE R . SN I R R K P KA
WA UKL, AHAE 187> S EUZIK 10 774, R ETR G R S B 1 SN B0 R RS
Fyo XML IE RN G A RO BT KR ), S i T AR T S B S5 BRI #e Tt 1R
ERHI AME -

34. WMTBERNRMSIHT

LREDUARRL. PUE SRR #h AR ili6 25 2R, IR ANE A B R, REAS R AR 15 AT ER 6 VP20 (32 3).
PP PR BRI SRR R . BOKRE KRS TR AR, B AR 2 PR 55 R 300 8 B A J2 0 fe AR
BUE . 4IREW], S0%IE B ENR ARG RE 2 Rom, JEPUR . PUE LOURIIRRIR vy R I,
WHIZE B TR A REA RN FE X URRL . BB IE K LB B R i S R B . RN 45 & 2 5F
I3 5 RS BB ) Tl [ R S kB 5 AR SR B BI85 A i, A% 7KV + SO% M O 75 L AE f s i
AMERIRTER T, B &3 iR LEAL 3

Table 3. Comprehensive durability score of steel slag dosage

3. WEBEMAMERETS

4153 ik Fostk ol 12t S
A 70 65 70 68.3
B 75 75 75 75.0
C 90 85 80 85.0
D 80 78 72 76.7
4, 475

AWFCIEL RS LI S 0T, IRAIRIC T A RS B KPR E IR ARk AE (52, B 1
AV AE T B L R AR v ) SR B P R R IS de (R IC b U7 58, DR ke TV ] PR B3 U540 A ] 5 3 B A
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