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Abstract

This thesis focuses on the performance evolution and environmental adaptability of steel fiber re-
inforced rubber concrete during its long-term service. By conducting a series of accelerated aging
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tests such as dry-wet cycling, carbonation, chloride ion erosion, ultra-low temperature freeze-thaw
and salt spray corrosion, it systematically studies the attenuation laws of compressive and tensile
strength of concrete under different environmental effects. We establish a life prediction model
based on time-varying parameters to reveal the influence mechanism of steel fiber corrosion on the
performance of concrete, and analyze the inhibitory effect of rubber dosage on steel fiber corrosion.
The results show that an appropriate dosage of steel fiber (1.0%~1.5%) and rubber (5%~10%) can
significantly enhance the durability of concrete in extreme environments. The chloride ion pene-
tration depth is 40% lower than that of the benchmark concrete, and the compressive strength re-
tention rate reaches 75% after 500 freeze-thaw cycles at -40°C. This research provides a theoretical
basis and data support for the application of steel fiber reinforced rubber concrete in road engi-
neering in complex environments.
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TEABREEA R i W RF AL RS SN, T TR AT R R G S 1, L Wi Bl AN
TG A AR FARR B XIR . WSk S E R 2R A W 7 R, WTRZ K
YU IR A6 S B0 KR ks B v iy, VR B AR RSO AR TH I TR AEIS . BRAGTER . SR
TRk VREAIEI . WD BE T SE 2 I R R I RIVE R [1]-3]. B gtiR e L8 B SRR, ZEAR IR
B o ISR e R A, SRR AE I, H ) SRR S A VERE I IR AN G R T LRR AL
FZgdm, JERWEIGIN 1 )5 SI4Ed siAs,  HE DA 2 IARTE B TR H RS B R 7™ 8T 25K

BN AT 2 18 5 4 i TR i - (Steel Fiber Reinforced Rubber Concrete, SFRRO)EA—Fgi A& &40k, @id
AN A4 S R IR A R R 5 NTREE 5644, STI 1 AN AR 4 (1) w5 o B A7 2 380N 5 A e 1) v L 1 38 )
FREMANLE A [4]-[10]. EFHMIAET, 2B CHIESL Rt B IR FHRE LIPS buhi. fimdss
J15EERE, RINEDIE . PUALSETN APERETT H LRI H 6, NIE R TR B S R IR IE T3 7 1A .
SR, Bt SRR LR PPRME B PR R K IR A P BE L R A W2 =i, SFRRC 7EKIHE JR 8 T (1 1
RETE AR SR B IE NV AN AP E W 2 S . BN, 75 iR S8 HIX, YR 75 7K 2 AR I 7R Rl A1
R EER: B EHE, SRS A E R R w2 nd s e e 0. (2 B Aret
X7 SFRRC fEXSElum A T KA R A, DL Z ARG T AR RE S oL ] 8B 7847
AR =

PULE NI T, BAREEXR B L KIAPERE IR R C R —E R, (HERZRET R KR
FOO M I VR L B — VR B S . N TN AR YR R R R B L X R 2 AR SR R, VAR AL
KRG R AL Z RSB RIVERE IR, SR Z X BRI S2 PR IRAR 26 A T 4 75 i JA S g AR
IR T o oAb, BT S BR TRE 5 SR I 73 f PN ASE 28 A (v oK 58 35, XS A5 PE AR IR X JaiE 2% AR it o,
HMELLGT SFRRC (138 FH 1 FIARAR 73 i AT BL 22 VPl AROKH I 2 2R SR Wi S5 ik [X el 2%
TR M
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T, AU TR i &AE TRM. SiESGR AR IR R B R i 55 2 iR g J IR
BEONBF R L, B RGN A B G g VR e L AR A R SEAE R B f SRR (LA, @t T
A8 2 80 1) 25 i TR Y, IR NI AT RS I 5 40 4 4 7E W 0t IR 55 A B [ AR P L o R 8 R B AE N
SFRRC 7E & Al i TREF RLE G A BN R RE AR AL SR it 2 1 I B AR HE SR 0%, #Esh
BB TR R R R . K. SEIRET R E.

2. LM R 7Tk
2.1. SEIGHAR

AR BIKIRIER P-O 42.5 E@EfEfR K, HEYEREAL 22 774 GB 175-2007 i@ FHRE
FRELKTE) FrdfE, EAKIBFR WK 1. BRI AKAE 5~20 mm ES LB A, BRI 8%, RUEE 2.7
g/em’s A ERITRY, RS 2.6, KW 2.65 glem®s WAFYEIEH K 30 mm. EHAZ 0.5 mm [
BTG4, FiRisRIE 1000 MPa; BEKHI KA 0~5 mm HIBEIREE AN, FMEHE 1.1 g/em®s YK N
R = MERE KA, JRIKER 25%.

Table 1. Main parameter indicators of Portland cement

F* 1. BRECREESHIER

TEREFR AR WIHEERT [F] (min) BRI A (min) 2 EPE(TE RE) 3d (ng)%g 3d (T/E:)EE HET)
S 180 300 G 4.2 18.5 0.02
FrEEE sk >45 <600 Gk >3.5 >16.0 <0.06
MERETRDE 28 d BLHTIRE(MPa) 28 d HUEGRZE(MPa)  FEARE(%)  —HEMAH(%)  HIEE(%)

SEINEE 7.8 48.0 3.2 2.8 3.0

PRAEEESR >6.5 >42.5 <5.0 <35 <5.0

2.2. Ed AL

R AT AR TR, IR EUR A 415 7(0.5%, 1.0%, 1.5%) 518145 5(5%, 10%, 15%)HEHT IF 28R 5% 1%
i, [ E (MO0, AN 4 55 0), BRI A e 2 ik,

Table 2. Mix ratio design table
2. BLAtLEitsR

WE WAEBE%) BEBE%) KiEkgmd) #kgm®) fATkgmd)  Kkgmd)  EKFF(kg/m?)

MO0 0 0 380 650 1150 180 9.5
MO0.55 0.5 5 380 650 1150 180 9.5
MO0.510 0.5 10 380 650 1150 180 9.5
MO0.515 0.5 15 380 650 1150 180 9.5
M1.05 1.0 5 380 650 1150 180 9.5
M1.010 1.0 10 380 650 1150 180 9.5
M1.015 1.0 15 380 650 1150 180 9.5
M1.55 1.5 5 380 650 1150 180 9.5
M1.510 1.5 10 380 650 1150 180 9.5
M1.515 1.5 15 380 650 1150 180 9.5
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2.3. REHEZESFHRIP

BAKVE Wby A1 WAGEMREALE A AR E S, e L T4 2 min (EAPEHY SR
A KRR ANERE 3 mine FHPEEEPIFEIN 150 mm x 150 mm x 150 mm 7 5 R EEEFT 100 mm x
100 mm x 400 mm AR, RARI GIRWHESL, 24 h JFIE, EAEFREQRE 20C £2°C, W2
FE 95%LA )74 28 28 d W I, Bl 5 #8225 IR B IR B0 AR 12E A7 I 2 0 058

2.4. REFHE

(1) THRAEFARRIE: S0 GB/T 50082-2009 i V&t 4 K B M Ae AN A M B I6 7 vk bR dE) Kk
B TR0+ S5)CHA T 12h, FIRA20C £2°C/AKH 12h, FEFF 200 K, MERERIEH G FIPUEFI$T
FLIHRE o

(2) BRALIRLE: : Bl NS, 30 ) COL IR FE(20 + 3)% XTI RE(70 £ 5)%- iR E(20+2)C,
SrAE3d. 7d. 14d. 28 d BUH IR, D BRAIREE SPUR AL .

() AETEMIALE: KA BEREEASTM C1202), FHAEF 6 MNaCl &R, Ml 60 V B HLE
6 h, MRES IR HE R, PR TIBE RS [FR A B FLICRE I E AN AR A T

(4) HRIERRRALS : B R e, K B T 40 CIRIRAE RS 4 h, PR 20°CKH
Ak 4 h, DEES 500 K, MIHAVR RGNS R AR S, BRI R 2 A BT SRE .

(5) FREE AL RIS EIEE, B SR E R A, WIS 5% NaCl W, i
35°C +£2°C, MIXHEEE 95%, RKE W 2000 h, & WIIARIRIF TS RE 5 & E BB IRE.

3. BRESHR
3.1. FEREFMETHMERT
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Figure 1. The variation of compressive strength of concrete under dry-wet cycles with different mix ratios

1. TEEEREL TRES T EREEN

A IR T S AN [RIBC A P VR B A TR A A T A R ARk, B T 5 P s gk 2 et EE (1)
55 o P e i 2R 5 EL IR 2) AP T RT I, FEVEZE MOO 7E 200 IR TGN 5, HUESREE M 35.0 MPa
%28 22.5 MPa, MRk 35.7%; M43 E 1.5%. BRBE 10%0 M1.510 4, HiEmEEE 28.5
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MPa, F&MEN 18.6%, BIEUEHIETL) 48%. MIE 2 WT4N, HitismEE AR SHE A ML, Moo 2
BRI M 2.5 MPa [£% 1.2 MPa, [%1E 52%, M1.510 41M 3.9 MPa [4% 2.8 MPa, [4IE 28.2%, H&%H
NEZ L T 9T .
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Figure 2. The variation of tensile strength of concrete under dry-wet cycles with different mix ratios
2. PRI AR ELFEETF THhEE TN
MR G4, R, K [ TR R BOREE L N B FLRRK R 71281k, IR SEY™
Ji& o MR AN G2 P B WA R MR ALK J7, WD REaE 7 s ANET AR R G R FEMT A, IR
REgy g, RG] 7 ALBR A, DI AE S 5 5 T
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Figure 3. Graph of the variation of carbonation depth of concrete with different mix ratios over time

B 3. REIERA HR AL B R R bR 25

AN TRV B B R B AT o P 1) A8 A 28 (1] 3) B BRAK S TR o P AR A ot L I (P 4), AL 3 mT L
FE i, A R BRAGER FE S5 BE I () 2K T 3 0, (AN R A DU R 7 S 3 . JEuEZH MO0 7ERR 1L 28
dJ5, BRALEFEIS 12.5mm; 1] M1.010 ZLANEF4E 1.0%. 0 10%)BRAGIREICA 7.5 mm, 503 v 20 A
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40%. HEE1E 4, MO0 4lRRAk 28 d JEPUETRE M 35.0 MPa [ % 28.0 MPa, [4MR 20%, M1.010 410 37.0
MPa [ % 34.0 MPa, %1 8.1%, KR GIBNGEA RIS A 55 R0
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Figure 4. Graph of the variation of compressive strength of concrete with different mix ratios over time after carbonation

4. TEE A R B LA FEHUE SR R AT (8] L &

IR IR B LR, A ROR> T CO ¥ HUEE, R 4NLF 4l omyR At % s, FHS COy 5
KPR =N SNE, SELE T WAL S SRR, AT FR AR AIR B, (R FrTR I s
33. SETFRMFETHMEET

AL A e VR B R PR B IR FERE R (R AR i 2R i 5 B, B SR amx b 6. Hil
AL RO, FEHEZA MO0 [ HIEE N 2800 C, J&T “EiBiE M 5 1 M1.510 4 LB &% 1600 C,
FEAK 42.9%, £3] “rh&3@ENn” K. WE S ATE, MO0 55 BB RS KIRIE, 28d BisF) 15
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Figure 5. Graph of the variation of chloride ion penetration depth of concrete with different mix ratios over time
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Figure 6. The chloride ion content of concrete with different mix proportions at a depth of 20 mm
E 6. TRIRKAHRRELE 20mm RELSESFIE
TALTYEAE VR EE T A E A SR M 25 454, A0Ab N EEALIR, Y nSUEs iz E e 4 IR
FALER, W EEFLR, FE AR B RR TIREE L P A S BB ), PSS R onl VR e
- PERERIM .
3.4. BIREFMIFE THMERE
DA TH R s AR R R A5 S VR BE LR REAR AL, IR SRR R F K fi s i AR
HEEEI R ZR AR L (B 7)o ££-40 CRRIR AR AR IR 1, 500 IRERRMEIA G, BEHELL MOO
RS AL 12%, SFBEDIRFN 65%, FULHEREREE 12.0 MPa; 1 M1.010 A SRR RN
4.5%, BRI 35%, PUKIREVIREF 26.3 MPa, SREGRFFFRIE 75%.
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Figure 7. Diagram of the performance changes of concrete in ultra-
low temperature freeze-thaw cycles with different mix ratios

E 7. FRRALRERLBIRE MBI T LE

MELT AR STT DLE— B KB, FEGRRREIA I (0~100 ¥K), BRI ESUR R . shiffi i
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PR ST SR N e EEAR X BN, BRI RGN, B AR R antk. FiEH MO0 7£ 100 K7E
WG, FERREINN 3.5%, HiEMREEZE 30.0 MPa, T7E 500 KA E, 540 R M 58 3 PR
I AIE R 12%H1 65.7%, 3 B HAE BRI BRS8N i AR 2%

2R, M1.010 HRIHE REFHIPRRERE . EBANGMIGHA ST, HRERIR, shifkis
P28 TP i R R B 4 R AR T ARk 2 . 1R DR AR R T P R I E R PR B R T OB A
I, HSvE AR R A BRI UK S I = AR R g, I8/ TR - P SR BB A P A s AN AT 4E3S 5 oy A TE
TREE T, TR — ADNSLARRISCHEMSE, UREE - E IR E R, AT Rt s A, P A S
e PR R A — P R, T 4ERrIREE LA 1) e e, BRI TIRE LB IR R BIAEE T
i AN o
3.5. hEEMIFE TR

5 i 2000 h 5, FECE LIREEL I BUE R S W B FIBEIRE WK 3. AREE R
15 T AE B 55 B AT T PR B R T (AR 2R (1] &) A TR IE IR B [ Ak i R (] 9). AEL 8
ATDAE H, FEAEZ MO0 PSR TR R, ARG T 1000 h B, PUEEEMYILET) 35.0 MPa
[% % 25.0 MPa, TM7E 2000 h J5, #F— %4 20.0 MPa. M1.510 4150558 % T B XT 2218, 2000 h J5173
{#¥F 29.0 MPa.

Table 3. The variation of compressive strength and the depth of chloride ion penetration of concrete in each mix proportion

F3. BEALREREIIMEBEEUSRBETEERE

M5 WIUEDUE ¥ EE(MPa) 1000 h HUEHEEE(MPa) 2000 h /58 (MPa) 2000 h S5 1955 % (mm)
MO0 35.0 25.0 20.0 18
M1.510 37.0 33.0 29.0 10
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Figure 8. Plot of compressive strength of concrete with different mix ratios in salt spray corrosion environment with time

8. TEEAUREL R TR MIFE THE R EREAE L E

541 9, MO0 HAE B TBBERERKRGE, £ 1000 h i 20EF] 12 mm, 2000 h FAF] 18 mm;
M1.510 Z17F 2000 h B & FBEREICN 10 mm. ZEIAFRFLERD TEEFRNEE, BETHAET
HENVREE LN SRR AN R s Mt TR LA S, IELE T AR SRS NI,
[FFE T TR G L AE SR IS T ANE, AR T IREE LA, Wb TR k.
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Figure 9. Graph of the variation of chloride ion penetration depth over time in salt spray corrosion environment

E 9. BiEFIMIME T RE TS5 RE B ZLE

3.6. MAHESF MR R MRERNZ I

I AL A IS ARG, WA AR5 N AN AT 2 A R R VR A MR RE R R, T
W58 T AN LT 4R 45 b e I8 255 FEF I I TR) A4k B 2R (191 10) B2 45 o i YR e L 0 s R P 45 O Rt b (2 4) . A
10 AT4N, BEEBREB EIE N, ANA Y5l R PG, B R EE . MBI BN 10%K0), HXEF4E
B d A B AR RS 100 h G A2 EFE 0.1 pA/em?, BEFEUEA (TEAZI) M 0.25 pA/em? FAK 60%.

R 0% CREAD Faibis g
o i2liels i 5% Bt
0.25 | [-A— 122l & 10% it

v RIS 15% Bt

B

0.20

%(pA/em?)

s

ﬁ 0.154
i

<> 0.10
H

0.05

T T T T
20 0 20 40 60 8 100 120 140 160
WILRS ) (h)

Figure 10. Graph of the variation of steel fiber corrosion current density with time under different rubber dosages

10. NEIGRIRIEE T INETLE S 1 e IR 2 FE B A (8] 3R 1L (&

MFE ATV W, SR RSl U s B I B, iR B R 10% . IHEF 4R35 1.0%1K M1.010
2, FEANLTUEEE A 10% 0, HUESRERURAUA 8%, MIEAEARIKRIE 25%. X2 H THRKRAA —E b
KA, REMEAEANZT YRR I — 2 A0S B B8 (R, el S8 7 A JE I M A o S5 AN 2T AR ) ek, AT A
ROAMB AN AR 1l R, BB S T DL i RN 2T B D B IK = AR R L g, 36 G YR ok P TS 28 B2 )
FPRATIY R, AEFRFIREE AR PERE .
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Table 4. Data on the loss rate of compressive strength of concrete with different rubber dosages at a steel fiber corrosion rate
of 10%
F 4. TEGRIBERBTENALEFHE 10%IUEBERKEEIE

i BB E WegEisE DU HRBEBIR AR

MO0 0% 1.0% 25%
M0.510 5% 1.0% 15%
M1.010 10% 1.0% 8%
M1.510 15% 1.0% 9%

4. 8578

A SCEIT ARG TIRIEIR . B & PR B RIR R 2 T A A, TR T
AN AT S SRAR TR B L (I R TR R S A & N AL, R LSRR

(1) AEEE RS ERT, WA SBRRE BT ESGE T IRELE 2 P2 RN 1 A
Ao TETIRAEIR 200 X J5, M1.510 50 %50 B FRIR P IEE L BRAIC 48%, Pihi s & k> 45.6%; it
28 RJa, M1.010 HEAIRFERFAK 40%, PUERFEEI R 60%; A& ES T, M1.510 4 HEE R
ik 42.9%, 28 KEE FBEREIA 40%, MRS MRS B KIESE T .

(2) WA EERIMA R, 7E-40°CEAKIRAEL 500 5, M1.010 A& AERLON 4.5%, 3R
IR 35%, PUEEERFFRIE 75%; $hFEEM 2000 /NG, M1.510 4H0E5REZ4ERFE 29.0 MPa,
A TBIEIRENCNIEAEL 55.6%, DL TE M S5 -5 J5 ThaRsE e = RA 1 g .

(3) PhIRISG SR A, AR e AR T S LB FR R, SR EREE R ) R A RN s 4T
Yl mR AR, ARG R . S E R R LR TR AR A . R TE S AN
SFYEF T, ARIB RN 10%I0],  AREF 4R T 0 % AR 60%, A s 4ERE T IR EE - 25/ 1K AR
EME.

zi b, NLTHEBE 1.0%~1.5% BRBE 5%~10%1TRE L EK I 83055 N RO sl i At
RE A BEIE WA
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