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Abstract

Since the late 19th century, with the advancement of industrialization, the refinement of computa-
tional theories, innovations in material technology, and the large-scale expansion of urban con-
struction, the consumption of concrete has increased dramatically. Traditional concrete, primarily
composed of Portland cement, aggregates, and water, has long served as a fundamental inorganic
cementitious material. In the 21st century, however, the paradigm of material development has
shifted from merely enhancing strength to pursuing high performance and environmental sustain-
ability. Despite its widespread use, conventional concrete exhibits inherent limitations such as low
tensile strength, poor toughness, and a tendency to crack. Against this backdrop, composite mate-
rials have emerged as a mainstream direction in concrete innovation. Basalt fiber, a novel inorganic
eco-friendly material, not only offers outstanding resistance to high temperatures and corrosion
but also possesses excellent mechanical properties. Meanwhile, straw fiber, as an agricultural by-
product, holds great potential for resource utilization. The combined incorporation of these two
fibers into concrete not only enables complementary performance and synergistic enhancement
but also helps to control material costs. In extremely cold regions—such as the cold and arid zones
of Northeast China and high-latitude permafrost areas—where winter temperatures range from
-30°C to -10°C and freeze-thaw cycles exceed 100 times annually, coupled with salt-freeze erosion,
concrete structures often suffer from frost heave cracking, strength deterioration, and durability
failure. Under such harsh conditions, the service life of traditional concrete is merely one-third to
one-half of that in temperate regions, posing significant challenges to engineering quality. There-
fore, research on basalt-straw fiber hybrid reinforced concrete is of great theoretical and practical
significance.
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Table 1. Development and derivation of concrete

#=1. BRIMNEARITE
Erie ot ik fTEER sy PR
fE G IRt T P hieh o PIRMEIRTE 50%~80%i i

SFAERIEIRE L FRC s ISR B L% HT 30%100%
b B EgRE LIRS, WA KL <038+ LA™ ®E >C60, ik >Pl12,
FTEREIRBEL HPC e B AR, KR Bk > F300
TN HPC Joykil R Mtifidl/  AKREeHE <025+ migtess -

et UHPC " ) M >C100, ¥13E >P20

B A5 iR L AR B FE H 2 R, WL E R R T 4B 4 4R VR %k - (Single Fiber Reinforced Con-
crete) b, HAEPIRL., PUBET AR K10, BEE TRERMHRN, HRIBALERRRIEZZI. 5
1, KA A 4E(BF) SRR R ik 80~110 GPa, WITEER, (HAETREE RIS 1~7 RIGF- 4 B,
M LA U B AR R )T, AXREAE 28 KIGRIEMER, ST RIIRERAMNHI MR AR . thsh, BF Wity
N 15~25 Ji/kg, MEMAHE4~6 TU/ke) 3~5 15, TINIEHEF4E(8~10 Ju/kg)H) 1.5~3 %, SFPERE. H
VAT 4E(PF) AL R T BT R AR ORALH, (H A4 51 5 (300~800 MPa)izt fik T+ BF (3000~4800 MPa),
FAPERLEIR(10~30 GPa), XHREELHUE . Prir sl B THEFITES o & a4 W 5 0 I 21 4E(PPF) LU AR I
Gy oy, T, A AL 160°C~170°C, i FIEERESURI R F%. 300°Chn# 1 /NN 5, PPF JR#&E LT
JE BB FEHIIE 60%~80%, M 2 TREE AU K 20%~30%, KK G R TH RITE 21K 2~5 mm, R KERE
IR AP YA R E S AR B RIEIR S, Imi B EE I R, SIRITIZ . ERIRRA 4R
#t - (Hybrid Fiber Reinforced Concrete, HFRC) L Z & l#h, A N2 L4 RN IR 4L vl RE, A 250
SERVEREMI A TR, TEME AR M2
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IS LY BT ERE — 1R Ae bSO oas, (HME AR 2 4E B 5k . i BF AT FHRAE, MYAT4En oL
RPN . (HAED A4S B AR FLBR R s KRR KU AR 1) S T A 2 1 22 55 el i, L TET
EYE X B 2 Lo AT AR, FAB AT YRR LLHCHE IR GRS, R 51 S 5 2% . Ammari
(1R RRAEFTE 80°C #KIRIE 2 /NI el Ab 38, SENAF4E(1.0%)4% 3:1 1835, nl{frbiR&E L 28 d HiIE iR
FESE 1 28%, PUHTIRESES 45%, HHLLRIBNA L7 EEm T 12%F1 18%. %7 ZAH I SEI T “4¢
s + RRALE” , REROUNESRIIER 1/5, AIHN Skg/m? IZEFRS, RERKME “IEH %5 KIE
R . RM[217E B N AR ORI, TRIB A4 R R TR R L B S R, SRR AR B
HIRE YU E MR T 3B 41 4k, Hoh 0.3%BREF4E + 0. 3% BE LT 4E I 40 A HU R VR MR e B o 30AIE T VR
B A HEEDTRVERE E I T
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ZCE L YEBF) & U RA L UE T AN EEL, S miiaath 2, HyihiieEik 3000~4800 MPa,
@M 3~4 £, BPEBIEN 90~110 GPa, #F 2.6~2.8 g/em’® W3 & T I LF4E 70~85 GPa. 1R
TEARZN 3.1%, PETBREFLE 1.7%, FEPURZIN M o] i i AR RO £ Rt & .

FEFT YN KRB AT 4, FERET EAK. « KREERIEVFEFT, Hh a4 5 40%~60%, %
YR 20%~30%, KIFEE 10%~20%, MKDEFETARKRAR. L RIET K. nrRefg” S50
M HAEA gL BRAMRL. IR A R ST B A RS AT, 324G XU R b 4t
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Figure 1. Schematic diagram of chemical bonding mechanism of short-cut basalt
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Figure 2. Schematic diagram of the chemical bonding mechanism of straw fibers
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FRAFUER S THE, A R TR T Y R 5 4, BT M AR 5 SR TR £ 1

IME R 3R FREFT 44 B T 5%~8% NaOH &R IR 1~2 h, KEZFMEHT, 458 ERSEEFR
FF A AEAE /K Ve SRR 5 (pH = 12~13)H 90 R IRFE LR FA 28 M 35% 4T+ 52 68%.

T AbPE NaOH K it 1 (>10%) 2= FELT 4R B, AF4E50E T % 10%~15%; R JE IR (<5%) W 44
FRAME, SESURE IR . TR R 5% NaOH B EIEIZME 1.5 h, Z T2 FFS ARt +
28 d P RSEFETF 22%, FLBHEHM P6 #-THZE P10,

4.3. PARBZEAR

YK SiO2. TiO» SRR B IRLT 4R T, FEE ok T, 4 s 4 4 S5 Wt L 2 R S5 A RE T FI 4T
YA B 1T A 14 B

R R[4 11 LB T 0.5%~1%[1) SiO2 AKIEWR F, #E AP AR EE 30 4085 T8, SCIL T 40K Sio) fE4F 4
R S A4 S KR R R S5 A R AR S T 55%, IXREFINYK Si0, AT LA Ik A A A
KA F=N(C-S-H) G54, KN FL I i X IRATZ) ISR . H. 28 d IRk 5.8 MPa (35
40%), RRMEFRF300)B05E RN 12%. BEAN, KTkt £F 4 PTE e e A e e, &4t
IR 6 NG, HBREERERE 75%0h b, 1RO ARG E AT 4EUN 45%.

4.4. BEUKN

BEWSTH @ TR RS AL 4R AT e, Al B RIGFIIPUKPUMIERE, JHtm ARt A
WFFEAE R FEFT LT 4EHEAT SOPER, 5 TR R S LI (10%~15%) IRt T A AT 474 I, 153 — R s gk v
JiE,  JLHIFIRKME B 38% KR 15%. BANMZIFL LI T WD S AN G, A 40T P RH ek J5 0 mT
M FR L.

TR B [6]%F - 4R EE L 1N AVEREAT TV, AR RLE 5K R A RV & TR, 51
WERRR R =0T, BREAT LA A 4ok e, Ol LS KRR 7= A i, T4 a TAETERE . &5
RERWH, BH RUERBRAREDIREATT4ERE T, KRR 30 mm, HUBMHERREILE 40%, 1E6R
FRELIEh 2614 R 180 d SRJZ(REFRIAF] 80%, 1M A Sk RS FT 4T 4 vt -+ 0N 55%.

4.5. YIS

VBRI AEA R SR AR LS S50 HORS, DESCR A4 A s, BA R,
TR, ST IEAEF B, JUHOE TR TR .

INK A TIEXS F2 B LR Fe b, A O BTN 22 B b T A, A A B 5~10 mm S, 28
J B AR ERMLIEAT 2B (S REFT ISR 2  18% T B& R 8% AL L, W ABE A4 N TREE -, TR
REE LA BERIREE 20%, $em R IBIREE T, X2 R R AT 4E RS 7E TR Bt b T B AR IR 254
BEL1E R S A

AR [SIRT ARGV B L R FE MU TIIA B 75 22 E A VR Bt L A B bt 72, 9 W RS 1 41 4 500
EERLHAT 2 e TFRIR G, AT DA — P IR A R A .
5. BRAAEERBRLINNFZYHR

TR 4 41 ¢ 1R Bt - (Hybrid Fiber Reinforced Concrete, HFRC)il i K 5 Fh gl LA 45 AN 4F 4 2 45
NVREEL, R RSB AN SR EH” B EE, RIS A YRR B LA BN () M Rt e, H )%
BN A 4 T SR AT I FEAZ L
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TS 9 F A VR - S5 F AR AR AE S A% VPN AR UE . AT 4E . VIR 4k ML R A RGTEIE “ s
etk - FLH R 567 - RS WP FEON, Jedemiiit -t PR s M E TR . i ) B 4 FR
A A SRR S LU R T, AR R ISR, R AR B

BF $E 48 i 5 55 5 (3500~4800 MPa) 5 i # 4: A 5 (80~110 GPa), 7] 45 RURHH RN /) -3 78 Vi e+
HALBR, ARIRTHIUR RS IR A 4. i[9k, BF SR SPUEMERIE “THER" 1%
F: £ 03% (BB ET, 28d Hi/EImEIAFR] 58 MPa, L@ REE 1 (48 MPa)i i 20.8%; 4iBE AT
0.4%Ff, T A4EREM =4 “HHW” , 9E T EE 54.5 MPa (318 12.5%). (2R [10] 8 HAZ O
PLER: (KRB BRI 040, A FFBRZEE50 nm, HoORMNAEE R H 18%FKE] 12%, If
M MM 227 2304H 20%~25% I E4E 8 /1. FART B B3RS 40T 7 ik, 458 578 12 mm BF BA
BRI ROR . 2“4 & 0.3%0), 12 mm BF () 28 d Ji/E58)% H 6 mm BF(15%)F1 18 mm BF(18%)43 7
P21 5.8%F1 2.8%, K4 12 mm BF M B RIF (A < 8%), e Kbt RIEFLIEARER . X—
FUAAE EAME 7 R A B EDIE: BEHEHE[11]7E C40 JREE BN 0.3%KFIEL 12 mm BF, HUESREHR S
18%, ZNEAESRERE R 25%. LARSFF AR MR LT 4E B AR PR 58 /N100~300 MPa), {H AT LA i 417
HIBT AR ORI D RSB E IR e, (BT R 2 stk . ARHAEWT 7T A 5% NaOH + 0.5% nano-SiO»
SIREATEFAEREAT O, 72 0.6%BE N, C40 JREELM 28 d HUEFRFIAS] 45 MPa, @R E -
12.5%; TMiA—B8E T, JFE L4 R AR 25(90 d 3 FE (RFF 2N 35%) AR K P 1o G K i L A8 1k
IHE T 2.5% 0 PNRAVER ST TE R AE IR AT IR ZR, RINFEAT AR 4E 35500 0.8% M, PR n 185 10%;
BEIR 1.0%0T, BT4F4E A58 G808 SRR, 98 RM R % 5%. Ammari Xf K32 ZEFF#ET 80°C #u b3
(AR ERI, MBERT 0.7%0, PUREEIME TR, EH R — A4 i SOR L P4 4
%o IMEECRA “0.3% BF + 0.6%MPERREF4E” 5\ C50 iREE L, 28 d HUKIRAEAE] 62 MPa, Ll
TR IR 29.2%, HEEAS BF (32 20.8%)MIEL5 L W BREF4E(F2 T 8.3%) 70l i i 8.4% 411 20.9% [5].
FAREEERR Y, SOV RREF 24E-BF W 2% n] (9] L % 2 i 3 2% /mm? PR E] 1 26/mm?, A2 1k
TR RATE: BF WEEE A E A RN ), WEER T B - M EC R RS . @
A YEBF)R G 92IRIESE, 0.25% BF + 0.3%4F4E R EF4ETE RS AE(F300) K, T £F 4k R 4R 4l
H 7Ky, FRAC T ERIKAEIR, 1 BF OR9F 1 4898, AT ORIE T KPR MR Re i Ae e M .

5.2. BRRIBIARE ST

TREE PR R E SO PURSRER 1/8~1/15, RFERGEMITRNAELER K. BF HA B WA P58
(3000~4800 MPa), &4 EvRE: L hih hae ) .

TR 4 BB SREG 45 R B oR, B0 0.3%BF K C50 1R+ 28 d Prfiss/Eh 4.2 MPa, R IREL1 3.0
MPa $& 5 40%, WiEdaesem 88 N/m. HALE: MRy JRE 0.1 mm B, BT “BHERN” , R0
AR AR S, AR Ey K FIR, s b2 S BF HiEE L2 WA H RIFIEi45(2.5 MPa
PA k), FRIUET BF 7EWREEL R i@ sk 7.

TEREY A b FEPTRL i BRI, AR AT DOdE 2 B R SOk 3 =i st L b s B . AR AR R,
0.6% IR 4B E T, PiismEIAS] 3.6 MPa (1251 20%), HIRLL BF M4 mlE /D, HHE WM
LT 40%, X DAFEFFAF4E K 2 (6%~8%) AT &A= “RiAhAR ", M B G b b} ) G B AR

IRBAYE @ “OMRGUREL + ENRLE” 185 “1+1>27 1)1

5.3. PR RRBHITEE S
BF (e P A (ol HL A 52 25 3 5t P T AT RO iR 7)o T80 12] 00 25 iR R B, 0.3% 1A
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X BF [ C50 Ji#&E 1 28 d PL¥rat/E N 5.5 MPa, 5 IREE (3.5 MPa)$E Tt 57.1%, FITE4E IR T+ 68%.

TEAT AELE S I FE R RS2 D PIRAS 32 m TR L0 ih B . VRIS LT YRI5 M e L RPN “ b
FEHIRL - BN R . A EP], Divyah N [13]0.2% BF +0.5% AR Fe - 4R & iR e+, $1
PrimEiLF) 5.2 MPa ($27F 85.7%), #iH#—15 BF (4.0 MPa)f& & 30%, %V 1800 kg/m?, A {RARE
BRI,

6. BEAKERRLT PR AERE
6.1. ¥HRBE LI AR MERER T

TR U E VR R 2 ok R b (483495 AR I 2 FLIRUK AR R R B N ) 59808 R 13 FE R IS5 . 4355
FEREZR UK RILLU RN, JREE AEM LS B AL P B K R AR, S ALEE A m SN RIK 70 ok
YRGS B HKAEIR 22 085 N AR 45 XOERE , 2 — B IR FL A DR RR NG, A FLEE 8 i VR ok -
EHURLREE, SURVIMHERSE . ERFEM X R ERMIER T, BARMSS XA R, [R5
IR L AR PIIE 5 SR S5 VR, IR e, X T B — 2P 4R e L, AL 4EB R AA
ULEC, MDA RISk S8 e N 4, TRVEA AR R R J& o 1 X U - R AR 4R IR B R R,
FEE TS A PSRRI 3 kb, M2 JZ R AR ik &R

MW 14TE-30 CARIEIAEE T, ZEREAF A oM i £ 4 TR+ 1 BT VR M RE R TR Al R P& 12%~18%, 1H
RS R oUE A4 f5 v R — 40, FLom BE S il R PR AIC 15% 45 .

TERIRIAES N 22 REFT IR PO AT 4V e Ve RE, S5 IR, B KB E 10%8, RE T2 200 &k
URRE IR J5 AR B 5 AR B DR KR AR 78%,  BUIEUEH IR T 25%.

BUREIR[151/N T K% - IR BRig . fEBbSbnt -, AT H SR A A 4o+ v 5 B B
KAy, WSEIK T, FFiEIE BF SREORFFIREE L B AR LS, (I PIRRLAE 7135 2 F300 DL b 7EAMILANG
& FRE “0.25% BF +0.3%SMELAF4E 3R 4147 IR AR R, F300 VRl R T BRITE, (ULGRMED,
JREIRFA 2.1%, 45 BF (3.5%)BF 1K 40%. Sl LR, ERIEMIP) A HTIESE, JR2k
AYekiRE L > 50 nm B EFLBEFM 18.2%F % 9.7%, HALBE A ELI2].

SEM HV: 10.0 kV WD: 18.48 mm | MIRAS TEECAN
SEM MAG: 1.00 kx Det: SE 50 pm
View field: 277 pm  Date: 2025/111:/15 Date: 2025/11/15: 50 pm

Figure 3. Schematic diagram of basalt fiber under SEM
3. ZRAEAFH SEM TinEE
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FELE I VR SEIG JE A4 F B8 SEML R AT L XA 1 4E(BF) 2 MR R TG TS, A SE A 2L,
R TE B REREELIE 3). LT YRR R 8 XN 2 A 3 SR KA ERR 5 (C-S-H)BEIR R, 2 ZOIRHE
B, 23 XTI B A R B BT (AF) S A S R AR A . ZUE AP 2 5K TR /KAL = ) IR S 45 5 %
TR AN, X AT2)BE R . Xl T Zula h ek i & A i kAl T 50K
PR A [ Ca(OH) ARG KK INL, TR AL A5 & o

6.2. SHREL AR I

AR TR A5 S AN 1) COL B AN ENREE L, JF SR I 8 R AT — R 5
BN, FECRE T BT pH AE R A AR, DT X0 VEE A PR iR BE B A AR EL R IR ) o {HLFE
IKPEFINNGE 2 (R 2F 4, MIRTFEARK YR AR I B 28, ol FU s, MIABIRESE CO, RIS 1= 1k
FIEK. FEUL[16]MRF TR ER, GG 28 KIVMNMREE T, FLBRA IR iR B B B /N1 m e
et [FRS, SANAFYE. PUBBE IS AEA L, RGBT 4EGE TIREE L PiALRE I (FRIR T 33%). Ei
A N[17EEXHE NG BT 4E R POERRAL 25, RIBAN — BN 4G, LB JukiLhE /114
RN, B ARIREE, BRAGERBERDN: [FIRY, X - ST AR 4 L — 38 NI4T 4 B A 8 i 1 ik
erERE. FERFR[ISITESEI AR, KA 1:1 IRA LB - RINMGEF4E, DLK 2% Ehp, w] L3RG i
FERIPURRALRICR o

AL AR SRR AR ISR AT T A, E AT LG WL A SR IR T 4 AN LT 4 DA TR A
FH T £ 4 YR Bk - B4k
6.3. XURER LI E M sER M

LRl e L PUR R Eh 1R BE 2 AR5 N AP 4R TR B 7R R SRR IS TP P 2212 k. W3t S IR B AR
KREWAEH, YiFeE G e =R RE 11, RIRE T AL OFatr 2 —, BB
R L PR MR TR MRS P (0 Ay . HALSAR OSBRI ER 3 28 T-(SO; ) 5KV KL =4
(a1 C3A Ca(OH)o) KAz R B f AV BE LAARUIK . BT, SR NI, MY EHR il TR B IR 2h I
BB LN, RGOS T 4 i ARG L= R IR ), RIRVE, FLBIRN M.
FIE9EII X R — B XA RN A A 4IRS T KRS, K7 KRiE, ZRE - RINMA4E 1:1 R
A He1(0.6%) BT e RE e, TAUAIN 0.3% 1 XA 4748, HyURhEe )1 AN Z . 14 KA,
LA - RWNIHA LIRS BN 0.3%F1 0.6%, A 1:1 FIRA LGRS, BiE SR dk. 28 RigH, i
- RAGLYELL 12 BB, HEEN03%; ZRAWE—BANEN 0.9%, HinEihikae .
MmH, NS HHRE, RETHNLEETEREE L A — YU 152 . FAJRIRZE2017E M 1R £ 2512 1k 6% 19 2%
P, ZRAE - BRRATHERN SRR, R 40T 2 F AR 05 i 50 55 5 15 S 258 1 K % 7k
N MZEAE - BNIHIRALTFERB RN 0.20%0], TEE 285 £h 5512 1A [ 8] J5 140 5 B A 3 T
EBR KM, Hrh 3520 7. 28, 56 d Ja BIPUERELAE 73 70 49.08. 49.65. 47.58 MPa, 1A NIRAR
RYERT I PUESRE 43 7N 34.68. 35.12. 34.19 MPa, F4kELIKIRA 4B E, BELEAFEZR
TS BA R BIPTE SR YA BN . D T oK BRBE MR R R R L PR SR itk e, RIREHERE X A - R
PR B RAEB BN 020%. REMEHR KB KK bR 2 xR ik 5T 3 R M A 525 5
RN 45 @ e LR VRRIE IR R T, FERTHI RV 28 R & T ) M Re 3 A A AR BE I B AIG, (R
AR BE K . 7R, TR IO R BT 3h R, T 3R PO VR AR FH S 2 n B VR ik s M g
TEIREE A5 N R MG £ 4 ] G PR I S SRR R o SR A AT IO F0 R, T DUR BB R B i
B E, JHRMNER, TEIRAEY.
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6.4. IRFTIEERER T

TR I PUB MRS 32 BARILTE H N 3 AR AR 2 IE . T IXRFRRILFEER T, TR
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