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Abstract

In order to explore the improvement effect of ceramic fiber on the compressive properties of ordinary silicate concrete under negative
temperature conditions, the compressive strength of concrete with different mass fractions (0%, 0.2%, 0.3%, 0.4%) of ceramic
fiber under normal temperature (20°C) and negative temperature (-5°C, -10°C, -20°C) was studied by systematic experiments. The
microstructure and strengthening mechanism were analyzed by scanning electron microscopy (SEM). The results show that ceramic
fiber can significantly improve the compressive strength of concrete in negative temperature environment. Especially at-10°C and-
20°C, when the fiber content is 0.2%~0.3%, the growth rate of compressive strength exceeds 40%, showing the best enhancement
effect. SEM analysis reveals that ceramic fibers can effectively improve the low-temperature mechanical properties and frost
resistance of concrete by inhibiting crack propagation, optimizing pore structure, reducing the content of frozen water, and forming a
three-dimensional network to alleviate the expansion stress of ice crystals.

Keywords
ceramic fiber; ordinary silicate concrete; negative temperature conditions; compressive strength; microstructure

CF X} iR TREER R i IR M RE B =2 M

B A AR EER XAE

L VAR A A, thE - PU)1] EES 610500
2. VR T AR T =, TR - PO &R 610500

=

AREREE T AT L BRI RBRLERBES THERBORERR, ALET AL RBTALT RRARES>2 (0%,

02%\ 0.3%. 0.4%) MEF4EHETTRELEFRE (20°C) A AR (-5°C, -10°C, -20°C) I &M TFTHRERE T,
oiati st (SEM) oM 7T MM B3 smph], 2 REAV: MEF Sk 2 ERTRELE N BREFORER

Bi, HHEA-10°CHF-20°CEHT, 4355 450.2%~0.3%0, HEIRER K ZAB1T40%, B0 B RMALIEEBAE; SEMHHTH

T, MES LRI IR LY R, RAILEH ., RS TEHELEKREE, FHREZLEMEAZBIRGIZIRE S, A Az &

Mg L RAKIR ) PR S A

eSS40
WAL g SBaReRRL; RAMN; REREL; MILLHK

15|85 (BEBUREREER., bk, SO Sl S R L i
WEE TESURIIEIE, B+ R s R, a e BRAL AT BRI T H BRI, EINIMR
SR AT | ST 4 P Skt {ﬁ':r” W R,
[E£TH] FmomASTATRSNASRASER  ZITHNZ AR SRR HRE L 1) AR
FOIHESTE PEFANE BERINER TEAS FIRWFFRRA, ???Eﬁb@%ﬂ%fnz%‘(@%ﬁi%j]#‘l‘iﬁ'é
T AT 202560 e seeprsry | AT {Eﬁ’ﬂ’ﬁﬁé&(CF)fﬁ?yﬁ?f)ﬁﬁ%ﬁ?é&%ﬂﬁiéﬁ&%,
) e AR BTGB RS . PRETAER B RO,
FIHUNE BEAANRBRIAEMEREIEDIN e o omoie ) 2iLREs)
IERIDHURTIA" (MBMRS: $202510616214) 5 W11 e o0 gy CF Feiise iS5 AT A0,

%)Zl

LEARRNZERINE (No. 2025ZNSFSC1314) o S ﬁ%%.[3)\[4]xﬂz|rt$ﬂ/\§£z/\'jﬂ7ﬁ0 1% 0.2% £10.3%
[EZFRBMT] HUEE (2003-) , 5B, PEIGITEMNA, K (pgs 4Rt - s S es e ae T THTS, 18
B, MBIREEEAR. ASHT T CF [fHgsap 3, &K CF ﬁﬁﬁaﬁ bR

10



TiEFHRALA

cEE02% - F07H - 2025407 A

- TEHGBEAHG R T TH FSOR AR b EeiReTAE TR (.

i, THAESBIFE R & 2RiR 5+ R
MR DA TR, (BT CF fE TR aetf MR ik
FRIRTEREE T D RE ST ST EN D L, BRIt A9 R
CF XREE T TR, FRRAEESEH CF &8 TR
BT AR IR UR IS N IR REE AR L, AT
B%5 (SEM) X CF Bk Rk A= K o5 Kt A7 55 #r
TERECALER, DU 272 1 X 38 50 45 B (AL i e e o
HE,

2 LIS
2.1 Kkt

B9 T B IS AN R T R 3 2R CF 2 i R TR e
T, FEEEARNEM T

BRI B PO « 42.5R BRI . 1 20K
TRERY; d0Ekt: ANEERCEUE 2.5 ROTARED s Bk Rk
1E 5~20 mm Z A E R A SN TR sk 71 |
FERESE R, SMIIA kL CF ST (EFE
200~300 kg/m’*; SHGEEL: 0.03~0.06 W/m -« k; (IR
1200~1400 °C; FF4EE {4 3.0~5.0 pm; N EHEL 3~7), /K
HkK
22 Btk

W B RERR SRV RE T IS TR O €30, (A i
FRiEEE TR AL K ByBEIK: wEky: 7K. /2mab:
FOR AR WG FaE ] =288: 72: 25: 160: 849:
1081: 2.88: 6.5, ZRSCEGrh, CF RIBED BV EhE
e R 0%, 02%., 0.3%. 0.4% (&R FifEA 0 kg/m?,
4.98 kg/m*, 7.48 kg/m*. 9.98 kg/m*) , HTRH) CF KA
F 100 mm~200 mm,

2.3 X%

ARSI AR ARSIV R, R 2EhF
BRI ERBL G HE TR, CEREE AR AT, A
SPHARE R T SRR, WFEKEdENER, T2
TERSE A TRET R0, B 1 E SRt ER AT, BraE M
PR IRR G R A R aa il s iRt sk, FERI R SRR
W, A CF fEiREE LIS 8, e fl& BT 4E
AIERIGSESCR TR, (TGRS D BORE R
LEE I RORRI S PR EL T4l , BRI A 1G)/
T 221-2010  £FHEREE 1+ W HEARIIRR ) FECHITETFRE . 7R
S (o P FR MRS A - BT TR, R AR S TR
TRz, EEE ARS8 150 mm X 150 mm X 150 mm
PR T IARE RS . iRIE 3R 1 A, RS AR ELE
(R R IR47 28 K

® 1 LWHHIGIT
DS CFER FMPEE N4HmS CFEE FpEE

CF-0-1 0% 20°C CF-3-1 0.3% 20°C
CF-0-2 0% -5°C CF-3-2 0.3% -5°C
CF-0-3 0% -10°C CF-3-3 0.3% -10°C
CF-2-4 0% -20°C CF-3-4 0.3% -20°C
CF-2-1 0.2% 20°C CF-4-1 0.4% 20°C
CF-2-2 0.2% -5C CF-4-2 0.4% -5°C
CF-2-3 0.2% -10°C CF-4-3 0.4% -10°C
CF-2-4 0.2% -20°C CF-4-4 0.4% -20°C

2.4 TWFE
2.4.1 T AN R0 R K I

TEMBRPTE R 27 (- T 5 EbrdE ) (GB/
T 50123-2019), 13056 1465 R A AL 23 i Fe i AT AR 0 R0
HL (SHT4106) , JnEE#E=% 0.3~0.5 mm/min. FSMIFRHTE
RERIG A AL TS TilRE, S TP SR O i A (B Bk
B/ MES AR SEER 10%, DT ISE Akl
SRR, MOPATIRRET R ) S A E B ME R S (ER
10%, WIEEERTeRk, FEFHFER T,
2.4.2 SEM X,

PR R D A AR R, WRORGE e S
B RS R L, BRI T e s, RERATIRE T
TSN T R RS, RN LBRESFAI LT
YERHIE
3R
3.1 MEXEMIKXER

X THUE LI EE, ThHR I R,
HAEA N RAIUEREN S E. ARZBEDAFRSR
PR BT 4R E IR B AP RS R (CSES(E ) .
TR e T i AU R P B TR T OB IR ifo CF $3E0E
0%~0.4% YO BN, 252G B T TR - i A R B iR K
{ERiE CF 22 rEnigin, RHE—ENBEEEEN,
EMIREMR, CF GENS A R iR i L N R AT S5

HEGURSRRE TR
0.28%
35.71% 36.30% 20.82%
“w"I PEYY Ry 23.85% !‘JI(JR‘I
o%0.2% 02%03% 0.3%0.4%
" 200 .

1RELHGEANERETHER

L

A% o oo

11



TiEFHRALA

cEE02% - F07H - 2025407 A

| ALY EIEING, SRE T RE R R A
FESRE AR LR, HEA], fESDBEE, 20004t TR
BT R AU R AR R, AT 23%~24% ZIH],
ifil -20°CE&LE R iR EE LIk R AU R AL A, &b
FARSEAIE . 24 CFIBRM 0% HINE] 0.2% )5, -5°C5 -10°C
FME IR R R KPR BT O R AHIT, T 36%
ER, 20°CHM R RR R, 185 50.28%, 4 CF iz
M 0.2% HEINZE] 0.3% f5, -10°CHT -20°C A FHBHIIL T ik
BT R KU BR R R AR IIE AL, 40T 40% DL L,
FHH 0.2%~0.3% & CF Hm - i bl shifedt L Hr e nm i)
REERHEBEIEEL. 24 CF M 0.3% HEINE 0.4%, &
JE SRE T IO TR S i EE i K T R B R SR AR TR A
BRTRRE, RALBEXAT, CF MR+ m
E IR R THIAEE , (IR AR R KRB XA, HA5d
TR T e R B R TR R
3.2 SEM X4 R

B SEM HLEEf A, PRI 4E L il kR
BREERELOPUERE. Mg, FREELRE
I}, BREAT4amSiREE 2 RrRL S (E R e 1 2k
WFFRE, it e, miE 2, F5MRE, 17F
SUETTREI, A2 SPEA YR X, MR 4ENLEE Zhr
TERTNE SR E AT R, st miREe - P E
R

EHT= 5.00k¥

WD = 5.0 mm

2HEABLSRETREME

it SEM HL IR I, RS AE R iRk
FISE(RBERRE L KIERIININF], R, RRELPED
ST RAFED S 7K B R NIRRT 1 D
FAAEVF LA NS, e TR T U SR .

ERIRFIT, BAREL 4R REE iR
FEARIR T A4S A\ BRZ YRS T IR bR A . 1
FRIX RN ) E 2 R LR PRl 58—, BEEtr4Enl LI

12

HIKERIEN ), TERARATT, TRt I 7K S vk

ht, FPAEERINRI, MR AR =44 RETS

LISRANFHEIX N ], W DIKIEAEAR B B S E XY

MR, Mt aist B ARME; 550, BRELT4Eavin

AREB AR F L5 ), B DB EF LR, M

PR RT ARG B S &, FEIRIREE O TR BE T R R Y

S

4 Z5iE
i A HIRIE T SO, AR T CF X

IR IR A R A S OUEERBRV S, EEARHD

TEEE:

Bt 4t il S F TR L bR i LR B e
TEM. 7E CFI2E7 0%~0.4% JUEIN, {REELAE -20°C ~20°C
TP T bR R R T RS R AR it e, R
BT YR SR A R RS S SR B K

FIERETHB R, R REH, CFEEE
0.2%~0.3% I, JR&E - TE R ARTE NPT SRR R i
JCHRAE -10°CHT -20°Co-M T, R 40%, Bl
ZIE R X AR I SR LV

ST YR A P S AR A A R S T F LS R
SEM ZER TR, MZseTdimnd SRRk E AN k2
RN, BASHIE TIREE LA R NG R A
I, SF4ERs AGE TIREEEIFLE, WD TR SR,
FEMR T RIRA KSR, MITHRTT THUREA 2 e

TS FEFHERIRN ) R E B . BRELT4ETE A
= AL R AR S5 RERS A ATV RIS RERINEBRL D, R
FoKIEa SEERITEX , FERRRE T EIREINE ~ R
(LNERSTRZNES
B3
(1] FEHSEE PN A 5 o B AR R ST S S 2 dRelE AR e

LU ERE/OL) E AR, 2025,42.

[2] PRl T 2 S e, 5 P A TAERNA T A i B R R + 02
PEAERY MR [T]. B FUR2£,2023,39(09):104-113.

[3] Kareem M ,Ajadi E ,Fadipe O , et al.Sustainability-driven
application of waste steel and tyre rubber fibres as reinforcement
in concrete: An optimization study using response surface
methodology[J].Next Materials,2025,7100345-100345.

[4] 77,V < A%, i S, A B AT A A B R TR L 5]
AVZEONE[3]. 1 PR 27:412,2013,27(01):69-75.

[5] Banthia N ,Gupta R .Influence of polypropylene fiber geometry
on plastic shrinkage cracking in concrete[J].Cement and Concrete

Research,2006,36(7):1263-1267.



