WA 23R (AR BF2 ) 2023, 49(5): 603-608. DOI: 10.13331/j.cnki.jhau.2023.05.015
Journal of Hunan Agricultural University(Natural Sciences)

SIRAE:
abt, XIGRAE, SKES, WEE, SKiGE, BIVIEE. IhSERATERAEREE L HUATERER IR DT[] IR AR

FEIR (A RBIEM), 2023, 49(5): 603-608.

GUY, LIUBH, ZHANGF, CAOC, ZHANGSL, LIAO X L. Experimental study on the frost resistance of E
the rape straw fiber reinforced concrete[J]. Journal of Hunan Agricultural University(Natural Sciences), 2023,

49(5): 603-608.

ML : http://xb.hunau.edu.cn

HSEIEFT A 4R B IR M RERINIE AR
b R T, W, T, B

(B KK R S R TR, iR KYD 410128)

W OB, SIS RS FFAFEIN 10 ~ 15 mm, >15~ 20 mm, >20 ~ 25 mm., >25 ~ 30 mm % 4 FAE, LU
WRBR R 0.2%. 0.4%. 0.6%. 0.8%I5 AIREEL-rh, FATHRMIGINALS, WEIRFEFET 4ETR B + R mis
125, 50, 75. 100 (RAGFRWIES, e BT, TR im e A e 4 B A AR RR R SE Pk
PERBAISZMR, JEXHSER AT AR SE T (o b A T o . 2558 YIRS FFEF 4 B >15 ~ 20 mm, &
B R 0.20%0F, TR+ BTRIEBE I, VRAIEER 100 W5, HAXSshaf kiR, o 93.1%, #imiE
B BOHE R 34.4%, PURVERERAE; BUAT IR M ARSI FI— T — Uk R IR 24 R -4 o2 Wt SERS AT 27 iR e 1 10
R FE, — I IR PR (LA RS FE R KT 0,985 {25 FE B B ALVEFT , BUAE RE SR 4 AT SRS AT 27
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a. K¥balik 136.1a, ¥gnA[ik 189.3 a,

X BB OIR: CERSFFAAEIREE L PUARYERE; HIXT BB R

FESHES: TU528572 XaktrEsms: A Y EYRS: 1007-1032(2023)05-0603-06

Experimental study on the frost resistance of
the rape straw fiber reinforced concrete

GU Yue, LIU Baohua®, ZHANG Fan, CAO Chen, ZHANG Shilong, LIAO Xianling
(College of Water Resources & Civil Engineering, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: The treated rape straw fiber was cut into 4 lengths of 10-15 mm, >15-20 mm, >20-25 mm and >25-30 mm, and
mixed into the rape straw fiber concrete with the volume content of 0.2%, 0.4%, 0.6% and 0.8% for each fiber length
respectively, which were used to carry out the freeze-thaw cycle test. The apparent morphology of the rape straw fiber
reinforced concrete was observed for 25, 50, 75 and 100 freeze-thaw cycles, and its mass and dynamic elastic modulus
were measured. The effects of the length and volume content of the rape straw fiber on the freeze-resistance of concrete
were studied, to predict the service life of rape straw fiber reinforced concrete. The results showed that the concrete had
the strongest anti-stripping ability, when the length of rape straw fiber was larger than >15-20 mm and the volume content
was 0.2%. After 100 freeze-thaw cycles, its relative dynamic elastic modulus was the largest of 93.1% with the best
freezing resistance, which was 34.4% higher than that of ordinary concrete. Both Weibull distribution model and
one-dimensional quadratic function model could well reflect the freeze-thaw damage process of the rape straw fiber
reinforced concrete. The fitting accuracy of one-dimensional quadratic function model is greater than 0.98. Considering
only the effect of freeze-thaw deterioration, the service life of the rape straw fiber reinforced concrete with the best
freeze-resistance was about 2.4 times that of ordinary concrete, which could meet the service life of 16.7 years in Harbin,
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17.3 years in Lasha, 36.7 years in Shijiazhuang, 136.1 years in in Changsha, 189.3 years in Shanghai.

Keywords: rape straw fiber reinforced concrete; frost resistance; relative dynamic modulus of elasticity
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7 iy HAT BB IS 2 (561,

TRRGFF AT LT B i . AR TeT gl 4!
Kk, FREGHLRAE | Hrhsm e s AR R rRE
PEO-SL, WG R I, TISERSFFLT 4 R EE A B
2435 CRIRFIER S AR R AR R, A DG
KRG FFETAETRSE - VERE IR SY , L BUS—RIIH 25
BR . R AERA S R, ISR AT A A K R
30~40 mm., AFBEN 0.1%0F, TREET PR
e Ad s LT 4 ol 20~30 mm fAFIB Rl 0.2%
B, VR - BB BRI G LT B Fee o Tk SR S
IR R, YLK >30~35 mm, (AFBE A
1.59%M, JREE T AIPTRRALTERER T B Bk Aa)
IR, SRR A BB FRARIR S 1 10 T34
FH, GRS ARIRPERE, FLRIRESFE A RGE
KR T 2ARAERT o XTIl eRs AT 4R TR EE - rAT
G R BT S 2EEREDS) | GURERERS | FUik Lk
RELTVRIPLER AR it RELSIAE )y 1T o 26 XTI R R FF
EFYEIREE + A TIRBRRIE FRRIG , WERAN R R il
TEAR VR IRSE RIS, I H i | i)
FI, WA TR BE AR B B SRR AT LT 4R
BE L APTVRTERE , IR 2 i LD ASS 7R Tt R e 1
WA, AR SR FTET R BE 1 1% o R A
)RR

1 #R5EE
1.1 ##

VR 200 mm LU AGIHSERE AT, VbR
Wi, LKBRWNEERY, JFEUIKE 10~15
mm. >15~20 mm. >20~25 mm. >25~30 mm H9#
B, BT 2% NaOH ¥ iz ifd 24 hto-201 - F
KB E THAE TS 6 h, TSRS R 0.34
glemd IR SERS FT 214t

TREELATRL: KV, P-042.5 EHmhERRER KR ;
FLERE, Rife 5~20 mm ESERBCAIRAT; d0ERE,
WIRE, BRI 2.47; WK, ZERBOKH, WK

H20%; FEMK, ETETERE K
1.2 733k
KA B

TR Rl C35, ffkHE JGJ 55—2011[21
PRI A5 A, e TR EE - /KR 176 kg/md,
31, JKE. #b . Ay 1.00 £ 1.76 : 3.56,
KK EE R 050, % B 4 Fp£F 4 K B (10~15
mm, >15~20 mm, >20~25 mm. >25~30 mm)#/ 4
AT 4EiA TR 5(0.2%. 0.4%., 0.6%. 0.8%)., Mifi
RIS FFEF YA IREE oy A3 5, skt st A sk
UK, SRAZeTHE, RBUmKEmi .
T CTERNSRUIN AL R A0k, BiEFE 60s,
FEMAOKYR . WK BRI . SRR FFER4E, Btk
60 s, KRS 3UKINA, U SEFE 30 s HiHkoE
UG FHES PR AL, IR, B TIRIG R
5 60's, PRI, TP 24 h J5PFEE, FEfkH 7
P128d.

HIYE 100 mm>100 mm>400 mm AT IR TR BE
TR TR E MR, 17 4, 4 34,
DIABISRE AT YR se LA IR, Sk
FEBRBRIE 1,

# 1 OHEREFAERR DR A EKERSREE

Table 1 Length and volume content of the rape straw fiber for

1.2.1

the samples of the rape straw fiber reinforced concrete

ifF FATET AR TR B I%  FEATLFHEICEE Imm
Al 0.2 10~15
A2 0.2 >15~20
A3 0.2 >20~25
A4 0.2 >25~30
B1 0.4 10~15
B2 0.4 >15~20
B3 0.4 >20~25
B4 0.4 >25~30
c1 0.6 10~15
c2 0.6 >15~20
Ccs3 0.6 >20~25
c4 0.6 >25~30
D1 08 10~15
D2 0.8 >15~20
D3 0.8 >20~25
D4 08 >25~30
CK 0.0
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SEFTEAN, 10 o KA 1 s 4 v 4 £59)
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PR T 5B IR, 150111 .

PRI J5 2 458 2 2 AR X sl i A 1 e R AiF
VR FERE
1.2.3 R R R AREL B A TRMAR A 69 7 5

1 SR EE BV & I RS E AR E S5
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R AR RIS, T ISR REFF AT 4R
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P3RS R RN — 0 UK R B VR Rl A A5 U 14 7 ] )

PIA, JoE RE R? BRG44SR ARSI
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5+ MR RPTRIKE N FI 75y A 7 2e] | xef
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YEZE N URR— A S T AR T BRI E,
K K BB S BEAE AL o+ = Btk & g
U TR EE L POAR I AR B, 155 S=12,
ANRIHB I FREE AT 220 00, f S ] — S
ANEP, NI ) ZR BB fof P T o S 2T
PR AT, HRIEFRE S R Rl SR AR [R] 3
X BI04 A s S5 o = P A M A3 LA R B

1.3 RS
KH Excel 2016 34X Bt 1 14113
FEVEA AR 5347 o
2 HER545H
2.1 SHEBEFAFHEKEMERBENERREELT
SN ERRE AR OS2 M

225 100 YRRl B IR RS AT EFHETRBE 1 12 WL
JESANE 1 s .

1 CKikff; 2 KM AL 3 A2iKfF; 4 A3IKME; 5 A4iRfl; 6 B2ikff; 7 C2ikfd; 8 D2ikff.

Bl 1 ShEREFA4RERLT 100 AERMIBIFERAFR

Fig.1 Apparent morphology of the rape straw fiber reinforced concrete after 100 freeze-thaw cycles

2537 100 WURRMIEIR S IISRAS FRET ARl e+ 12
NSRS Ry e a . - miRE 1+ BRI ot
7. ARG (E 1-1). AL IRIFETLEATUE RN
0.2% . LF4EK N 10~15 mm)FE A &, I3
KB (B 1-2); A2 RIF(T4EBSBE N
0.2% ., LF4EK i Hy>15~20 mm)EmRihisds,
RBEARF-, (RSN OGN, FRWEHE
WHm TR SE (8 1-3); A3 IR EF4EATRIB &R
0.2% ., ZF4EKFEN>20~25 mm)ZEHizIa) A /b

KALTF(E 1-4); WAHRILFLEB R Ad RIREER
Ji>25~30 mm) 2RI T, F2 i ] WARER AL
R, REERRIEASE 1-5), 424K E>15~20
mm i, FEELFAARIB R L, TREE - R TnHR
THOLRUR T, PR AERBUE RN 0.4%1) B2 84
T AV MR 1-6); LF4HATEE RSN 0.6%H)
C2 IAMFRIHREANT, RIZLFYLRLPIRGZ,, W
TR (B 1-7); SF4EARUE RSN 0.8%0 D2 iAfF5R
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(K 1-8). AIIL, JHERFEFFET4ERIZ ARERSIRTHR

BT HIPTHITETERE, BCEIREE T APTRIERE, Hh K
FE>15~20 mm AFHE RN 0.20%00TREE T i ERE
etk

22 MG AHERKEMERISEXNFMBERLT
FRERIF M

TR AT 27 4R R BE L R BB PR T A4 o
BRAIN T 2,

®2 FREMER TR AR R A s RS RERAER

Table 2 Relative dynamic elastic modulus and mass loss rate of the rape straw fiber reinforced concrete under freeze-thaw cycles

. AEXT Bl AR /% Jo AR R R %
B VRO VRO REEIEZN REEIEZN YRR RGN YRR YRR
25 % 50 Ik 75 K 100 ¥ 25 1K 50 ¥ 75 K 100 ¥X
Al 99.8 97.6 95.7 92.1 0.0 0.0 0.0 0.0
A2 100.3 98.2 96.5 93.1 0.0 0.0 0.0 0.0
A3 98.6 97.1 94.0 89.4 0.1 0.1 -0.1 -0.1
Ad 97.7 96.1 92.6 87.4 0.0 0.0 -0.1 -0.1
B1 98.5 95.0 90.4 81.2 0.0 0.0 0.0 0.0
B2 99.5 97.2 93.5 86.3 0.0 -0.1 -0.2 -04
B3 97.8 91.3 85.9 77.4 0.0 0.0 -0.4 -0.5
B4 92.8 86.3 79.2 71.8 -0.1 -0.2 -04 -0.5
C1 94.3 78.1 59.6 — 0.0 0.0 0.0 0.0
C2 97.6 95.5 91.5 81.8 0.0 -0.1 -0.2 -0.3
c3 96.9 90.3 83.3 70.4 01 0.2 -0.5 -0.6
c4 94.9 73.8 55.3 — -0.1 -0.2 -0.5 -0.6
D1 94.5 86.9 58.4 — 0.0 0.0 0.0 0.0
D2 96.9 93.0 89.5 85.3 0.0 0.0 -0.1 0.0
D3 94.6 87.4 81.6 68.4 01 0.0 -0.3 -0.3
D4 94.4 82.5 56.2 — -0.1 -0.2 -0.3 -0.3
CK 97.2 88.7 74.0 58.7 0.1 -0.1 -0.2 -0.3
FIRIRFE R,

M1 2 AL, ORES BOIR RS AT AT METRBE 15t
AR/, AL 25 Y. 50 YRR IR i
R, R R A AR, BT
IMBYBRGR o 32 TIREE L T2 2 W UR R 3R
PR, TORARFRBUARG , RIZRVE RS T
BB B TAERRBIEAMER, IREE L
RN AR 22 A R4k, B VR BB FR RO
Z, FENBEZEINZ, RIEMSIEZIE R,
B (AN E BT, PR A IGE i 5REE S AT
NER, BERSHTH IS RZI R SRR BT TR, &
HOAPFH LT B AR SOE AR

FH T I SR AT 2 4R TR B L o 4t 2k R AL L
AN, BT B ARSI , A ERORR 2,
XA B i O AT A REAR A b PP AR B8 L Y
VRIS TR DL
2.3 R AHEKEMFRZENFRBERL

MR35 B SN

TSRS AT LT HETREE L URRR , AR Zh B
HANE 2 iR

MFE 2 Al LI, FEE RSO IE 2

SR Y SRR R LT A TR R A 4 ARG Sl A e
IR A, MEEREE L 100 IABIEIN)S , AHXT
SRR T B EWIR1ER) 58.7%, KT 60%, &
HEVRRIEIR s P 4EK EE>15~20 mm . (AFHB RN
0.2%I1) A2 14, 4857 25 RIRRIME I G AT B sk
R K F] 100.3%, 2 BILT4EIREE e 1K Ak
N, HARAEH] DR HE—E s B A e e-4k
KJF>15~20 mm By A2, B2, C2. D2 itf4i) P
A2, 100 ARAIEIR G, HAXT sha s g
AH LT TR e A B i T 33.4% . 27.6% .
23.1%., 26.6%; TMZF4EEE>25~30 mm ) A4, B4,
C4 . AR A Sl AR T B R, AT I,
MLFYER E>15~20 mm B, JREE L AT sl A
KB, M Sz e T 274K B >15~20 mm R TR BE
RN I A FaE

LFUEARTIB RN 0.2%1) AL, A2, A3, A4 ik
PR BB TR N R ECE 2, 100 IR URRE
WG, EATTA AT Sl AR e L3t 3 TR - 1 031
AT 33.4%. 34.4%. 30.7%. 28.7%. MK F,
LFUAEARFIB RN 0.2% 1R BEE 1 AH X B s i A
K, [ 0.2% R £F R FRIS T XHREE + HrvRTE:
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Zi b, ISR FRAT MR i TR E - PR I
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3 CHRRBTAYRRIARMBAREN
BREFF T

ST VR R B4 SRS AT AT TR BE L p SR UE
P PR AR S, 45RRY], —
SE R L AR RS 1 1SR AT £ 4 RE A U035 R
RBTARIERE . T BORBUR RAAERORIR S,
T {SCREAH X Sl A R B A A VR BRI AR, I
5 Dy A7 i TINS5 3o SRS AT 47 2 VR 6 1 1 fek
FF AT T
3.1 SHNERBITA4ERRDARMRAIEE

3 390 XU SR AT £ G TR B L Bl A 7K 53 A1 O il
PR R — 0 UK R BCR il A  A8E TUEA  [m] 1
ME, 4iRIITR 3, F£4bo
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Table 3 Fitting coefficient and determination coefficient of
Weibull distribution freeze-thaw damage model

R A B R?
Al 2.4899 -13.8200 09731
A2 1.9379 ~11.6100 0.989 3
A3 1.495 5 -9.1976 0.978 2
A4 1.248 4 -7.8999 0.9570
B1 1.8519 -10.1890 0.994 2
B2 2.469 6 ~13.3030 0.998 6
B3 1.7437 93611 0.9916
B4 1.069 7 -6.060 8 0.997 3
c1 1.994 5 —9.2423 0.998 9
C2 1.4415 -8.4876 0.9342
c3 1.690 1 -8.9017 0.995 2
c4 2.249 2 -10.1390 0.9890
D1 1.976 1 -9.360 9 0.9348
D2 1.166 2 ~7.209 9 0.999 4
D3 1.3354 -7.226 0 0.9850
D4 2.0537 95202 0.984 7
CK 21205 -10.3850 0.999 6

A B3 A 5 AR — U IR BT R AR

F 4 —RIRBEBFRIRGERRBFIRERY
Table 4 Coefficient and correlation coefficient of one variable

guadratic function freeze-thaw damage model

i a b c R?
Al —7E-06 —6E-05 1.000 8 0.994 2
A2 —8E-06 8E-05 1.001 3 0.989 7
A3 —9E-06 —-0.000 1 0.998 5 0.9971
Ad —9E-06 —-0.000 3 0.997 3 0.993 2
Bl —2E-05 7TE-05 0.9979 0.995 6
B2 —2E-05 —0.000 4 0.998 7 0.997 2
B3 —1E-05 -0.0010 1.002 5 0.995 6
B4 —1E-06 -0.002 7 0.998 7 0.9997
C1 —5E-05 -0.001 6 1.004 1 0.996 6
Cc2 —2E-05 —0.000 2 0.994 1 0.9814
C3 —2E-05 —0.000 6 0.998 6 0.997 1
C4 —5E-05 —-0.002 2 1.009 4 0.986 1
D1 —9E-05 -0.001 6 0.9907 0.9831
D2 —2E-06 -0.001 3 1.000 5 0.999 5
D3 —2E-05 -0.0014 0.996 2 0.9917
D4 —8E-05 —0.000 5 0.9959 0.997 1
CK —4E-05 —-0.000 7 1.004 2 0.997 3

a. b, c MBI EI AR T, — IR BT R AL

¢ 3 RN 4 WA, BT JR S0 A R A £ A5
AUk E 2BO97E 0930 0 L |, —Jc IR eREUA
B AR R e E R B 7E 0.980 0 LLE, A I—JC
TR PR B RSB LA T S AOAS B, RERS T 4T
iS5z IR T 36k S A P AT 4k TR R - AE R B O PR 1
PR 525 1o
3.2 HETEFT AR B HF T

FEPRHE R AE T, LA B s v G T
60% 1 A TR BE - I VRABEIRFRIE, #% Y=0.6 fLANE
JEE R 1 — T R SRR R R AR AT A3
TR EE T MhUA T Re R AR A2 dHIREE T o R
TS BI N 92 YRA 219 K. W PIZLIREE L TEM /R
WL OPIBE . ARE. Kb BRI
W, ZERHF 5,

R 5 NEIMXHSAEFT AR B L R TNE &

Table 5 Life prediction of the rape straw fiber reinforced concrete in different regions

e TR US i@ﬁ%/ﬁ%ﬂ][‘%{% Efk%fﬁ%ﬁéﬁ%ﬁ _ fdi % fila _
HA/(°C-hY) A/(°ChY) e REE A2 iRk
W IR 129 12.5 1.115 7.0 16.7
A 100 12.5 1.410 7.2 17.3
AR 78 12.5 0.825 15.4 36.7
Kb 32 12,5 0.530 57.2 136.1
b 23 12.5 0.530 79.5 189.3

ARSI UR BRI FRUCEURE 19 SCHR[29); PRR IR A UE 19 SCHR[27]; S PRI R ot T A BB T
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