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Abstract: Green high performance fiber reinforced concrete was prepared using cellulose fiber, agricultural
waste rice husk ash, and other materials. The effect of three factors, namely cellulose fiber admixture, rice husk ash
admixture, and water—cement ratio, on the strength, flexural toughness, and slump of concrete were investigated by
orthogonal tests, and the strengthening and toughening mechanism of rice husk ash and cellulose fiber was analyzed.
The results showed that the compressive strength and splitting tensile strength of concrete decreased significantly
with the increase of water—cement ratio and increased with the rice husk ash admixture and cellulose fiber

admixture; the flexural initial crack strength and ultimate flexural strength of concrete increased gradually with the
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rice husk ash admixture and cellulose fiber admixture; cellulose fiber can not only resist cracking and toughening

but also play the role of “internal maintenance”. The rice husk ash plays a micro—aggregate filling effect and volcanic

ash effect in the concrete mix, which can also enhance the mechanical properties of concrete.

Key words: cellulose fiber;rice husk ash; compressive strength ;split tensile strength ; flexural toughness
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Tab.1 Characteristic parameters of cellulose fibers

£ /mm HE/(grem™) FFEm A (em?-g™")

22 A2 /pm

P BE/MPa SAPERTIE/GPa WIRUEERN/% T PRERE

2~3 1.1 25 000 15~20

800~1000 8~10 10 R

LU BT FE I SO5 Bty , i P A 7 K2 A
Fe2tid BEbe WIHE 15 BB R BT RE . R 2 b P Y

R IR R RO, PO A+ 5 S8 B AR B A A 22 4L
g5t (1), BLRAHBOR B MR 1w AR, 0 IR R 1 2
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Fig. 1 SEM micrographs of the microporous structure of initial
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Tab.2 Chemical constituents of rice husk ash and silica fume (mass faction)

S EU %
PR - - =
SIO2 AIZO3 FezO3 MgO 503 KZO Naz() Bl
FE7C K 91.20 0.63 0.21 0.28 0.25 1.29 0.12 3.90
EY/ 95.67 0.23 <0.01 0.76 0.04 1.62 0.30 0.97
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Tab.3 3 factors 3 horizontal orthogonal table and amount of materials used for single—side concrete

e £ FLTIRBE L R T R (kg m™)
A BI% C/(kg-m™) Kie LS RESEIR WK L e R LT
sl 0.37 0 0.7 378 95 0 4.73 0.7
) 0.37 10 11 331 95 47 4.73 L1
s3 0.37 20 1.6 283 95 95 4.73 1.6
sS4 0.41 0 1.1 342 85 0 4.27 1.6
S5 0.41 10 L6 299 85 43 4.27 0.7
S6 0.41 20 0.7 257 85 85 4.27 1.1
s7 0.45 0 1.6 311 78 0 3.89 1.1
S8 0.45 10 0.7 272 78 39 3.89 16
9 0.45 20 11 233 78 78 3.89 0.7
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Fig.6 High performance fiber reinforced concrete mixing process
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Tab.4 Slump value of high performance fiber

reinforced concrete mm
SI S22 S3 S4 S5 S5-SF S6 S7 S8 S8-SF SS9
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Fig.8 Main effect diagram of slump
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Tab.5 Strength test results of high performance fiber

reinforced concrete MPa
g B 28 dBFR 28dHIE 28 dIRFR
3d  7d 28d  HURCERE WIRGRIE PUASRE
S1 27.6 398 553 4.0 5.0 5.5
S2 373 499 632 4.3 5.2 6.3
S3 38.6 513 67.6 4.8 5.8 6.8
S4 26.8 36.7 49.6 4.1 4.4 5.2
S5 309 405 55.0 4.5 4.7 6.0
S6 312 410 562 4.2 4.8 53
S7 22.7 319 469 4.3 4.0 4.9
S8 282 348 474 3.6 4.0 4.5
S9 280 369 527 3.9 4.3 5.2

11 :S5-SF FIS8—SF 14 28 dPLEGEIE 5354 57.8 MPa H150.4 MPa.
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Tab.6 Range analysis results MPa
. BURSRE R Ch R PUE W) 2L L e BT 2S 5i E
IR - - 2 g
B C A B C A B C A B C
K, 62.0 50.6 53.0 4.4 4.1 39 53 4.2 4.6 6.2 52 5.1
K, 53.6 55.2 55.2 43 4.1 4.1 4.6 4.6 4.6 5.5 5.6 5.6
K, 49.0 58.8 56.5 39 43 45 4.1 5.0 4.8 4.9 5.8 59
R, 13.0 8.3 3.5 0.5 0.2 0.6 1.2 0.8 0.2 1.3 0.6 0.8
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Tab.7 Results of variance analysis
- BN 2 ;. .
Eiztan o e o o ol S UK/ %
A 2 262.149 131.075 144.39 0.007 = 68.3
B 2 102.148 51.074 56.26 0.017 S 26.6
PR

C 2 19.102 9.551 10.52 0.087 b 5.1

R 2 1.816 0.908 — — — —

A 2 0.287 0.144 20.30 0.047 P 31.9

BERUhE B 2 0.037 0.019 2.64 0.274 i 4.1
[l 3 c 2 0.576 0.288 40.72 0.024 & 64.0
R 2 0.014 0.007 — — — —

A 2 2.425 1213 649.49 0.002 b= 81.3
R Ik B 2 0.432 0.216 115.65 0.009 & 14.4
S c 2 0.125 0.062 33.37 0.029 = 0.04
RE 2 0.004 0.002 — — — —

A 2 2.649 1.325 199.41 0.005 b 62.9

W R B 2 0.533 0.267 40.08 0.024 I 12.6
TR c 2 1.030 0.515 77.46 0.013 & 24.5
B2 2 0.013 0.007 — — — —

B9 R EHIAY &

Fig. 9 Failure mode of specimen under compression
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Fig. 10 Main effect diagram of compressive strength
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Fig.11 Main effect diagram of splitting tensile strength

PR BB £ 2 TR 5 - B 40 hr i B A% 52 ) dd 35 FE AR IR
N LR A YEB S IK L L >RE e KB 1, 5257
HrorBrai R —=2.
223 WEREL Tk

S1~S9 21 YR & £ B 25 X 55 T 459 1oy K% - B i il 4
W2 s AR K T — 2 B S O T, S1~83 Bl
T 7e K45 i 21 4 R 2 i 45 T L[R]3 0, TR 5 1)
B e 25 5 85 R0 JHC X 1 ) 96 5 R AN W7 16 5 FE K
S4~S6 H1,S6 Lt S4 M FR 025 5 B Wk A, (E AR BR 4125
SR JIE T I 8 B T /N, S5 L S4 A FR T 25 5 BE Ak i 4%
JE W /IS AE R BR T 25 58 B e K5 I A4 S7~S9 7, S9
AR R 70 25 5 B e A, M BIR 70 25 5 B A ) 8 B L
S8 W /N, ST W BRAT 25 58 B fe /), (H AR PR BT 25 i
A B B8 A R . I 10 W £F A 25 £k RS e IR ¥ 4>
o VR A PR P A i B A i (R g R A
Ay RO K TR K

BB R /M Pa

HeE /mm
B 12 SI~SO L0k £ 0947 B -6 % i &
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Fig. 13 Main effect diagram of flexural initial crack strength
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