%44k %6 A A & Vol. 44 No.6
2024 5 12 A JOURNAL OF CHINA & FOREIGN HIGHWAY Dec. 2024

DOI:10.14048/j.issn.1671-2579. 2024.06.012 XEHS:1671-2579(2024)06-0114-10

MR BRI A SRR R S A

Z=FBEMN MK, NE REE
(1. B IR 2 b A 524 TR, BT 2014152, BT 700 FE K2 W0 5118 TR 248 iV f+10 316022;
3ARMNRE EART RSB, VLI MAt 2111894, Wi VIVE AR IR H A FR 2 A, #i v FHill 316041)

4

~¢

T - 0T 2 A kA T 1 S0l I S AR 3 A B R R 2 SR P Ak o A B P A S AR 3 R Rk L B A o o e 3 A
R BT £ T A AR R B R SRS I SRR T A G A N 9 SR FH IR A K SR A O ik R G AT A
Y45 A s SR EE T 1S PR A B R SE PR AR A e o U A5 IR R AT AR 4R 0358 AR % I Y SR AR IR BE - B
JLH Y AT LT 45 A iR F 3.0 kg/mP LA LB, X P A B b AR AR TR B - n bbb B B B A SR ACR . th TAT S M fig
i 7E TR W8 - v O B [AD XOIR S5 4 3 30 rh VR OB - R BT B e R AT GA 4.71 MPa. AN SR ALK IS AU IE A L AT Y
TR GE A B 35 e IR0 25 R AR W] A e B AR S R A SRS - B R WA S MR o IR AT T 4
Az B Rk AE AR IR BE £ AE TR R A h BRI TR A G 6 RN IR, Ay A R R 7T s A i Ak R e L 2 A SRR A T R
SLAE IS A AR T —Fh A R T R .

KR AR L A EORE AT A A AR R

hESHES U414 XEARERD A

Mechanical and Vegetative Performance of Bamboo Fiber-Reinforced

Eco-Concrete with Recycled Aggregate

LI Tao'?, DENG Bofan’, HE Maolin®, LIU Ting", CHEN Houde*
(1.School of Municipal and Ecological Engineering, Shanghai Urban Construction Vocational College, Shanghai 201415, China; 2.School of Naval
Architecture and Maritime, Zhejiang Ocean University, Zhoushan, Zhejiang 316022, China; 3.School of Civil Engineering, Southeast University,

Nanjing, Jiangsu 211189, China; 4.Zhejiang Runda Detection Technology Co., Ltd., Zhoushan, Zhejiang 316041, China)

Abstract: In response to the current common urban construction waste disposal issue, this study utilized processed
recycled construction waste aggregate and bamboo waste materials to produce bamboo fiber-reinforced eco-concrete
with recycled aggregate. By adjusting the dosage of bamboo fiber, the effects of the dosage of bamboo fiber on the
mechanical and vegetative performance of the concrete were systematically analyzed by means of orthogonal tests
and verification methods. The test results indicate that bamboo fiber enhances the toughness of eco-concrete
significantly. Particularly, when the dosage of bamboo fiber exceeds 3.0 kg/m’, there is a significant enhancement
in the tensile performance of the eco-concrete with recycled aggregate. Due to the spatial network structure formed
by bamboo fiber within the concrete, the highest tensile strength of the concrete reaches 4.71 MPa in the experiment.
Furthermore, the vegetative performance test of concrete is carried out with an optimized mix ratio, and the test
results show that bamboo fiber-reinforced eco-concrete with recycled aggregate exhibits excellent vegetative
performance. The study provides reliable experimental and theoretical evidence for the application of bamboo fiber-
reinforced eco-concrete with recycled aggregate in engineering. It also offers a viable solution to the urban
construction waste disposal issue and promotes the sustainable utilization and recycling of construction materials.
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Table 1 Various physical performance indicators of recycled aggregate

HRARR EBERS/  MER®E/ BEMBEE/  RWEE/ WOKE/ TRE/ ERRER/
FiAE/mm % (kg+m *) (kg+m ?) (kg+m ?) % % %
10~20 19.85 1123.90 1 286.95 2 259.63 6.60 1.44 4.7

1 REHRBEEH
Figure 1 Initial recycled aggregate

2 FRHBIBEHNBESH

Figure 2 Recycled aggregate after cleaning and screening

(2) KV& - 3% H 77 g 5 45 vl 88 PO 42.5 ¢85 38 i
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AL % BN 2 420 kg/m®, b R AN 420 m*/kg, 1k 2%
LA L2 3

(4) WK ) < 38 FH 2R R IR M RE B K ), A1 WL 5
RE AWK, pHAH 6.7, /K F 23% .
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Table 2 Physical and mechanical properties of cement

g/ B IR AVANE b-d0)
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P38 B /MPa Hidfr s i /MPa

-3 2 —1 N . N . %5 T
(kgem °) (m°+kg ') [/min [i]/ min 3d 28d 3d 28d
3130 366 166 248 27.9 49.5 5.2 8.5 A
x3I MERHULERS
Table 3 Chemical composition of fly ash %
w(Fe,Oy) w(Ca0) w(MgO) w(ALO3) w(Si0;) w(Na,O) w(SO;) w(K,0) B
2.52 2.63 0.81 34.86 53.95 0.47 0.35 1.76 2.65
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Figure 3 Bamboo fiber waste

H4 SREAAEEHTTE
Figure 4 Bamboo fiber treated with alkali
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Table 4 Orthogonal test factors and levels

EES
K fLER KK BHEREUY a4
(A)/% (B) FKC)/%  (D)/(kgem™)
1 15 0.26 15 0.0
2 20 0.31 20 1.5
3 25 0.36 25 3.0

HARBE AL 45 3PP A7, 1R 9 1E S B S5 L
B BRI 5.

x5 EXRBREITERERES

Table 5 Orthogonal test design and mix ratio

e A 2 K B/ (kgem )
A B C D GINERE K B K WK AT
1 1 1 1 1 1261.21 612.31 108.05  187.29 7.20 0.0
2 1 2 2 2 1261.21 554.29 138.57 214.79 6.93 1.5
3 1 3 3 3 1261.21 500.55 166.85  240.26 6.67 3.0
4 2 1 2 3 1261.21 477.56 119.39 155.21 5.97 3.0
5 2 2 3 1 1261.21 430.62 143.54  177.99 5.74 0.0
6 2 3 1 2 1261.21  470.10 82.96  199.10 5.53 1.5
7 3 1 3 2 1261.21 355.15 118.38 123.12 4.74 1.5
8 3 1 3 1261.21 387.14 68.32  141.19 4.55 3.0
9 3 3 2 1 1261.21  350.97 87.74  157.94 4.39 0.0

HE 8 i 7K 7K U 1R BE - B R LR ) (CII/T
135—2009) A1 -4 B RE g AR BE -+ 0 0 5 AR FLAE )
(CJJ/T 253—2016) W HLE , T 47 £F 4 19 1R R A /)N
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Figure 5 Mixed recycled aggregate and bamboo fiber
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Table 6 Orthogonal test results of eco-concrete
we K 2K 4dyt)E  S56dPUE 14 dFidrsm S oH ERFE/
A B C D ¥RJE/MPa 3RJE/MPa  JE/MPa  ALEE/% (emes ')
1 1 1 1 1 3.35 5.09 1.88 20.03 10.92 5.46
2 1 2 2 2 14.73 18.69 3.38 19.38 10.90 5.27
3 1 3 3 3 9.69 14.89 4.71 16.90 10.83 5.07
4 2 1 2 3 4.28 8.67 3.29 24.44 10.71 8.47
5 2 2 3 1 9.36 11.05 2.15 19.48 10.26 11.40
6 2 3 1 2 11.04 15.71 2.49 21.52 10.71 7.25
7 3 1 3 2 1.63 2.33 0.76 29.87 10.42 15.92
8 3 1 3 3.36 6.23 1.37 36.89 11.02 19.28
9 3 3 2 1 4.20 7.34 2.01 28.61 11.12 13.81
®7 AEERTABEKETEERIERTEHE R9 FAEHERBMAERKETEEEERESE

Table 7 Average value of performance indicators under

different design porosities

Wit WAL 4dBUR 14 dbid ik R/
ABAR/% B/% EE/MPa BIEMPa T (emes )
15(A}) 18.77 9.26 3.32 10.88 5.27
20(A,) 21.81 8.23 2.64 10.56 9.04
25(A3) 31.79 3.06 1.38 10.85 16.34

F8 AREKKILAFTEMEREEIRFHE
Table 8 Average value of performance indicators under

different water-cement ratios

Table 9 Average value of performance indicators under

different fly ash substitution rates

WEEREC seAL 14d¥FER 14 dBdT BIKFE
RE/ Y BRE/% WE/MPa 3 /MPa (emes ')
15(Cy)  26.14 5.92 1.91 10.88 10.66

0(Cy)  24.14 7.74 2.89 10.91 9.18
25(Cy)  22.08 6.90 2.54 10.50 10.80
10 AEMAH#BZBEKFETEHERIBERTHE

Table 10 Average value of performance indicators under

different bamboo fiber dosages

A STMFLEE 14 dPUE 14 dHIT K FEE rerdep AR/ LAl 14ddtE 14ddtd pH B REY
PR e e mpe s T (emes ) (kgem ) BOR/% GRE/MPa $REE/MPa f (emes ')
0.26(B;) 24.78 3.09 1.98 10.68 9.95 0.0(Dy) 22.71 5.64 2.01 10.77 10.22
0.31(B>) 25.25 9.15 2.30 10.73 11.98 1.5(D;) 23.59 9.13 2.21 10.68 9.48
0.36(B3) 22.34 8.31 3.07 10.89 10.89 3.0(D;) 26.07 5.78 3.12 10.85 10.94
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Table 11 Range value of performance indicators and

primary and secondary order of factors

2V RESR e il 22

% SCUALBE 14 dPiE 14 doidr BHRKFRE
R/Y 5wIE/MPa 3EE/ MPa pH (emes™)
B LR A 13.02 6.19 1.94 0.33 11.07
KK B 2.91 6.06 1.09 0.20 2.03
BRI C 4.06 1.82 0.98 0.41 1.62
TagEBAED  3.37 3.50 1.11 0.18 1.46
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Figure 6 Vegetative performance test
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Figure 7 Variation of plant growth height with time
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Figure 8 Influence of design porosity
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Figure 9 Influence of water-cement ratio
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Figure 10 Influence of fly ash substitution rate
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Figure 11 Influence of bamboo fiber dosage
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Figure 12  Distribution direction of bamboo fiber is consis-

tent with direction of principal tensile stress
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Figure 13 Distribution direction of bamboo fiber is perpen-

dicular to direction of principal tensile stress

33 BAEBHESRRIOBMIAES

18 5 X b T R AR R A S R BE A
I 255, e BRAE R IR o B vp 2 20 7 A 88 R A
TR BRI R B v o A EE R AT AR 4R A
B IR BE 0 R4 B D Tl R AR AR BE
to FEBPFREIR I R 2 % B o © W v 09 1 R
M AT T 2 B TR 2 Ak 2k 5 3 pF 3 AR o) i 22
SEEM T ) SR R g N | S = A e W )
R AP 14 15 7R .

14 LTEFHERELT

Figure 14 Concrete with ordinary aggregate
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Figure 15 Bamboo fiber—reinforced eco—concrete with

recycled aggregate
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Figure 16 Fracture surface of bamboo fiber-reinforced

eco-concrete with recycled aggregate
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Figure 17 Growth of plant roots (30 d)
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Figure 18 Plant roots through eco—concrete (50 d)
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