5530 % 452 1) o E # R Vol. 30 No. 2
2024 43 J CHINA POWDER SCIENCE AND TECHNOLOGY Mar. 2024

XEHS :1008-5548(2024)02-0173-14 DOI:10.13732/j.issn.1008-5548.2024.02.015
FETC IR A AR TRBE 1 )27 B A P g

254, THE, LEE, BEE
(AL TR AR SR # =R, K 300401)

WE: (BN] AT LR 3B FARNEFRARERBERFAEHARESBRE L, AELSRE LNBE M4
PEAE, B AR L RARW R R A ST FTE] RAB R KRB ORERERE N RSB, RFRE KGR
KT EZARR 3w R RARE R BEATE 1RE T, B AT i B A By 2 (R ) R R R B R FE A 7
KRS REE LR NP, B E R AR AR R AR I ECE TG #EAT B 2 KB Lk i, R R Design Expert 8 1 #
T B E AT TR B RERERLBEA G AESRELTERE GBS F Ry, %
REKREFBRRREE  AXAMTIR BLE BFFIMNERAMNRIERTRESBE LN £ M [ER]
MERBRAKERENEA BRAESBRLIWBEEZ ZAAEARTH NGBS , REBTRERE RN S55%;3H EREH
HEUEBZRESRBREIFEFEK  BFFEERERE(SEIL] BR AT UARE KA ERENR, #&0E%R
KAESRELEARIFW ) FHEEEEE.

KR EANBELE,; Bk, BE; MAMKE,; WA EE

RE 4 ZES: TB4; TQ324.8 XERFRARFS : A

51 A&

REE, THE, MW, F. BT RE SRR F POl &) FERERA, 2024, 30(2): 173-186.

GONG F Y, WANG S Y, DUZY, et al. Mechanical and vegetation properties of rice husk ash ecological concrete [J]. China
Powder Science and Technology, 2024, 30(2): 173-186.

BEHE 22 D B PR A e TRBE 1 B A5 SRS W, S B HE ORI BR 58 35 e (R H £ 5. fETRBE L
il A R v, R A AR ISR M B I S K e A R A AR R S AR A 1 oK A ) AR A
AR 2070 0.8~1.3 t, ARALEHIT RS TR v 0 ZRAK A IR R 22 R MUY AR B AR AR TR SRl i
TRBE 51 A BB HEOM AR 25 PSRRI IR ) AL, AR B 22 114 TNl 7= i 3 R IR R g U - 55
BHIAAE K VR D 7l Bl B BEAA L, FE b SR BA LB RE AR DK A58 A5 558 ] o5 A JEE BRE A A
BN RS o Kk  BRAREARHE TR B T ) AN (A B T 52 T 181 ) FH 236, 30 R i v TR 5 = ) i
APE

A RPN AL B AR B - DR IR s 920 %of 19 R W 15 T A L B R AT 1 SR R 58 A A i
F R AR REE LRI )2 A PR AL RR BE |, R AR B AR Z IR A R B AR
P AL Y . A2 TR EE - HABOR B LB, il R /K o | 3 25 N AR &, al ke K
AEY A AR B2 18], ETTT kA SR

TR AR AL TR A7 A = B e 0.4 42 v, LR BRI K ™ A2 R 24 0.2 e oe , RS e R K b S AL BE D7
FAYA X LERETE 227 2E 0.18~0.2 AN A IR M 2 A= AR . R o P 4R R BT Bl
JRTC R W b 3 B3 0 29 40% . 30%  17% , PR e W A/ A sl 00O R e 7 — 2 B BSR4 B
BRI R HAT — S BRI FE K™ . DFFE R B, e I JC E 1Y — A AL RE B 20 BOR T 80%,
BA RIFHY K ILRYERE , A B TR IR EE L MERERIEZ = 0 Kang SR IR 7E K UEA T 48 5 PERE IR BE
B, R RS SE K B A O B v 1R e PR TR BE L A PUR SR . Kumar 55 AR AR AARL IR A
RETE AN ATREE L1, K B ARG 72 K B BE L BAT A AT AVERE o Liu 8 HIRS 72 I 23 UK

Y s HE7: 2023-10-28, f&E BHA: 2024-12-28, L% HHEA: 2024-02-28,
E£WB: HE ARSI H , 45 : 52008154,
FE—1EE RN BI7IR (1990—) , 2o, 4, RISz, i A S0, BF 7805 1) 3l i T AR AR L4548 . E-mail : fgongl @hebut. edu. cn.



174 LRSI NE SN 5530 %

U8, I XS R o IIREE £ 09 TAEPERE TR SR B AT 5%, 7 1 AR 7 OB AR I S AR AL

K 53 Tl @ 7 db VR A il By B HE A Ak 102 FH TR by, B SR T LA/ 7K U8 FH £ I A T 5 1 i 1
AE , THVRBE 0 7 i ST A MEAE AT ME L ORI, 48 01 2 8 FH R 28 o M B TR B8 1 1 e BB M BHRE JK 1
rag ks, KRS N HAZ 2IRR S . FE 70 KFE RS 53 b 5 RE AR, — 38 39T DL i K Ak 5 ™
A T TR A6 5 M A 42 v YR BE - Y s B DAL I T 25 B AR e R A AR At A L BT P A R G i A
A Lo S5 IR I FIRE 5 S 0 AR A3 Ak R /K U il 4% 328 K IR 1, 32 R 52 K R I 1 RE 1Y)
S, TRRE 1 SRR B R SO MU R R B R 5 o Tayeh 85\ A B AR 72 AR ik K0T LA
P& R VR BE 1 05 BRI APE o Qureshi 55 BIFSY T 4 i By e BE A4 L X P25 VR G - 58 B2 PR BB A 52
RT3 EOI3590h 15% 10% R RE 7S IR DR 48 HOAE: ity 1) FL AT 500 1) B RN A1 o Syed 55704
Fef 5 RV A9 2 FAA ek R R 28] 4035 A9 21 4 7K U8 S B IF 5, DA R e 5 I RIRURE 93 1) Jo i 29 o e
BERRLE T 1 7.5% BT 4K Je SRR Fe e RE .

AW R Z 5 T RI7C KA R IO MR H BT BE A M Re i s e, SR fg e O F T B AT
AR AR TR BE L 25K, D TT MG TRAEE 1 = ) 2 P e S A B TS e Il [ P X A A TR E L i ke
AR B R AR B A B 5 R I SRR 8D | BRI, A e AR ek i o HH 31 AR TR
e, RO L B A R E A AR TR BE A v i R R B R S AR

i 7 KA TR EE £ H K L KU L BEJK L RS K L R A FIIEK R ZE AR, AR SC R A A A AR
JRE SR A A RE AR A B BE A R AT FH o XA 78 IRARES i IR EA T 56 1 R E L 1A, LR Ak K RIS
SER ST AN WK L T 5T RO Rt oe K AR AN TR E 9 B A 52 ), ) A0 e AR LL
FEFE AR B BB YO B 5 4758 2 IRIBE LU B 1A, SR Design Expert 20 H1 1) BoxBehnken Design £
PEATES 2 WKL A Lo S, Ry o AT Y | 5 KRR EU | B e R AR R AL B3R e e Ik A S TR
PR AT S A ERE 0 R T AR L R B | S AESE 3 M B HE ) i R o K A
AIREE LM A ERE

1 AR IE

1.1 E#R S5 NEEE

JrObA AL < 3 A R R 7K U8 (5 BE A5 R 42,5, HET LLKOK IR A RS RDD 5 A4 CECS 361—2013(A4 3
TRBEE N FHH AR BRE ) SR FRLAR R 19~26.5 mm AHLEERE (%2 Bl K K AT BRA R , AR H 4R 4K
K (Si0, 43 B0h 94.5% , Le R AR K T 15 m¥/g, T B St dek bR BR S 7)) s A2 K (Si0, i iy
$>85% , F-HPRiAR H9 10 wm, TV K 1 320 ke/m®, G QBRI R BRAE) ) o RSB 5
500, 1000, 2 000 s (I AE5E JK 148 H 1 2 1 BE (SEM) MG an 1 1 s o #h B RT AL, A5 K 2 1 B A S 4L
DUIHES (4 24 40 R 45 4, 45 K BT 22 IRDA — o 1 2 B, A R 7 K EL A BRI Ll 3R T A, T L i 5 22
KA

(a) JKRATHCH 500 (b)JKAHEH 1000 (e)HURAEEC R 2 000
Bl ARG BEERSEM BEE

Fig. 1 SEM images of rice husk ash at different magnifications
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Tab. 1 First mix design and material mass of rice husk ash ecological concrete per cubic meter
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26.88 0 0
21.50 5.38 20
16.13 10.75 40
020 71.67 331.46 7.17
10.75 16.13 60
538 21.50 80
0 26.88 100
25.80 0 0
20.64 5.16 20
15.48 10.32 40
0.25 86.00 318.20 6.88
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5.16 20.64 80
0 25.80 100
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Fig.2 Strength test site of rice husk ash ecological concrete
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Fig. 3 Planting container of vegetation concrete
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Fig. 4 Effects of rice husk ash substitution rate on compressive strength of rice husk ash ecological concrete

with different water-binder ratio at different curing ages
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Fig. 5 Effects of rice husk ash substitution rate on flexural strength of rice husk ash ecological concrete

with different water-binder ratio at different curing ages
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Tab.2 Factors and levels of response surface method

K M= -
AFLBRA/% BRI CRETE KA %
1 20 0.25 55
2 25 0.30 60
3 30 0.35 65
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Tab.3 Results of response surface method
FLBR2/% K AT IR I% PR /MPa LTI L /MPa S FLBR /%
0.25 60 9.32 1.71 20.1
0.30 55 10.06 2.01 20.3
20
0.30 65 9.79 1.96 19.7
0.35 60 9.61 1.89 20.2
0.30 60 8.33 1.10 25.1
0.30 60 8.39 1.16 24.8
0.30 60 8.32 1.17 24.7
0.35 65 8.04 1.10 25.2
25 0.25 55 7.80 1.11 25.6
0.30 60 8.30 1.11 25.0
0.30 60 8.31 1.10 25.1
0.25 65 7.71 1.12 25.3
0.35 55 8.13 1.03 25.0
0.25 60 6.08 0.57 31.8
0.35 60 6.21 0.48 30.6
30
0.30 55 6.64 0.32 30.5

0.30 65 6.43 0.55 30.3
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Tab. 4 Significance test results of regression equation
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x,2 <0.000 1 0.000 8 0.0118
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Fig. 6 Response surface analysis performed on water-binder ratio and porosity in rice

husk ash ecological concrete to evaluate their respective effects on concrete strength
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Fig. 7 Response surface analysis performed on water-binder ratio and substitution rate of rice husk ash in

rice husk ash ecological concrete to evaluate their respective effects on concrete strength
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Fig. 8 Response surface analysis performed on porosity and substitution rate of rice husk ash in rice husk ash

ecological concrete to evaluate their respective effects on concrete strength
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Tab.5 Predicted value and measured value of optimal mix ratio
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fOR%  wimifmpa ScOfEMPa R2/% O BUNME/MPa SCINE/MPa iRE/%

20 0.31 55 10.023 3 10.024 2 0.001 2.006 5 20111 0.200
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Fig. 9 Growth status of three plants in different planting days
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Fig. 10 Changes of plant growth height and coverage with planting time
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Mechanical and vegetation properties of rice husk ash ecological concrete

GONG Fangyuan, WANG Shuyue, DU Zhengyang, CHENG Xuejiao

(School of Civil and Transportation, Hebel University of Technology, Tianjin 300401 ,China)

Abstract

Objective In order to enhance the strength and planting performance of ecological concrete, while effectively utilizing the waste
rice husk ash generated from industrial power generation.

Methods In this study, the mix design was conducted in two stages using the volume method. Initially, the first mix design
focused on investigating the water-binder ratio and the proportion of rice husk ash replacing silica fume as influencing factors.
Different water-binder ratios ( 0. 20, 0.25, 0.30, 0.35) were chosen, and the substitution ratesofrice husk ash for silica fume
varied from 0% to 100% (0,20%, 40%, 60%, 80%, 100%) , with a porosity of 20%and 7. 5% silica fume content. Subse-
quently, the second mix design was carried out using response surface methodology, considering influencing factors such as
porosity, water-binder ratio, and rice husk ash substitution rate. The objective was to optimize the mix design based on mechani-
cal properties through multifactor analysis. Additionally, the planting performance was validated using three herbaceous plants:
bermuda grass, ryegrass and tall fescue.

Results and Discussion At 7 days, as the substitution rate of rice husk ash increases, the strength of ecological concrete
decreases gradually under the three different water-binder ratios. This is due to the larger specific surface area of rice husk ash
compared to silica fume, resulting in higher water demand that affects the early hydration process of cement. Rice husk ash, act-
ing as a reactant for the secondary hydration reaction within the concrete, has a limited impact in the early stages. At 28 days,
with the increase in rice husk ash substitution rate, both compressive and flexural strengths first increase and then decrease. In
the compressive strength test, under water-binder ratios of 0.25 and 0. 35, the compressive strength of ecological concrete
gradually increases from 0 to 60% substitution rate. At a water-binder ratio of 0. 3, lower rice husk ash substitution rates (0 to
40%) lead to gradual strength enhancement of ecological concrete due to sufficient curing age allowing full hydration of the
cementitious materials, resulting in additional formation of calcium silicate hydrate gel. However, under the water-binder ratio
of 0.25 and 0. 35 during the increase in rice husk ash substitution rate from 60% to 100%, and at a water-binder ratio of 0. 3

during the increase in rice husk ash substitution rate from 40% to 100%, the compressive strength of ecological concrete
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decreases with higher rice husk ash substitution rates. In contrast, the flexural strength at 28 days exhibits similar patterns
among the three water-binder ratios: an increase in ecological concrete’s flexural strength from 0 to 60% substitution rate,
followed by a decrease in strength from 60% to 100% substitution rate of rice husk ash.

Conclusion In this study, rice husk ash is investigated as a potential replacementfor silica fume in the preparation of ecological
concrete, which exhibits good mechanical properties and planting performance. Using the response surface analysis, the factors
such as water-binder ratio, rice husk ash substitution rate and porosity significantly affect on the concrete’ s strength, with the

porosity exhibiting the most significant effect on the strength change.

Keywords: ecological concrete; rice husk ash; strength; plant growth performance; response surface method
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