% 45 K% 4 2R B R ¥ LR F R E L Vol. 45 No. 4
2023 4 8 A Journal of Civil and Environmental Engineering Aug. 2023

DOT: 10. 11835/j. issn. 2096-6717. 2021. 191

A A (RIS ) 7% 85 OSID: St

7 A iR e 2k 0 D B i R R e K Pk

ERR XL o, AR
(1. Ak K5 ERTAZR, &% 210037; 2. PHA T LA & KRR A RAE, &% 210018)

W OEMABCARGPRELIOERSE, ESTHRIEY, KILRP IR AESRE L TAHLEP IR
HMBR AR ESTEE, AABRFHAS AL SE, B A A XX R B 5
M ARKILRPIRASRELAFBAZG X AL T H, SREAW A4 l‘klﬁkz‘%']'yj\a—yu
BIFHEBRAR  BBAEEARILRPRAIRBLIEZ A E o EH E 5 LA MR KR,
RMMHAERER ;MO AERNE , ASRBLORERERLMER AT E T, ﬁc_islfmi
EBAE AT EFEEHPRAERGRBAA TRILRP IR ESRE LGB RFA R —F
“RETHERATASRE LM EF R IR PO EREEA.

KER AR, SRR R AR ASRE L TR %
FESES:TU528.59 XERFRERD : A XEHS:2096-6717(2023)04-0029-12

Planting performance and durability of eco-concrete for
slope protection
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(1. College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, P. R. China; 2. China Coal Science
and Engineering Group Nanjing Design &. Research Institute Co., Ltd., Nanjing 210018, P. R. China)

Abstract: Porous eco-concrete is an alternative for the conventional concrete materials for slope protection,
which could effectively protect the ecological environment of the slope in the service area during the field
applications, with significant ecological and social benefits. In this paper, the key control methods of alkaline
environment in porous eco-concrete for slope protection were studied by means of biogenic energy, durability
test and microscopic mechanism analysis. The results demonstrate that the composite alkali-reduction method
can achieve a good alkali reduction effect; the porous eco-concrete for slope protection after alkali reduction
treatment has a good match with ryegrass and tall fescue and meets the growth requirements of vegetation; after

plants’ growth, the compressive strength and porosity of specimens are not significantly changed. In summary,
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the proposed alkaline environment-modification method and vegetation matching technique could contribute to

the performance improvement of porous eco-concrete, which will promote the engineering applications of

“ . ” . . .
reen-sustai - rete in pr s fors r ion.
een tainable” eco-concrete in projects for slope protection
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mechanical property; durability
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Table 1 Chemical compositions and their contents

of cement %

et ALO, CaO  MgO  Fe,0, SiO, SO,

2.98 5.85 70.45 1.24 2.97 19. 00 2.83

x2 KiEWWIE S F R
Table 2 Physical and mechanical properties of cement
PRUEFAEE  BEZSASIE] /min - HURREE/MPa  Hidrik i /MPa
K/ % WIsE A% 3d 28 d 3d 28 d
28 195 320 27.8 54.2 5.4 8.6
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Table 3 Physical properties of fly ash
WEE/ qipE/  FOKET Bk tbFRmR/ “K

(kgm *) % Wi/ B/% (m*kg ') #/%
2100 18 106 1.95 340 0.6

x4 BMEREOUFERS
Table 4 Chemical compositions of fly ash %

A S0, CaO  MgO  Fe,0, ALO, NaO SO,
1.95 57.93 1.50 2.80 4.3 30.00 3.2 0.3
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Table 5 Physical properties of silica fume

wE/ LR UEE P 119 (H -2 S
(kgm *)  B/%  E/ % /%

R/ Fk
(kg ) /%

2 150 114 125 3.9 21500 0.08
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Table 6 Chemical compositions of silica fume %
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Table 8 Technical index of coarse aggregate

MnO S0, SO, CaO MgO Fe,0, ALO, K0

0.23 92.13 0.43 0.22 0.02 0.05 0.30 0.01
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Table 7 Performance parameters of ferrous sulfate
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Table 9 Mixture design of specimens

g BRI/ *ﬁ’%”ﬂ)ﬁ%/ 7J<?JEFH;%/ Eii)?ﬁ/’ *ﬁdf%ﬁj/ KR H H AR LB A RAL B
mm (kgem ) (kgem ) (kgem ) (kgem*) 2/% /%
Al 19~26.5 4.72 1132 0.24 20 20.8
A2 19~26.5 4.72 1075.4 56.6 0.24 20 19.8
A3 19~26.5 4.72 1018.8 113.2 0.24 20 20.2
A4 19~26.5 4.72 792.4 339.6 0.24 20 19.9
A5 19~26.5 4.72 679.2 452.8 0.24 20 20.3
Bl 19~26.5 4.72 566 0.24 30 31.0
B2 19~26.5 4.72 537.7 28.3 0.24 30 30.5
B3 19~26.5 4.72 509. 4 56.6 0.24 30 29.8
B4 19~26.5 4.72 396.2 169. 8 0.24 30 30.3
B5 19~26.5 4.72 339.6 226.4 0.24 30 30.6
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Table 10 Types and plant characteristics of grass seeds

EHpHME @ERREE

AR RRER - /C i
[SESE 2 [ER/3E 4.7~8.6 18~25 e
e B84 6.0~8.0 10~27 £
Pt ik 7.6~8.7 15~25 1
LIERIS % ik 5.5~7.5 25~35 i
LR KA 6.5~7.6 15~30 e
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2.1 EABBIZMEHEMEENIZNE

H 2 11 0] LU 2 45 A 04 it 7 52 B 5 Bl 11
[F] B 13 2 X6 R L Bt A 2 TR O % A B 7 AR R R B
Wi, 77 76 58 AR T 5 MPa RS 0L . 76 FL B AN ] Y
LT, FLBR R 2096 19 38 1 5 B 5 T FLBR 2R 302
BAR A o I Ad A5 B4 BSR4 A4S 7E
Ry K A W FeSOL M AL & 40T il 1 i
FEB R . MALBUR N 20% B, A4 4117 28 .56 d
5By 9 A 5.3.5.5 MPa, A5 4 4r 9k 5.4.5.7
MPa, ¥ 4158 B 50 =5 T 5 MPao 1 24 FL B R 42 &
F] 30% B, AN 0 B4 418 02 BS54, 28 d 58 FE YK
T 5 MPa, S48 J5 W38 B2 A 4T (AR SR AE 5 MPa
Ao MHET UL ESE R, “6E K + B FeSO A W
B 2H B 25 4 B A F]— 2, AR A2 . A3.B2.B3
20 B A TR, T R L B AR Y a1 A 28 .56 d Y 5
FEXTE 6 MPa L F s B $E S {0 1 MPa /it
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Table 11 Effect of combined alkali reducing methods on strength and pH value of specimens
N e 17 DL /M P pHfi

28d 56 d 7d 14d 28d

Al Xt BE 21 9.2 9.9 12.5 12.1 11.8

A2 5% kK B 0. 5 mol/L FeSO, i 5.8 6.3 11.9 11.5 10.5

LRy 20 % B iR A3 10% fif K 4+ W55 0. 5 mol/L FeSO, ¥ i 6.1 6.4 11.8 11.1 10.9
Ad 30% KK 485 0. 5 mol/L FeSO, & # 5.2 5.5 11.6 11.0 10.6

A5 40% KK 4- W85 0. 5 mol/L FeSO, i& 5.1 5.3 11.5 10.9 10. 2

B1 it B2 8.3 8.9 12.1 11.9 11.5

B2 5% fik K B 0. 5 mol/L FeSO, ix 5.4 5.9 11.7 11.2 10. 3

LB 3096 (3 1 B3 10% Bt K+ W55 0. 5 mol/L FeSO, i i .8 6.2 11.6 11.0 10.2
B4 30 %0 M MK 506 0. 5 mol/1. FeSO, ¥ i 4.6 4.9 11.4 10.9 10.2

B5 40 % By IR+ 15515 0. 5 mol/L FeSO, % i 4.7 5.1 11.2 10.6 9.9

RAL B AR A TR BE 4 BE AT A R . A R R FL
B R A G0 T, 5o BEALAR 31 pH A YRR % 1%
R 1~27 4 . LB 200 i, pHAAE B fA B T
(£ S N L B ) R W N UR T W SR N S
i, 28 d i Ad A5 4 1) pH {E 43 % 4 10. 6 .10. 2, 4
BT BEL, A B R R T 1. 2.1, 657 “ ik JK 741 9%
T R AR Ry (R P R R R A T LA AE
23k 28 d B A2 A3 41 1% pH {8 43 51 24 10.5.10. 9,
X RA A, B A R R T 13,09, MALBR R
K F] 30% B, pH (E A8 {b KL HE TC B AR By, Rk K 7 4l
SRR O, B2 . B3 4H 28 d i pH {43 %1 M 10. 3,
10. 2, FE AT BRLHFRAR T 1. 2.1, 35 “ B BEJK " 2H MK TH A
Fr 5 o8 03, B4 . B5 20 28 d 4 pH {43 9 %
£10.2.9.9, 55X HRALA L, 20 AR T 1. 3.1 6,

130~ —— Al -8 A2 ——A3 —a—A4 =x=A5

125 -

12.0 - = 11.8

= sk
&

11.0 -

10.6
10.5
10.2

7d 14d 28d
E1 20% FLEREK 8 pH BTN
Fig. 1 pH value change of specimen with 20% porosity

105
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Li LT IR BT PR B A2 R B it B AT T AT
P, B AE 52 IR B R0CR o BE 9 A2 a1 A MR iR B
Ko T8 A X A O X R R, 48 O 1 Y L B
A& A K U8 B R T LSS B — S B R OR .
o R KT A A B ROR 5 R KT 6 MPa,
pH {EL AT A5 21 10. 5 75 A7 5 10 M3 B 0K 20 8 4R il 32 T

125
120
1L.5F

1101
=5

7d 14d 28d
B2 30% FLEEZ {46 pH EL L
Fig. 2 pH value change of specimen with 30% porosity

1D v SR (A R VNN (E G453 17 P N7 Sl N S =7 N S
AR R B R
2.2 mmEEHhEmee
2.2.1 FiER AR EATREG B R FEIRARIL
B 2T I R e R X AR o B A S e o % AL B R
512k 20%6 .30 %6 14 %5F HE ZH 314 A AN [R) v B 1 5 R 0
BRVES W T T A P R AT I 3 5 R
EIRY T

H 1 3], N AL B R i R AR Ak #3 hy
P IR 2] 1 2 T 2 1, (E AL PR 2R 30 %0 M 1 5 1k it
B YL 2000 I, R B m Ak 2 i R 3R B
U B 5 L 28 d 7] 3k 10. 2 MPa; 73 4b , WG 95 Fb
AN 6 e 1 95 R A7 3% e A LA 4 S B o A L
(49 78 Ak R AR vk R g I i RE TG 5 > B IR IV R I U
We 7 0.3 mol/L B il 43 B 7 d 9 7. 5 MPa 3
% 28 d 1Y 8.3 MPa; ik B 45 = £ 0. 5 mol/L A, ik
PERREE R 7.1 MPa % 7.6 MPa; B B R, 5 %)
HEZH AR HE, 28 d i B2 43 0 98 /> 1 1.9.2. 6 MPa, 4§
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Table 12 Test results of growth height of grass seed

A

A/ em

k7] 7d 14d 28 d
Ji/C
A4l Bdl Cc4 D4 Adl B4 Cl D4l A4 B4 Cl D4l

SR 1 1~2 8~10 10~11 13~15  15~20

BER  1~2  1~2 10~11  14~16 15~18  18~20
5~10 b 7~9 12~15 12~14  15~17

LR

1y 4R

FEFE 1~2 2 2 2~3  9~11  13~16  11~15 12~15 15~18  22~26  18~20  20~24

MAE 1~2 2 2~3 3 10~12  15~18  13~16  13~17  18~20  23~26  20~25  21~25
20~25 P 8~10  12~15 12~15  17~19

LR 1~2 3~4 5~7 8~9

LRI 1~2 3~5 6~7 8~10
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arundinacea in macroporous eco-concrete after alkali

reducing treatment at 28 days

2.3.2 MAEREEERTH KB SR
S A 1 R AR AR R AR TR EE R AR K
K H XA B 0 M AR L — e . R
FE YA R AL I A A 28 d RV 1 Al 2
56 d) Jm i B RLFL B R AR Ak . e g SR A 12
JIF7R o

12 AT H AE R SR A S m AR RS LR
LB A= A5 VR 5 R o B AR AN K, 29 0~0. 2 MPa
B 2500 o MALBRR A 2096 B, i 2 28 7 A e Aok
B J5 58 B 4 4 9.5 MPa, “ 5 52 5 73 7 5 B 44 K
9.4 MPa, MfLBRZ KR 30% I, “EEE 5 mE

2 WP & L) % 45 %
o : | R : Il
S : % §
e [N \
st X X
HE N \
13 1N BN
L Ei;iszo%) “ %3@;3%%)
11 BFERI(20%) N\ BRFEF(30%)

(a) 01K 08 BE

N
©
9
S}

Zxzzzzzza

30.58
[HH!

IS}
o
©

28.14
IRE

/25

T
S
=

i
18.52 }1;118.76
e 11

Zxzxzzzzxz4

HEAERT ARG

B 5 (20%) " EESE(30%)
1 RFEH(20%) N RFEF(30%)
(b) FLER=
12 BEENERERERILERNTUME
Fig. 12 The changes of compressive strength and

porosity before and after planting
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