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Performance of Composite Modified Permeable Concrete with Nano-Silicon
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Abstract: In order to improve the comprehensive performance of permeable concrete, nano-silicon and
polypropylene fiber were added to permeable concrete to study the performance of the composite modified
permeable concrete. Firstly, the influence of single-doped nano-silicon on the performance of cement paste and
permeable concrete was studied, and the content of nano-silicon and the optimal water-to-binder ratio were
determined. On this basis, different proportions of polypropylene fiber were mixed, and the reasonable content
of polypropylene fiber was determined. The results show that nano-silicon improves the porosity of permeable
concrete and increases the optimal water-to-binder ratio. When the content of nano-silicon is 0.5%, and the
water-to-binder ratio is 0.32, the compressive strength of permeable concrete is the highest. Based on this
ratio, the maximum compressive strength can be obtained by adding 1.0 kg/m® polypropylene fiber, and the
compressive strength after 7 d and 28 d is increased by 29.9% and 42.2%, respectively. Adding 1.5 kg/m’
polypropylene fiber has the most significant effect in improving the frost resistance of permeable concrete.
After 300 freeze-thaw cycles, the residual rate of compressive strength and flexural strength are 62% and 75%,
respectively, which are far higher than 40% and 55% of single-doped nano-silicon.
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Table 1 Performance indexes of nano-silicon dioxide
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Table 2 Performance indexes of polypropylene fiber
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Figure 1 Concrete test model and Marshall compactor
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Table 3 Material composition of cement paste

W5 Kig/g YK AE/ % K/ g

1 500.0 0.0 0.0

2 497.5 0.5 0.0

3 495.0 1.0 0.0

4 492.5 1.5 0.0

5 485.0 3.0 0.0

6 485.0 3.0 3.5

7 485.0 3.0 5.0

8 485.0 3.0 6.5

x4 RWER
Table 4 Test results
g5 HUKE/mL KL 5 HKE/mL KE

1 129.6 0.26 5 191.5 0.38
2 141.6 0.28 6 187.5 0.38
3 154.6 0.31 7 180.5 0.36
4 167.5 0.34 8 176.5 0.35
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Figure 2 Effect of nano-silicon content on

compressive strength
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Figure 3 Effect of nano-silicon content on porosity
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Figure 6 Effect of fiber content on porosity
H1 6 AT - 25 B R A 41 4k 45 i B 3 i L S
INERE R B RN 1.0 kg/m’ i, 25 B 5 /L
25 BRI BRI 2 8 2,000 1.8 06 03X 2 R O T A
B BA R, AR TIREE LI SR, S B
B AW AT B 5 21 4E 2 B ARSI, ol T AR 4R ROR
4 L 3 T AR — AR a3 K e AR AL BE L 1 T K8

M KT R () I 2 4 K U AR B — E AR
VERT VR BE 1 P 8 2 B 2 1 ROk 3, in R 445 4k
2.0 kg/m*Bf , E BN B KRG L EERESH
RS B AR B 4307 R 5.8%6 .3.8%6 4
32 MmIEMERE

T SRR I £F 4 (1% 98 oK ik T 96 = 1) B R i R
K 7R o

YU 58 /M Pa

——28d

0 0.‘5 110 1‘.5 210
FoEBE/ (kg m™)
E7 s B EERE N
Figure 7 Effect of fiber content on compressive strength

i P 7 AT am KRB 7 d PR SR E S 28 d
PR 38 B 37 £F 4E 15 500 5 A K, A K BEAIG
B F4EBE 1.0 kg/m’ i, PR R R K,7 d.28
d BT 7R 58 B 43 51 55 3 24.3 MPa . 29.3 MPa, 3% & H
Y5 Bl b I RS 1 A b o A TR BE -, 5K
Je S AR TE 1l 27 4 W, [] iF 498 2K il 1) 2 0 300 RE % 14
5 12 X AR 5 R 5 R A AR TR B L R Y R A
J& R B T AR R . R AF i 2R 2 4
o FEER G, T 806E KR BE £ 23 BRI, 5
M) 7K 2R A B ORE B 0T S XX A0 L HIES T B
JESRE  WNLT 448 1 ad 1.0 kg/m® )5, PO 38 T 4R
Frse PR RIL, 45 5 90 K 5 33 /K IR 8t PR 5
JE 3 1.0 kg/m”® (1) 5 D9 M 27 4 15 1 1 CR fef:
3.3 HikRMERE
3.3.1  PRRO T Hs 5 R 1Y) 52

8.9 M4 A TR TN s £F 4 I , v il o) 70 s o 38 114
S

F P 8.9 ] T« B TR s 41 4k 1 1B AN B K TR BE
AP R IR BE A B R B Bl /R T o &80 75 YR Uk il 4 24
Joi 4B £ 43 K IR 0 B 5 R A I R D L
45 1.0 kg/m’ TV M £F 4 1) 40 K ik 358 K TR B 1 L 4t
R RE N R RE AN Ry 206 5 B TR RO B OB 3
T, B R R T e R 5 XU e 28 5 225 IR



102 ¥ 4k

N

2024 5

MGG, 245 1.5 kg/m’ Fl 1.0 kg/m® 5 N s £ 4k 11
90 K i 375 K IR BE 1, LT R 5 B AR A R il Dy 8494
75% , 1 B B AN 45 £F 4 i K TR BE B DT o R AR Ay
RO 70% ., Zead 300 WK LG )5 , B 98 K ik
BHKIRBE T PR RER R BO AR 459, B =
Fofr B 8] 3R T 945 £ 4k 1) 400 K ek 35 7K TR 1 10 0 P AR A
REETE60% 247, b 548 1.5 kg/m’ B N 4 T 4
PR 409 DK ek 375 7K T R O 0 5 B AR A 38 T 38 6500 6
35
30
25

20

YUIESREE/MPa

—=—0.5% 4 K EEIR BE 1+
51 —e—0.5% 44K Gk+1.0 kg/m® I PN s £F i TR+
0 —a—0.5% A4 K FE+1.5 kg/m® BN I 25 4 1R 5+
——0.5% 44 K Tk +2.0 kg/m® B P 4 2T 4 18 5 1

0 75 150 225 300
TR ER U5 Rl ORI

B8 {EINERRR BT B E SR &

Figure 8 Effect of freeze-thaw cycles on

compressive strength
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