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Abstract: As a new type of building material structure, the porous structure still faces problems such as inaccurate
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optimal ratio and poor compatibility with plants, which affect its application. To determine the optimal ratio of
porous structure and improve its mechanical strength while providing a good planting space, this study used
lightweight porous volcanic stone as coarse aggregate, cement, fly ash, and water mixed into a cementitious slurry
as a binder to produce lightweight porous materials. Relevant porous structure preparation experiments were
conducted to explore its physical and mechanical properties at different single factor levels, and then a reasonable
range of mix designs was obtained. Response surface methodology was used to obtain the optimal mix ratio of
lightweight porous structure with certain compressive strength and good planting space and permeability. The
results are as follows:(1)The compressive strength shows a trend of increasing first and then decreasing as the
water cement ratio increases. The optimal water cement ratio is located around 0.35. The smaller the aggregate
particle size, the higher the compressive strength of the porous structure. However, to meet the requirements of
porosity and permeability, selecting an aggregate of about 2 cm is appropriate. (2)The cementitious material in the
cementitious slurry is composed of 75% cement and 25% fly ash by mass and contains 0.1% water reducing agent.
The dosage should be controlled between about 15%—25%, and should not exceed 30%. (3)Based on the response
surface optimization analysis, the optimal mix design for preparing porous structures is as follows: The aggregate
particle size is approximately 2 cm; the water cement ratio is 0.377, and the volume fraction of the cementitious
slurry is 20.7%. At such design, the porosity, effective porosity, and permeability coefficient are 38.3%, 33.5%,
and 2.98 cm/s, respectively. The porous structure under the optimal ratio not only meets its mechanical
requirements, but also has good plant compatibility, which can provide the scientific basis for the preparation and
application of porous structures.

Keywords: porous structure; slope protection; compression resistance; porosity; permeability performance;

response surface experiments
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Table 1 Single factor test design of water cement ratio

sERTRL B OkdE RMER AR KGRI

FE AR R /% /(kgrm ™) /(kg'm™®) /(kg'm™®) /(kg'm™®) 550 %
1 0.25 20 720 274.8 68.7 85.9 0.1
2 030 20 720 253.9 63.5 95.2 0.1
3035 20 720 234.5 58.6 102.6 0.1
4 040 20 720 218.6 54.7 109.3 0.1

*2 REMBEREEARRREET
Table 2  Single factor test design of volume content of
cementitious material

JREEEE BB KU YIRS BEEK WOKTR R

5 OKIRE B /% (kgm™) (kgm™) (kg'm™) (kg'm?) E0%0%

o 1035 15 720 1908 477 83.5 0.1
BRI 2 AL 2R, oL R R R B 2 LAY 2k L 2 035 20 720 2445 611 1070 0.1
0, IR IE R KN, 78 DL 2R i LAl R LR o 3035 25 720 2932 733 1283 0.1
#9.5~16.0mm, 16.0 ~ 19.0mm, 19.0 ~26.5mm, 26.5 ~ 4035 30 720 3401 830 1488 01
*3 EMNEREREZRKEIZT
Table 3 Single factor test design of aggregate particle size interval

e KK JEEEER R R HRPRIAR KR TR A7k K BT
M B 1% /(kgm™) /mm /(kg'm™) /(kgm™) /(kgm™) RO EU%

1 0.35 20% 796 9.5~16.0 254.5 63.6 111.3 0.1

2 0.35 20% 762 16.0 ~ 19.0 244.5 61.1 107.0 0.1

3 0.35 20% 720 19.0 ~26.5 2345 58.6 102.6 0.1

4 0.35 20% 683 26.5~31.5 226.7 56.7 99.2 0.1
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Fig.2 Compressive strength tests
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Table 4 Results of single factor test of water cement ratio

R KIRH U E R JE/MPa FLERR/% @7](,%%5{

7d  28d AR fraclps /(ems?)
1 0.25 0.28 0.32 40 36 2.90
2 0.30 0.58 0.62 42 37 3.03
3 0.35 0.95 1.10 43 37 3.19
4 0.40 0.74 0.82 44 39 3.23

®5 KEMBMEHRSERRRABER
Table 5 Results of single factor test of volume content of
cementitious materials

Wbt DURMRE/MPa LB/ % BKEK

5 PRFR A /% N Jemes™)
AT g9 28d  AALBRER il /loms
1 15 0.69 0.79 45 41 3.52
2 20 1.02 1.12 40 36 3.11
3 25 1.78 1.90 38 32 2.15
4 30 2.20 2.37 34 27 0.06
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Table 6 Results of single factor test of aggregate particle

size range
s Fopbeie  PURIRE/MPa LI/ % Bk ,%?5{
fmmo g g4 AAlBER fiddlpex /(emsh)
1 95~160 155 1.81 42 35 2.83
2 16.0~19.0 122 1.24 41 37 2.98
3 19.0 ~26.5 1.02 1.15 40 38 3.22
4 26.5~31.5 0.64 0.72 45 39 3.24
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Fig. 3 Changes of compressive strength under different factors
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Fig. 5 Changes of permeation coefficient under different factors
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Fig. 6 Relationship between effective porosity and total porosity
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Fig. 7 Relationship between effective porosity and
permeability coefficient
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Fig. 8 Interaction effects of aggregate size and water-cement ratio on compressive strength
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Fig. 9 Interaction effects of aggregate size and cement paste volume on compressive strength
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