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Abstract: Pervious concrete has good permeability and moisture adjustment properties due to its rich pore
structure. It can not only penetrate rainfall to reduce surface runoff, but also retain a certain amount of water
inside then via evaporation to decrease surface temperature. In order to improve the water retention of pervious
concrete and prolong its cooling effect, this study introduced a modified method of incorporating biochar
produced by pyrolyzing agricultural wastes into pervious concrete as hygroscopic filler. The effects of biochar on

the mechanical properties of pervious concrete were analyzed, then the thermophysical properties, water
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absorption properties and evaporative cooling performance of biochar-modified pervious concrete with the

optimum replacement rate were studied. The results show that the carbonaceous particles after grinding could

fully exert the filling and internal curing effects when the replacement rate was less than 5.0%, and effectively

improve the mechanical strength of pervious concrete. It was found that the biochar addition had little impact on

the emissivity of pervious concrete, while significantly reduced the reflectivity and thermal conductivity.

Contributing to the abundant micro-pores and higher specific surface area of biochar particles, it could improve

capillary water absorption and water storage ability of pervious concrete. During the evaporation process, the

water absorption increment could effectively reduce surface temperature of 3-6 °C and maintain evaporation

cooling effect for 14-18 h.

Keywords: agricultural wastes; biochar; pervious concrete; water storage; evaporation cooling
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Fig.1 Particle size distribution of pulverized biochar and

ordinary Portland cement
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Fig.2 SEM micrograph of pulverized biochars
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Table 1 Mix proportions of pervious concrete

G BARE 0/ % kIE/(kgm?®) MR/ (kgem®)  dE R/ (kgem®) K /(kgm?) ‘E##/(kgem®) #E
CK 0 400 1350 150 100 0 il 21
1 396 1350 150 100 4
3 388 1350 150 100 12
RBC-PC A LE Wy o i K IR B+
5 380 1350 150 105 20
8 368 1350 150 100 32
1 396 1350 150 105 4
3 388 1350 150 105 12
WBC-PC K G A=W 33 K IR 1
5 380 1350 150 105 20
8 368 1350 150 105 32
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Table 2 Relevant test methods and standards for all specimens
i 1 5 WA N 2 W T v / F e RS PR
U 8 150 mm X 150 mm X 150 mm 3
Vi GB/T 50081—2019
PR 150 mm X 150 mm X 550 mm 3
SRS ASTM C1549— 09" 150 mm X 150 mm X 20 mm 3
7/ ey K2 GB 7287.10—1987 150 mm X 150 mm X 20 mm 3
SR ISO 8302—1991%" 300 mm X 300 mm X 60 mm 2
LR ASTM C1699— 09
W 7K P e ) 100 mm X 100 mm X 60 mm 3
% 7K % ASTM C1585— 13"

Z LM RE 25 K R ) K 0 0 AR OR AR S T
AT, WX IL SRR ES ) M i X LR
P KB AR S 600 W/m® A X 6094 | XL i
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g) o N5 T IR S R A ST ) R ARG O &b, g
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Fig.3 Evaporation cooling experiment in the wind tunnel
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Fig.4 Evaporation device of the sample
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Fig.5 28-day strength of pervious concrete
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Table 3 Thermophysical parameters of BC-pervious

concrete

EEES IS N :?ﬁ,
wl (Wem™ K™

TFHMH  p-value TFEME p-value TF¥E  p-value
CK 0.21 0.051 0.91 0.009 1.62 0.016

RBC-PC  0.11 0.012 0.88 0.021 1.34 0.021
WBC-PC  0.13  0.023  0.90 0.012 1.29 0.034

B a=0.05 W56 K M
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T 3 2 R 4 i S TR B AN AL B
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Table 4 Water absorption properties of BC-pervious concrete

. A /(10 mmes™*?) A/ (10" mmes™*?) W,,,/(kgsm?) FFFLER/ %

it S p-value S p-value S p-value S p-value

CK 1.99 0.051 0.03 0.019 100. 58 0.618 22.05 0.011
RBC-PC 2.59 0.012 0. 06 0.023 113.42 0.121 20. 98 0.021
WBC-PC 2.65 0.023 0.04 0. 006 117.03 0.234 21.04 0.052

H PLa=0.05 J K 56 7K 1

2.4 ZEEMEIRMERE
2.4.1 ARRF  WOKWAG B KM B ZE K& LR
43 R WA B B 2 1B BE P T B  vh A 25 K
JE 22 8K 8y, 7K 4338 3 6 40 8 1R B i R X RS & 2K
K AR 50 2 W B BB E A TE MBI BN R, B R
ZHMBKEEFR RZIBMN A KR ZEEL,
AN 2 B o P A K R Sl 1 o TR B U
HEIESIS = Y R i

B 72 3% s K M RHZE KU R 2 2% 1 1) 3% 1)
KRR BRE KB 5% Y B G
RBC-PC 1 WBC-PC ¥ ¢ K ¥ i 75 & K 43 5 N
0.46.0.39 kg/(m’-h), i ik 7} CK 1Y 28 & F ALK
0.20 kg/(m*+h). [F] i}, i {4 WBC-PC #1 RBC-PC
B S5 1B B B e 4542 15,13 h, i CKALAERFZE 2 he
FEEE 2 B BE, R TR A R B E E L 28 A )
TRV, BT AR S 78 R R 2R R L 20 hE BT
HRER 28 E R % 0.1 kg/(m* h) A4, L5
HEERBTERLE7(a)) . Y wAT LLIRE
BRI BE 55 1B B 78 & R IF 18 K I BE 2% R F 4k
IF I 36 S R S 2 ) 3¢ 35 7K TR R - 10 B 0 IR K SR A
PRI K R H i K R B R (L3R 4) . B4l
W 7K 245 R B B ) T 85 7E L BT PN 3 4 47 K B Y
IK F1 38 S DT AR IE K 53 AH 6 25 5 i B% & T 7
s MR AR B 7K SRR 4 A Ak U BB AR IE TR 22 B UK
BER o A=W ok a7 K TR BEE 505 1 B B A v ) 26 SRR
T B 78 & R 2 ] (] Al SRR ZE B W 3 B L TR

hn 5% A= ¥y % 3R 4F WBC-PC #l RBC-PC 2 FH1 2%
KA I8 0.69.0. 63 kg, AR B8 I0A= B % 1) RE
EhE 40%~50% (W 7(b)).

0.6

e WBC-PC
= — — —“RBC-PC
CK

FREF (kg/(m*h))

6 12, 18 24 36 42 48
)/

(a) B LR

0.8

06| e
0 e i
=4 T
1 =7
kN 0.4 '
& e
&= 4
Bk 7
2 7 e WBC-PC
/ — — — -RBC-PC
7 CK
4
o 1 1 1 1 1 1 |
6 12 18 24 36 42 48
ffiE)/h

(b) RFZE R b
B7 3MEMMNERNEREMRRERE

Fig. 7 Hourly rate of evaporation and cumulative

evaporation of the three samples
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Fig. 8 Surface temperature change during evaporation of
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