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Abstract [ Objective] Sponge city construction has been widely applied as an effective measure to solve urban flooding and water
resource scarcity. Taking the central urban area of Weifang City as a case study, this paper explores the impact of different soil types
on soil permeability and proposes measures to improve soil permeability, providing theoretical and practical guidance for sponge city
construction. [ Methods]  Constant head permeability tests and double-ring infiltration method were used to measure soil permeability
in 15 sponge city demonstration zones in Weifang. The analysis was based on 98 sampling points” soil physical and chemical properties
(such as soil density, moisture content, and porosity ). By comparing soil permeability across different demonstration zones and
combining geological data and relevant literature, the relationship between soil permeability and its physical and chemical properties
was analyzed. [ Results]  The soil permeability coefficient in the central urban area of Weifang was 3.466% 107 cm/s, with an

intermediate level of permeability. The maximum soil permeability coefficient was found in the Wangliu zone at 3. 628x 107 em/s,
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while the minimum was in the Eastern Economic Zone at 3. 357x10™* em/s. The permeability coefficient generally showed a decreasing

trend from south to north. Soil permeability in different demonstration zones was negatively correlated with soil density, and positively

correlated with moisture content and porosity. The soil permeability was primarily influenced by soil texture, physical and chemical

properties, and geological conditions. The trend of permeability coefficients aligns with the geological and physical-chemical property

variations in Weifang’s central urban area, indicating that soil permeability was mainly governed by soil texture and its inherent

properties. [ Conclusion |

Existing soil permeability in Weifang's central urban area is suitable for sponge city construction.

Keywords sponge city permeability coefficient physical and chemical properties soil underlying surface
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Fig. 1 Demonstration Zone of Sponge City Construction in Weifang City (15 Zones)
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Fig.3 (a) Average Soil Permeability; (b) Average Soil Density; (c¢) Average Soil Moisture Content;

(d) Average Soil Porosity of Weifang Sponge City Demonstration Zone
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— 146 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 9,2025
September 25th, 2025

TERAR 5 37 M SO0 45 4, A7 0L R 3% 3 R A
22.4% 5 FAR TR HIX (41. 6% ) , 25 LR, #
Ty r O3 DX TR 2 3R T R N X - 885 S M T
AL I ARG M T Sk R R T 1 B A R
EEHRE,
3 g

(1) DT Ao IR X 15 AN 40 T E R TG
X + 3B E RN 3.357x107" ~ 3. 628 x 107
cm/s, SEIE R 3. 466%107* em/s s MRS B RE IR
HZEKSE 40T 98 A S K & BE, 1855 R
35 52 3 - R 2R s ), bbb, R b R
Pel b 1 + 898 0% iR, SRR /NI T R bk
2 o H it S 7l F M Y - 898 3 1 RE AR A
I 32 B 5 % DX I Al 2 T R B E K i R R
AR, GRS X 5B, d i LI AR
FIRAER R EH 6 A Fr X HE I A MK R T
TUSEHIAE LID B ; 10 A Lh 6 1o 5 B v 1 DX 3
T R U 375 7K Bl 2 AL I P L 0 - S L R
DA e BT TN /K A el A5 1 e, DB g X0+ 3808 i ik
T3, SO T K SCIREE , S 3k T B, SRR
R TREa

(2) 38 5 X = HEER A T 5 98 0 R 0 SR ER A
BT, 22 BRHEST T Hh o 3R DXV 408 30k T A 182 R Vi IX 4 4
BIERZ IR KRR AL R R S
HARRIAT . + 502 E R 5 0% 3 B UK
R, B A S Ry, HLURE 2 R] ) FL BB /L 53K
BIERE BRI BE RS TS KR fLER
BIEMIEIE R, S KRIE B 1) 1+ RE WS TE ik 22K
FE, 4 FL B R 4 SE e SR T B R R, IR
FK R KALBUR AR N ST R HER BRI A
BUARRR , A i ST T H O 0 X TR A 3T ek R
PR R AL T HAR P BIS AR

(3) Dy T IR IX 3835 35 3 1Y 2% 8] 43 A R
RS2 B 5T 25 A B 50, NI R34 >R 7, e B
X T vp A2 TR B )i A A, Ok 2 K
DIDRRJSN 2, LB A 0 PR Ay | B0 ¢ v 1) 1 43
BB R PR X A IR AR, UL
PRI AR A3 AT 150 B B PERE AL T3 K 5 1hi b
Hi DX ¥ R IR R, Bk A vy, FLBE M A
2, FEBEVEREW WAL, P ST SR i A5 ]
225Xt B R e AR R N AE AR KR T 4

ST RS R e S i RS e PO DA SE 2 5 R O
AR A DX I 22 S5 SR BBORH 7 ) A X P 7 o

&% 3k

(1] XUkRk, B3¢, XU, & WF2n 3 i v IR sE T & 04
FHRAFFE IR T]. dokEiAR, 2022, 41(9) ; 18-25, 34.
LIU F X, CHENG W, LIU X, et al. Research progress and
application of low impact development in sponge city construction
[J]. Water Purification Technology, 2022, 41(9). 18-25,
34.

[2] %k, sks2, aves, 55 BIMEIRT AT 09 X R b 4 i 3R
GUMHHR R IR 1], HoREIR, 2020, 39(1) : 136-143.
TANG Z, ZHANG L, YU L, et al. Exploration and practice of
regional rain and flood control system under the concept of
resilient cities [ J ]. Water Purification Technology, 2020, 39
(1): 136-143.

[3] W%, ZfE, 8900, &5, W dok b o 5 1Y 5 e B

95[J]. DL S2244R. 2022, 39(6) ; 1125-1134.
ZENG X, LI 'Y H, HUANG K X, et al. Influence of
hygroscopicity on the determination of soil specific gravity[ J].
Chinese Journal of Applied Mechanics, 2022, 39(6): 1125-
1134.

[4] S4B, FEY, T&, & SR EHFEMRET].
IPE R B, 2017, 45(3) : 482-485.

DOU J X, GUO Y M, WANG S, et al. Study on determination
methods of moisture content in soil [ J]. Shanxi Agricultural
Sciences, 2017, 45(3) . 482-485.

[5] VEBRE, T, TOHR, & —F-BALBR () il
FIL[T]. SREAR SEB, 2009, 26(7) : 50-51.

WANG P F, DING Q S, DING W M, et al. A measurement
method of soil porosity [ J |. Experimental Technology and
Management, 2009, 26(7) : 50-51.

[6] R, ke, ¢, & BARRHAEARE LARE
PIABBAIBIZE[I]. T EK AR5, 2014, 12(3)
17-22.

WUHJ, HUZ H, LI F, et al. Simulation of infiltration of soil
after mixed with different components of gravels[ J]. Science of
Soil and Water Conservation, 2014, 12(3) . 17-22.

[7] R&E, F@, [EaE, & BKERBELRITE &
PEOITI]. R SGKHEK, 2022, 38(2) : 34-40.

SONG J Y, WANG J L, REN X Y, et al. Discussion on the
permeability calculation method of permeable pavement [ J].
China Water & Wastewater, 2022, 38(2) ; 34-40.

[ 8] AR, B, BREST, 4. &% LID B1i# B ot fba + 38
FEPEREIICRL[ )] ARBEIRARYT, 2013, 29(3) : 25-28, 33.
ZHU M L, LIAO J, CHEN G Y, et al. Soil permeability
improvement for LID-type road greenbelt[ J]. Water Resources
Protection, 2013, 29(3) . 25-28, 33.

(F3% 195 1)

— 147 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 9,2025
September 25th, 2025

[19]

[20]

TR M D25 Ry e (D], SE R BE 2, 2021, 28
(2): 185-189.

WEI R R, TANG Z Z, HUANG J P, et al. Surveillance results of
total hardness of municipal water supply in Guangxi, 2017-2019
[J]. Practical Preventive Medicine, 2021, 28(2) : 185-189.
YUT, ZHANG Y A, WU F C, et al. The six-decade change in
water chemistry of large freshwater Lake Taihu, China [ J].
Environmental Science & Technology, 2013, 47(16) ; 9093-9101.
R, WIEW, Ak, AF. W FE B AT K AL 2 R R
BRI L], KAEAIRGE, 2019, 40(3) : 18-24.
FENG Z B, SHI Z T, SU B, et al. Water chemistry in the
primary tributaries of Dianchi Lake and effect on the water

environment of Dianchi Lake [ J]. Journal of Hydroecology,

[21]

[22]

2019, 40(3) . 18-24.

Ba—, KA, ZEF, FORFRLBKA YR KA
PR IR 2052 )]. ARKIT, 2019, 50(11) ; 64-68.
ZHAO RY, ZHANG Q Z, LI Y X, et al. Different effects of
diverse aquatic plants on hydrochemistry [ J ]. Yangtze River,
2019, 50(11) ; 64-68.

FAR, BB, B, & KA YR T DO K R A
2RI —— LB T R BT ). hEE W, 2018, 37
(4):501-514.

WANG Q G, XIAO Q, ZHAO H J, et al. Influence of aquatic

photosynthesis on diel variations of hydrochemistry in karst river:
A case study of the Lijiang River[ J]. Carsologica Sinica, 2018,
37(4): 501-514.

(L#EF 14T 1)

[9]

[10]

[11]

[12]

[13]

Em, XIER, skl A Sl ORI R A 35 18 S 4 i
I R AR 8 S AL S R AR [T ] T K R R A
2, 2007, 5(2): 73-80.

WANG L, LIU X, ZHANG G C, et al. Fractal features of soil
particles size distribution and physical property under different
measures of ecological restoration on rocky mountainous area in
the middle of Shandong Province[ J].
Conservation, 2007, 5(2) : 73-80.
UMIBERE, X, 2Rk, AF. AT R [ R 2R A - s
B —— A T S 2R i O I [ 7], A R
2FAR (HARFRERR) , 2019, 47(6) ; 836-841.

SHIX Y, LIU S P, LI F, et al. Study on soil properties and

Science of Soil and Water

permeability of different land types in sponge city; Take Maluan
Bay of Haicang pilot zone in Xiamen City as an example[ J].
Journal of Fuzhou University ( Natural Science Edition), 2019,
47(6) : 836-841.

JElEh, BEL, i, S SET LB ) 1S B M
AR RBIEL)]. ARKIT, 2023, 54(8): 153-159.
ZHOU H, LUO J, YANG P Z, et al. Influence factors of soil
permeability based on soil texture classification [ J]. Yangtze
River, 2023, 54(8): 153-159.

s, AEAE, BREETE, . Adb A i OB AL B
X A B R R B L[] K PR ERAER, 2019,
33(3): 94-100.

MENG C, NIU JZ, LUO ZT, et al. Response of soil macropore
to soil phychemical properties and root in forest in rocky mountain
area of north China[ J]. Journal of Soil and Water Conservation,
2019, 33(3): 94-100.

XU, Bl , MRV, S5, T3 K T B R AR R
A WIRETE SRV KRR IR S REFE DN S BERSEm [T, Pk
R 54, 2024, 26(1) : 214-225.

LIU W, ZHAO Y Y, CHEN X L, et al. Effects of soil moisture
content on microbial community diversity and abundance of

nitrogen cycling genes in central Henan tobacco-growing soil [ J].

[14]

[15]

[17]

[18]

Journal of Agricultural Science and Technology, 2024, 26 (1) .
214-225.

INPER, KW, TRTENL, S5, BT 4k - B A M I R X R
IR G B DROROCR B BB [T ], B TR 24 4R,
2019, 13(2) . 372-380.

SUN D Y, ZHENG T, XU J C, et al. Effect of soil permeability
improvement of urban green space on the reduction effect and
removal rule of stormwater runoff pollution [ J]. Chinese Journal
of Environmental Engineering, 2019, 13(2) . 372-380.

R, 2R, R, 5 AR P A ] R R 2
BB ERPOGEME R[], RSB, 2023, 42
(6): 31-36.

TANG X, LI G P, HU J P, et al. Soil permeability coefficient
and influencing factors under different land use types in Nanping
City, Fujian Province[ J]. Journal of Wuyi University, 2023, 42
(6): 31-36.

AR, ZEmelh, Bmmk. HIEREA RS LR & KR
WCRBITE[I]. RAEBTSE, 2021, 43(1) : 169-175.

FAN F F, LI X Q, CHENG Y S. Effects of soil porosity and
water content on natural frequency of cultivated soil [J]. Journal
of Agricultural Mechanization Research, 2021, 43(1). 169 -
175.

ERUR, E48, 255, % bt X g 1505 B Pk S K
Xof B TR IS AT (1], PREE TR, 2020, 38(4): 83~
88.

WANG S S, WANG R, SU Y, et al. Analysis of Beijing green
space soil permeability model and its impact on rainfall-runoff
[J]. Environmental Engineering, 2020, 38(4) . 83-88.
AEFIAR, s, B2 RIS 2R T Rk e T A 5T
[J]. Al TR, 2013(19) : 105-111.

REN L D, HUANG M B, FAN J. Study on water retention
capacity for drained soils with different textural layering [ J].
Transactions of the Chinese Society of Agricultural Engineering,

2013(19) ; 105-111.

— 195 —





