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The development of underground complex as a new multi-functional urban waterlogging control structure
HAO Honghong, WU Yongxin, YANG Weichao

(State Key Laboratory of Hydraulic Engineering Simulation and Safety , Tianjin University , Tianjin 300350, China)
Abstract; With the rapid urbanization of China, urban pluvial floods and waterlogging become increasingly frequent and serious.
Previous engineering measures to alleviate urban waterlogging mainly focused on improving the design standards of urban drain-
age system, lacking consideration of other related problems. Thus, we proposed a new multifunctional urban waterlogging con-
trol structure-an underground complex-to tackle the three urban problems: waterlogging, traffic congestion, and laying pipes &-
wires in the utility tunnel. The reserved room of the utility tunnel layer in the underground complex can effectively avoid repeat-
ed excavation of roads due to installation and repair of various pipelines. The different operation functions of the traffic layer can
effectively relieve the urban waterlogging and traffic pressure. We put forward an underground complex structure scheme for the
first time, established its 3D numerical model with ABAQUS, and conducted static analysis. The waterlogging control effect of
the underground complex was analyzed based on the hydro-dynamic model and a case study. The results showed that: the me-
chanical properties of the structure were reasonable; the vertical displacement and stress were small in the two operating peri-
ods. However, reinforcement should be applied in the tensile stress concentration area. The underground complex can greatly al-
leviate the waterlogging situation of the study area.
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Tab. 1 Numerical calculation of mechanical parameters

HEER p/(geem®) E/MPa 4 ¢/kPa @/
e 1.78 22.85 0.300  19.00  18.00
) 1. 69 16.10  0.300  19.92 8. 98
(3) 1.93 19.61  0.300  20.60  13.90
4 1. 86 24.50 0.300  24.70  13.10
s 2. 04 10.00 0. 480
TREE L 2.50 36 000.00  0.167
HRB400 7 850.00  2X10° 0. 300

x2 HEEH
Tab. 2 Calculated loads
T TR/ fif 4%
m HE KE FfE #kEH +HES
—fisfy 0 N J J
Frokigfy 4.5 NNV N NG

2.3 BT E&RERNFH AT
MR A RAE B ) 25 B L AT KR
TR BN T a2 A — 2 LR . b R 255

o
1T

[l —driagiTHE

3 BIBITHIMT

TRAE— ML Ia T RREERIZ T T T 1 58 ) (5 % 20 A L
K3, M 3 TSI R L858 P er A iR — iz
TR TR KB e RS (B 48. 27 mm, Tfif
FRRIZ 1T I e R R 50. 91 mm, W K F—fi
AT B R B BB A 2 S8 R AR . —
BT RIS AT B fe /MY S 43 ) 2 2. 65 mm,
2.67 mm, M 3 (i85 KT BWAE i )=
TOUAR B A R R S22 5 5 i B 450 HE B X R
MRS . A3 BTSSR o3 A A5 L R R 2 - AT
 raval =i iz | S sy o oy SR VT A
TR A 2 AR A B B VR T =
U R ) b AR AN RS R TR 2 TR B LA S R 2 5 2
3 )2 1) PR AR 1 T8 S O AR TR TS

SR T B b 2% b T 2 AR TR B AR S
M B8 [l (3 RS A AR SCHE B X = — 75 BRI IAT I
AR SRS AR Y=0 F] Y=11 il &,
SR RE R 4. B 4 AT, S R T
A R S 1) 8 [ A 43 A 208 - Wt/ ) PR DR
H s B R . IO 5 AR 174 38 1 7 8% il 2 5
SRR+ B 11 o KRR (5 TRUR WS /) s X P T
PRIFIEZ S5 8 ) S 47 o TO0350 T W » 4 FH A8 T0URR A9
FE T3 A= A R o) AR o T B A 5 T 3 4o
7RG J2 R A T4 2 » 3 T %) T R 5 R B A P DT
T JES AR V8 2 AR TR 42 I IS i - AR A e T 3

i 1 PEERIE fTIW

ZAEEEmIBSH

Fig. 3 Vertical displacement cloud map of underground complex in each operating period
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Fig. 4 Vertical displacement cloud map of measuring points in each operating period
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Fig. 5 Pressure stress cloud map of underground complex in each operating period
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Fig. 6 Tensile stress cloud map of underground complex in each operating period
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Fig. 7 Map of drainage area in the study area
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Tab. 3 Verification of the water depth value at the waterlogging points
BT R GEiHE/m BRI /m W/ %
1 0.5 0. 47 6
2 0.5 0. 46 8
3 0.5 0. 44 12
4 0.5 0. 55 10
5 0.4 0. 45 10
6 0.5 0. 56 12
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Fig. 9 Waterlogging map at status quo and after the construction of the underground complex
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Fig. 11 Improve the waterlogging condition of each division before and after
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