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Prediction of extreme flood scouring depth of river-crossing section of

very large diameter crossing tunnel
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Abstract; To determine the reasonable burial depth range for the Qinwang Crossing Project’s
river-crossing section in the Fuchun River, a mathematical model was first employed to simulate
the planar water level distribution and flow field condition of the river segment. Based on these
simulations, physical model tests were conducted to study the maximum scour depth at the tunnel
site under four combined flood-tide scenarios(Scenarios 1-4): upstream boundary with 100-year
flood discharge + downstream boundary with 100-year flood water level, upstream boundary

with 100-year flood discharge + downstream boundary with lowest tidal water level, upstream
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boundary with 300-year flood discharge + downstream boundary with 100-year flood water level,
and upstream boundary with 300-year flood discharge + downstream boundary with lowest tidal
water level, results were cross-validated with mathematical model calculations for accuracy. The
research results indicate that under the same flood discharge, when the downstream tide is low,
the river flow is greater, the water level is lower, and there is a significant difference in water
levels between upstream and downstream. Consequently, the flow velocity is relatively high,
making erosion more likely in the river channel. For Scenarios 2 and 4, by calculated the
mathematical model the maximum scour depths of 4. 50 and 6. 45 m, respectively, by yielded
while the live-bed scour model the maximum scour depths of 1. 50, 1. 95, 2. 40, and 4. 50 m
under the four scenarios respectively. The live-bed scour tests reflect the riverbed scour
conditions during the corresponding flood duration (70 hours in prototype) and under the extreme

hydrological conditions, with scour depths aligning well with actual conditions, providing valuable

2025 F

references for safety control in shield tunneling river-crossing projects. 8 tabs, 9 figs, 25 refs.

Key words: tunnel engineering; extreme flood scour depth; model test; tunnel burial depth
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Table 3 Calculation of riverbed scour depth
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Table 4 Scales of physical model for scour test of

tunnel site river section
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Table 5 Calculation results of starting flow rates and their

scales for prototype and model sands
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m (em+s™ D) cm (em s 1)
10 70.55 20 11.12 6.34
12 75.12 24 11. 39 6. 60
14 79.45 28 11.62 6. 84
16 83.58 32 11.82 7.07
18 87.56 36 12.00 7. 30
20 91. 39 40 12.16 7.52
22 95.09 44 12. 30 7.73
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3.4 REBEIRFE
3.4.1 K&k
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5RO TR T TR P 2K A SR R IRCEE H A
H T IR T K AL S 5 RO T A R AT H AR A5 A 0L
RS R ISR 6.
F6 mESMKEL

Table 6 Tested water surface lines of model

T4 1 T2 T3 THL 4
IR | BB | K BOBK P B K PROBT K | K UK (A K

fr/m | i /m | f/m | fi/m | fii/m | f/m | {i/m | {ii/m

#ET | 15.33(15.32(14.80|14.78|16.82(16.81|16.35|16.34

fEhE | 15.26 | 15.26 | 14.73|14.73|16.73 | 16.73 | 16.26 | 16.26

(15,23 (15.22(14.69|14.70|16.69|16.69|16.22|16.23

VE M BERAL A AR R IR e R B HJE 09 R A R AL,

g 25 R WYL BB R v SN Y K TET 2k 5 8K
BT R 3 KR ZETE =2 em Z N R
55 7R Jir Y B 3k 0 B AH AR
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Fig. 7 Velocimetry section layout of river
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Table 7 River scour parameters at tunnel site

B | T e A R /| R IR e A R /| oY/ m
1 —0.65 —2.15 1.50
2 —0.65 —2.60 1.95
3 —0.65 —3.05 2.40
1 —0.65 —5.15 4.50

F TR B 4 R ok R R Fe K. SR T 4 B%
ik 7 TR R O RS e IR AR O — 5. 15 my, 5 JEAT R
W T R R A5 (— 0. 65 m) A He, B K nh RO BE
}4.50 m,
4.3 BRI RR E S

50 4 ) SR FH ) R g S b e i g 2 oy
O A VL8 S R A o R R B AT 1 g AR 4
Rt 5 i T 2 Ty 2 A R A GE T L A 2
BEX A RFAT LG S Ibig . T 2.4 i fs
FI) 1Y % 4k AL v RTE S IR 8 B s . TR AR AL 56
75 30 1 % 1l o R 9% DL 3R 8

B 8 AR, 2 Fh Oy A4S AT 45 A 25 KR
FEH T A X P AR 2 R A i i
B AT EAL VAR R B IE & E . B
RE S B A 7 252 7K SC TR B ol kil 9 40 T ) 3 o
i) 32 55 SR P T 7K 04 L A R AR G RIS i AL A I
T AL R ph k] 70 h JE Y wpoR) 45 2R B B I T
A B A BR K SC 2% A8 T B TRT R ook AR Bl s i el R EE
BAF A PR AE O
4.4 BRHEE K R 2 T

7 UL TP R L S K N RO A
BRI A% . TR bk ey 35 o h) 5k 30 3 2 e il i IX
S0 ) R R M DA ME o B i R A R hk B T Y o
JTURONY SN 7| TR TIOR8 e I i 1] S I T
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Rl 3 17 P A I W1 P O R 51 i )7 N
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FE o B R T G 55 4 e ), g 1k A
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(a) L1

(b) T2

(c) T3

(d) T4
P8 g ik i e o O 2
Fig. 8 Flood scour pattern of tunnel site section
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Table 8 Comparison of maximum scour depths

by scour calculation and test at tunnel site
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Predicted maximum scour line at tunnel site section
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Table 9  Original riverbed elevation at tunnel site section

[/ m| 0 50 100 200 250 300 350 400

EFE/m| 9.74 | —2.87|—3.51| —2.78| —2.36| —2.57| —2.74| —3.90

A/ m| 450 500 550 600 650 700 750 800

R/ m|—3. 74| —4. 04| —4. 45| —5. 29| —5. 29| —4. 14| —5. 02| —3. 39

B/ m| 850 900 950 1100

ERE/m|—1.67| 0.76 | 1.29 | 1.73 | 3.97 | 8.87

5 & &

(D ARPEROE T 355 3 72 A0 [ AR v T, RIS
P R VA I = N VAR (S R O 1 R A =%y N e 1
DL TR X AR 2 B AR VAT AR e DR AR
TR AR A 3

)RR A5 LR W] AE 100 4F— kK
BT T TO0 2 BT R s sl ¥R B 4. 24 m, 300
AE B UK BT R R T8 4 AR R R N
6.45 m,

(3) PP i B0 45 R ZE B AN T i O
ZAFR BRI W 1 R R A I R s B D — 5. 15 m,
5 P50 A DR T 5 A A C— 0. 65 m) A B o B A i i I
& 4. 50 m T 12 1 50 T] 3 DR 6T 87 F) e 3 B T
PR B AR o] w2 72 Sy — 11,06 m, MR IR BE 6. 45 m,

(4 o R 5 i e g 7K R g g B (RS 70 h) B
R R K SC &A% 1 T0T IR o R 1 250 o i % B L A AF
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