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Study on the local flooding risk in the civil defense projects

ZHAO Geng-run, LI Lu, LIU Xin-cheng

(Shanghai Water Engineering Design and Research Institute Co. Ltd., Shanghai 200061, China)

Abstract: In order to evaluate the defense capability of civil defense projects around

the Shanghai Pentangle Square under urban local flooding, an urban local flooding model

was built to determine the inundated areas and water depth under different rainfall return

periods, and the pluvial flooding risk map was achieved. The inundated return periods of

the 50 civil defense projects around the study area were calculated. The results showed

that the inundated return period was connected not only with the elevation difference but

also the topography and drainage condition. The inundated return periods were generally

high and decreased as the freeboard increasing, but they showed different sensitivities to

the increased freeboard.
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èO. 2016 c, þ°/e�m¥¬�ó§¦^¡È®�� 1 322�m2[1]. Ó�3�¥íÿC

z��ª³e, Cc54à��¯�ÚSU/³ªu, �<¬+¯�5
î­�)·ã��

�, î­K�
¢½S�$1. âÚO, 2007—2015 c, �I�L 360 �¢½;�
ØÓ§

Ý�SU/³[2]. 3��¢½;�î­SU�, /e�mÑy?YÉ/��¹��ku).

2005 c“ðÞ”�ºÏmþ°½ 78 ?/e�m�ì; 2008 c 7 � 4 F�®/c5Ò�Â©�Õ

Ï����?Y, E¤Ü©�´Ê$; 2010 c 5 � 16 F2²/c2Ò��QâÕNCÏëY

������?Y, E¤�^�´Ê$ 6 h[3]. �éu/¡ïÓ, /e�m?YÉì���V

Ç�,�é�$, ���É/���!/�¡EJ. 8c·I�?u/e�mmu|^�Ð

Ú�ã, XÚ�ïÄ/e�mAé4àü����Uå, ¿�é�f�!?1�Æk��U

?, ���Jp/e�mAéSU���Uå, ~�Ú��SU/�, é�æ�¬²LS�

Ú±YuÐäk�©­��¿Â.

F�´mu¢½/e�m�@!Eâ��¤Ù�I[��, Ùé/e�m�SU/

³ïÄ9�£�¡?uIS+k/ . Komaki[4], Nishimural[5]©O�éF�/cÚ/eû

|JÑ
éA��ö��. Tachi�[6]é/e�m?YL§¥¢F?Y6?1
Ôn¢�.

Dutta�[7]©Û
F�4e/«/e�möYA:, æ^2DöY*Ñ�.�[
/e�m?

Yþ¿�Ñ
?Y�Ý�/¡ÈY�Ý�'X. ·Ié/e�m�Óºx�ïÄ�?uå

Ú�ã, é/e�m��Óºx�©ÛÌ�æ^�INX{, ïÄ
/e�m/³µd�n

Ø��{[3,8], ¿�é/e�mJÑ
�Ó~/��ïÆ[9-10]. Y©YåÆ�.��ý�[

{Äu²(�ÔnÅn, U�[SU¤/���L§, O�°Ýp!(JÜn, �d�{é

êâþ�¦��, O���E,, ��A^u�ºÝ���ïÄ. ¢½SU��/e�m?

YÉ/´���©E,�L§, �)ü�!/L®6!üYXÚüY!´¡ÈY!/e�

m?Y�L§, Ù¥é´¡ÈY �ÚÈY�Ý�O(rº´ïÄ�'�. üÕ�´¡ÈY

�.�U�N/¯p§�p$���ÈY[11], �üÕ�üYXÚ�.=U�[ÈY:� 

�, ØU�Ä+�Ä6�´¡�ÈY�$�´ãÑ$�L§, Ïd���SU�.Aòþã

ü��.?1ÍÜ. )±��Äu²¡���ð½6�Ä��§ÚÃ(�Ø5K���[

�´ÈY�¹, æ^���ð½6�§O�/eüY+�S�Y6, ¿ÏLëY�§�
®

���¢y/eüY+��/¡ü��Yþ��, ï�
�[¢½��SUÈY�êÆ�

.[12].

�©Äu DHI � MIKE FLOOD ïá
þ°Ê�|/«�SUêÆ�., O��Ñ


3ØÓü�­yÏe´¡�ÈY��Ú�Ý. ¿�âïÄ«�;./e�mÑ\��´¡

�p�, (½/e�m?YéA�ü�­yÏ, ��/e�mÉU�VÇ.

1 ïÄ«�Ú�{

1.1 ïÄ«�

�ïÄ±þ°½û�¥%��Ê�|/«�~, ïÄ¬�ó§/e�m?YÉU�V

Ç. À�Ê�|NC��MôH�Àrê*/¤�µ4YX«���ïÄ«�, ��ÏØü

�	Ã	.Y?\ïÄ«�. T«�üYXÚ��!ÀÜ6�, dÊ�|!E�!o²!E

��ÆÚ��� 5 �rüXÚ|¤. Ê�|XÚ�Y�OIO� 3 c��(ü��ü� 51

mm), Ù{üYXÚ�OIOþ� 1 c��(ü��ü� 36 mm). «�S�Y+Z++»

� Φ200 ∼ Φ700, ïkÊ�|"Õ!o²"ÕÚI^À"Õ 3 ��Y"Õ, o6þ� 41.20

m3/s. �uïÄ«�SE��ÆXÚ�ÕáXÚ, E�XÚS�,ú	�ü�þ®\ú	S
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�, ÏdïÄ«�òTü?«��±�Ø. ïÄ��Xã1¤«, ïÄ«�¡È� 6.29 km2.

�â 2013 c¢ÿ/¡p§]�(ÿ:�Ý� 20∼30 m)[13], ïÄ«�//p§Xã 1 ¤

«. ²þp§� 3.5 m(Çúp§, eÓ), ÜHý«��/³oNþ�é�$, Ü©«��´

¡p§Øv 2.5 m. ÀýÚHýÜ©«�/³�é�p, ´¡p§3 4 m ±þ.
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Fig. 1 Topography and concentration range of the study area

ïÄ«�S�k 50 �¬�Õ:,  �©ÙXã 2 ¤«. z�Õ:�k<1!Ïº³!

ÅÄ�Ú�ÅÄ� 4 «a.Ñ\�eZ�, �O 277 �. Ø�OÕ: u/³�p�«�´

¡p§�L 4.4 m	, Ù¦�Ü©¬�Õ:¤3�´�/¯p§8¥3 3.4∼4.0 m. �Õ:Ñ

\���p�þ�L 30 cm, �Ü8¥3 35∼45 cm.
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Fig. 2 Locations and minimum elevation differences of the civil defense projects
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1.2 ïÄ�{

�©¥//êâæ^ 2013 c¢ÿ//êâ, ÿ:m�� 20∼30 m; +�êâæ^

2011—2012 cüYXÚÊ�]�, +�êâ&E�)���Yu�³�I.p§Úºp§,

±9�Y++»Ú?Ñ�p§. ÄuþãÄ:]�, æ^ MIKE URBAN Ú MIKE 21 �.©

Oïá
Ê�|«���Y+��.Ú«�/L®6�., |^MIKE FLOOD ²�òü�

�.?1ÍÜO�.

�uy�ãT«�¢ÿÈY]��é��"y, �©=Â8�
 2013 c“913”��Ïm

¢ÿÊ�|NCV�í�Õü�L§, ±9I^À´�,´Úúq´�Ð´ÈYÿ:�¢

ÿÈYL§(Õ: ��ã 1), äNXã 3 ¤«. lÇ½(J�±wÑ, 3I^À´�,´È

Yÿ:?, �.O��L§��ÈY�Ý� 20 cm, �¢ÿ(J��, ��[���ÈY�Ñ

y�m��¢ÿêâÎÜûÐ(ã 3(b)), O���¢ÿ��þ��Ø�� 0.061. 3úq´�

Ð´ÈYÿ:?, ��O�L§¥þ�ÑyÈY, �¢ÿ]���. ùL²ïá�êÆ�.

��Ð/�NïÄ«��ÈYCzL§, �^uïÄ«��SUÈY�[.
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Fig. 3 The observed rainfall distribution at the Shuangyang Station (a) and the comparison

of the observed and modeled water depth at the East Guoshun Road and Huangxing Road

(b) during the “913” rainstorm in 2013

�O���þæ^þ°YÖÛuÙ�5þ°½¢	�YüY��5yÚ�O��¿

�6¥JÑ�??��þ°½á{���rÝ�úª, äN�úª(1). 1963 c 9 � 12 F

� 13 F, þ°½Êü��, 24 h ü�oþ� 200 mm, T��3�½�¡þþE¤
î­�

U/, Ïdþ°½ò“1963.9”����«�ØU��O�.. �ïÄ��O�.Äuþ°Ø

U�O�.(“1963.9”�.)�� 3 h ü�©Ù, æ^Óª��{©�ü�L§. =ò�âú

ª(1)�Ñ�ØÓ­yÏ� 3 hü�oþ�Xe©�: Óª 1 h ü�þØ¥��¸�, �{�

þ�â“1963.9”�.¸�c� 2 h ü�þ'~?1©�. ­yÏ 1—1 000 c��O��L§

�þ©Ù�L 1.

i =
9.581 (1 + 0.846 log10 (T ))

(t + 7.0)
0.656 . (1)

Ù¥, i���rÝ(mm/min), T�­yÏ(c), t�ü�{�(min).
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LLL 1 ØØØÓÓÓ­­­yyyÏÏÏeeeüüü���þþþ©©©ÙÙÙ

Tab. 1 The rainfall distribution of different return periods

aO
1c 3c 5c 10c 30c 50c 100c 300c 500c 1 000c

�� �� �� �� �� �� �� �� �� ��

�� 1 h ü�þ/mm 36.4 51.2 58.0 67.3 82.0 88.8 98.1 112.8 119.7 128.9

3 h ü�oþ/mm 55.8 78.3 88.7 102.9 125.4 135.9 150.1 172.6 183.1 197.3

2 (J©ÛÚ?Ø

2.1 ÈY«�9ÈY­yÏ

æ^ïá�ïÄ«�SUêÆ�., ©OO�
 1 c!3 c!5 c!10 c!30 c!50

c!100 c!300 c!500 cÚ 1 000 c 10 «­yÏü�rÝeïÄ«�S�´ÈY�¹, Ù¥

5 c!10 c!50 c!100 c!500 cÚ 1 000 c 6 «­yÏe�´ÈY��Ú�Ý�ã 4 ¤«.
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Fig. 4 Ponding locations and depth of different return periods in the study area
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��­yÏl 1 c��O� 1 000 c��, ÈYo¡Èl 0.13 km2O� 2.65 km2; ÈY�

Ý�L 15 cm �«�¡Èl 0.02 km2O� 1.44 km2; ÈY�Ý�L 30 cm �«�¡ÈlÃO\

� 0.48 km2; ÈY�Ý�L 50 cm �«�¡ÈlÃO\� 0.07 km2; ²þÈY�Ýl 8 cm O�

19 cm (�L 2).

LLL 2 ØØØÓÓÓ���OOO������­­­yyyÏÏÏeeeÈÈÈYYY¡¡¡ÈÈÈÚÚÚ²²²þþþÈÈÈYYY���ÝÝÝÚÚÚOOO

Tab. 2 Statistics of the ponding locations and depth of different return periods

in the study area

­yÏ/c oÈY¡È/km2
ÈY>15 cm � ÈY>30 cm � ÈY>50 cm � ²þÈY

¡È/km2 ¡È/km2 ¡È/km2 �Ý/cm

1 0.13 0.02 0.00 0.00 8

3 0.73 0.18 0.02 0.00 10

5 0.97 0.27 0.05 0.00 11

10 1.29 0.40 0.08 0.01 12

30 1.67 0.64 0.14 0.01 14

50 1.82 0.75 0.18 0.02 15

100 2.05 0.93 0.23 0.03 16

300 2.34 1.17 0.34 0.04 17

500 2.48 1.28 0.39 0.05 18

1 000 2.65 1.44 0.48 0.07 19

�â5¿	üY�O5�6(2016 c�), SU�£IOe/¡ÈYA÷v: � Ø¬4ÃÚ

óû�ïÓÔ�.�Ø?Y; � �´¥�^���ÈY�ÝØ�L 15 cm[14]. �âþã�.O

�(J, é«�S´¡ÈY�Ý�L 15 cm �«�?1
ÚO, äN(J�ã 5 ÚL 3. oNþ

/³$�«�±9/e+�+»�[�´¡SUºxp; /³�p�«�±9/e+»�oÚ

"ÕNC�´ãSUºx$.
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Fig. 5 Different return periods of local flooding in the study area

2.2 ¬�ó§?YVÇ
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�âïÄ«�ØÓ��­yÏe´¡ÈY�O�(J, é�¬�Õ:?Y­yÏ?1
Ú

O, äNÚO(JXã 5 ÚL 3 ¤«. 3¤k 50 �¬�Õ:¥, =k 4 �¬�Õ:�?Y­y

ÏØv 1 000 c, Ó¤kÕ:oê�8%. Ù¥
	 QP1416 9 QR1395 Õ:?Y­yÏþ$u

þ°½ 100 c���¢½SUIO, Aæ�·����æ�ÓS�. 
	 QR1428 Ú QR1404 Õ

:��´/¯Ip�C�ÜÕ:�²þ�, �dÑ\�p���, � uÈYî­´ã, ��Ù

?Y­yÏ���. Ïd/e�m�?Y­yÏØ
�g��p§!p��'	, ��±�/

³ÚüY^����'.

LLL 3 ïïïÄÄÄ«««���ØØØÓÓÓ­­­yyyÏÏÏeeeSSSUUU´́́ããã¡¡¡ÈÈÈ999ÙÙÙÓÓÓ´́́¡¡¡ooo¡¡¡ÈÈÈ���zzz©©©'''

Tab. 3 Areas and proportions of local flooding in the study area
­yÏ/c <1 <3 <5 <10 <30

ÈY¡È/km2 0.020 0.176 0.266 0.401 0.639

z©' 0.4% 3.7% 5.5% 8.4% 13.3%

­yÏ/c <50 <100 <300 <500 <1 000

ÈY¡È/km2 0.759 0.932 1.167 1.291 1.446

z©' 15.8% 19.5% 24.4% 26.9% 30.2%

Cc5¢½z�\ì��¢½/¡u)�½§Ý�Øþ!�ü, Ó��Ä�´¡ÈYÉ�

ý��6Ä¬Ñy�½ÌÝ�ÅÄ,   3´¡ÈY�Ý����Ñ\�p��, /e�m®²

Ñy?Y. ©O�� 5 cm!10 cm!20 cm S�{þ, é�Õ:��­yÏ?1¯a5©Û, ä

N�ã 6 ÚL 4. Ù¥L 4 =�Ñ
A«S�{þe­yÏ$u 1 000 c���Õ:, � 21 �.
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Fig. 6 Inundated return periods of the civil defense projects with different freeboard

magnitudes
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LLL 4 ���¬¬¬���ÕÕÕ:::333ØØØÓÓÓSSS���{{{þþþeee���???YYY­­­yyyÏÏÏ

Tab. 4 Inundated return periods of the civil defense projects with different freeboard magnitudes
?Ò Õ: ÃS�{þ/c 5 cm S�{þ/c 10 cm S�{þ/c 20 cm S�{þ/c

1 
	 QR1348 >1 000 100—200 30—50 1—2

2 
	 QR 1395 50—100 10—20 3—5 1—2

3 
	 QP1416 20—30 10—20 5—10 2—3

4 
	 QP1277 >1 000 >1 000 300—500 3—5

5 
Ê QR1484 >1 000 500—1 000 30—50 5—10

6 
	 QR1404 500—1 000 100—200 30—50 5—10

7 
	 QR1514 >1 000 100—200 50—100 5—10

8 
Ê QR1482 >1 000 100—200 50—100 10—20

9 
Ê QR1524 >1 000 >1 000 100—200 10—20

10 
	 QP1366 >1 000 500—1000 100—200 10—20

11 
	 QR1428 300—500 50—100 30—50 10—20

12 
	 QP1513 >1 000 >1 000 >1 000 50—100

13 
	 QR1540 >1 000 >1 000 500—1 000 100—200

14 
Ê QR1451 >1 000 >1 000 >1 000 200—300

15 
Ê QP1483 >1 000 >1 000 >1 000 300—500

16 
Ê QR1452 >1 000 >1 000 >1 000 300—500

17 
	 QR1388 >1 000 >1 000 >1 000 300—500

18 
Ê GR1074 >1 000 >1 000 >1 000 500—1 000

19 
Ê QP1450 >1 000 >1 000 >1 000 500—1 000

20 
Ê QR1345 >1 000 >1 000 >1 000 500—1 000

21 
	 QR1350 >1 000 >1 000 >1 000 500—1 000

oNþS�{þ�p, ¬�Õ:�?Y­yÏÒ��. S�{þlÃ©OO� 5 cm!10

cm Ú 20 cm �, «�S?Y­yÏ 1 000 c±S�¬�Õ:�êl 4 �©OO� 9 �!12 �Ú

21 �, ¤Óz©'©Ol 8% O� 18%!24% Ú 43%. Ü©Õ:?Y­yÏéS�{þO\�

¯a5�r, X
	QR1348, �S�{þlÃO� 5 cm!10 cm Ú 20 cm �, Õ:?Y­yÏ

×�l 1 000 c±þ©Oü� 100—200 c!30—50 cÚ 1—2 c.

3 ( Ø

�©ïá
þ°Ê�|«��Y+��.Ú«�/L®6�., ¿òÙÍÜO�, ��


ØÓü�­yÏeT«�ÈY��Ú�Ý, Ó�O�©Û
«�S 50 �¬�/e�m3ØÓü

�­yÏe�SU?Y�¹.

O�(JL²:

(1) ¢½/e�m�?Y­yÏØÉg��p§!p�K�	, ��±�/³ÚüY^�

���', ù
Ï�3/eó§À�L§¥A�±­À.

(2) Ê�|«�S¬�Õ:�?Y­yÏÊH�p, ý�Ü©3 1 000 c±þ, �
	

QP1416 9 QR1395 ü�Õ:?Y­yÏ$u 100 c, Iæ��½����æ�ÓS�.

(3) Ü©/e�mÕ:éS�{þ��¯a, �XS�{þ�O\, ?Y­yÏ×�ü$,

3�Y�o+n¥A­Àù
Õ:��ÓS�¿�Ð�ÓA:ýY.

[ë � © z]

[ 1 ] ô~, Ü�Ü. þ°¢½/e�mmu|^�¢��Ð"[J]. þ°¢½5y, 2011(2): 62-67.

[ 2 ] �ÇR. )Ö¢½SU/³ÓO¢½S�Ä:[J]. ¢½4Ã, 2016(7): 6-8.
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