/O I

202146 H SHUILI XUEBAO 52k el

XEHE:0559-9350(2021)06-0659-14
ETREBEASZZEMEH T LG REAR

U, REFE RAR, RAK, A OB
(1L BIKRZER & SRDKRFERER, R M 5106115 2. Ik KRR, ks 100875)

BE: HO BT B PG B | WFNAL B R B, 7R T 2020 4R 5 - 2275 R A T HE U7 B DN 23 AT B i
by BRI TR R R R ST AR, S T G BORUK A B R R L Rk, T
3T A AR - T BN HE AR R G- K R I HE K R R G 3T U B LRI L) T B DX G B O 4],
W], TR R GO RO AR AR AL, BRI R R ST A X 2 U AN 2 S M, T SR SRR
HORRIEAR, AROR S 1A G o IR A TR P RS L PRI EOHE " i e, S F T B WG B R A 1R

Jyi

REIR: WIMARGEAN; dbiih, WAL PRI

HmESES: TV213.4 XHEAREE: A doi: 10.13243/j.cnki.slxb.20200750
1 B

VEAEK, FR T R AL, R R A e A i 5 Y TR R RN ) £ dk S 22 U T Rk R R
M . BRSO S BN 5 22 B R SRR B U, S R A R G, MR TR . K
WS WA /NHEKR RS . Bk R HEK RGE . ANV R R S AN R AT T M 3k T it B A A
IO AT T AL e UL By A A M Bt BT, KRB ST B

Wt TRER T R O A, R ) A R R R A R B A AR, SRR
HERE I E B A LR B LR AN X T RS R R, BB Z ORI B T R Y
A A G B M, R A R AR K ORI T R R 453, AR [ B O SR T R R BE AR L kK. B
TR ) o ) . R 2R M S TR A B A . ERT, TG — R R E Rk L AR 2k,
FEWFGE S min [ FF 3 h 09 %0 07 BRI AY 5 KRR ] — Mk AR f RAEVE , =M1 hAFG1d ~
60 d % BRI BERY TR ply TSR AR [ A SRAE D5 35, AR T BB 1) A 383 W B SR A A —
25 E, Hoh, AR Dy Bsf [ TR AR AR, T T B T B A A D (R R o AR TR) A, I AR SR
SH MR EIRMIA LR Wt T B A L TR TR R
ST, BT ECHE K R R HE B BB R R g — ik, T IR, D
B L 7 296 X6 5 il A kb .

I T A o R A SR W T L B O B YA B AR R S B P BE U TR A 9 R A R o
filh, A DK 2 ] P AIMIF S 1 $Rs Tl ,  2 EAE rp A T Ak X AR IR A R R A T L ST T A
SEJFT . K RGN T I ALK SO PR O i MR T B, ST T KRR A X b
S T A R o ML AR o R R S D IR i T AR A G A B, AR T A%l R I
DR RR AL TE R AR B, 4R T T I R AR R A e E SR S SR R . B TR T AR K

ks B 2020-09-215 FI&% 1 &I E] . 2021-03-15

[ 4 B &b dk . hip s //kns.enkinet/kems/detail/11.1882.TV.20210312.1530.002.html

HEBUH . FHERARFEEEIE (51809297); FEZEHE MW AITRIHH (2018YFC1508200) 5 )M iR 145 H (201906010078)
EF @A PR3O (1977-), BERF e P TR, F BN B K FBA P . E-mail: longyancwl@163.com

— 659 —



25 A8 b . N T RN . T H TR S ) A SRS AN T, A T 3T K SO ok B g AR AR
PR 5N E S BB . s S A B2 T T A K SO L T I EE I T
L T 25y AT 4 ) D9 SME R L 4 T A K SO0 A5 I A B R R A OR Sl — B[] BF 52 9 I
PFIE 5 22— o X5 2 A2 A ] K M T B4 22 0 R S A B AR A, R T X
A RARBEK . BAK. BB, PEK ., BB KSRIT, T K SR, AR SCs
5 AR T 7 AR TR 5 i T A K T SR AT R L R R R T R o e R . Bt
AR T R KBS RR , WSS BRK AR . BB R T . BT A R E R T
FE ST T I I - MR A I T AR O R R TR b e, (AR, R TR ARG A
WL, 7 2 1 28 Atk R M2 i) 240 SR 4% 08 T b 3 B0 T AR A A A1 JR J T 1 HE— P RS

b X A2 8 8 T T 955 3 PR XA 7 B M L AR SCE A M T 3 T Mk AR A BT, D R S A
AN G, TR A, R T MR AR B VR R G R, e — 1T R K
TR, S TSR T A - B/ INHE K R G K R RHE K R G R 00 T R AR L g SR v 1 A 40
SRR R, A BRI R B R A 2 OC R M ORI T e O B A R AR R S

2 BT R A I AR G A

21 MW EGERE S )TN 2020 455 227 KRB T 7 OCE PR A A JLAh B, A ST M
Sl T b 7 B DR DS Ry LA T TR o (1) R i i e A 32 SR T PN B LRI . 5 227 R R R I BT
SR EE R L3 R R TED AR DR AR o A TR R R R T N T B T 9 7 BE T A T HE KA R0 AR K BE
T35 (2) 7 I S e BE SR T3 AL 3T o 73 T R S B BE AR TR R, TN B b TR AR R AR B0 0.3 ~
0538 R F 0.6 ~ 0.9, MM, “Jg FHoK " 420 0 (8 BUIS 2 BT 1 1 ~ 2 hy [R) Ik dul iy s 352
SPHUR ., I WHE . WE SRR E RS . S, ST BRI ERE T RIE s ()4
JKAE T HE K BE 7 AN R o 2 TR SR RE R o R KA BT RIS, M T A I I 1 B IR M T R K HE
B, SEOBRSAEBUK, AN FHAT, JTMETIRXHEK R W3 FE B AR ERT, T IRIX 83%
ZEAHEARAE W AR — B AR, AL 9% KB 24F — B AR 3 4h, iy BB HEAK A 1), iR Rk
A4, BWXHAKRGEEMKE, WBIEEE, - PREETHOKET; (HIEETTHEEN AL,
Sl T T R B LT e R K XK, HE AN IE o F R TOMI TR 22 R ER o S BE 2 10
B IHESI AR E, AT UERE I AN AL o T IE R ) 25 B ACHTR T8 LA B i 3 4B 5 S AT AR AN L AT ks
(8] 9 BE— 25 i T, R T P R B OCE R AR IR s () AMTTR K LA TR HE o o0 5t o T 2 18 A/ 91K 3
R B R ), AT g S TOUFE A A 3k i 9T Tk K A BE B It HE ST, 3Tl I ] 4 e KA, HE
KA I HEK BB ) R B R, BN BT o AR M 2020 45 - 227 KRR R T U HE LA b, AR SO
T LA PR R SR AL, AR R T BRI i A RO B

2.2 “ERERTEER KRB AR AT R o S R DX, U A TR — RN O, WO
L [ I 2 % W 1A AT REMEAR O, DRI 0k 3k i By 1 5 A 2R Py 0 5 8 LG Sy B o A% 4 1% 3T st
B F i HEK R GE CURR/NHEZK, A5 HEKAE 19 T K 22 45 ) AL HE DS 2R 48 (URR R HEOK , A0 4 ki 3T
W KPR ISR B A K B HEK BRI AR RS, A EHESCRARRISMNT . B 2012
AR AR TR AR Y, T EEUHA B B R A TR RBR . SRR AR (Angkt . BOKIE RS . T M
TG4 ) By Sl i B A HE AR B A LA A A, R UL, BT B Byt A 2R A 4 ki
e HEK R GERHES; R G0 =80 70 o T By ik 87 1A 2R SR ey <l — A A B R SR Can P 1 e
) ST AL B T RIS, HEAK o XA I (T TR AR L R KA )

2.3 BEEFRIR A T K HEBR S KT R AR K BR 2 S U7, T 3 KT Y T AR K BR 2 R
He o HEPE R IR PSR () 3l T /0N 3T S B W TR — SRR AN G, R I TR Bk A R T 0 R RE AR AR
K, B RSl ik 9 1 PR — e 7 I A i s R B R s (2) WO — LR R AR . N, I
HA R R TSR IR R, Bl Ok, WK AL, R K AL S THAE Bk K

— 660 —



S g ik
A 1 HEk X
i ﬁFZJEE
@y
q:/JIL i%
|k X
\ T
41 =

BT PR SRR B

MBI A, -4 - AR, MR PR, RO R A R OK IR RS, MRt UK . A
WHEACHR , DUALE KA s B K AL, e TIAEAT I HEK B 2 i 38 i sk i o IR, IR
Je YT S K R 1] ke /K AR EL S B AT HLRR A, bR A B A2 8L, R AR BE
2.4 BtEdie KPR, W KR R O P SL B AT BCER T, KRR B S T A AN TR Y
SRR, T ECRUK R 3 5 S A% F B R AT BT 3 HE K B o 4 IR AN HE K B )
BEOXE 5 A T BT A /NI K TR AR e R ) TR K AR A A R R 5 Sl 0 A o e TR T 7 4t A
FLRNHLAE D, X0 e phe 0 ORI It T RS T I % T 7™ A AR 0 K HE A . Rt 7 015 R B S
ST B UG B, 2T DK AR HEK B R Gk, FERBAE . (1) A UK FIK
FHESF Bt R BB G —, S BOS TR A B0 R (R R T A AR bR (2)k
FEor 25 R HE K RGN D RGN R, R K BT T2 R AR HE K DX A R SR, XK
itk DX AT 8 KA TOUFE 25 B AN A2 5 K R ) — e 2 U Sl il AR T R, TGk T8 7 R THT A4 K SC )
B2 K PP SRR IR i B Y £ 4RSS E el g N S R 22 N B eiy G IR e NS VAT S/ e Ll S I
SR, K ALAT EE S BRARHEK R G HEKEE TS s BB HEKRRE D AR, — R R HEKAE AR
1O 1N ) s D D I 5 R WA 23 2R = R

T [ 5 R G Ak W 0 BHLA U 87 0 o — J R ST B T 0T R R R AL Ik bR B . ST
HEPFARAEARRE, N BE 20 MM S B BT I B T A IR bR o L R R TR R A A LR 24 hi T
LB, e dn o /N HEK RGN HEK R GE R R B By 25 PR AR T 38 B0 9 7 By i 2
Ko TR BEYIA B AR IO GRS T AR . /B K R RHEK R G R E RN
SR R, e T DAL e ) A D DU B A A I R T AT OO L SR EnS B (1) B R AR
FCREBE o T K 2R SR R 2 0 (i iR /K P s R fROK P i it i R ), 28 BE AR A it s 4R i
2 bl A3 D N R G O, TE R O, AT LRt e SRR L 4 ST aE T A P e
o (WML EMYA, BERERAHKRE ) ; BB E A BT MY, LB RE
Ao (3) R SLBE AR AU e 07 [ PR B0 T Mk W B T 1, SRR R G — i B AR FK R HE 7 A4 B R
I 37 3T I 4 —/NHE K - R HEK TR G K SOK S RS, AR A 45 S b A AL 87 1 BRAf )R o

3 G EHEAK R M HE RS (4 BT R
M ECHEK BT R 2 RAEZ DAL, B 6 ~ S MRETIAEA, RIS R EEA N IR

MRENNEATHER , 164 3 ~ A AR BRE A RS, SRS BRI A U 58 . KR HE DT 50T
— 661 —



R TR IR REEARTL, BB — N RRREA, RIa X HEA RS BT th REBVNER , RITZEK M
A KBTI . B TREAR RO 2 R Gt R B B3 AN, KRS T Bt R A — 1
Zesr, PEUNEKSG RHK A A VERL . BT 06 B A R SRR, O B G S /N HE KRR
HEK, Wb — B AL . [R)IRE, D2 4 A R 25 0, SR T B 8L T 2R 20 [ A 3 K A T I I T
F1% £ 0TI SR g I T e, BB R A R — R D I R R R D N TR o AR ST N R e s

T HT 2 S 1 A

3 EFXGNEIMBEWERE  Hr A O M PO X 2 W KR E L) (201145,
B, DUR AR R0 BE A 20 R AR BT 2 B LR ) (2003 4, KA, DUR A Fr S (R 1)
SGEVOTH R BUR , FE TR B S, ATHESKR I 3 h LAY R AR S5 E MOKRI AR A, AT

SR 1 h[A)BE 24 h BER R . BT AR R LR 1.

FE1 AT RN R 2R SR AR RS T R RN AR (PR : mm)
52 TR 98 JBE 2 3 B

I
10min 1h 3h 10min 1h 3h 6h 24h
100 4¢ 43 114 189 50 127 190 235 347
5045 41 106 172 46 114 173 212 312
204 37 95 147 39 98 147 180 263
104 33 85 126 34 84 122 155 226
S4F 30 75 108 29 71 102 128 187

MR 1 AR, FBL O 1004F . 50 4F A1 20 4F — B i, S5 {EL2R AT 7 B0 T 4% T 4 R % 5 5 22 2
75 EBUW O 104FE W, 10 min“ SEEARE BT R R T2 W EAX", 1h, 3hiit#WMK;

FI O SARRE, CSEEHAR TR RN TR R AT, aT

R, RACKA/N kG — W2, W2,

F2 AT E W AR (FLAL: mm)
M 10min 1h 3h 6h 24h
100 4 50 127 190 235 347
504 46 114 173 212 312
204E 39 98 147 180 263
104§ 34 85 126 155 226
54F 30 75 108 128 187

7 T 0 B 20 A AR 2R I A

B2ETFTREBEMSMERITRE RO AREBWRRAT KR (19914), AR T BRIT =M
T, Al AR I BTt R AL, A PR UE A 1 I B R 5 BT 2 W — B AR T, SR R ™ U5 ik AT

Th, 3h, 6 hfl24 h B8, FFibfrH—fbabP, W33,

23 A G B A T 7 (Ffi: mm)
i 1h 2h 3h 4h 5h 6h 7h 8h 9h 10h 11h 12h
5 L% 100

i (Ha=H )% 53.1 46.9
i (Ho—H:)1% 25.7 392 35.1
& (Hou—Ho) % 1.5 2.9 3.6 8.8 10.7 11.3

i 13h 14h 15h 16h 17h 18h 19h  20h 21k 22h 23h  24h
5 (Ha—Ho)/% 9.7 7.8 8.8 5.5 5.4 4.8 33 33 2.5 4.0 3.6 2.7

TEZS 3 LA b, 4% B10 min S0 /NI 42 1) 2% B3 B TR A, R BRI A

— 662 —

. »
it:H[p_SP X1 ’



D
(=
1

—1004F—i8
5ol — 504F—i8
— 204E—18
40} — 10—
SHE—if

10mirf Ry i /mm
[\ [9%)
(=] (=]

—_
=]
T

ol— e
0 120 240 360 480 600 720 840 960 1080 1200 13201440
Fi5f{8]/min

B2 A 2 R e

F|7Z 10 min FEFS AR, UL 2.
4 Yl i A -/ NHE K - R HEK TR S K SCK 3 iR

41 WTEEEOKSKE R AR T U A0 R G L, T 3 K K 3 B
S M ] g R O BT T A 2RI, AR S S kI 0k R AR U R T 7 9
L PR VR AR TR KR AR A IR L R X b 7 K D B SRR A L, DAIE
RS — 0 T 4% T 1 3 e AR A AL B

1) W T 72 0 AR SR RS TS 16 0 43 A 58K SRR 4 07 B T 7 990 04
B 2E DEM #976 — MM 147 2R OR R0 & KT8 : W0l . il AR b 1978 BT 2t 0 b R R
AT RMTFI A T = VUL 2, 5 0 K B MRS £ % K 1 AR R R . M b
3 BB ARG R T T A SRR R L LN, SRR MRy a L A b LA I 3 R 75 0
1 X B 2 P S A AR 15 A B T A T T R R SR M
KR O AR 0 KR Y 3 R

(2) K P T PR K 9D 00 O R AE A PG 7 PR . TR ST 0 T
ST L TR A0 0 2 T R M e e R L AR R SRR T
SRR BT 7 RN R, AR B T RS B, A TS K DA G B R 0

(3) 038 AR . SR PR — 2k 3% 4 g J R 4L o T 8 9 S0 0y K IO T 14 3 B o
KR AR E . WIS B R, S AR 05 WIITFR B R, #96 BURAY [ i o
o 982 2 28 2 R

(4) 85 WK 2l IR L SR PRV 1 B 7 0 A K DR o0 7 72, 9285 4 Preissmann D4 3 4
MR L WA

(5) 3R IX b 72k K VORI 5 i BBAL M DX, 5 4 A0 X B X 0 K O A B 0 8
EE . WA . — 7, EEPRS T RIS A K, Bk AR
T, ST AT K T TR D, WL A A . A 0B P B e R o
[T 4 22 4 TR ) 0 e K 7 AR AT TE IR 2 A T DR LB A4 75 JEE S A X 500 %
UK F4R 0 B

(6) 4B A MR . 738~ B (0 A 2+ 0 0 2 P T A 5 00 2 R R 2R R 0, B E —
YN . e O K R AR TR, e AR T 7 28 S B i - R
il 4

AL O A 0 R« R TSk B L AR e K O BE A s K R g R,
5 T K 3 A TS FG G R R IRG ek AR 0 G kB A A 0 A 0 ) A
B T8 K524 o 85 TR HE K 1 0 K (230 AT IO T B0 5 06 LR K 1 0 W B 2 S S 0 i
F) 358000 A3/ R

— 663 —



I - AR R R ik O R L, B AR R i Oy R A
W —Hb 5% (9 5 e R e, PR — A5 X R 2 AT S

(7) IR A B R A S B o T ¥ 208 — N HE K = K BB K SR 3 BB e, 1 28 R 47 K SC s
TR, RIS 87 IR D43 L DX TR I B X P R, AR T R R R A, X
TG 7 90 O 0 75 30 9 o R AR g K A PR BT T T R e R R, X D A B
i A FRAE KSR SR AT RO, DK SCRERL ) R R I R, IR A AN
PR AR R0 S A, AT - - I R

(8) Uk w5 vA B T R AN AL O i . HEBFIA T TR R SRR v . RIS | R AR L B A
FI . BWE . I e . RS Hh, KIS ESE A K PR AR - A L AR K 9
BN 5 AT RO RE A 5 TTSECRE U L BT L ORI 0 v A e 06 T 9T UK TR T K% B 7 A R A AT
BEIREAL ;s MRHL PR . BUIEAT . B WO S A E K SO R R R KRS S S O
FRRERIMEAY, s 5 BT 125 30 2ok 16 15 A A5 TR0 5K 15 R 5 AR AT AL
42 BUERMAE R4 BRI R A AL TR 4% I 3k R A ] A AR A % S B
T IO P AT BE T B DA A T T 1 5 A I AR R, TR E M A s SR 4k R AR AT b e it
R HEREBR A, RS54 GPUIFAT A H R SC B0 T BB Pt o555 3 3k W9 3 IF 3R % Riemann [i]
50 S W] 3 — b A A ] R ST, A R T TR I 2 B A B i e LG T TS U s T
887 2 2 P i R B O A R E P B T SWMM T UURE 0 AR D 52 B o A TSR A % 9 ol
VLR RS, 3 1 T R B ST B A R R 5 SWOMIMLRE Y R A A A G SR g 7 ik T
SHRRSCHR, A SCIE AR TR A

5 Bt

51 FARXEER HRXE TS ERX, BEMEG R, H¥gm, WK~ B S0 A
W, . BB R T)EE S . U BRI, ORI, MR SRR AE 5.4 ~ 8.7 m A
(M, FRD, WiARZ. TH4AK 18.5km, WA KN 56.7 km®, T FirdA /N (1) R
IKPE— B, BEZS 7300 m’, PRI B K R oA B 30 SR o T B 43 S i L H R 20 4 — i
PRUEEAT IR bR HEG, U 2 MU 4 R EIR s HEK
B GE R SH —EAREL 72 km, 5 HZ50%, H
REEAN T ~ 24— RIECE SRR
(GB 50014-2006,2016 jx 4% )3.2.4 5%, W+ T ifE
3T rh s IR IXC R R R P B R e B 100
i

Z DB JE T BT A b X, P AR T A 20
B LT E) 1004 — 3, WA FH BT A
AR RS I Ty i R T S S e
b, WOE . EMNEF SRR AR, EARM
b A ) AT B R HEET A AR A R, R BT AR A
AR DL A 6 Pl B, DA 3 T it 5 1 96 X SR T

G L o R T 5 4 9 SR 8 K e T8
BN T IL L kT S K S i 4
R BRI R M SR 4 R T Ak M X A B P T If [ad

N R, RS TR, SRR L R
ST At DX PR 5 By Y TR A SRy B SR o AN SR
Ik T 9 0 — /N HE K - RHEAK T RR S K SCOK B T

— 664 —

B3 i & K oA 7R B



R, RTRLFE A R IA  ANHEK O KRHEK Z IR LR E R . TR A BBR,
WGE R WAL M B O, AR A TR A R i B A OR, Bleede S TR R AL .
52 EEME

(D) LD A BE DL o T R P B Rl 5000 A0 438 BRI B0 . 1 moKG B2 DEM SRR, 56T 2020 4 3 J%
SEAR AR U - R 2R AR o T U B S I A T TR SR 2 R R e R A T, AR K
T3 2F DEM F1 3% 8K 4 B WO RS i A AT 58, 1 454 H K R ) RS e FR A TAE OE K B R R K A
Fi TR BR KA 2% &

() MA BRI, — 4R BRIk, FERO. FHRMAKMLE, W
VRS SRR A 2 A AR DL M TR A 0 RN P B BUK G AR, BRI 56.7 km®, K143 20
TAZAIE WA, fe/DPAR AL 100 m*; 45 R YRS 400 5% DX 4l ) 4 R i f B2, R DEM &) 43+
TR X, AR A b R 0 RE A i B A 1 S K X R i /K 6, RS AU LA 36 T 0 K 2 DA 3£ 49.7 km* 1Y
X, 4223 FI0KIX . 4581 M. 4397 SR8 0E . = ABUALS SR 8 58 LR TR A, — R I
B 5 A8 AR HE K 1 22 () e A A 202 N RG4S AS R R 2 ) Al 4195 MR G i
P, —. RO Z LR A 11 RS BERE . AR AR 4 FTOR .

o D PR o s e e o o . e I /
PR [+
f ST e
I* "‘\ ;
l \
| A\
_____ ! b \
| | g L2 N
I\ |
,, : . & ]
_____ ATl SRR, R
——— ‘ v HBKIVE, AR
1000 9 oo S W A
_____________ . i
s [ I st ki
B4 FEEAURE
5.3 HEBIIGIE  JL I U T K TH 2R RN R X — 4 R <é>
LTRSS AT W) W e, 6T 4 MR e X } R v
A B RRE R F TR . 455 5.227 5 TN it 7 i % y
|
PR BCAR B ) T KR R B G — T — 3R 4
BiE, dE— XA BRI T S BCR e RE, K &\ e .

H, T E RS K R 0.02 ~ 0.035, 3 X M 3R KR
0.035 ~ 0.07. A4l 5200 R W W5 KE, “5.227 B W
BF25 10 h, K1 h W2 34—, K6 hfF
FI 24 204 — 38 . b5 8 VS K VR A0 A T 45 R LI
5. MTFRSURAT, AU R T AR ZY O 0.12 :
km?, ¥ ¥ 30 Bl 5 S B K W A AR — B 16 2D
Ak B TIE £ (AL B4 A UL TEL5) B Tk 95 ¥ Y ik R K IR @A
FREA S SR L LR 6, g R, e

(B 5 S ME Rl — 30, M 202 m LY, = 050000
e WA RS e 5 L T A O 8L i 5 9 0t o =1 50200

5 “5.227 7 RN kB i BOK R IT 5 45 51

— 665 —



20

A
15 F a
A
g
R A
%10
by A
T A
NV
0.5 &
A
0.0
0.0 0.5 1.0 15 2.0
SE 7K R fm

P 6 164b 7K HE A d5 KK TR IT S (8 1 52 I 2485 510 LE

#o

54 ARERTHEMAESFEMDERITEE  TBEGTH BN — 8 1~ 3 h, K] 10 min [A] 5 7 5 0
RN KFIBET R BRI — 8 24 b, SR L h A FR AR S R RS, WL 7. i BT R, KA
B AL A Fe K 10 min BERT RS/, (HA T h, 3 h BRI, KABHHR R,

50 ¢

45 —— JK RN OO — B i T i A
40  EI00% B
35

10min [ E/mm
N ow

e

0 100 200 300 400 500 600 ‘1700 800 900 1000 1100 1200 1300 1400 1500
5[] /min

B 7 AR EC, KA 100 4 — 8 3% i1 2 a7

SR Sl T 9 2 — /N HE K = KHE K "R Gk SOK B i RY 43l AT, KRBT AL, 1H5 100
AR — BTSN RO R WS O, W 8 R AT BRI B AT, A E A OR 29 G K
PETHRAE, WA BUKEE KT 0.15 m B FBUK A 174, BUK X L2 4 0.48 km?; KIEK T 0.5 m
A FRUK XS AR 29 8 0.23 km®; SR /KRBT B 2600, 45 T8 52 DB K AL TRAE 3L 2 R AR EE, R
BRI A KRG, AT KRR T 0.15 m B KM S 234, WERRIAZ) K 1.05 km?; KIE KT 0.5 m By ¥
WAL 0.39 km® FEE AT LA T, 100 4F — BB W 4500, 5T Bos i AR, KRBT
AR B K. FEFEF A OB RN A RBIC R (3 ~6h ), WiEk g
BF, RN K M AR S8 @I ATAE , KA EAR . A IE AR ZIE KA AE, MEERERFTEZHY
HEKBE S5m0 s @TT BT W R T B B, 100 4F 38 31 W9 B X 85 K 10 min B TR R 3 5 41 — 38 5% W9 I i,
MR B BRI, KA R A T A A b AT B BUK I B R IR IR K, BOBUK T RN B
AKANBH AL PG B OR, FRUE AR T K AL R, BRI AN T T L S AE — i B K 10 min
W, HAZ IR0 AL TOUFE 2 (00 o, A5 AR U e 1 RO Y R AR

ARG — BT IR, R T T A R R AR, SO T K R A R R R R R, AH
P 7K T S B2 K A L T B T R B AR T AN A L, AT O Rt B IR SRR A . B E I R

HF

— 666 —



[l 15i] %] 451

9 0.50~1.00 B 0.50~1.00

= =

(a) T BCRY Y (b) 7K FIFR 7Y
18 1004 — B A [6] B2 11 WY 8 4% i % K R 40 A

55 DURBEBEEEN M FIHRE R MR s0p AR 20 BB R
TR ARON, AR 20% 1004 i | AR e
FE T 4 9RO 9 R L 9)
20 4F — B PEIE Uy 314 m'fs, 100 4 — B PEIEGE 2 300p
B0 390 m'/se B A BV e 76 mss, WE |
BUR 1207 m'. MM ILE, RIMEESARE
LRI T 100 4F — B UL By 418 wiYs, 100
AR B BT K B G A B RN 6.7% — S .
WU B AT 2 b, I O 6 G5 5 R Rk R I T T
S 18 4 T A VR ALK L DX R s 9 i T X 9 SRR L

P R L, ORI E A SR IE R 2R G PR Bk R ), TSR AT

BRI IE 1004 — K 2k W 10, M g5 T, 0 SAy 2l ek A 18, 3R R KRR
0.7m, KAEEEWIK 2.0 km, HTRIKZA 11%; 2232 F U EREEA R, BFERRKRE03 m,
KA U 0.6 km, (5 AWK 2 12% 5 B 18 700 B SO PR TR DL BN 11, WA IE R R & Lol
85%; ZHEK AL W[GE KL TAE , 45 18 & A e T A BE o5 Fe 2 35% , R A DX 32 O TR U T A R AR TR
A B, T M BROK IR KT 0.15 m M BUK A 374, MBS ALY 1.34 km®; KKK F0.5m
) YA VA2 B THT AR 24 2 0.52 km®s WS V& DX IR 5 V0T G T 06 AT Ve O B SR AR — B0, AR 4R e L HIT
HXI, 28 F, FEIPUIR S 100 45— 8 P 55 B vA bn i 22 A K.
56 WHHGEEEIRGREMNE HLEWMATHEIAEE I . B X fE, N BIBIG R E , i
TR FH R B RN R A A R e, A5 AR XKL R, R R K R TG, SR B S A A e
BT HEARF , AN A & A W, SR IO B B . B SE T G CE K e SR T LA . SR
M, “uEEUE, PF IR IR AR, R e 4 T R T U Y A 6 R SR LA AR, Qi ek T b T A K R A=
OB, TR WL R bR, O R R ) A, B A R L il HE S R R i, ATl I

— 667 —



45 - 35 - — ERRTER
40t
pas gy 30 ¢ — HRRTR
35 — R R T A s AR .aﬁf%‘
30f TR ' — 100
E25¢ —1004E—ikf g 207
ool st
L A2
10}
10}
5| St
0 . i : ; ; , , , 0 A A . . )
0 2000 4000 6000 8000 10000 12000 14000 16000 0 1000 2000 3000 4000 5000
B /m B /m
(@) A +T (b) 32

</

A

r"-\[‘
; o
b

.‘J
o
$

N
NG
Ry

& 5]

A I FT
—< 1
=1
i

[V €A
e K B K B m
0.15~0.50
0.50~1.00

|
1.00~1.50
| '50~2.00

(a) 19 FE 0 HE (b) W BK TR
BT 100 4F— B BLTFFE N 2% 11 45 0 T B2 R 08 Bk TR 3 A1

/IR BT= W VAP A = 1 S S g P A 1= R LR s s P S G s TP ST A R B = R B &7 i I
[RGB = 0 VA5 /G VR g 1 7/ N 7 VS P 2 (D 1 TR S B A 2 2 s R 28
Rev INHEIK ZR G822 18] B BK ZR H AT 2 % T k0 XU 0 ey, X L DA A i e 3l i 948 997 9 3

ETREM RIS, Nk, S% L Mir, Z24F, S%KE. SUE. EM. WE,
Ui L WG B AR AR A BOR B LI 120 B S, 5 S ST T 7 T B A St 7 9 A A R I
MRE T AT VAL ARYEATIE SR NG E L DO IE K AL . M E R R L W BOK IR S A L, 12 T et B A
Hoye, diay sl . S kol . A SREN R R TREY, TRAR . £ T AR &
B PTIEARE, Tk EAERAR T E A B R U bR, A WK ARV A A T T S i A
Bt BUAT SRR T A I o el (R I D) AT A L, R e R R R B AR v A IE LR
PARARAMERE S, i A b U i K R R S B R, BRARRE K, BN R K A
KALTRHE, RGP THE B R BT RE J1 5 X T Jm B SR v DX, &5 5 i IH ek A7 5 0046 71,
IF S DI, SR IOCAE ol i A e 5 AR TSR IR L W7 IR R B A RE 0, 5 DR B0 AP UE LR B it
FUBE, UG B AR A A A0 DL 135 B dn s SR T B AR A A R K S AR L K AR A L A
BIEWEE . W RORR KL, xR TARSOR BT AL, A R AL AR, Wk TR A Ry B R
PEATOCAL A R R F A

T K Sk T I A (T L R B /NVHEAR C O RHEK CITGE | MR BE L KR ) S5

— 668 —



B K AL B R HuTE ALK

. . kit FEEL:} AR PR 5

RERITHE = ] => - oy Bk

(i) feh Pt

@ A A FHIE

|}

FHbRER W JfrikZS: S

REIRZE | => Jk HH FOWE

AR WE R

—e TR => [[ARRIE + TR R

IKPERE W Bt X

TR | = fokimdE GitrhE FOEEESTE )

@ YR
|}
TEARDS ERPRA HTE ALK
[ it R oK O R A |
BWORTHG = jg;/ﬂ = B B WM Kok ok
woa o B oK % w Ot
[ % W B OE [
ik NO

MR TR )R
P12 it 57 R B AR A R (e Al B A e 2k PR

Ty, R TR A

(D KEFZWE . BUfKETAIKAE 5, a3
A S0 AT ki, R b T R A, O G
1, AT, BAAE 100 4E — B R T, KEANM
At AHIEE 40 mYs, HEIME LS5 T m’,

(2) B #&3E . W 2. W 3WE B Rl &
A b s W AT Y58, (M AT K R
X1 (2017—2035 4 ) ) AL XF H 4 58 803G, i
Bl Ay 20 ) il 1 &= B3 2.0 km A 1.5 km, 58 43
WA Sm A1l m,

(3) 1 /A [ o A b 2 [l X 3R H i oA 4
A, BRI 28 B Ry st , (5 b 27 h®, 30
WEAM25 T m’, GBI E Y KA
L A, AT L, FTE R 15 m/s,

(4) 4 o AR X sk 6 A 36k T TH i i B 24
472 hm’, BT IH SO R AN e R R, SR AT
B R X I 80% % 1E, X 378 hm’ Kk f1H
AR

(5) HUyEA A . 5N 99 AR K R 2 BRI 35 BE BT UE AT R, o5 b 27.5 hm, 30
FERBIS T m’, BIHERRL69 T m*, XK P K vEFT i it ml ek 4t 06 20 m?/s o

(6) &5 BE M o U N 1H 3 2 e A 3R 708 hm®, MRS N TV 4R 0T R 0 I (2016—
2030)), IR IHe X B, BA B E# 500 m* iy & i, H£35.4 77 m’, X XEF K AT EI g, AT
I L 05 18 m¥/s

13 36 B i 43 A

— 669 —



(DARAKAHE : X b3 HIGIH IS0 1 )5 500
HR DA TR, TOK X R ASE 3.1 km?, 53 400
BEA RIS, BUBLEIT 25 m'/s. AR 10046 — YL ki

100 4 — @\ it # W Lo T, T#EE,
TS T T K AR L 14, K TR D T
15, 3t 0 M T W TE At 0l 390 mi/s HIl A
308 mYs; YA LB K S E 6, WK
W B K R R B 3 0.15 my 0] 3 3% 3 K i 4%
RIEAM TR ERE0Sm. 25 E, EME 0
TSNS, R R B AT A O X 100 4R 0 20 am 80 100
— B . B 14 TR A T Ik

— T2 /E1004E—iB kKt A2

45 - — FERETER
40 | [ — HR R
— PR 1004E—iBK AL

35 . 2

ok e 2|  TRRI004—Bkf
\E 25 L ——Iﬁfﬁ“looiﬁ—ﬁﬂ(ﬁi \E 20 b
o — TR 1004E— 18K fir
HE 20

151

10}

51

5 o . ; ; ; :
0 2000 4000 6000 8000 10000 12000 14000 16000 0 1000 2000 3000 4000 5000
H/m Hi/m

() X +TH (b) 23X
FE 15 TR AE 100 4 — 8 7K 1 £k

6 45

Bt A e ] kT A f bR s R %, kT TR I BB R SR, R T A% NG PR B R = 2R 4 R R R A
PE, TCIREBL AR ST HERIIR PR o A SCHE TN 5 - 227 5 R AR W R U7 O R A KRR A A BR Ak B 4R
I R SR AR, G — KR FITT BOR R, O DAL R 3 0 ], a2 P R i i A - i B/ HE R R SRk
AR HEK Z 587 RE A 0T S D LR, 45 S I R B A B AR A R . B AR

(1) 3T P 05 36 P8 AR SO WIS 00, "R ARG DR AR G B AU, AR 3 B T8 HE 0 1R 3R R AR B By i A
AOME S o IR U A R e AL AR W R PR BRI R L R A AR RO R

() FET MM AGREMARMW, KRB RN KRR I E G — 7 B SRR HRS B 8, w]se
LKA FTs B A LT

(3) 3T - 2 (A A BR, STyl L KA 0 B i T R s R B RO AR, R PR R A SR A
(] ] 255 5 28 55 1k 0 249 RO RN,k Ao T R AR AL B UL E S S B o BT T A T B/ K R
58— K B AR K 22 58 78 5 Sl i b o7 DR Y | R R R L TS B T T AR L NVHER LR
HEAK Z 18] DL R 3 B R e . T SO Z 18 B A B AR R SCSE B HE O R A AR AL AL, n R AR dR
TR R o

L by AN SCHR 3T R 7 R AR A R 3 T R AL s i, R D T At B i BRI R
SCHE, BATELF R HE)T N A AT

2 % X M

[0 ] BRSO, 5% )7 M5 - 2273l ik 7 s I x5 L0 . s DK AL, 2020013) 2 4-7 .

— 670 —



— o o o
[ Y B N S )
Lo e

[10]

[12]
[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[ 23]
[ 24]

[25]

[ 26]

[27]

T . T A R R R A A S B AR SE (D] . B R, 2006 .

TOETTRM B FKIE S A HKE [M] . dbat: @5 TR MR, 1956: 17-19,

g et BRIt BB T ID] . 22 22 AgiE R, 2011 .

T, ST, KBTS RSO S AR IR T L) ] L b B B TR R, 2017, 27(3): 74-78 .

BEE N, R, TRBIEE, SF L OR IR BEAY 7 1 A T AR B G RARVI L] . KRS A AR A
2015,13(1): 30-35, 41 .

PR, XREME, TANEE . AL SWMM R 3T HE 87 5 HEK R R S A 45 06 R SR ()] . 4K HEZK L 2009, 35
(9): 114-117.

TR TR, TH U, . KR HEBS S T B K L A R G R )] B OKAL IR 5K R RN, 2015(4) ¢
614-617 .

XU, AT 3R, SRR, L RTTE E HOK S E HE R BT ARER G R L] L b E A K HEK L2007, 23(2)
43-45 .

RGN, MR, MR A, AL PR A 5 R K R RS O ikt He s AL ] L B K HEK , 2011, 27
(18): 25-28 .

XU UR , XVUEAR , FEXUAR , &5 . LT HLAR 2% > 5 i I 8 W I 25 A AR R SR L] . K ORI 2& 42, 2019, 50(6) :
773-7179 .

T R R R AG (1] . E B IRBT R, 2018, 28(2): 2-3.

dkdE s, REAL, EEPK, & . LR T IR K S0 & R 59 ——1 . 3T K SCRn; L] . KRl 2k
&, 2014, 25(4): 594-605 .

KIS, ikl =, FEPK, 55 RS W K S0 & T 5 Pk ——11 . 3T M b el 548 )] . KR
SEPERE, 2014, 25(5): 752-764 .

W, R, REERAE, & R RIS A28 g%t Tk SO K B sl B S A T gk R (7] L b U
TR (A SRERFAM) , 2020, 56(2): 160-168 .

Thogsd, RV ST KA B T 4 kT A 2 PR LR — Ik T K SO AR SR R LT L KR 22 4R, 2019, 50
(1):53-61.

XN, Mg, 0 JRBR, 5 Wl K SO [T ] KRR AR, 2017, 48(5): 1-5, 13,

AR, W, o, A5 (KR T & R 4 N B R 5 VAT B Tl v A s X R B LD . KR 2
i, 2018, 49(12): 55-68 .

B SC, WS, WA, L SE T U A ST B 0 2 T R K R Sk A AR ERT [T] L KR AR, 2017, 48
(8): 1002-1008 .

PAN Anjun, HOU Aizhong, TIAN Fugiang, et al . Hydnologically enhanced distributed urban drainage model
and its application in Beijing City [J] . Journal of Hydrological Engineering, 2012, 17(6): 667-678 .

TANIM A H, GOHARIAN E . Developing a hybrid modeling and multivariate analysis framework for storm surge
and runoff interactions in urban coastal flooding [J] . Journal of Hydrology, 2020, https://doi.org/10.1016/j.jhy-
drol . 2020 . 125670 .

JAMALI B, LWE R, BACH P M, et al . A rapid urban flood inundation and damage assessment model [J] . Jour-
nal of Hydrology, 2018, doi: 10.1016/j.jhydrol.2018.07.064 .

Ei, A, RRGERY L T Uk Oy SO A e S LD ] L KR AIAER, 2010, 41(12) 2 1393-1400 .

RFNFE, B0, WImEsk, &5 . BT BRFR L A0 R K 8l 0 AT TR ()] IR A BeBe 4l , 2019,
36(5): 7-12.

SONG Lixiang, ZHOU Jianzhong, GUO Jun, et al . A robust well-balanced finite volume model for shallow water
flows with wetting and drying over irregular terrain[ J | . Advances in Water Resources, 2011, 34(7): 915-932 .
HU Xiaozhang, SONG Lixiang . Hydrodynamic modeling of flash flood in mountain watersheds based on high—per-
formance GPU computing [J] . Natural Hazards, 2018, 91(2): 567-586 .

VRSO, RFIRE, SR4TAL, 45 . — 4k " 4ERE5 B By L PR 4P XU K SO B (] KRR R, 2014, 25
(6): 848-855 .

— 671 —



Research on the control measures of pluvial and fluvial urban floods based on

holistic view of watershed system

CHEN Wen]ongl , XU Zongxue2 , SONG Lixiang1 , ZHANG Dawei', LIU Pei'
(1. Pearl River Hydraulic Research Institute, Guangzhou 510611, China;
2. College of Water Sciences, Beijing Normal University, Beijing 100875, China)

Abstract: Pluvial and fluvial floods were considered independently in traditional flood disaster prevention.
According to the investigation and analysis on flooding occurred in Guangzhou City in May 22, 2020, a
new concept, in which the whole river basin is regarded as an integrated system, is proposed in this
study. The design rainfall patterns from both municipal authorities and water authorities are integrated as
one pattern through the way of “big one include small one, and long one include short one”. A simulation
model for fluvial and pluvial flooding in urban area is developed by coupling the low impact development
facilities, small-scale municipal drainage system, and large—scale hydraulic drainage system. Take the con-
trol measures of pluvial and fluvial urban floods in Guangzhou as an example, the case study shows that
the control engineering layout optimization based on holistic view of watershed system can not only meet
the economic and restrictive principles for highly urbanized areas, but also achieve systematic governance
and reach the overall standards. It effectively avoids the disadvantages of "fluvial flooding caused by pluvial
flooding and vise versa" in the traditional flood divide-management mode, which provides a new approach
for urban flood management in China.

Keywords: holistic view of watershed system; joint control of fluvial and pluvial floods; rain pattern; ur-

ban flood simulation
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Review of research progress on water transport mechanism of cracks within concrete

WANG Licheng, MU Linjun, ZOU Kai
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technolog, Dalian 116024, China)

Abstract: Cracking of concrete, which may be induced by mechanical loads or resulted from the exposed
environmental action, not only reduces the ability of concrete to resist water penetration, but also provides
additional pathways for aggressive media to penetrate into concrete. This process will obviously reduce ser-
vice life as well as durability insufficiency of reinforced concrete structures. This paper systematically re-
views the research progress relating to the influence of cracks on water transport within concrete from exper-
imental research and numerical simulation. The previous studies indicated that water transport coefficient of
cracked concrete is proportional to the second or third power of crack width. The increase of crack tortuosi-
ty can significantly reduce the speed of water transport, while it has little effect by changing the crack sur-
face roughness. Meanwhile, the water content absorbed of concrete can be increased due to the develop-
ment of crack density. In addition, the self-healing of cracks exposed to profitable environments can de-
crease water transport speed in cracks of concrete. Therefore, to investigate the effect of cracking or cracks
concrete on water transport mechanisms in concrete will provide the theoretical basis for durability design
of reinforced concrete structures. Based on the summary of the existing research results, research expecta-
tions as well as future priorities associated with water transport mechanisms of the cracked concrete are ar-
gued and suggested in the final section of the paper.

Keywords: concrete; water transport; cracks; durability; research progress
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