23 53

TR 5 i TR AR Vol. 23 No.3
202546

Journal of Water Resources and Architectural Engineering Jun. ,2025

i

DOI:10.3969/j. issn. 1672 —1144.2025.03. 012

%S R4 RS Bk B S LI R A TR R 5

sy, TEM, x| Rl
(e kIR RS S PR A LA T Bl 528000)

B E: NI =R R KRR BRI K E B BGR B, Az i R R ZE R X R il
A MR A B I SR B, 2  HUR S5 K SRR B TS R R G R K E
AL o SR K A 02 AR ORL & B 3 KRR Tl TSl R 2 A Ui 2R, =3
Fl A 1 R RE T BRI 5 2 9 U TR L e i o PR BE AR ARAT B Bt B B T e sh S R VR R iy
KB WKMo R MR TN ZEG HEK DU G B T2 S5 TT 425 i B T S ] ™ 45 b ) 42 il 42
AR TR 3 AR IR A, 48 it TR

REEIR : 5 = AP U s W KBRS 5 JE0 9 s BORMLIE ; B[] 12l

FEHES: U455 XHEFRIRAG: A NXEHS: 1672—1144(2025)03—0086—06

Outburst Disasters Mechanisms of Water-rich Tunnels in Tertiary
Semi-morphic Rocks and Control Measures

FENG Chaiwei, DING Guopeng, LIU Gang
( China Railway Tunnel Group Construction Co. ,Lid. , Foshan, Guangdong 528000, China)

Abstract; To explore the disaster-causing mechanism and control measures of outburst disasters in Tertiary water-rich
semi-diagenetic tunnels, this work took the Wangjiazhai Tunnel in Yunnan Province as the research object, through ge-
ological characteristic analysis, on-site monitoring and construction practice, combined with stratum structure, hydro-
logical conditions and construction disturbance factors, the formation mechanism of outburst disasters was systematically
analyzed. The results are as follows. The water-rich semi-diagenetic sand layer has a high content of fine particles and
a large water content. Under construction disturbances, it is prone to soften and form a fluid plastic state, resulting in
a sudden drop in the self-stabilization ability of the surrounding rock. Surge disasters result from the imbalance of
groundwater seepage caused by the combined effect of the accumulation of energy in clay-sandstone intercalation, the
release of energy in surrounding rock and construction disturbances. By adopting coordinated control technologies such
as " comprehensive drainage from the surface to the tunnel, four-step and five-step staggered excavation, advanced pipe
shed and grouting reinforcement" , the risk of sudden gushing can be significantly reduced and the construction efficien-
cy can be increased.

Keywords : tertiary semi-morphic rocks; water rich tunnel; catastrophe; disaster-causing mechanism; cooper-

ative control

Wit 5 5 08 A it A DB 1) 0 L DX, R O SERRS I i I P S f ' PN i)
TR K2 S AR O M % B R B, EERAEC LIT LL R R IR X 2, RS A
G KA RV K SR E L SRR L4 SRR RO TR 1 2% U8 K BOR WL 4 1
10 S KR BE A i PEREIR S OK R A T R R PR AR KA T O T (BRI R
PRI R AR, S EGE T KA RER LIRS PR E AL Al , R b IR KR T T 2L

2R P A i 7 A ) B T R G o I A B SR, R 3 S0 3 R R
7 B 89 :2025-02-04 &7 B #3:2025-03-06

EEWE Rk BRIE R 5 A B BRAA R0 H 5 5 K 58 BEA A ANAD 1 A 1 IR BR 1M T OB AR (HZ2024F0183A )
BB R B S(1992—) 55, TN, 32 2 S BR E b T AR H A BE T AF . E-mail: 3371974308@ qq. com



53

LS, 45 8 = AP A K BRI ST LB I B R 87

GE IR ITE A PR T R TR T
FEERRE . W F SN U9 T B OKEME e
JKIRRPHUBE, I3 T SRR | P [ 45 3 1
TEALE A 2R R T A Ok % 1 2% T
KT FF, R L e e 7 s, 1 T B9
USHUNE N NS 1 PS5 ae

5 = RV IR B KD AR S — Tl LR 6 55
L JLAERALB R, KA E 2 B A KR BTt
EAT AT AT, 3 HA 55 e AR T
B REENA T N H SR PRI . 1
PHZNE T W5 S R R K R TR TR 2k
R o TR T ol ™ 1 22 A ) 0
BEOEE = A MEHE T, b e 2 R FE A a2 e
ERRIE, fSL TSR A MK TR BTN
PSR AT I AR B s ZR E A R TS
BRI B RGBS T = A2 A
P TR R A R A Y XU S U it
E R XM BT R S 114 7K SC TR A% 145 o B
il S B FIEC A, XoF 3 7K A B M 2 e T 4R
TR ] B B K ROT 42 05 285 E IR AR T Bkt
SCHY TEAREE Re AR B ARFE R SRR A B RR
WS B%IE , X565 = 2 42 TR R T 09T, 9
TR IEREK SRR R A

Lx BT, BTG T REHE %0 9 F 1Bk s UG
TR R R = R R KR B R R
FHRE K it T8 AT S R A2 KU . (HRE
T T 9 IR PR A2 2, %o T 9 O TR IR A
KIEGE— A, HI, AU AR ERER =R
KPR R E A B RS, o BT % T B 2R T K
AR, IR I AN RAL G, LU A e 22 T2
S
1 RS

F R IERRE LT 2 o 8 W v T I 0 X B A, &
K8 040 m, fi R 1022 m, BR3H 1 45 HE SR
K21 +440—K29 +480, & 7 1 I 1 o5 38 7 s 42 11 T
o BEDXA T 2 5t e I v w0 2, AT L kR B,
T a0k, M), I R 2R,

BB AEBEFEN T K21 +410—K23 + 840,
K252 260 m, [l AP A IR 12808 3, B L
EWRALER, BA AR EMEZE, N VR, E 1
JI7R o BRARRS UK - % b o et 8 Uk B 7 2R Bk
b R, 3 TR S R T K S B, 25 5 7= HE I
TG A ERRS Y T B A R U, B

T0, it T RERE R

Bl EkRYERE

2 ERPEBOAREIESE M I o B
2.1 BEEERFHESN

TR FERE A8 P 7 DX LA A i 22 K, U3
JEREBE , M 32K o HCHRE S R, DX Py 3t T 7K ) 32
B IE T AR K 38 3 3 T T B A O A 3
ALY, 2 ALBT RB LT BB B . fE S,
KREWFKBAMT , EEAEDHZHBUR,
MATHW A2 P KBRS, /i, a2
RS £ 2 PR 52 4t R K R A Bk, nfal 2
e

B TEE 1 B T L BRI AL, 25 5 = R R K
WA )R 12 AR S A AR LB A L
i KRR IEZE CEKEER HLE AR R R E T
FEIE B =5 10 A Bl K B 1V I W 5 A A i sl
M5 R AR FETE JH7 | B TAF

2 BZR¥HEVE

2.2 TEFHKRERR

EZRIERRIE M 5 H K22 +000 J5 240 08 A H
KPR LB, 5 = A A D A BoRiAE 2 mm
PUT By b ks 5 o i ik 80% Aty , )2 3 K 5w
AR 24% o BRI BN A, B O KRB, IF
PEARIBARZS , 5 HEEEE I K S e 51T R A 55 5



88 IR 5 B TR 4R

%23 &

e, N 3 PR o JLIRRBLZS ISR F -

2020 4£ 10 H 31 H ,ZK22 +296 4b % H: K28
TIE SR GEIR B 7K SR P 8 7 B 24 Oy
4 h, JEPIAHET M B TR B K, Bl ok H
- ARG S S AR AR T, HETH R IR B T
/NBCRB K, U BH 2 5 BESHTRBE + 17F L A, T 7K
HOG, iR 2 30 m’ BT as I . AS IR AR
Jei  FEF R A TR BCME SR K, TR B ] 3 min ~ 50
min, FFEEAT A 294 1 min ~3 min, Z2H 2 2 h
J&i BTN R A RN K GE RN , BUK 1% B S
FEF W) 146 m, e EE £ kT 5 FEARE B
T2 40 m, 3 B H AR 50 m KA FG X, ik
KIJEFERHIEELY 5 000 m* /K2 3 000 m’

(a) % F 1M 2 YTl /K

OESFNiES
B3 ZFE#HEAER

2021 428 H 6 H,ZK22 +322 Ab KA SRIHK FE,
SR SR DA T 7 A0 B9 7K 39 51 T R AR 5 40
PRPIIF2 3 b, BT 20039, Bt T0 70 M 52 BN B
RIFAK, K B2 2 m®/h, 337 R TR R
$K, 249 30 min Ji5, BN K BRI, K EEZ) 40
m*/h, B K 8 2, 7 16 B ) B e
PG, BB A] 2974 5 min ~ 8 min, f5e K FAYC 8 it
200 m®/h, [H]BRPEIB U2 2 h 5, R
B, A R K P ICE o I HE BT e
HEZYHy 12 000 m*, YeoK I8 4E 2 HE AL £ T2 227 m, B

Tl 3t BB I — AR

2022 4F1 H9 H,ZK22 +756.6 KA MK E,
SRR SR I L 15 B A DM A P DR 38 7 2 2 T A
PHERBDI 295 h, RERY_E G A M SEA Bekok
it H AT, SR FH W S TR 45 - ek PA] 2 1 i R
A ERIE KA, 294 h 5, 2% 7 B2
) AR B 7K TR AR K2 1 h s Ze 511
HBLES R, 2R B K R 8, BIHIK R 2
76834 m’,

2023 4 K22 +731.7—K22 +852 Bk kA ) %
YA 4 FrR , BRIETHZER 2 120 m, g+

— 5 IR KL

1H 2H 3H 4H 5sH 6H 7H 8H 9H 10H 11H 12H
B4 RS

2.3 miREKEESS R

T L 68 ST K R BERE A BT Al A %0 KA R
R D BRI K K F B W T RRAE 0 EE R
PPt B — i S P R F S T A
PER UK B 25 B o SR K R A 2
R R 28 2 R R AN R K SC b T 2% R (an 25 i R
K H NS5 SR AR AR ) R T Z e e
TE R o FfE 5 TS B 1) 42, 7E )2 ok Sk
FEJIVERR M R /KB s AR 4 i, 5 1 o7 B ALK
TIRBBESE R ) 1T B R G IR , 51 & & K H
W2 IS TR ACIRDL , T8 BT 098 B 12 5
T o 30 7 S R T, % by A~ e i K Ak
FELA FA St FE i, T IR PR TR, i
JE DIRPTHE)Z P9 S 7K R T, 31 & A JR iR L &
SRR IARG O, T8AR AR 20 K o
3 wEARCEECEREE ST
3.1 SEREAMLE

(1) Al LI iR ) e R

SV AL TR g Jembm B R R )2
PR ERELS , KPR 22 (HIB K 5 db s s R R 2k
BUE, BN, BA — o WK 25 B, Al IR Bk
2o R KOKEFE KR, BA BRI
T A 3k 1) R R A SR K B



53

LS, 45 8 = AP A K BRI ST LB I B R 89

IR A [ 9 R AR IE

(2) Mo FKAEH-S Bl B RE R

SK T SR SRS A B R, 1y
HIRB BT W ZPACHE AR ES B E 2
Lk, B A B AR BT85BS R R K XS
HEF I Z (B Y38 , 5 AR SR HE o

(3) W L% S5 A

BRI THZ ARSI UE 130T K B8 T 46 %

, W B ( '
o "

-

IR T R KA, B R KBTI R AR TP R Y
RN ARIE T, G5 A 2 DARTUE S, 77 A Rk
PRI KIM IR LS o
3.2 REREWHFIRE

B = R UE E KD A R T R AR A
FERECB K EALH B IR I Be I B B A L
Bl BN BB, AnE S B

28 B B

(D) RAEME

-

(d M

Bl - RIEA —BEHE ™ AE e FERLS == RE == R

S5 ZEFEABBIFME

3.2.1 HKRBALHE

W& T8 R TFHZ R, B3 A0 5 b )2 b T K AE A 1] g
THERTF A TP AR A B E B RS, Rk
SRS B PO TR VNN S =1 STEN P A ol e B = V)
TRBVBEI, S5 A L A, (A5 2 T8 P9 9% 1) g
JPREAF ., B TEF IS, %1108
H KA T, % 10 BT FLBR K T BRI R % (145
FEATALBKE S 5 IET 7 RSB K T B
AR 25 ARSI ZAERT T KZ 2P 1)
T B, G2 12 B ARE . FiE BKE
(A2 K, 31 R AR50 B IR AR, 2
TR A DX I ORI R ok AR e, £
WORLBEE 7K I AR FHIZ A0 1) T i , % 1 T 72 i
YEH T #8Ak, il 5 (a) s,
3.2.2 REBHE

TR FERRIE S = R K A s HA GRS R
FIRHIE, 005 5 K R IB 5 10% B, 2 BCA ¥ 4l b
P [ S ) SRR A AL, 2 B KR IE H] 16%
I, 21 B R AR e SRR ARS8 D 1) b RS
A5G S (b) Firs

3.2.3 RAHEK

W 5 TR AS 12 4 K, 11 il i kit
— AR, 455 X R WK D0, 51 #
Fe—E L , BEE M T OK BIAE , 3 1 A 1
IR ZRET KB IRI h 5K T34 L, LN 2 5 1 LA
LA S AL A 2 H BRUBCIROK , H K E T s
P TR iU S TR R 1) SRR VN T S R
VR 2 ORI K E B R, e s JE KA T
PRI SRR, B 2 R TRV A M K TR R
T, Qe 5 (e) from o
3.2.4 FHEHE

WEH M B HE— 2P e, 511 otk B ok — 2 [
%, 7 W SHESSH BN BRI L T YR
2 ARG 5 249 7K 0 0 9 R s ) e (B, il

ek ATERE ST, Tl 280, BN KL F Y
IR AR IPRIE M 5 (d) PR

4 K BORREE MR i
4.1 FURBHRAIN R AR
FEREIEONG T 191D, 61 48 M0 TR BUR LR R



90 IR R TR

%23 &

P IR I 305 3 R IR 51 IR R K
SEESFLITN , >R FR N A0 45 4 R 2 L 2 Ak B R T
e B B PR S B, TR Bl DL, M T
TIH 50 m I A E K HZ S D0 A AR, TS
IR o
4.2 GZEBHETREHKEEESIRE

TE RS TE I 9 E Y], Ak B A mAE LA D =
IR HE BB, A A 3 7R SR8 9 T SR e T
IRV FETEMEATE K 8 568 4 ) S92 15 i, £ T2 i
>R B ARG FLHE I D7 500 57 I AT 3 R KA 74k
ko 20 PRI 1 BE GE HE BERTIRAT 2 A AL,
SRR T IR T 47 B R K PR, 2 UE T K
REREIG , HF KA — 2 HEHC, U 3% 7 T ] 3%
REAF . HEEEREIE T2 28 K XK, R KA 4
AE I3 5, FE RV AR KH S LR a9 X s h 7K
REAS DR AP TT , U SR B IR ASCR R AT

S = R B S 2 i 2 R RO A, HL
RIEREIE Z AT R KRS R 5 B REHE K 7 %6
JEREE B R OCBEE DS T IR E R Z A R
2%, A A I 1 T T A T AR N T A A T
B TE T T, SR P25 B AT HE KA i, BIRRAE I PA T
HERE TR LR F P L AT AR R K B Al
fLHEKSE

(1) R REI K

TEZE T TTHT 5 M 3R — 5V B AT IR KO B
IKH— BT B B REIE A HE LR, H TR — A 100 ~
200 m i Y, 76 3 2 H PR K SR A O 1 1
(ISR U i R 2N ) N W - AL R L T e
AT HEAT R R K o

(2) BRI AR

SR A2 11 i 7 BB SR P I3 T S8 14 5 =Xk
FYREIK, 26 PESRVRIGOL T T AEAD AL p A e, ) T
JRE I H SRR B RE R A B KR S m 72
A B FLTRBE B AR T B K R BE , A A 10 ~ 15

(3) I FEK

TEBE T LA L5100 R & A T s A
], B AT PO A2 D, A 5 R AR YR R R
Jit T 58 B8 A1 PR B — R B A A A B I
TR T S0 A 1 LA — 58 M A1 T BERR 1) KR Ttk
Bk IRABRRETTHZAEBRZ AN 1 m AL, 401K 6 B

(4) HETEALAEK

5 B L HE K AR 51 5 07— B S 40 S Ak
SRR AR 18] 7 I AT B AL LR A I R R A

HOR 48 FERRE Ul S o 45 5 K XA K PR 45
AIAEIEHERE

T 1]

B 1 LA -2 m

Eo6 BESRREKREE

4.3 MBIEHEESEHRER

e HR b R B HEZK T 3% 500 I AT ), X
FRIERRE K ENATIE, 5 = R E KA R A
WA RRIE , BT a4 22, 76 & KB i
T B o R AR, R 5 R AR T K SR DL R
FEIIPHER S S50 I o 8 T B — I ] B SCAP e i xfe LA
RARNER] , B i T RE A, 320 S 2 R
SR KA W D A b )2 B R e K
FEE R S sh SR Bt TR, IR T
— ARG HEK BB N R E AR S
TP A TAZ R T T K S Ve B IR 5 it
4.3.1 i Ik

5 R E K BUE B AR S T A H
FaBe ) 22  TERE KGOS , EF 2 T8
SEMAR Ty S A i b BB ST K o AT IS V
KA ALgit T AR =G WL 2wl a0 1
TRz B T2 = R e B K A BB %
FHZE N T56 = R B B A AFFE T2 G 25 i 2ok,
MERLSCEL S TRz S B A R B H i Rt , 2R
VU & B B S T2 Tk, i — 2P R4 T2 I =3
Filfzs 25 la], 2 L mARE WA 7 iR
4.3.2 R AHBIARATHEARIE

TEG R BEKG , EF HJE K k& e A3
LKL B T =R PUa IS R 4%, i 55
B A B K 2 TERR K2 BPE T NI /N K 2
P BLid PR rop U N e sl NI LR QS L A DR NN F NPT 8
TESAT B RSP B3 9% Je ATy 204 8 iy i L2 By il
WHEZK , —J7 T8 T AR BT RG J5 # AK SEBRAE O, o5 —
5T AT DAAE Ay el B HE 2K it , 76 B 29 9 24T HE K
YR, AR S S 42 XU o



LS, 45 8 = AP A K BRI ST LB I B R 91

Jite T %

| A BT S 4 B S T l

2
5 — - | F£ 182 /NN A V= N S 7 S 1IN O = 1l ] B i A o

-

&4 -y |£‘L%ﬂ%ﬁ% AL 2 F G B R S IF R

4
B=00 - | Fam. a1
7 - | toam. Fomme 1 |
4
0 -y MHIF 5 4

7 MEMESFEHRITIEREE

4.3.3 M Xy HE

X T = R E K BUA R D R I SR TR
HRAE B ARDUK EBOR BT (AR PR BRI
AT 087 TC LA %87 B8l 7 T 00 0 ot /e A A A o [ 3 55
Ab R RO A I S AN R + BT + & HE
INEE LR G TS TR
4.3.4 FHIEER

LR T & By TP A8 5 T 42 1 AT S
(R + /N2 + IR Mo ai ek L sl &4
IKEFZYERE, BV 25 W43 JZ 42 + B & + s
HEZK” By o [l 45 1, 8 & KRR b )23 % T8 it T 4 A1k
TRAIATIIMR R T 5, LT RS R AR
SARSZY BEARIE R W H bR, T R IE S
7R AR, VR BOR A 8 iR, SR iR
TR PRI ST ,2024 47 FE 58 J 1 Bk G it T e B2 e K 1Y
Pl A Bri% (850 m Ze A7) Y FF4%,2024 4F 12 H 528
TAENR T R B R i R Z TR T 2 16
i, BT BE S i RO R B T it T3k B W St o
AN &5 75 1

5 &

ARICES B WRAE TR, X2 = Z i g 1 2 T
REATOIE, FEEFEUT
(1) 5 =R RUE RAM IR AL TR Lo b
HHJE M R RBRKEE Bk S R SR, B
HKFLBL . R et s A2 MR KR IR TR RE
R, KCHE KA B R AR IR LT IR A
(2) FEIKIM VLT FE WL LA - Je b5 A BE
AU B BRI RN T35 sS4 sh R oK
BULRBIIAEAR s BRIEROAH TRYEAEH T K 1R

B8 iBLEHR
PR gt SRR A2, K X8 AP 5 5 Y % 4
SRR = C 30 2 5
(3) K" &R -TNZEEHK EEN DT
BRI ANE | U 5 B T SRR T2 B R B A
FEE e, T AR T, #ERUIR o

S

(1] RZEPE M &N, % ETFR-E - els
TR 2L BRIV ST K B E R [T ). B R
THE,2024,24(6) :2276-2283.

(2] 1L Br.BR &5, 8 J7, 5 AT RE I 2 K R K
B Fse[ 1], NRKIT,2024,55(4) :169-177.

(3] By, s AEME, 1 SO, 55, VG A 2 1 X RS Bk Il VR
IR A 53BT B i 7K e B —— LA IR rp 5 | K AR K 3
TR I, A E T, 2023 ,42(6) :1224-1236.

(4] BB B/KMETERD 2 RE 8 T /K 5000 e T35 PR it
WFE[ ], BB EES A ,2024(7) :166-168 ,185.

[5] RAE,BEEE w5 BRIk ES R Y
PRI BT LRk [ 1], KILRF 2 B B 4k, 2024, 41
(1) :98-106,113.

(6] 2= 59, RPARBL, X AR, 55 I 1L BE IR 2 A B Re
ST ] KRIRA BBk ,2022,39(12) :26-32.

(7] EETE,H  PE.FE =, % EAP R KGR R R S
B FA 134T [T ] . BUAREE B A ,2022,59(S1)
719-726.

[8] #EZRXL, &M, BN, % Hp 5Kk TR LA S
BRI B AR AE SR AL [T ] A e S
FE2E4H 2024 43 (S1) :3464-3476.

(TF#% 120 m)



120

IR R TR

%23 &

[22]

(23]

(24]

2024,36:055152.

Xu Bin, Liu Xingyu, Liu Keyang, et al. Numerical in-
vestigation of thermodynamic effect on cavitation per-
formance and cavitation-vortex interaction in an inducer
[J]. Ocean Engineering, 2024 ,312:119127.
Norwegian University of Science and Technology. Exper-
imental data for a high head francis turbine model at sev-
eral operating] EB/OL]. [2024-06-27]. https://www.
ntnu. edu/nvks/f99 — test — case2.

Mao Xiuli, Liu Ze, Li Ting, et al. A brief review of nu-
merical solving methods for internal fluid of pumped
storage unit [ J ]. International Journal of Energy Re-
search, 2020,39(8) :95-102.

Zhao Minsheng, Wan Decheng, Gao Yangyang. Com-

[26]

[27]

parative study of different turbulence models for cavitati-
onal flows around NACAOO12 hydrofoil [ J]. Journal of
Marine Science and Engineering, 2021,9(7) .742.
Ebrahim G, Mohammad H. A, Rickard E, et al. A
comparative study between numerical methods in simula-
tion of cavitating bubbles [ J]. International Journal of
Multiphase Flow, 2019,111:339-359.

Chen Ping, Liu Zhenming, Xu Rongwu, et al. Compar-
ative investigation and test verification of cavitation and
turbulence models of injector control ball valve[ J]. In-
ternational Journal of Heat and Fluid Flow, 2024109 .
109557.

XUFEHE. Liutex-i i SCFISE =AU 5[]
) 1272441 ,2020,38(3) 1413431 ,478.

K

/_:(‘

(9]

(10]

[11]

(12]

[13]

[14]

(E#5 91 )

SRR XIS, IME T, 45 T R - E SRR A
WIEE LR A R B M )], b E AR,
2024,45(2) :90-100.

& SRREE. P ER, . T EEOCHIS I =
AR E RN A [ )], k38 TRE2AIR ,2022,39
(7) :74-79.

T OB BEEBL RS, F B R EKBIRE R A
BTG T 5 20 b [T ], i gedn,2023,63(11) :102-
106.

T, XS, TR, % B = RIRARREES K
T8 LR B e it [T ] VLR E BE B Al ,2022,39
(10) :88-96.

KO TELR AL S FORARME X = R
SPRAPUIY R AR [T ] BRI Tolk K222 4R,
2019,51(5) :100-109.

OER B B SR EEE KA )2 R
AW —— LA R SCE R [T ] B A ik

[15]

[16]

[17]

(18]

(19]

[20]

(Hr3Esr) ,2018,38(3) :434-442.

FRIESE PR 5. SRR AR LR IE 2 = R MR T
FEHUFCRHERTFEL T ] BB 16 8, 2014,34 (12) : 1163-
1167.

OB R KR D M R BT T R T 25 5
THARBIFELD]. P42 . PI&HEHRH R ,2018.
DR, X BE . AR SRR I8 | WIRRI BRI 5 = R
KK 2 L S KR S R E MR R A [T . B
FiEH A ,2012,49(4) .1-5,16.

SRAAIC. AR B % T8 2 BCR K R AR M JZ B 7 ARV
i THARLT . BRIEE B (FF9E30) ,2018,38(2) :308-
315.

WM ARG, A 22 Bk B RR IS R E
BRI E AT S AL BT ). BURRRIE A ,2020,57
(6) :149-153.

BEABE. 5 = 2R W KR o 55 IR 2 Ay A i R e T
SRR ] 22N K241, 2017 ,36 (4) :60-66.



	页面提取自－水利与建筑工程学报2025年第3期-12
	页面提取自－水利与建筑工程学报2025年第3期-012

