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Abstract

Weirs or small dam were often built across rivers to elevate river water
table for providing public water supply in Taiwan. Most of the river beds
in western foothills of Taiwan are composed soft sedimentary rocks. Due
to low rock strength and the head difference caused by the weirs, rapid
scour downstream of weirs is often observed. This type of scour may
induce weir instability and accelerate river-bed incision. To mitigate the
damages, the scouring mechanism and processes in front of a weir built on
soft rock riverbed need to be correctly identified. It is also necessary to
determine the possible extent of scour hole and to deliberate the
appropriate engineering countermeasure.

The project aims at investigating the erosion/scouring problems
associated with weirs built on soft rock. The scope of this project
includes the following: (1) collection of relevant data for eight weirs built
on soft rock; (2) study of erosion mechanism and erodibility of soft rock
ahead of weirs; (3) applicability evaluation of the available approaches for
estimating local scouring in front of a weir built on soft rock; and (4) study
on the strategies for weir-front erosion control.

On the basis of data from field geology, site investigation, and erosion
pattern recognition for eight weirs built on soft rock, three types of erosion
models are identified; namely (1) plucking type, (2) uniform incision type,
and (3) trenching incision type.

The approaches of Annandale et al. (1995, 2006) and Bollaert (2002)
are two approaches recommended by American Society of Civil Engineers
(2008) for the estimation of the depth of scour hole in rock in front of a
spillway. Annandale et al. (1995, 2006) model uses a so called erodibility

index Kj; to quantitatively characterize the resistance of geo-materials
A-1



(including intact rock, rock mass, and soil) to erosion. The erodibility
index tends to increase with depth, in general. On the other hand, the
erosive power will decrease with depth due to energy dissipation. There
will be a certain depth that the erosive power is no more enough to
overcome the rock resistance to erosion. Hence, the scouring dépth can
be estimated. = Model of Bollaert and Schleiss (2003) is applicable for
hard jointed rocks subjected to high velocity jets; this model was intended
to estimate the scour depth or the apron concrete thickness in plunge pools.
Both approaches are adopted for the preliminary applicability evaluation in
the cases of the Chi-Chi Weir, Shi-Gang Dam and the Yi-Sin Dam.

Based on the erodibility indexes evaluated in field, the scouring
depths in Chi-Chi Weir, Shi-Gang Dam, and Yi-Sin Dam predicted by the
Annandale’s model were compared with what has actually occurred in field.
The scouring trend in the Chi-Chi weir and Shi-Gang Dam predicted by the
Annandale’s model agrees more or less with real situation.  The scouring
hole in the Yi-Sin Dam predicted by Annandale’s model and Bollaert—
Schleiss model agree with the field condition.

It appears that both of the two models are partially applicable. The
Bollaert—Schleiss model is applicable for jet flow on rock bed when
plucking of jointed rock mass is the predominant erosion mechanism.
The Annandale’s model works when the stream power on rock bed can be
accurately evaluated. The applicability and limitation of both methods
deserve further deliberation and examination.

The strategy for weir-front erosion control was briefly studied. For
existing weirs with excessive erosion problem, attention should be paid to

protect the river bed, to reduce the stream power, and to avoid the



concentration of weir-front flow. For the planning of a new weir with
potential erosion concern, the site conditions of geology and
geomorphology should be carefully studied to examine the erodibility of
rock bed and the potential progress of weir-front erosion. The layouts of

weir gate and energy dissipation tactic are very important for the reduction

of erosion potential.
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65P80 144 | 65.12.18 R AR R
66P75 403 | 66.11.11 AL 2B A

o RHTT 118 A
66P75 405 | 66.11.11 bR &5
74P98 9564 | 74.09.10 A% BB A
B AR i ) L 1L
82P91 7845 | 82.08.16 #L2E BB K
87P22 108 | 87.04.09 fERA
921 3 AT
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921 ¥ E & %R
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IR HEE I3 HF
91R063 130 | 91.09.16 #L 2 B R
R A RS R A P 8 10
93r030 004 | 93.07.10 fL%E B R
OB A e R
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&34 R &
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= ~ 48 M & 58 XRK

ARE 99)F K6 B /W s Lot K B sk K ML TR T 5 M

P RIAT B AR B SURK ~ PRI BUETS R F IR E P RIBURE M E ]

AR EMEEEL ~ KRBV EITHARLE  E¥EAEL TS

BB ICAERR T o B A48 M OBk B bt

(DB AHNETYEKERE T FELEHLOMEERS -
R.E 9596 97 4 o

(Z)&EIMAFNEBYEAKBTRE " 96 4K 6 B4R ENHRE R
TIRE 0 RBE 96 F -

(=)@ ARF FAFRERIRAT T K FEL BT 578K
AT RZAAE(/4,2/4) 0 RE 97 98 F -

()@ HFAFNEHEKERE " FAUEE —RELFERYE

R 98 4 -
(B)@HAAAF T ECATRA " & EMITEA KRB G246
RE 98 4 -

(R)EFIAFE FEAKETRE 98 F K 6 B4R & # A 0 F 3

WL KRB 98 -

At E S B SN P RGUR BT K AT R ARSI 0 3P
BT e R 6 M8 ) S AESEAE O S0 4 %) A Akhmedov(1988)-
Annandale (1995, 2006) - Bollaert (2002) ~ P.Q Liu (2005) ~
Spurr(1985) % 4 & 42 » H ¥ X 24 Annandale(1995, 2006) -
Bollaert(2002) 43 4 & Ay 4% i &9 % IR B3R A6 7k 8 A B I LA &
WM At ENER T T HE R L H N RIRE &S
EMNE B A RTIRG - WA RER MM XBRG F @ 5 A
24838 % (DAL RE S BIFRIREIFAE T KX ~ WRT F AR
fRAFETE - RNV RENFET EERMNARTARER
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(2)Annandale(1995, 2006) ~ Bollaert(2002) % & 348 7% » A 4
ZREEAEH -
(—) 48 70 35 ¥ R SR B Z 3046 7 X
A % % Pei-Qing Liu # 2005 432 2 9T 48 i Bl 50 2 86 & »
RAKRRELERZITAH ARG EFRZARTHAETH
% 2 %% o 4.4 %3] A Beltaos and Rajaranam(1977)2 & & °
FIRRAKBDE ~ LRI A EZ M S HERKZAE
FTHRK - BECPABLZ KA — FE 2K A&
A Az A A BRI RISUIR RIRER R4 5 B d AE R
SRZAKRABHBEIH R AZBERTATEB 0 E
2- 1A 0 AT P -
h —5.5D, sin B
8.3h,sin @ —5.5h sin & ) (2-1)

m = 0.5[l+

(1-7,)

B RX 2-1 BT 2L B 4o X, 2-3 AT -




m: $ARHEBAKE F Db ERRERREKREEZ o~ h: £

KIEE @ REESERF k: MREERF ~np: #HEK

BEAEERFq: ERA T Vel @R Rk @ We@ A A -

hy R ARWWRIREZ %K ~h Rt @KRZ %k

Do: it H8E ~ BARAANHAK - O AERAK -

B 23 Thooh— 2 kR A K b L& KT 403 575 sbi%
ERAKTF ZKIRAE T R B o KA EITRZ T RA N F
MAREREZ S BRI R EIRZ b R 2 2R IR
REXRE BRIV RIRE 2 o m3E K o ¥ RIRE 238 ik
BRIZEBEHLE UK ARAKEBZHRIES  BHAELKAK
REMBIAEN Q£ K A b =0k K52 F0 8 0] 7ok = 8
M4t RfliThok 2-4° BRAFZ KRB K 2-3 B T4 oLt
AR R & R IkAK S B2 RRAE -

£ 2-4 B8V BIEIE N (K)o BE(Liu, 2005)

Catalog Properties of bed rock .
Range Mean

Type I: Mega-block, non-jointed, closed

el = o Se 0.8-20 | 14
High erosion resistance fracture, non-fault
Type 11: Big block, jointed, open fracture,

y.p . : & ) ¥ 2.0-3.2 2.6
Mid erosion resistance less filled
Type I11: Cataclasis structure, well jointed, most 3245 3.9
Low erosion resistance open fracture, partly filled, fault o )
Type I'V: Cataclasis structure, well jointed, full open 4.5-6.4 %5
Extra low erosion resistance fracture, filled with clay, fault o ’
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(=) @3 F Ricobayo Dam ;i it i i f 30 % 15
¥ F Ricobayo Dam 4r#* Duero River &9 % /i Esla River
EABE I ARG o | RiEHkE 0 R IHNET 1933
o KFRBHAETFRHEB B 2-2 A1 o BB LN
B R E 400 AR 0 M4 0.45% 0 3t HEEE A 4650 cms
AfAEBEMAZ g o REE RN AR E > A EK
HE#4 =) Esla River -

675
650

@ \ b
625 Ml g Ricdbiyo

625 Damyand :«:" Hway

Da#E » QaKAH T OBkt
B 2-2 Ricobayo Dam & & ¥ & /K#i#t & (Annandale,2006)

Ricobayo Dam ;@i it s X b » E B 2 -
3AAT 0 MEITARIE L8 | AREFR A | 4R Akt BT R EBR A
iér‘i?%i LI B R ML ERENAE 2 AXEHE A
LSARN HABRTFAZHAAGIE Baa2BAB
ﬁxﬁg*$oA&B@wﬂ¢uBﬁﬁ%E%%$°@m%
Hnfkawti oz o mA BB 2-4 prm o

2-13



—_—

M 2-3 AARESHINOZIHFESAPETEN

N

(Annandale,2006)

B 2-4 Ricobayo Dam 3§ 3ti¥ i 3K B (Annandale,2006)

Ricobayo Dam 5% T 2 &K R4t 4 S RS BHE N ERS
B RIFH TR G BT EEAR TS AR E Z M @ E L o
bo[@ 2-SPAro S AR R AT 1934 5 1 B GREE M E 100
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cms) ~ 1934 4 3 B (G4 R % 400 cms) ~ 1935 3 B (GR&E A&
1000 cms) ~ 1936 F 3 A (%% & 1280 cms) © & ¥ T & & i R
0 8 % B A% BB SRR A 0 W FHdh o ()R BB KT 6 A R
(FH 2 & 3)F #H3h £ GL) R R R & F & & e f7(FH4) -

o o oy
660
. 635
X7 610
585

o . 100 200 300 400  500m
1 - January 1934, 2 - March 1934, 3 - March 1935, 4 - March 1936, 5 - January 1939

B 2-5 Ricobayo Dam @33 @A EBTER

(Annandale, 2006)

Annandale #* % 7t 2005 4 £ Ricobayo Dam i# 173, 3 & it
REN T B ETITREN T &R Kk 2-5F
T e BB IITRENESAS 1K 2 A ERRT
¥ 5 R Rk 10 R ATE R 0 3 H R LM BT AR AE A R
il B 18 Pk K W R R R L AR A AT AR o AT A EATI
BB BT E  RELHORTEENEY S 1K 2 &

Al RGN T p TR R AR RR LA ZRE S
ﬁy_ o

B 2-6 &8 2-7 %% A4t# 1935 £ & 1936 M35t K
R F AP AT B9 BUIP AR AE A LK OY AR AE FEL & 0 1935
MK R RE KL B2 d 640 2 R E 600 >R > 1936
FokKP Rl d 600 AREZE 570 R Kk R GE & R 25K
ARG o [FEK 0 A E 5 BHUT ARAE 7 7T BAIRAL I AR AE & M
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Fik » &R KBELREVETH ER4EHE

% 2-5 Ricobayo Dam Z K, #HE RV RIFIEMEHTH &

(Annandale, 2006)

Resisting
UCS Erodibility power
Unit Mpa) M, RQD J, K, J. J, K; oJ, index(K) (kW/m")

Granite-zone 75 75 70 2.73 2564 150 2 0.75 0.5 72116 139.16
2-high

Granite-zone 75 75 70 2.73 25.64 1.60 4 0.38 0.5 360.58 82.75
2-low

Concrete 35 35 100 1.5 66.67 3.00 1 058 1 1347.15 222.36
(high)
Concrete 15 15 100 1.5 6667 3.00 1 058 1 577.35 117.78
(low) e
1935
6407

5 mm joint separation

620
g
= 610
= Approximate observed
g 600 scour level
i

590

580 / 'f! 10 mm joint separation

570 Ee T T T T T T T T

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00 1000.00
Stream power (kW/m?)
— - - High rock strength —— Jet stream power — — Low rock strength

B 2-6 1935 438 3kl i RlE 80P B PIMRE R BKAE F LB

(Annandale, 2006)




1936

:é: i J
g -
‘§ Approximate observed
= scour Jevel
w
! 1 1 L 1 { 1 1
200 300 400 S00 600 700 800 900 1,000
Stream power (kWImz)
-—-- High rock strength —— Erosive capacity —— Low rock strength

B 2-7 1936 4336 343800 Bl g B PRI PISAE B KAE F LB

(Annandale, 2006)

=~ KXFEH

AR T E At & EATUCE B AR T8 87 30 JT Fe 2 K R
WZ AKX EM N &M B AT IR S A TR KR E RF
R dh 4 T4 B A B ULFE R AT 3R 2K X RIS A T 4 TR
ERPORBZFHAMAE A THHERA(RE 99)FRIRGEL
KT KA B35 AR 3T T FL 2 K ST H R S i SR AR AT IR

AFEEXREARLR AR RS- RARGRGF LMK
HRR M » MIRAK R Z ARG E 4o B 2-8 Ao 0 BEAKXE
FHLR T R & 2 - 6 A7 B B M TR R B @mko B 2 - 9 AT
RIFRE 94 F T XFEEGHEMRERHCTO 2 RBIH T 5TH)
AFELSTRESMELF R TR 2-T- 8B 2-10 FFr 0 & H
(W7 @ 36)2 3+ £ 7 ¥ A 8,800 cms > Bi @ 68 LA TFL 2% 24 100
FEFRIIEER T A TR T O ETRARAMAB R KT
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TUS FERMBERLEATANEAT  EHANRELNSL - B H
R RER T &R 2-8AT > BRMEAKMLE 2- 11 A o

REVE X @ AR RE 96 F T 5 W E N R ¥ 24
% oM BRG RGNS EHERMNERR 922 £ BitRi=——
W E (KRB 89~92 )RR FHETRE - W e 2@ WHAXR
E o @ 2- 12 B o

£ 2-6 & FHTEHER KR 3R F RS

5% F1r

P R
i A sypg | UK

¥ 4

a MG | 1979~2003 | 1978~2004 | 1978~2003

& 1993~2001 | 1993~2001 | 1993~2001 | K ¥ %

GH | 1963~i&4 | 1963~i&4 | 1963~i& 4

£2-7 AFEREERMERERE

¥ A M E () (R oms)

HHIx
200 100 50 25 20 10 5 2
ATa 11,500 | 10,300 | 8,900 | 7,570 | 7,300 | 5,900 | 4,500 | 2,600
yE ] 9,800 | 8,800 | 7,600 | 6,430 | 6,200 | 5,000 3,800 [ 2,200
A 8,840 8,000 | 6,900 | 5,820 | 5,600 | 4,500 | 3,400 1,980

WeRUE B AT | 8,490 | 7,630 | 6,590 | 5,570 | 5,370 | 4,330 | 3,290 1,910

RIPEM AT 7,850 [ 7,050 | 6,090 | 5,160 | 4,970 | 4,010 | 3,040 1,760

RE 94 5 " KPR GEMEIRITOTO ZRGEH T 24TH)




%2-8 BRHBRFBRARAMESRITA

F3(RA) e A $dk i F (cms) FH(REA) | RABERF(cms)

52 7,840 ’ 76 978 @
53 358 ’ 77 315 @
54 1,570 ’ 78 3,062 @
55 2,990 ' 79 2,788 @
56 1,440 ’ 80 835 @
57 1,110 ‘ 81 1,419 @
58 2,710 ' 82 1,542 @
59 3,940 ’ 83 4,140 @
60 2,030 ‘ 84 663 @
61 4,540 ’ 85 3,668 @
62 1,120 ’ 86 2,106 @
63 2,040 ’ 87 933 @
64 927 ’ 88 484 @
65 2,940 ’ 89 790 @
66 2,290 ' 90 3,954 @
67 635 @ 91 709 '
68 1,647 e 92 594 ’
69 3,119 @ 93 6,195 i
70 3,149 @ 94 3,541 -
71 1,527 @ 95 1,227 .
72 3,361 @ 96 2,589 N
73 896 @ 97 4,225 -
74 2,411 @ 98 5,621 -
75 983 @

FHAR  RE 52~66 £45 Fss K AR E(K TR EEABME  RA 82
) CRE 67~90 4% T MR AR AN E (R T KA A
HIERE 0 REA 92 )
"RE 91~93 S35 WIFIRAE bk AN B (6 MAH AR P oot
AH) -
“RE 94~98 415 B W AR AT Sk AN B (5 M IR oo
A

(RFED FEBHTHTRIRIEE T RZHARTA KR REITH)
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(c) RER %

d) mEREYE

W 3-3 #AAERGEHEERRA
£3-1 2REBEE

5 R B4 BB RE
VR BE >1m
B %R 30~100 cm
vEEER 10~30 cm
AL R 3~10 cm
g R I~3 cm
B ¥R 0.3~1 cm
R JEE <03 cm
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= 1

+ 8 8 PR g 2

) ) 1 ()

W3-8 RABEBVEBFLEELM

®3-3 HABERBIHREEMAEER

AR 3 77 54

HEX Elicd A& |UCSMPa) | Ky | Kg| Jo | Ky |38%& B #9
0 |W&hehEENRE N8OE/68S 9| 43| 1| 1.14] 381] 98.08.03
1 | EREEINAE N63E/62S 13| 40/ 1| 1.14| 590/ 98.08.03
2 |(WEMmRRAE N60E/56S 19| 43| 1| 1.02| 841| 98.08.03
3 |BRRAEMEAMRY &)  |N60E/S4S 7 1| 1| 1.09/ 1.78] 98.08.03
4 |BR A ESRNE (H) N66E/50S 7 1| 1| 1.09/ 0.33] 98.08.03
5 |HA N64E/53S 70 21| 2| 1.14] 212/ 98.08.03
6 |MEAE (Bkap) N64E/53S 7 1| 2| 1.14] 1.41| 98.08.03
7 |BRREE N69E/46S 13| 35| 1| 1.14] 519/ 98.08.03
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2 BERRE N40E/458 13 32 1 0.51 211 | 98.10.12
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! U S (IES £ F0FAES: 3:5 5
0% TR | g | AR | KEX (R0 g | A
(m) (m/s) (m) (m’)

31 20,016 224.63 1 6.37 | 337.57 | 1382.38 | 0.0101

31-1 [20,211| 227.34 | 0.41 3.54 | 326.28 |2485.74 | 0.0014

32 (20,601 229.3 1 6.53 | 313.51 | 1348.04 | 0.0101

32-1 20,943| 232.02 | 1.21 7.37 | 317.26 | 1193.89 | 0.0167 ﬁg";“ﬁ
33 [21,217] 23563 | 0.59 3.95 | 490.64 |2226.39 | 0.0035
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41 [26,406| 296.13 1 7.33 | 220.32 | 1200.52 | 0.0093
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43 [27,558| 304.03 | 0.85 7.03 | 179.87 | 1250.94 | 0.0067

44 |28,141| 309.27 | 0.58 3.67 | 582.92 [2399.53 | 0.0033

45 |28,749| 312.87 | 1.01 524 | 6162 |1680.85| 0.0119

46 [29,309| 317.16 | 0.86 456 | 680.78 | 1929.4 | 0.0085

47 [29,843| 323.03 | 1.01 556 | 515.87 | 1583.35]| 0.0113
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275.45m 274.76m
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(2) T EH B UK R 2R § BT R & O

Rl SUR SR KL 0 68 B0 [ oY 4k K SR L 69 38 o o

(3) HLibERAE /A E ¢ SR RIIEEAR 0 3K R 4 R (Lo
BREHE -HERYABRES) B3R ELL R (2R
BB~ B @A AR~ RALAR B AT AT B 69 48T 3B R F 0% 5 AR
R AE /) 45 8L
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4% 24 b 4 #0% A Annandale(2006) & Bollaert(2002) 2 4% ¥ & 3
&k T ERTIRP R > BB ERABAAH R T Y
b REBYE o AR A A 0 S8R T R RBREE Y Rl
R SRR 0 RORAR Y 1 ASPAEBTIR T 58 BV R
2R E EHHUARZRFBEESFAAMAR T EZRR - A
ARG L AR AREFE I XA ZBMAKHATRERRE N
B Rl # w0 B4R E LA -

3 o 2 = Lo Ly fiE =n§
Vot i8 s 5 H A miens-x
. (372 & T H)

HH 5 47) P i AR)

I y g h 4

S A =
KASE L wpigaem s | | RUTREAdER
it R WA || L gy | | PR BREY KA
B KAER KA ¥) oo FHRMR T ¥)

| I

\ 4

Annandale(2006) ~ Bollaert(2002)
& MY RIS 7 AT P RIUR A

)4

I HAS B N W I R AR AR A

R  RILMHIRE RN

Y
. A )
CORRZMITIE T A
P RE R G ok

B 6-1 MTRCHTHERFRREFET ENER
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— ~ Annandale (2006) 2 £ ¥ B3%4& F X,

Stream power (KW/m?)

Annandale XEZ 3 | 2B 580 EF 0 4 S iPikds
# (erodibility index) » $Liv£RI5 B (k, = m &k, k0 )FEWN 4 A3 0h
R & 4 |5 Hn 5 A MM 38 ) KRRk /3 8 R ~H) ~Ko(59
ALY RE) ~ B JOEBEEEY) S EBRARRESL T AR
Z 35 A -

Annandale 3+ 5 T #) 200 & 7 ) JT i 2 4L i £k 45 3 XK AR F)
FTIERI (P ~ KIE -~ FIAREE R E ~ A E) KA
MO RER A ESRITEZAE TN > LRGEAGATHAL
ek R DM RPREN IS SHE B EHEB A (ko
B 6-2) it Mifedd A EHUIP RS BRI B A P eReE A T
ZAE APV - 5P, =K, ©

h

10000.00 3 T
- + Scour
1 o No scour
* Scour-CSU * .
1000.00 ¥ — Threshold : a3
; * * [»]
. L -} o o
100.00 - . : 2% oo

.
i .o .‘ * ‘ / h

) ’ L ) / ’ g
e 3% . -
10.00 g * 6. F 30 .‘ / = & o
] . o% ol a
) 0‘0.'. .f "nc. o8- :ta o o
PO b oo gP8 | o
lm g : : ’ tluD :g;! ol @ "
¢s h* o po nnU a 0 qa
o o
0.10 Ll '4 T L TroTT T T
— — o
I 0§ I & &I i i
= 3 S S = = =
Erodibility index

B 6-2 AL @Hmsh R RAE 7 5 #E (Annandale, 1995)
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Annandale X it —F 3 Hbuib b A 15 B 2 2 5 6 W R
RS L do [ 6 -3 Ao (1) b RISLAE R BR BRI
F T fE &4 74 o (stream power) * () B4 IEEAEF X » HARRE
BZ Mo L3RG AL ibeRpE 58 W L 2 FUREAREA
IEH Ao LA S BFEL B 0 FIETT AEAR L Z P RIRE -

Elevation

Stream power ML dkdd
- e
X vy
5 ream Power
vailable : A
;\ueam Power _g ~ .,f_/_-_
Stream Power am Pow
b AR R AL | ST

A Onginal Riverbed

>

Maximum Scour Elevation

Elevation

Stream Power

B 6-3 #FAPBIGTRPEBEE

(—)HLiPEhAE /1 46 # ¢ 3PAE T K
Pt dkAe fa sk, BBRFEAE S LB MN > BAuER
RO S 0 RIS B BARIUIT R RE D) o AR A
S (M, ) AR SRMR T FH(K,) HRIAYRESH
(K,)~ WA AR 2 80(Y ) st n H KH 5 F Hikw -
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()& REAKBZIRI( P, )-:$,% ¥ &
Ha 4t iRR 3t 377 Ak hydropower potential 23t 5 2 X
4o F

P, =yQH

AP

P. = 4FiR 89455 o (the total stream power of the jet)
y = 7K i ¥4 % (unit weight of water)

0 = 48 /i ¥ (total discharge)

H =47 2K @6 F H 6 8 (vertical distance)

@%mm%qﬁﬁﬁﬁ*ﬁﬁﬁzi’ﬁﬁ%ﬁﬁﬁﬁiq
AR R A e @Al 0 W F

yQH
pj{l:
A
X
4

e = B A3 & A 69 7 4 (stream power per unit area)
A = 7K i 1b7 % o #% (footprint area)

SR B ETAM 2 1% 0 R F MR (L )3 Ao 0 5
MR FURAS R R A D B B R AL 0 SRR A
R o) d AR R I AERE R )k B A A SRR ) RO T L
F AT 2 X A& 3t (Ervine et al., 1997) 3t & 3+ 44 R 4% A4k 69 2 B
(p..) AAMSHLETAEHE6-4-
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2x

_]Z'
tan @ - - | dx
I\'ZP(D, + h‘)(cosf))_}j

L:J”l 1 +

- =

-

f ~ (-n: |
x=|tan@ + [(tan@) - ; |x2K,(D,+h )(cos@)
1. K,(D,+h )(cos@) J

D, =D, +2x0.38(T,L)

AF
x = 4t i KT 3B d
: =4 A IE AR
0  =smisHEAE
Ko =g PehZ Rl BEAR  @FEN0.75
bo =whARE

h —1'2/25,
V=i B
0 = § IR A0 45 ﬁ B
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.‘ - B = 0.5(9]
EAN

+ 92)

} Plunging Jet

" ¢ Plunge pool

A

> Rock mass

Cmpd, Apc, fC' CI J

W 6-4 K@ Bk AN SE 2T & E (Bollaert, 2002)

(=)7K & S AR h 42 0 RE i 64 04 BOGTRAE H K
SR B KA AR Z AR TR R E AR AR R
W 0 7T LA R P34 RO B iR s ok AR $(average and fluctuating
stream power decay coefficients) R & 7= o i fE it &) F- 34 AL R
AN A& T LA R R ¥ 8 & B A 1% $C, (average dynamic
pressure coef‘ﬁcientj » 3+ 8 /> KX 40 F (Hanson et al., 2000) * = &
o8 6-4 -

A
D, = -3 $) A& JE /) (average dynamic pressure)
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1 .
D =—pl if /<7,
P
2
to(J, ).
D, -.—,al—’r,J if 7>/,
2 v

v, = KA 187 % 3| K do 69 ik B (impact velocity)
Vo=V +2g2

Vv, = 7K A 4745 1% JE (issuance velocity)
J, =4t A RE=KD,
K,=63" &85
J =& M4 & A (actual length of jet)
F 34 8 BE R ) 44 S - 34 R o 3 Rk 14 8k (average stream
power decay coefficient)$i . #RAL &4 3§ SE AR E(Y/D,)H M > 4o
6-5c

0.6 ~

021

Dynamic and decay coefficients

0 5 10 15 20 25 30
Y/D
+ . Average dynamic pressure coefficient

—— Stream power decay coefficient

W 6-5 P48 8RN MhEEERILHMELRE MR
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JE 7k Sk E ERACH AR R M o Bk T g
HER s R Eme)ERMdmHFRAS T X

(Y)_(r), L (x)
\DJ LDJ LDJ

AP

po (D)=, [ D)2 — gsqm 5 i
LDJ D) 4

L (YY) (Y )\roH

meDJ—CP B =k B 71 ifih

()34 5 0 B 7 7 9 8 %
ARk R R F IRKATIE R TP A A GRS B A
AEb ¥ o PR I8 K o 48 %) AR 7 (total dynamic pressure) 83 i {8
BEAAKR TERLTF !

AT

P,.. = 48§ A& J& 7] (total dynamic pressure)

C,, =-F3¥ & &K N 1% H (mean dynamic pressure
coefficient)

C,. = k%% ER N 1% B (fluctuating dynamic pressure
coefficient)

r = 7K F AL & (unit weight of water)

¢ = $ it ik B 14 $(kinetic energy velocity coefficient)’ i %
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g A |
v, =KAEfr% 3| K & 69 iR B (impact velocity)

Ervine et al. (1997)#] A % B $1132 3% » 4274 fiE 7t £ 7 &% [B]
4t Ak 3 & & tb(breakup length ratio) % 7 0.5 #9854% » 4 &
A & % .4 & (free air content) > 3 H E AAL I e R 91T 34
) BB N Bz S5 0 ko 6-6 ¢

1.00
0.8 1
O Circular orifice you L/Ly, 0.5 only
) X Circular nozzles
0.6 1+
Theoretical
& T submerged jet case
04+
0.2 4
1 Best fit of
experiment data
0-r X
} t } t } t } } t t i
0 4.00 8.00 112.0 16.0 20.0 24.0

Pool depth/impact diameter (y/D;)

B 6-6 EMACHERRERTFHY GRS hB2 &8 H

Castillo(2004)# J& R B &9 4 4 S mek H R E L » 7 —3
$ EFRALH AE IR LA A KA 2 T3 8 AR R A7 14 B ah iR
HERwE 6-TARER6-1 EREUATEHKRSK

: -b(Y/B)
C =ae
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'SE
ab =HREEKELSFH(RELO6-1)
B =% RN KEZE

1.40
— Nonaerated
1.20 - — Aerated 0.4 <L/Lb < 0.5
' Region where iet —— Aerated 0.6 <L/Lb < 0.8
o A —— Aerated 10 <L/Lb< 1.1
1.00 - PoStImINe i pooi — Acrated 1.5 <L/Lb < 1.6
| = Aerated 2.0<L/Lb< 23
0.80 - ~— Aerated 2.3 <L/Lb < 3.0
J Region where jet core
0.60 4 does not penetrate i
plunge pool (L/Ly, > 1.0) [ V ‘
0.40
T
0.00 T \ul | T T T T
0 5 10 15 20 25 30 35 40 45

Y/B

B 6-7 ERCHIMEARE - FHBHERNABEATE S AHEY
K to 2 & $C ) 14 B (Castillo, 2004)

£6-1 FAREMABRKELZFHHERA BB HE

LIL, a b C,(YIB < 4)
0.4-0.5 0.98 0.070 0.78
0.5-0.6 0.92 0.079 0.69
0.6-0.8 0.65 0.067 0.5
1-1.10 0.65 0.163 0.33
1.1-1.8 0.65 0.185 0.31
1.5-1.6 0.55 0.200 0.24
1.8-1.9 0.56 0.250 0.20
2.2-2.3 0.50 0.250 0.18

2.3-3.0 0.50 0.400 0.10




Ervine et al. (1997), Castillo (2004), May and Willoughby
(1991), Bollaert (2002) % £ & - & T HAGF &k &%) &R A
$LERACH e IR ) 5 (o B 6-8 K 6-2%6-3)°
AR SHERZ @AY > AHESEA Bollaert(2002) % & #

fifl 1% X, -
(y )Y (yY  (y)
I} Y ¥ e,
c .=al|—| +a,| —]| +a,| —|+a, T“I’;'Y/D,SZO
! Df - Dl D J
0.4
- - 0.35
-~ ’\s\
rd & S
.’0} “\. \\\\ - 0.3
’:ﬁ‘ ' T N
/ &" -~ ‘ s ™ 025
/ I/Q * S . ® N Jet stability ~
,’ K 4 ‘_ \\\ \\\ \\\ << 02 &
VA AR ST £X Y N L
/ ’ & L 2 S -
r /! ,/ \\ \\ \\ \\\ ‘015
r * 0\’ SN =+ 5% < Tu
/ ,§ o N N - 0.1
}’I /! ‘\ e T 3% <Tu<5%
/ S
/ SoMa_ 1% Tu<3% 005
/ 4o Tu<1%
L' 1 I 1 I 1 L T T T | ¥ T ¥ T v T T 0
0 4 6 8 10 12 14 16 18 20 22 24
Y/D(-)

W 6-8 EMRAHAEERERESS GRS ABZ & BH %

(Bollaert, 2002)
£ 6-2 EEE &R 32 53R A &k (Bollaert, 2002)
T, (%) a, as as a, Type of jet
<1 0.00220 -0.0079 0.0716 0.00 Compact
1-3 0.00215 -0.0079 0.0716 0.050 Low turbulence
3-5 0.00215 -0.0079 0.0716 0.100 Moderate turbulence
>5 0.00215 -0.0079 0.0716 0.150 High turbulence
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£6-3 FRE&EHMEAKoZRAERBET

Type of outlet structure Turbulence intensity 7',
Free overfall 0.00-0.03
Ski jump outlet 0.03-0.05

B Valve | 0.03-0.08

= ~ Annandale (2006) & 8 ¥ AR EFEE R

LA Annandale(2006) ¥ &) iR B 3F4& F ik ey KR £ 5 2 485
Ao (D EEARRARS > AR ERABRBEMUAEERET Y
FRAK E A 0 SHIRAET RN RIS B & ish o (2)3F B AKSE AT A
FOMR o ANERARNEEERTE > THRAEANEHORK
e

E I RIGUR B R AR 0 R IRAE R R 0% 5 ey 48
ML 0 5 R AE B9 AR Z A8 R A BY AT T KA & A2 0 SR
RENRRKKRELE - AL BAFR TR Z B > ADE
TR EHEAR R ETHEEE 0 BRARNEEEBATN
ZPRIBUT AE R e A A SR -

B B 3L K 3% 5 AR 69 P B B AT B AR X ITIRIE T
He P B BR R o AT H BB T MR 0 B3R M e K
M T WE F R AR 0 RIRAER AT RILR M 5 Be)iih
AR5 AR > Bb AR R E T AR E L RE
S A5 FI BT P R AR R s e A& T -

YATF i A Annandale(2006) /7 $% i 2 & 8 ¥ BIIR BLSRAE 0k
SHHREN - o R FERMITEXR KRR
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KEVFER B4 AR ETRRAEASH B O E0E 6 -
9 SATEFATIRA 93 B R KIS B R B4k 6-4 iR
HLa mE A4 B 6-10 -

PR T s 5 BIPRIRE 22 Ktk A EAS
MR EFRX - AR EHALRS  BFELARE 90
F 2 IRARE B SRR 5 MR (o B 6 - 10 &4 U 26) 2R
S RPRIESPIEILE S EAKRAZSHR G ELE R X
6 - 5o 3+ B & R BT 447 A R 5k K 2K SUF AT 1 R 2 4 Ly
W R Bsarw n’ (B EHADER  BEFARF
R) > BARK & 4P RIECEN PUIE 3 144w [m’ > i R 0 M8 B P48
gy B L o ST R E A R AR b8 0 R 90~97 F i B HUR A
W B AL 242~246 N R 2 M) 0 P RIE L I SR BR AL > AT K
XAavpb o

AR RILAR G B BefE T TRAREA 90 F~97
FPRIAR M E BB 6- 1089 DB)RFT A AR R ZATA -
A5 &R BT B AT RIS B MR A AR AR eI B A2
H B A2 257~260 2> RZ ] » T sA$R A — 48 & & 38 330 0¥ B 3t
4 4F H AE b ey A AR > FRAE R 59 69 B KR B B UL - A8
MR A2 RURAE -
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B6-9 RAFREITFMERIRARE I FHAE

&x6-4 RAFHEHAKESHRRK

WA | BB 60~ 90~ 97 it R 8 Tk

AR R AR AKEARE 93 FHFHRER > REH
8,527 cms » 1 50 ¥ 37 A 36 = 3t K #(8,222 cms)48 i ¢

KIE 4%
K IP % $ 4% B CCHE 2D # Qso B 69 47 45 3
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R6-5 BRAFFRREFESBBAHALERE

KRB & p = 1000 kg /m’
BRAE q = 56.7m" [s
¥k 7K 3B & H = 7.4m
RK R Y = 31m
PRI BUIRE H+Y-D, = 35.4m
SRk ER D,= 3.0m
EAACH R v/, = 10.5
KF R ik V, = 18.4m/[s
5B K A L= 28.7m
e Y L, = 21.8m
SR R L/L, = 1.3
KA SRR D,, = 3.6m
AR A A B A AIW = 6.6m
7K R P = 628.2kW [m’
F- 3 8 6 R ) 14 3¢ C,= 0.09
ik 8 REJE Ay 15 3k c,= 0.2

(Y
Pt it 38 Dk p,ﬂ,ﬂ,L;r 184 kW [m’
& PP ERAE A 45 K, = 2131
;&ﬁ:‘fﬂ&m P& Porsisitd 314 kW [m’
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B B EH G R ERRR A3 @A T4 E 6 -
11~ [ 6-12 Fior > 247 65 AT 3R A 69307 78 R K32 £ BUR R
ok 6-6 WRIIB @E AA 4 E 6-13 -

WRAR R R R B R BRGS0 fERE S HA R G B £ R Y ULAR
ERL2mEN BT A A KRR » KR4 a9
B oL RIS B — B0 B AT RIS P KB R T R
R AR BRI R PRIERRE -

AR ARE 98 Fib ok A HRE 98 £k K
BARFH(ER R - REFAM QuiaF) £33 THEK
RPN AR (A T MR RFEHAERAN SR
G IR Kifizh o ¢ éE Rio &k 6 -7 48 Qo KAk T ¥ kK
KR A AN P RIEL S PIHE - 5 & 35 80Y R 813 e
B 3k 0 KRR o /0 8 MR P R BL B PR 0 BT B N AR T ek
Ao BATHAEG - HHHFRIRKERE—F 54 QKK
At o & RBAT KA oh #e8 SL  BR P R BL B P48 AR 3 > 125
b AR B BEAR 0 B B) % B RALFE AR 2 AR P RIELE) PIAS 0 Bt
17 A o Rl BEAE

PRI LB AR MRS B B A SR Y R R 5 R
AE M - REFEHLR FRARAEHHIEBETLERE 96~98
R IP RIGUBT AT AR R T R £ 25 F 855 8 R Al
KB R O T SRR S AR(AE 6-13) « KRN
RILEM 5 B — ¥ @(ALE 6-11 2 BB’ ¥ @) > :AEHHE
PR EAEEATIRG BB 6- 14 T[40 B AT RIILT & & 3] 813
b P K HE ERMEBNGITRIEEES TR T > KR
WEEEM(RY 20 2R)FW# 5 ~R » B AE L R84
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A G A LR AR Y R -

VR SUA G SRS R & B TIE LT 555 A AR
RAK  FULTRE K2 @EAY R EARAR - AW R4
STREME AT 1 EEREFH H(R& 6-8) AR E AE
AHAR PRIBEKEGNRADBHEY I ERBTTH
PRI BLBP AR IR E 40 NS RADEELAAE E 0 33 B4t & BOF B BUE
BHEELS ARAFUIEE -

FIEEUAEZ 54 P 7335 Q) ~ Qoo X AKMARMF T o7 BA4
H—ARHROFN RSV RIGURBERMET A& -
AR RIS 1 3k K@ A2 B B ] 50 2R A TR R BV L% 3RO
RIS S E AR B R 2 8 R\ T RIAa L
B AR 3RS

&6-6 &R AHEKESHRRE

WHER [ BRBR% F 12 8 - BB 98 49 A w8 & &

KILE Y | GREAE AR E TR ToB AR T
R o A BRGE A R A A SRR 98 £33 50
¥ 5,621 cms)BER YR E o REANMN 10 £ FE IR IE
& (5,000 cms) 2 20 4 & 3, #1 36 i K ¥ (6,200 cms) 2

Rl > 3 K2 % 33k M CCHE 2D #> Qq 85 &4 547 4 £
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£ EMCCHE2D S & [ iR
£ FMCCHE2D 8 F 4

A ECCHE2D B E 48
HRIBCCHE2DRIM 48

B 6-11 & F4 961029( L) ~ 981021(F)EHHE R ¥ @




Bl 6-12 % F3 9612(L) ~ 9809(F )it | & & 447 & @
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% 6-8 BRBEBRROITAREFESBRFAERE

Q20a i‘i’ $|Jj}ia 40 m, Q201 J‘*’ EIJ iﬁ- 25 m,

LA RS

> PPk K E T % &3 F 9%
Kt A & p = 1000 kg /m’ 1000 kg /m’
BRI q = s4.4m’ /s 17m’ /s
2k 7k 36 H = 4.2m 4.2m
RAKE Y = 40.8m 22.3m
R H+Y-D 40m 25m
KA D, = 5.0m 1.5m
A AL K R R R Y/p, = 8.1 14.9
T Vv, = 10.3m/s 12m/s
$ iR ek R K L = 13.8m 12.8m
SRR KR L, = 21.6m 14.9m
SR B FOR L/L, = 0.6 0.9
e E e Y 1971 D,. = 5.3m 1.8m
SRR T 4 do Ak AIW = 7.0m 2.9m
A P = 319kW [m’ 241kW [m’
F308 6 08 14 ¢ c,= 0.14 0.04
8 R /R Y FIREE 53 C, = 0.23 0.04

(Y 2 :

R 5 B b P, ,,,,L-D—J 119kW [m 23kW [m
sRILPEBENEH K, = 41 41
HENRBEMIIRAS P, .., - 16.2kW [m’ 16.2kW [m’




(Z)E % HiT8 _

EEMTEBERVEEA»N I QA EWwE 6- 15 AT »
M B AT AR B30 B R K AR RAo K 6-9 0 PRI
@E A4 6- 16

RIEE FREE B R #or o RS AR R RIEE RGN A
ZRA®IEN AR KA A KGRI > AR A &)1
BHWPAGAE -3 RIERE 9899 FehBlikilE > BAT
MR BURE A P R e SR o b e AR Y A AR -

At E A 97 s Tkt B et 3t H 97 R KR AKFH(F
BOARER, B H B Q048 F) 0 48 8135 T 2% B I AT AL 69 I
o RFETAERANEBORRAS s ERwE6-9
Qo ZKFARM T BAE T 25K th 2 v RIELEH P48 - AR
R ERAR R SR R T AR R RIS A B
5 % B RAC AR S AR 0P R EL 8 P48 0 B st R B W 5 10 A i R
B AE ©

PRI NAS MRS £ B 1R B AT RIIUR M B B
a8 T o RIFEH BEMTLERE 96~98 F b 5 4% /T8
T MiTE RN ERE PN RMIPEEERER £ T 500 2
REZEHEPEMAR —FERE BATRFRBTETHER
FHRRT 0 FRBUARYE R RILAEEHMZTH -

£ 6-9 REMTEREY THAKEZSFHRREK

WAL F R | PARB 97 & 12 B 2 Aidh S & 42 T

KEEY | oAMBRKEKES 97/07/18 FH KRR » EAH
10,906 cms » ¥ F¥ R HAIE 10 = 3K F(11,900 cms) 48
Ui o dkKIE 4 $3%A CCHE 2D 7 Qo 8ty w47 45 R
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» Bollaert (2002) 2 A% i 5] 3245 7 &,
T8 B PR K A A ZAEF AR TR o0 2R 8A BA KA — A% 5T
i f% 44 > Bollaert #| F ] 6 - 17 Ry B E T A 48 Sk KPR
T BEA P2 iBE - RS RITES R TH 3 858 :

V. D, Falling jet impact
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1. 3% &) 7K AE 44 48 (falling jet module) : 3+ B K Ax b 84 F ~ @ #f
Btk o

2. Pk/KiEH 4a(plunge pool module) : 5 F it B K Ax 4 0 3t H AR
£ HEAKRERTL - FHARER ABREHKBEE S -

3. #4844 4 (rock mass module) : & %5 & d K3 n 0 H— 3t
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79 ~ Bollaert (2002) 2 8 ¥R REFEER
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|- WM KSR 64 K65
2~ B A8 A2 %2 A ¥ ¢, (Ervine, 1998):

=0.0002(F, —1)" +0.0003(¥, —1)" +0.0074(V, —1) - 0.0058

e

('S ]

31 B & ¥ A4 ¥ (free air content)

A ERSAMAMER  p, R 1.29kg/m’ p, B 1000 kg/m’ -

l’mn - ‘)rul o [} + p[lf[ " (l - ﬂ)
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Annandale X i — 3 24 B 4009 6h45 AR S B 5 B P RURE &)
W5 L@ 0 kB 4-2 A 3 H R RIBUE R FUR UL T TR
&) R 3 (stream power) » % — H m R BMIEFARE S X > HRBER
B Z A H o SASRAS U AR AE $ 0 A B = SRR S A2 A K o
LAG-BF EL 0 FIBA T RE 2P RUR AL ©

Stream power AL fRit
SIEAR
k- R "‘.’ :w‘?::::oua
Stream Power .;'*’ ﬁ‘ ;‘*_ ’i .3*- ‘$ Sweam Power

. & Original Riverbed

EN

Elevation

Stream Power

B 4-2 3P4 ARGUE T RE P R A

AT RATIPERIE K, B2 H2ZF 5 F K

| ~ #3443 B % #t(mass strength number, M, ) :
& AT 3R B 60 K R - B0 & )R 45 58 X (UCS) »

M AEH EH X0 F > L THAME4-1"

1.05

M =C -(0.78) (UCS ) when UCS < IOMP a

M_ =C, -(UCS ) when UCS > 10MP a

S
UCS : & B & 45 5% B (MPa)

C. HAH B Al €, - —

7 x10°
g o & 7 hoik B (9.82 m/s)
p, L ERE R (kg/m’)
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M&k4-1 BBHHBREFTE

#4458 K $E (M)

B A | B R 45 5% % -UCS(MPa) b 3% & $4d, M,
N <17 0.87
Kk 1.7~3.3 1.86
- 3.3-6.6 3.95
i 6.6~13.2 8.39
i 13.2~26.4 17.70
N 26.4-53.0 35.0
L 53.0~106.0 70.0
A5 B A 4 >212.0 280.0

M 5% B S M AB A7 A5 SE A8 B 64 B 4% 0 58 AR R HHRHIL
1R AR AE /) AR o
2 ~ R & A% R~ % #(block or particle size number, Ky) :
Kyl B eh s ot e b b 154% ROD #1638 fa $ 5
HIRER
K,=ROD /J, ¥ S<ROD <100 , 1<J, <5
%A MILBRALEF » ROD 18 5T LA 48 5% R 445 ¢

ROD =105 -

OHI
L (JI .Jy J:) R J

Jo vy LR By xyz ZAAKF ) EBEAR KRG HE @l o B
SR LAY, AR A E A E4-2

Bt ROD AK ~ 8 32 B D A K, A K - Bp 5 AR T B2
i8R T AR R)FUR BRAE 1 AR o
3 ~ 59 o R FRAL R 403 5% £ 4~ #C (discontinuity/interparticle bond
shear strength number, Kd) :
K, 18 d %5 42 64 85 32 do fa k& - #L(joint roughness number,

J,)$iL 6p 32 24 4 4 #(joint alteration number, J,) R & #& :
K,=J 1J,
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MEik4-2 HEEHLIIFHE

i 32 4a $ 1A (J,)

i 32 4n ¢ Jn
AYEL XAV HHEMRRR 1.00
—mnIE/ HR 1.22
— IR/ IR 0 Ao R AR iy 32 1.50
mamE/ ER 1.83
4R8P IR/ F PR 0 M Ao R AR B 32 2.24
ZmmE/EM 2.73
ZammR/RR 0 M RRA &I 3.34
v9 4a 8 72/ R 4.09
$miEomE/HIR 5.00

o 3R kg A B J(H & 4 - 3) & T R @ 5 Ak e R 1E
f i F ekt - LB RERKDATKRBE o FIBT EARIK B
HeymmA T ol 2HEBFREAEGEEBIK -

R E S WAGERREI F SR §Eo Ry Sk SR
FHAM o A R RRMRIERREHHRL > 8
Fa AR F e BIR)  Fo LR E SRR - &
AR E R eI AR -

MEk4-3 HEDEAELITITE

i 32 A kb B ()

ip I 4 K A2 R i 12 do ik A& J
P A ik B 32/ TR 4.00
i R ARRR] o AR IR K 3.00
. : § o - A R AR 2.00
*égiz* R/ RN e @ AR 1.50
AR AR > - @K 1.50
- 7T o Ak 1.00
). 2 -SUEAE L I o TF 0.50

LiEiES B/ HBRERRMKRKE
JEE A2 P o B IE/ H MRAR A | BAE E AR 2 A MO R AR AT i 2 1.00

i AR R AR A2 R A /R Bk A

A By & ba By 5 35 L 1.00
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B X2 R AL $1E.(J,)
AE) ep ¥R O £2 B 2 AL A (L)
Bp 2 dp fal 444 i 1.0 1.0~5.0 5.0
(mm) (mm) (mm)

RERS BHE BRERHHARL

BT A F Uifo - -

i I8 @ WAL 0 {E &k @A T 1.0 - .

B 32 do 32 AR AL MIRFGH KL

W EERRMECEM AL 2.0 20 4.0
YR ) '
ERHzEMBLESERER
ey 3.0 6.0 10.0
EHBBREERD LRIAL
Hah 5 T b A 20 EuIE
Vi SRS E A LR
BA D A LK = A L
ABEZRGBRERLHY 40 3.0 13.0

AR ARG TRRA AR T

H By R, ke by A4 (B BR ML ) £6
FH R R L TRRALE 5.0 10.0 18.0
f

4 ~ 3o A% A % % 4 % $(relative ground structure number, J;) :

B EHJ (AR 4-S)NVER T s KR
M EREZHITMEAEMA - HIEMA - LR BH
Ak o 5 &Y 1 K B F 4% A &p ¥ [4] 2E L (ratio of joint spacing, r)
R & ThRARSR X443 D(ME 4-3)EREF k8
BB y/x RAFE r 6933 > Kb y/x R KERE] 8- r
S HAE R 5 B FTRM R BUR AR R AR
B RRE AR ERAE ) Z 94T A -
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&k d4-5 NBESEFSBFTE

LR 8 SUR FCE o 14

i 32 2 4 16 i 3% 2 40 A MIPRISELL 0 r
(%4 &) (A &) 1:1 1:2 1:4 1:8
180/0 £ # 90 1.14 | 1.20 | 124 | 1.26
89 0.78 | 0.71 | 0.65 | 0.61
Wit 85 0.73 | 0.66 | 0.61 | 0.57
80 0.67 | 0.60 | 0.55 | 0.52
70 0.56 | 0.50 | 0.46 | 0.43
60 0.50 | 046 | 0.42 | 0.40
50 0.49 | 046 | 043 | 0.41
40 053 | 049 | 0.46 | 045
\\\\\ 30 0.63 | 0.59 | 0.55 | 0.53
20 0.84 | 0.77 | 0.71 | 0.67
10 1.25 | 1.10 | 0.98 | 0.90
5 139 | 1.23 | 1.09 | 1.01
1 1.50 | 1.33 | 1.19 | 1.10
0/180 AF 0 1.14 | 1.09 | 1.05 | 1.02
«] 0.78 | 0.85 | 0.90 | 0.94
. E 0.73 | 0.79 | 0.84 | 0.88
2@ -10 0.67 | 0.72 | 0.78 | 0.81
20 0.56 | 0.62 | 0.66 | 0.69
-30 0.50 | 0.55 | 0.58 | 0.60
-40 049 | 052 | 0.55 | 0.57
-50 0.53 | 0.56 | 0.59 | 0.61
// / -60 0.63 | 068 | 0.71 | 0.73
-70 0.84 | 091 | 097 | 1.01
-80 126 | 141 | 1.53 | 1.61
85 139 | 1.55 | 1.69 | 1.77
-89 1.50 | 1.68 | 1.82 | 1.91
180/0 F #-90 1.14 | 120 | 124 | 1.26

—® KRFT &

WIEREIE, r=l:y/X
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V. D, Falling jet impact \
Free | Diffusive 2-phase shear-layer
:::'"9 \ Bottom pressure fluctuations
Progressive joint break-up Falling
¥4 Dynamic ejection blocks Jet
Transport/mounding module
- 4
h Plunge
Y Pool
I module
¢ J
v ¥ 4
Rock
> Mass
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o

c™., Ap.. 1. C,
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Bollaert #|F Lif# SR E T —F £ 5 ¥ RIFEHE K 218
MG A =B aREiT

1. PR K AE AL 41 (falling jet module) © 3t H AKAx b 4§

dw A~ RARR e
2. #hk/KiE4 48 (plunge pool module): % /A i B K AL 4 40 3+ B AR
R HEKRRREL ~ FHAR - RBEGHKBRE LI -
3. # %4 4a(rock mass module) : & A H K5 0 B — 4
HHEADEAHOHIE - FoHE)Ne#KR DT
(hydrodynamic loading) : % —3f 4 & £ &K K 32 (4 M O &
o~ B0 3R ey BOR R -

AL WA AKA AR aRTIFEHZ 0 Mo LA
R EePEaEMt AR LR FELRAEZNE NS
MR ARGEMTRGTRARERORELH  BRA LLAMAE
oo sbsh o WHBXZER AN EMHZFEEE 58
IR R H R A ER REXLEM - LAFHRH -
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— ~ CCHE2D # X 2%

CCHE2D #t X #k A [E X oF B 3 it A 2k ;v & 7% (efficient
element method) » 7K ¥ 45 48 3% M T 48 45 48 K AR 18 4% 7 £2 K 2 KA »
HR 2R ERIEER R R H K 0 B F BRI A S K o
Rl ik K BB R A REKRABHE L Tk
o BRTREZTRBBFRX > AF k-e T B
WA A KRR AWM TR FARRERIEA EFomes
2K BA R R = R -

RS BRKERAR  EAFZEHEET LG > K
Ay Z R T RXBETTESERA MHKIEA - £F K
BART KA ZHEFIRXT R T0TF

0 0 0 é 1 (6hr ohr T .

e e e 8, = i e = 4 - f, Vv (Fﬁ'i‘k6"1)
ot dx dy ox  ph Ox dy ph

é o dv ) 1 (éhr  éhrt T, .
—v-+u—v+v—=—g—’7+— + - —L—f&"u (F‘H’i’(‘6—2)
at dx dy dy  ph ox dy ph

AP rufivAhxfly FaKEMSBRZRES Tt AR g B
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