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Abstract:

This project is to investigate the application of geotextile in the method of pier foundation protection
and finished the laying by on-site geotextile protection construction method on the research subject hereof,
which is Dajia River Bridge on National Freeway No. 3, to verify the feasibility of exercising the geotextile
protection construction method. Observation was conducted in 2021-2022. In this year (2023), besides the
continuation to observe the tripod block stability on the bridge under test and assess the effectiveness, the
parameters needed for numeric simulation will also be tested with the results by indoor hydraulic model test
to build a 3-D numeric hydraulic model. We aim to discuss the feasibility and configuration methods of
simulating the tripod block&geotextile within 3-D numerical hydraulic model.In subsequent projects, this
discussion will contribute to utilizing three-dimensional numerical simulations for assessing the
effectiveness of on-site geotextile protection, ensuring reasonable simulation analysis results and
effectiveness evaluations.

This project establishes a comprehensive verification and assessment methodology through indoor
hydraulic model tests, on-site laying experiments, and numerical hydraulic analysis models. This
methodology can be applied by bridge administrations to the exercise of pier foundation protection
construction methods. The results will be provided for the bridge administrations, such as Directorate
General of Highways, National Freeway Bureau, Taiwan Railway Corporation,Ltd and county/city
governments, which has bridges in the downstream of Dajia River to apply in future.

Benefits of Research Results:

1. The verification, by on-site test, on the effectiveness of geotextile in combination with tripod block
protection construction method will be provided as reference for bridge administrations in making
decision in protection construction methods in future.

2. The building of the tripod block&geotextile 3-D numeric hydraulic model is based on the results of
indoor hydraulic model tests at previous stage will be provided varied methods of analysis and
effectiveness assessment.

Application Availability:

1. The geotextile in combination with tripod block protection construction method proposed in this
project has been applied in the laying on Pier P22L,P23L&P27L of Dajia River Bridge on
National Freeway No. 3. It serves as a proactive and innovative management approach for bridge
management policies.

2. The proposed methodology in this project will be provided as reference and adoption by the
Institute and other related agencies.

DATE OF PUBLICATION NUMBER OF PAGES PRICE
Mar. 2024 208 200

The views expressed in this publication are not necessarily those of the Ministry of Transportation and Communications.
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A sudg itk o g @+ 34 Rk SupF (Cartesian coordinates) ¢ £=0; § @
* {42 A #% % ¥LpF(cylindricalcoordinates) » B £=1 o

BRA-1)Y B8 L BB S - T Rgop™ MARE (T% R IRIE o $ R
BT RSP 0 Bl T R R W AR e B T R
R R o AN B RIF@-DT R TR “Tﬁmum‘rn e

—(qu)+ ( Ay)+ (WA,) = RS;R

(4-3)
2. i3S
+ R R KRR 2 B 2 AR AT
7 /) 2
{;.” 1 [: A, —"+ vA, —+1-,A ﬂ]:—I—i+(: +f.—b, —&(H—HW—O‘H\)
oV, ox oy oz p ox PV,
A ! n4 +v4 —+uA < =—i£+(r +f,=b, RS“‘"‘(v—n_—d‘vg)
o V. Ox oy T Oz p Oy AV, (4_4)

3
Lrl+L ud, ow +v4, —+1L‘1 ow :—ii+ G.+f -b. —R‘—‘m(mv—mv“_—a‘ws]
oV, Ox T oy T oz p 0z T ph

He U=, Vw,@v)n3? ﬁ%&%#&i@iﬁﬁ)ﬁ (G, Gy, Gy): 4
M2 4vid B~ Us=(Us s o) Bn B4 5 3 R ~ OB 4 RIT A 40 4% o
% 5 ¥ R 4 pF(static pressure) > 6=1.0 ; ¥ 5 B ¥ & 4 PF(stagnation
pressure) » Ji iR N3 AR 2 i 5 00 P 8=0 o (fy, fy, ) 5 xyz
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b I8 o

e 2 o
PVe), =wsx &(“” HRC’.‘ (4,7, )+ {41’ ]+ (Ar Az, )}

7 £ = wsy Ji 0 W ]
PVef, = 1(,“ (’1_1' ) 6:(/11' ) _\(4r +ArT, )f (4-5)

'd

PV, f. =wsz— {—{ Az )+ R:—[ Ar.) +f—[ At )+ T—_[."1‘_1'\.__ ]}
[ oy oz x

LA

B¢ oo (WA T &4 (shear stress) > F - TR L FF 5 o %
:T’Fﬂj & iT® =3 l'a*r ’ r,/”rgﬁﬁll)@fJ /V\—E;‘Qr—r:

cu 1 cu Bv ow
Txx:_zﬂ ___(_ -~ )
Ox 3 Ox ay oz

R R RS
- ﬂ(")yx?@x dy Oz

N T WY
== oM 0z 3 ox Oy oz (4-6)

3. B

B d %5 (free surface) € S P P ee & > Bl @ 2 02 ¢ AJZ4= &k 4p
¥ 3 5 o AR A% 2 (Volume of Fluid, VOF) £ %t p d 4 & & = #7548 4
o AT 2 B Sd BRI B A 6o 2
BFERIZ A & o

R R A% 2 5 Hirt and Nichol(1981)2 97 £] » Thdzt & 2 i gh ¥
RS- B bl F(XY,Z) 0 F BRI U E PR LG 2
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P oF 2 EHRA ZRGRE > b TR gk HE A 0~]
2R FFEl A7 m e rAE F 2§ F=0z\’7'ri;ip‘}n‘~§§;§'f F 4
A0~ 2 AT 0 A AN RPN F R A 0 o]

4.2 #17% o

m42 /fniﬁiﬂf?/z\[ﬂ ¥4 \i—‘r‘ﬁ.m
m F S#ciE 2 #2432 2

a—FJrLV-(F;Af):o
a v, - (4-7)

P oo Vet ~Ag ot s uiiniE o

Uobj AL
/ .V _open
Ir - '_
n TV _cell
~
S o # L ¢
A_face o A A_open
" A_ face
AR
V_cell l_upm - e
"‘*--.M. A %:MUW-RS@}
'\ at Veeu

W43 - 2 2R FIBE G REFETR w17

dorpd A g SR T L s F o R
PR AR 2 o P W A RA S CFD BiM 0 G f o R 6 B A
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?%j%%&—-%%ﬁﬁ%@%ofaPLowsD B R g R 4%
Boofs TrueVOF» @ Bt 3 5 ~ Fociilioi * £ 2
PEER T R ERAEZT Y *}s*{mﬁ[@_ B Ak
Yol 43 #5F  hs AT p o
Rk BRI B] (F E) S 2 AR ONE A G
X )|

b, e P RD AREREBETZER > Ve 55 - 2 3 g2 8

%ﬁﬁm%%ié%a?/%4oia@%%@§ CHEA RIS et R
LK)

TR T 0 A G e R T R AT IRT] & L 8 PR R R
LT IRATRERT S R e B AT gL o KA FL £ TR
e B ] P
Kdy i T T E S B Ko

% FLOW-3D # » £ 3% #7 54 F it » 4 5] 4 _Prandtl ;8 & &
BRfcss ~H- >4 -3 %Eik — &fr RNG #3402 & JF i o
(LES $05%) o 384 Finfiisi 4 e ikt ¢ 7 Z2hf e i@ R 2 054 2l
(buoyancy effects) » Prandtl /2 & £ B V& H - = 2550 3 5% 2
ARG HEINEREFE AN E S - S 2 k—edr
IWGﬁ\Eyﬁ%dﬂﬂ;%ﬁﬁﬁ’ﬂﬁmwﬁﬁ ERR =30
Phk R 0 AT BT R4 8 FRARE 4 o

E—*ﬁ?m‘ﬁﬁﬁﬂi7%§f?§%%ﬁ% Foimde i @
ﬁi;f]"‘v 250

N

kr = %(u’z +v'2 +w'? )

(4-8)
ﬂﬂuhﬁW%%%ﬂﬂ*@iﬁﬁ@%ﬁ%ﬁﬁw AL R
LR SR ST TR A ST TR SR TR A X I
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4 fr@ﬂﬁﬂ%ﬁ_@i, Hb E /}é‘ i}\d "?/\4\1}-/%’ 3 ;J[‘F/J- ,J %?(u /4:/]'[5 ’ ll__!‘ %
_—Ei‘%’ﬁégﬁ_if:‘\i&?“w%’—" m}g/“r)’?/’L’U\f&‘?mL ,—,,.Zi’li ?r‘)i"
RS

dk ,
_x+v ya_y+WAZa_;}:PT+GT+lefT_ET (4_9)

2o ’KTé?fi‘hﬁb » VE» Ax~ Ay~ A; 5 FLOW-3D # FAVOR =

G+ )(A —Hw)

(‘Z—L‘+Z—":)( or A
dv  dw

| G (454 5) (4-10)

Sp O opop Op O
G, —-cuo| 4| 2L, p 222D
m CRHO % ¥ - B ¥infa#ic HIgxRE 5 0 g #4 oug
BRSO BMePRAERE IR 5 2.5 0 TARAOE T B &

0 ok 0 ok 0 ok v Ak,
D'{[]’I = %{;{ UF?A.\' d—f— ] + RF\L( UI\'ATR (j . ] + F\L( U»('A: (f\r ]+ 'EP*H
£

oX

B v s FHAchdEc BIRR AT AR o T F LRk
RMTKE 5 i A sk e* K3t B For @4F BB(GER £ 5 1.00'F & RNG
VT R 1.39) e HrSer 0 o Prandtl iR & £ BN P & R id o Ky

2

R oo

—efi e 7 BEHAM F O E Ky z’v’ﬂ@ﬁis?]”‘v Apsier H o fesE e o
%L— B e RiZRY TN k—efi AF 22 Faynfiziz Te &
AEFHRET ot Ele A & JF 4 léiiﬁisa] RN L I I T
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E.‘STJF J (6T+1¢A E‘Erl
or V.| ax o oz
=%(p CDIS3-G )+ Diff. —(DIS2};
N : (4-13)
# ¢ »CDIS1~CDIS2 ﬂfr CDIS3 % ¢ * —‘F*f?’ B 2%?1 # F)= Sl
k—efis? » HIpZEA YL 1441922 02 @ i 42 @IEDIfS %
Diff {%{;M%]m;(% 41R%]+%[U€A (f,bj] :USAT&}
- | Ox ox 0 0) 0z oz X (4-14)

& FLOW-3D ® > ¥ ¢t 32 = RNG ¥ it > o N R * i & chit
PR E TSN T o o B ioH 4TS o RNG H550 AriE
* 23 AR 0k — RO AT F 07 g7t o 2 fRst Y il
Bh—efsi P 0%k 2 EE @ & RNG $58 ¢ Rlig- #H 12
HFHEE - SRR RNGH N Wk —eftN ] 2 BT > A
%Qiﬁﬁﬁﬁwﬁ?ﬁfm#%?Jm%&ﬁ’RM}@ﬁﬁ s
B9 ¥4 > RNG 7 CDIS1 shsf R B 3 b3k — e BV ¢ sk o

%??f:ﬂi;‘iéfﬁi » LES 5% P & fmimeniedl > o1} TRt

PR o3 52 cRNG &k — etV & MR Findfosed 4 il
FRD AT EMBERE TR PR AT IR R
o %friﬁf_‘;“iiﬁ’* B8 o @ Prandtl JB & £ RV & A28 B aniT
FETIDF R RPERIFELAPFEB  REY RV N

A+ @ AiE* FLOW-3D #& 5 £ 3% 59 RNG ;5% o
5. AP
FLOW-3D " & % ¥ I PF¥ 10 #87 40 e 2 iU ff 3 38 7 48 >
FERE AR A LSRR SN S IR S
3 AR R R 2k R wﬂf?f%#ﬂ =
Fa Tk % AR G A PF € & FAVOR ¥ & 7 & F 42
Fo B RE 4 B SN RN A 2R BRI XN
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P HETIE o M2 Exner > 42588 0 3% AEN A T 40T

a_Z — abe + agby
at dx ady

+ Dyyn — E)
(4-15)
v i~ 3 v (Maximum packing fraction) ~ z: % & & & (Bed
elevation) ~ Qp: * # H = 3 R M A & B ﬁi%] Z (Volumetric bedload
rate per unit width) > &3¢ 2 %3 g xy & * % > Down: % & T o e T
7uf 22 i & (Downward sediment deposition flux) » @ E: % & TH 4 4 o

4 ) g0 £ (Upward entrainment flux) o

DRE15)Y L2 LAET FTR 440 AR TERS LR
e FPER e B AR ARSI R L LER S TR
AR~ S SRR 2 KRIEP AT AR A Ed EZE Down
AAoAFEFER B PARTE AR P LT L AH LT L AR
EaRB I w2 B AFETER o

Suspended
Sediment

- o

Packed Bed

m44FMNMDmﬁ%@ﬁﬁ$%ﬂﬁﬁﬁ%mm

MY g BT eR iR e R 2
M EREATFHEE TR O BRECRERMER -RALSLAR
23 0%’-% ?\J';;Elr sl f@/?—/ﬁ ’/szﬁi R P\»"/lbﬁ%‘f’" ﬁﬁ*ﬁ El L@ﬁﬂ
AR 0 AT AT AT

aC
L7 (wC) =V V(40)
(4-16)
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H P CHgIEIF V) k & (Suspended sediment concentrton) ~ ug
1“2 1# & (Suspended sediment velocity) 7 B -

(1) A gt

R N P

R g RERAT RS
R E g T 2 TR Rt TR A 0 % S# Y %% Meyer-Peter
Muller(1948)L > ﬁi:ﬁ AT OIERE S 8.0 FR A T—f@ﬁé?]ﬂ*?% G
FEEHELRT AT T
dp = (PB\]HQH( )D
(4-17)

H

‘:J,Jﬂ'*:KIEﬂ(pB?}%}%;\lé%J
transport rate) » ¥ f£ = fA7 e P PriF

_‘.’)_L"':’

PR ERRLIARPRRES > FAFTEARPLER
(VanRijn,1984) » 1" 3 48 5% &% & ﬁ%]z; 2

leg*‘%—' =] )%};Fi\“? }i
RRERDRT 4740

¢ (Dimension bedload

o
\

T

— = 0.3Dg) (——1)°°
50 c (4-18)

el A& Fl= i o 7 & 4 (Dimensionless

shear stress) > T.: TR ¥ & # (Critical shear stress) e

IEW/ o AR S ST L

2P ooz 2

y _ D
bedload — :
Z;C
H P Unedoas: B JF %1% K (Bedload velocity) » Co: 7 Fe i fi 47 7

it 2 48 4% 4 #ic(Volume fraction of species) > fo: &7 4% 4 #ic(Critical
packing fraction) °
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(2) % %" (Suspended Load)

B2 T R P s R g B AR R 2 20k
B F - RIS RRTAFR I Y 05 2 55
PRETRBESREL A FERE é"—? %i‘*’%ﬁé’—i‘? P
o w@MR AT IR AR SRR gRT L ERQR
ﬂ%%‘ it 5% Mastbergen 4= Van Den Berg(ZOO?:)er:}ft 42 FoE B

AR A I AL

o
B

T\
x\“ﬂ

E = a;n,dd3 (T — Tc)l's gdse(s — 1) (4-20)

Hee S EUBM S ~apid k)5 2 B K E 5 kY5 Mastbergen
and Von den Berg(2003)#cd53k # 5 0.018 ~nu& o & & 2 & » &
dso: 37 8 4 & F1 =k 2 24T ~ sbt F o

= m%ﬁﬁéﬁ*@m&iﬁﬁ?%%%&ﬁ%kﬁﬂ
Mo AR R R G F T AT AT
D, yn = w;C; wan)

PoowpdE R R CRITRF I IFR 2 ER o 2 E
SURE iR 5 iR Ig Soulsby(1997) %74 i > B IMEEH L L4 > o
2 +

w; = %[(10.362 +1.049d%5) — 10.36|
i (4-22)

o ’vf A2 EREER o 2R E S RN i 2
PHE R AN R BRI R SR gﬁaﬁrhwﬁ
gRfprRfrz Tog g o FEE-H TR R U ERER
s i (Richardson » 1954) » ¥ 4+ Richardson-Zaki 4p i 1+ » FLOW-
3D Y G Bk E R AR AR R L 25

NS
=\

N
A\

(3) ¥Rt
R CHE VST ER PEEEEEE £8 S18 SRR 3
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e BEAANG AR FIT 2 E R Wi R B2 T

E SR el

% 5T 4T

U _ 1 -

2 = ~In (CSDSO) +8.5 (4-23)
He sy T RAEACKmME s u R AT RS S kuEF PR Kk

(Von Karmen constant) > — 4& % 0.41 ~ y: 22 48 k22 jEdr ~ Cofe & 3k
ﬁ°?*@Qﬂ?ﬂﬂ%Q%ﬁ%%%iﬁ¢$ﬁﬁ%%ﬁ%mﬁ
MEAT S FENT R UE Fpa 42 TR
kML G o BB SRR T AR S - B F KRR
% 2 %8 3% % ik Jp(Nikuradse) 1 H7) & q‘v HER AT R B
fi’"*“'?f_&l?ﬁ" 2R A KRG M AR E P GE o hd deo it
HilRAF 2 Sk AV NP RFT RS D@L E TS
TR &
M AR EEEY L RAFFLBRAFIT RS E
TR RY FFRH e I BEIRESTfF T e

w2 T 08 > ¥ Ry o 58 (4-24)8 & & (Soulsby 0 1997)i3 set, & o

HEMRT &7 40T

Tc _ cosysinf + Jcos? Btan? ¢; — sin?2 sin? B
tang; (4_24)

He » B A S MR TR Vo lEd R 2
SR CPARER puimAt ot Lk

Tc

4.3 Hcig 3 &
1. BE3g> 2

FLOW-3D i & 113 "TL A% (R4
¢ gy b end ] 2 AR o

AR AR R Y F PR B R IR E o T o
B2 o VM b I 085N 2 R et -
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EHIT R LI RS L R E SR g w ol
§°m@H$mM§a@m}¢%¢T—ﬁwujﬂ§1ﬁﬁ6@4ﬁu
2R EGRFM) G A2 i RIE o in AL N E g UL AT G oakfE
B E eR T ORI AL > gy ER{PE S A FEE
LR £

FLOW-3D # = B /R4 2 (37 > H ¢ i H cngd g fhs 2
(successive over-relaxation, SOR) » >+ S ) e f§ H ~ {2353 2 #
PP AL RAF AR EanF o AR B IRT Z R {5 avEN 2 > ffEpE

A4 * SADI(special alternating-direction, line implicit)iZ » #* = ;2 ¥ 5 %
fe R gk e i B R R AE o B fs . FLOW-3D B f74e » R 4 Ffz -
% GMRE(genralized minimal residual method) » it 7 »T/dZAf f2 & & &
SRR EE S L R R Attt A e p R Rt o A
3+4 3 * FLOW-3D 3% 2 GMRE ;% o

2. PHedmiE

FLOW-3D p 2452, e et g 4 B 52,2 5 5 5 4 3 2
Poz fERE A B RIS BT R e g R T
s AR S R Y RO 2 Rkt o

’

‘ﬂJ ‘:4\

(1) % 4% 3= +& (Staggered grid)
—&&%ﬁﬁ%ﬁﬁiﬁﬁﬁﬁﬁ:ﬁ’—é%?%&%&%k
— BLe2b 2 45 4 (non-staggered grid) » ¥ MR A A BET LR L
3 BE 7 BE2Z 2 4k 4 12 (staggered grid) © Flow-3D # * Harlow and
Welch (1965) #7# J1 2. MAC (Marker And Cell)/Z fa 5 < 45 22 fie
Booo4rB 4.5(2)4m 0 MR ARG - BidIHAg o BHEREE R
(mw¥¢ﬁﬁmﬁiaﬁﬁkﬂoa YA B R A A e o 2 Us
W Ep3 uEaP w2 44 % o & Patankar(1980)—- & ¢ * & i
2L E~W-N-~S~e~n~w-s ?éz\'ﬁ%&: N
FIAF 5 B LR BRI ELE-W-N-S» A
e~w> n>s AT & FHRZITFIH e BIdle (IcB 4.5 ) 0 B 4.5
2805 Ug = Upy1y2k > Uw = Uimzpon > Wy = Upgerryz s Ws = Ugoay2



Ax =8x; /2% Az=08z, /2> @ 2 Bt oA
w2 MR D, =(Pg+DPp)/2 5 B, = (D, +qbp)/2acb_(qb+
Pp)/2 -
LR FIR ek i R 2 IR G ) GlcE R
P*éma%“fﬁﬂﬁ% D Ae TR L AR B RER T TT A
2. % & P TR G e A7k (checkerboard)i# & He B 4 HrfiE o

— ep s o “
| 12k i [ 1k
\\Tu k-1
(a) 24 H kit (b) #H#IHEAHEL L

W45 e ARsrdugd Er LW
() 5 T B

FLOW-3D % 3 & 2359 2 #3535 2 k0 it - PP a2 B
T B 5% 1 (Multi-block Grids) » 48] 4.6 “77 » 48 8 iw 24k g

%‘!’sb P VLG dRenE f e BP0 Ao P8 B jzagld o

HEEEEEEEEEEEEEEEEE
(@) MR (b) BEEBR
B 4.6 % HAZHERET LAY
3. B aILiE
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o LB E AT 2 3 03 "L A 4 % (Finite Difference Method,
FDM) ~ 5 *U48 4% /2 (Finite Volum Method, FVM) ~ 3 *1f%+47;% Finite
Analytic Method, FAM) ~ 3 *¥ = % ;2 (Finite Element Method, FEM){ri#
& = % /# (Boundary Element Method, BEM)... % -

HoP o5 LA E B~ AR 1‘“55,»/;:9}’? FEGE TN R R
P12 E N5 ;x FLOW-3D #icig > 25 * 3 "VEL A&

SHEBANHZ AR REN I FALRBERRAPLLSF T 0
B M‘@M u#siiiﬁ%ﬂ P! AP LRk R EY BT &

‘0—'}3”—\'5‘&}‘2:‘

8 4% 4 & /= (Fractional Area/Volume Obstacle Representation,
FAVOR™) » i& * {448 # (Control Volume) gL & » @ 422 Kt a5k
Ed iﬁ?ﬁi o gt 3 b v 5 e 4 (Deformation Mesh)en= £ R & i H >
FH R R B Ak 1 §F > RS RG fE R
P TR FCA L AT 0 4 W S AR ey kb o

(EFTR YIS (D)L WRE

® 4.7 FLOW-3D FAVOR 7+ % @'
FAVOR % _&E RN - S8 Rk TR » & - B, > 1
F G I G AR ] I SRR o R 2 S R 2
ﬁi%ﬁﬁﬁﬁw%ﬁoE&%bﬁﬁﬁwfﬁgﬁbﬂﬁ@@ﬁﬁ
FHAENY b BAFOEF e b o HIEFE o HELNE
MBS Z G EIRHA D B R - xﬁ%ﬁx’—éﬂ*ﬁ ¥
WorHp d WG A 0 B2 Vi Hingid £ o FAVOR i gk it
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Uk ek 2 s o 907 T RSE S AL A 3 0 FAVOR 11T
7|7 A foor

v-(Zii):o

(4-25)
?—&+i(ﬁﬁ-v); =—lVP+L(VE)-(w)ZE+g
o po o (4-26)
Vi)~ 2a. 24 L)
ox oy oz 427)

He ’j:ﬁﬁfﬁé‘s BT p D WA G fF S VIE pod B aite
WA 0: %R SPURS SR~ pon M adiFlk g E 4 o
4. A hpiE e g R g

BocBcE izt B g T LS 2440052 2 F /52 > FLOW-3D
£ 3 10 8 R E 98 0 4 %) 5 $#HAE(Symmetry) ~ i 4 +2(Continuative) ~
X ¥R 4 (Specified pressure) ~ 4 . & % (Grid overlay) ~ i# ;& (Wave)
Bt I (Wall) ~ 1% #P (Periodic) ~ % Z_i# & (Specified velocity) ~ 7 1 (Outflow)
2 B8 A o 5 (Volume flow rate) » 4r ] 4.8 -

oy
i v
[“]»-“.’* Boundaries
: Boundary Type
Ly X Min |Volnme flow rate | O Events
’ _ X Max Symmetry ) Events
N \:;J ¥ Min Events
] ).: s Contuuative
U Z Min Wave outflow ) Events
Wave
- Z Max Periodic ) Events
Fm | Grid overlay

N =
® 4.8 FLOW-3D ¥ % i 7 -4
FLOW-3D — 4 #3-8 R R d 4 = o 4 > 2 5 5 F 5 XKnin) > F
}%%”'(Xmax) A }%l\?r&(zmin) ® Tﬁfg(zmax) N :;'.(Ymin)}“ 'é'(Ymax) ) T@‘i% ;vl‘,'&‘—"
B 4.9 -
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B 4.9 FLOW-3D - & # A& 27 L W

— A BE oA ek ] PR L§§’L S ’%E/f%éézﬁ»:;%ﬂ v K

v

"Ai—% ;\.)’é"ﬁhl—r’z\ﬂ; ’ ]E%-g—‘jl"ﬁﬁ""‘l"z‘”'kr'/ni%‘ p%i}q{lﬁ:o
5. #ERAZEHN
FLOW-3D P 2 fil 8 chfta| 7 00 a2 B > hosk a4l ~ T4t  F4048 -

ZRE RAGH o ARG o P B H T ..%ggguﬂg %k iE

B o FLOW-3D § #k - o 2u4 = Q25 it > it 759 3 0 5 Blaral
Bedgseifl > i ksl 2 24 TV B R T HREHER S o
APE TG oA A B AF A P SR R R R EY 2
> ’S@ﬁgﬁ@f”%ﬁﬂw » £ %~ FLOW-3D i #* z_ o

~3+F % * Autodesk Tinkcad 4+ g BT - gc#f g W3 ot T 5
SRR R HE e 3D B E M E Lo Autodesk (FHEF
Fo) NP THRIE S ZAPA 2013 A EE R 3D ARG HEE AP
“Tinkercad” {5 > 11 ZPRFFP N/ ELY - FHEE* VERARE
FHTE? T 3D @ARFT 50 % H¥ 32T o PRk
Eo R AR ER T oL -

ALE* Tinkercad § BT s X TAAE - BFEBFHE 2 HF

2R (Ao 4.10) 0 %S R LT B AR NS STL + 24 £
f1* FLOW-3D % » STL # &v X3 B~H-7] o
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Os»w 0
ae

(a)%g W5 3] (b)) B B 1 7|
® 4.10 Tinkercad g B~ ~ % i¥= &#-7)

STL ~ #fpk R A 2 b s AT = PRI HEZ A
FRAEA E G o 3% E B4 B 3Pk & 4] (Rapid Prototyping) k %
FA Rz a2 @ AR dHmt »#FBigs STI v 22 4sF 1‘3—
B RE R R R g P B Lt > A7 o~ 0 STL #7) »
1 W & arak 2 i B R ¥E ATR 8 22 FAVOR # 5t > K& AR 73] 2.3

b pE(4c @l 4.11)

BAMG TS B — Bk BGR BRI RE TDD-

......

B 4.11 4]* FAVOR # i #i% » 2. STL #3| ¢ #
6. FLOW-3D ficHzic#%

- BHEERE G aaE 2 A & A S N2 2 2 445 FLOW-3D #53 §
HPma it ic @2 @Ba AR T Y7 23 2H ¥ 308
PEANTR 2L F i R T AL 4T > T £ FLOW-3D £
oK EARIE T & P o

(1) #3522 = (Model Setup)

(1-1) # * 33 2% 2(Global)



Pt H AR T A MBI R H ] R
g d VORGSO PV A EEY REAF AP FEE
7:1 SI T*'J ’ /,W_)i l% * %‘\ ’@—(CGISIUS'[) ’ l{ﬁ - JE e ’}'E}\‘ ’ T' \"/Li
Lt 5 7 ¥ B E(Incompressible) -

(1-2) 432 41" (Physics)

B EERERI AP ER e ER AR AR ZBAR
PR ®(a)E 4 (Gravity) > R T2 &4 5 Z 7 rr=7~—9.81(rn/s) (f
% w 7)) (b) ¥ in & 4k (Turbulence and Viscosity) » #* & ?'}ﬁ

BV AT dp 2. A AR 0 A3t F 3 Prandtl 7 £ K Ji%ﬁ— B3
%042 &2 45 ()% % & in(Variable Density Flow) » 4{3—4 =
SIEREN Y B B AT BN o A T B fe N gt B (d)

ﬁi%]l/} 1‘3“:;\ (Sediment Transport) » & f# T &= * | #7% B Ex2 #-
FoR VX aloﬁéwg}wmﬁi%ﬁﬁx(*ﬂi~m§~%
}ﬁti\- l,,‘ﬁﬁ'{\—?,@uﬁ. )xéif'r’}g‘;ja;&’ b A S I RN A zL/lbjf ,}i
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3(kg/m/s) °
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Melville (1999)1w EF‘TE’?L Fbs R ok Bcdp TR E 20 25N 0 de 4-36 54
ERAFHZ BRI E Vo) 2R RIF(Y) s 102 F 5F (mm)
POEAT(dso) » 1.3 E K (mm) 0 r 429 3V E IR TR i
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Ve _ Y ]
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*c 8 dso dso P B BT AT (mm)
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B Vo= (3) 294+ 6.05x 1077 (—5 gt Pk EE(m)

(1995) hn
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BT s BRI 0 BRSO AHFRKE T ERT PN (IoR
414) Bk F M RF Y B2 KA 475 A R R 5 84 R
R T REE R FObHE S e S 2 AT R d B R
Eop e Mo m Bt o BB K E 4o B 421 fronoo

4-29




AT @

e

W 4.21 #cig kA R K B

2. &fﬁa\ﬁ;&_gﬁ]» % ¥
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(D) R 2 4= 4piF 2

Ak G BCRGESRK AR B U R T RIS AT 0 A i
g FEok =(102cm) 3 RE X FRA 5 L ﬁlﬁhfé_ﬁﬁ s
) AY A on F (Volume flowrate, Q)% T A 151 > 2~ L 2 Ao 5 #5%
R AR st 2w 2 AR TS BRE R (Wall, W) 5 @2s k1 &
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SR o
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St ] R iE
Xmin Volume flow rate, Q
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