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< SUMMARY )

Purpose &
Contents

Present the performance standard (draft) for securing the safety of apron and
bed protection

Present the quantified external force conditions (e.g., positive pressure and
negative pressure conditions, quantification of fatigue load due to turbulence
intensity and kinetic energy) using numerical models such as SPH and the
advanced experiment techniques such as particle image velocimeter (PIV) and
bubble tracing velocimeter (BTV)

Present quantitative performance standards by investigating the correlation
between the turbulent characteristics and the weight of riprap and dynamic
phenomena occurred between the pore spaces through the experiments such

as PIV and BTV and numerical models

Results

O

O

O

Performance standard (draft) for apron

Present the quantified external force conditions (e.g., positive pressure and
negative pressure conditions, quantification of fatigue load due to turbulence
intensity and kinetic energy) using the experiment technique for turbulent flow
analysis

Performance standard (draft) for bed protection

Present the quantitative performance standards by investigating the correlation
between the turbulent characteristics and the weight of riprap and dynamic
phenomena occurred between the pore spaces through the experiments
Program which determines a proper size of weir and barrage for each type
Development of simplified calculation program for designing of weir and

barrage

Expected
Contribution

O (Technology demand) Government authorities ordering river facility works such

O

as the Ministry of Land, Infrastructure and Transport and local governments
(Field application measure) Applies it to the river design standards certified by
the government or lower technology guidelines

O (Securing of source technology) Develops the technology guideline for

scientifically proven apron and bed protection of weir and barrage for the first
time in the world and supports the construction industry to advance into
overseas markets

Keywords

Weir & Abron Bed protection Performance
Barrage P b standard
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of s, A&3sle 3xY A EY o 2= FLOW-3D, FLUENT, FIDAP, STAR-CD s°] 3t} o]
Z oA FLOW-3D 2382 AWl (free surface)S 2t 255 7Hg & Roste 3oz dEA

)
I

TEEOM BAEE EF0] AFENe e MR 359 AE adse] FLOW-3D 2ge A

gotATHE 32 Fx).

<E 32> 3149 FARE AA

AFEA | TEE

2dwg L= FA7H w3z 54

4R 2y g4 AR

MLM,
Standard A,
RNG k¢,
LES

Standard A,
FLUENT | ¥"|=r FVM VOF | &A% | RNG ke,
RSM

Standard ke, 7N A-TFZE 9]
ke 4| RNG ke, 54
RSM -
Standard A—e,
STAR-CD | W= FVM VOF | 8414 | RSM,

ARSM

FLOW-3D | W= FDM VOF | FAVOR

FIDAP m) = FEM VOF

Ho

g, FARY oled W
(1) FLOW-3D 471

FLOW-3D R332 "7 7 #WAIZ(New Mexico) T 22 E&E2(Los Alamos)ol A+ Flow
Science, Inc.7} 703k W8 HAFF-A] 9 8H(CFD, Computational Fluid Dynamics) 3213 o]t}
22 ey gy AFAe FAFAYE AFAe A F. Harlow, B. Nichols ¥ T. Hirt &
of o] 7¢e MACMarker And Cell) "2 SOLA-VOF %21& 7|22 39, Dr. Hirt7}
1980 Flow Science, Inc.2 A @sle] A% T2 1988 dAdAzHon, 1985938 FLOW-3D
2ES FA8AT
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FLOW-3D E&g o & 2-fxW Hofd glojAa] mj¢- Hget & AT
H A4 % A H(unsteady flow condition)® =&l A4 WA 2 339
oz WA 55 Hgst A9 di{ 2ol dsid= &% Zol(Prandtl mixing length)
238 One-equation(turbulent energy) X3, Two-equation(k—¢) 5%, RNG(Renormalized Group)
w3 a9 a LES(Large Eddy Simulation) 28-S A 83 = gon AFIEH RS 959
VOF(Volume of Fluid) & & ol&sli, AxE AT v +x2=9 A4S v ZIsiA %
g3sl7] Y3l FAVOR(Fractional Area/Volume Ratio) 71WS 2zt WA 2o #8315 tHFlow
Science, 2015).

ap , 9 d d B
Virgg T 5 (AL + Lo (oA, )+ ——(pwA. )+ ¢——
AZIM, Vs AR¥AAS] AA 5 FA7E 2AA S A g, A,

p=

x A =

Ho

ou 1 ou ou ou Ay 1 op SOR
1 A uv 1 R
@—F—{uArﬂ-!—qu R@—Fw/lz@}—i-{ L —— —(R@)-i— G +f,—b — SOk (v—vw—évg)
ot Vp v ox Yoy 9z xVy p\ oy vory oy pVp ‘
ow 1 ow ow ow | 1 ap o Rgor o
p + v {uAl 5 oA, R—+wA, 5 }— P +G +f,—b, oV, (w w,, (5ws) (3.2)

23 3719 AA AfEDE ndPes] 5 VOF &5 Fa, y, 2, HE 45
o] g3t=dl, s kel 1A A= HAF A A (control volume)ol Eo] 715 AR AJEHE <
wakan, 091 A%E W FS u @k olu W FHe FAF deel A FA gl
TR etk BeHoR o ¥l AARE Fwd F/u /At AYA A, of
5 7hze) WEs} ool we FAR = 20g AR 2] dgd AA AHeIA oA A
Wl e 9T del F8sn Qe W Trow AP

FA u
%+% oo (FAyE R (A (PAW) 6 | = Fyyp+ Fiop (33)
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ol
ol
kl
X2,
ftlo
R
Ho
__)&l
N
s
N
N
ot
ol
rlr
jutnt
Ho
o
s
O

A7A, Fe AFEHS LY

() 7 =¥

GRE B A BAHsta FAAZ 5o R o= Brl5sly] wiEdd AEE 58 AMNS
A E EF d4ES gEe AAtsior stk a8y dRE 857 (nonnormality), €A
(randomness)®] 54 7FA 3L = 3xd @delth o] wEdd diF EAd w3 AHgEH
Aol o] olefst B FAA WHd oESA Hrh & 332 dRE Aidtste WHS

e lolw, oldl® 25% Aste] Yairt Ak

AAgE 2o FTS Full Turbulence Simulation

215 B DNS Direct Numerical Simulation
OjaF R ofe] R LES Large-Eddy Simulation
Hi 559 29 RANS Reynolds—-Averaged Navier—Stokes

Z|EAo R TR Az TSt A AR Ade 27 203 BA 2719 7t A &
5 71 WA 2 (Navier-Stokes WA 2)& AAbsld R dAZE Falld 4 ok FA Qo=
SRS AAR et Aoy A EH o zF Ao A ] i fhS AAIZHZ
o o} FO(FTS, Full Turbulence Simulation)z}al 3tt}, W79
52

A& Adbst7] flairs At o] 5549 Wi A, LEv Ax] dom ghea
A FE Hae We AR gRuRE AEsA] Fow ket Wit 2R 334 94
FEAAF)E A (L) Z RO A7lolt, waA
FTSel "agh AxsE 1,000%] drh o] 22 H4le 49
S

fo S N

»

A& 3]sk qrEolth. ¥t dide] =& 717Iv A
< Reynolds F=(19 334 #x)d ¥ olyz}, &3k F
Aol "ok A7 4

57F 871 wiol, FTSol Zadh At &2 st
3 3l

k)
T
>
Y
>,

el AH R o(DNS, Direct Numerical Simulation)
2 Qe x| Astelty ey AxGE RE M
ghal @ = glov FTSS vz 2 wdigk ALt &=

(a) @& Reynolds (b) ¥< Reynolds 4=

<9 3.34> EAFOl A Reynolds ¢ 943 (Tennekes & Lumley, 1972)

i
rlo

o M
2
>

= el [ A TP
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teEnh o] WAL Fols Altst=rlel weEl BEXRE Navier-Stokes ®7g 4ol ol¥ F+7
of Htst 22 sk Aol o) F=Ev 1A 301‘3? & 553 A o] TF Alol
o #AE T A A i 29sy Zas A

Y

el Wes] ghbabl Wsks WA B8 e EFela dw, ol 2wt
3le] o g Bt} ]HH Navier- Stokes WA 3
riN

o 4 & F2E AF A e ® star, A A m Mg HEwks R st
AXS 2 ¢ R (large-eddy simulation)z}il gl LES WA 2 © & 4= Navier-Stokes "
Aol 33 2 i HEE FEs7] sk 9HE w3k Aol o] &Hr}. 7 A Llel &
Az A7 A FE T ‘”7] wjioll, ' oFE AR A7 ol &= Aot MY
Zp=
ATk

oo

2=
. ol%l oulell A LESel A 9] FE = Reynolds Bvfell el AA Hdoz == 4+

o 1
8kT1{Aak ot r Ak}PGDL (3.4)
? 7F —t U8_y+w -+ + ffk T .
ou 8w2
safz] snafu e a2
+ +R——§ )[AI—JFA R——gﬁﬂ
P OSPRO(LV) gw , ox oy "
prr +—“+—w)(Az AT—)
0z ox 0z ox
ov ow
N P
0z oy 0z Yooy

o op ﬁ@&@@)
oxr 8:U oy oy 0z 0z

o

o 1]a kp ( akT) P ( ok vaka}
3/2
— 3/4_ T
= ONU TLEN

A7|A, A,, A, A, 2 V&= FAVOR &%, P i £50uA 443, @
Diff, = A, ez dAIUA 24t®, CSPRO= Wi w7712 @2 1.0), CRHOw
i F wiESE(1E 3 00), v B AL, ONUE v

F2o] Aol

N
E
b
~
re
Bor
rlo
S
=
(]
e

(3) A= 7IH
7h A2

ASAZ Fojd WA S & o] &35t Rosy] HEA= o]e] o]iksHdiscretization) 7}
Q3 oAbzl HMPHE A A F3QAW(FEM, Finite Element Method), A A H(FVM,
Flmte Volume Method), f-3tx2% (FDM, Finite Difference Method) 2. & i 4 vh(2d 3.35
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/
z 541 ulz,y)=/ (ul, U2y Ugy u4)
i—L, 7 My
U3
U
uz
(a) fr@AHE (b) 344 (0) frEast

<19 335> olikste] Jid =

12 A& ol8stel ol4tshs i, FAVOR W&
5 AWk o7 FA RS 0}71] Hu Ro|ges 4

e §, A @9 = Altto] o] Fof XA ") 2z} Axpel] FolX ¢F
&3l (explicit method) &% Tt AlZto| A o] £=5 AltlslH, o] £& o]&3}
(Poison equation) @E]] 48 WA el s 73 tha ThA] £E
o] ®eo7t @79 wli= VOF 42 Zojuyrtes WS Abgsta
Fo| A A}Lsle B @S 7HERElA] EAISE Aol agoA] B
Zh Az Hol A FoE i, e WFES AA FAldA B ¢

]I

L

Z
A

Pressure, Temperature, Fluid

W
i fraction, body force, ...
@

Vi
L—> Normal, Tangential Stress

P > Y
v

U

X Control Volume

<71¥ 336> FLOW-3D =239 AxA
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® Pressure = constant
(or PV? = constant)

jpe——_ < F=0 (Void Cell)

< 0<F<1 (Surface Cell)

g 3

F=1 (Fluid Cell)

<719 337> VOFY 71 %=(Flow Science, 2015)

(t}) FAVOR %4

FAVORT ASHA Fele] A} oto] 509+ At JA4S 7|wsts oz SHA Axf
o] 67l HA| e dFIF 4 gl EA o& W4 AE F Aot HeJste Foltk 1
Hu= shue] ASHA| ARfolA F5 EZo] AA|sh= F3 2 wjHo] FstE WA o] Aoy
], o] AX} ¢tAe] Fi WA U g F&5S nHe A S oAuA] WA fekA A
A S it EA 799 feol ugt &S vIEsA Ak wEbA AA 23 #A32A(BEC,
Body Fitted Coordinate)2¢] 3% W3S 314 e FAEHS AHEE o 7 2 &4 5 3t
Ul Aldts Axjo] o3k Ayte] A3 A3t FAE sttt 17 33391 FAVOR el 7H

doll el vERH A

~ Open Volume ~ Open Area
~ Volume of Cell ~ Cell Edge Area
AF

top

right

g

AFIBR

Obstacles AFyoiom

<219 3.38> FAVORY 7ld=(Flow Science, 2015)
(2h) AA=xA

FLOW-3D Ego A X Ysl= AAZAL ofgllel 2ol 107HA7F dew, ZF Ao AxHe shit
o] AAZAo] Fojg}

- Symmetry - Continuative - Specified pressure - Grid overlay - Wave

- Wall - Periodic - Specified velocity - Qutflow - Volume flow rate

Erolg o] vEnty] 9 ouigR Sy A AW
3 v T3 7F WA B o] ATE o] Ty

5 AgHor FA s, ol v RS Fd A8t oES 7St

(Particle Image Velocimetry) + BIV (Bubble Image Velocimetry) 7S W83t =] 438 2o}
Hlalslo] x| Eoj o] A=d-& grasta gt
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\FFJ

144 Frksl7] Y& S Adr|Ed Aol sad eldd A9E v
o At FeAd AFRH FEE Zo] 70 m, % 03 m, =°] 04 me A7E z2tE
& th 2 YRdE 015 m E=old B(EE IGTxE)e 1.0 m Zolo aakfx
F(EE EyolFy nlgdRE3)S AAsIAL FREY As2A SR wign ¥uHe 7Fakh
2l ~

&

o o K
1o
Ry

M AT2 ofad R AFE AT wEbs XA (roughness coefficient) = 0.0102 4]
stom, o]= Chow (1959)7F A|AIgE thekst E/o =2 digt 2EAF 5 Glasse] Normal
S yepdith ojw] FLOW-3D 2 &S Zil(roughness height)7} AF&% 2 & Christensen (1984)
o] AlAIg 2] (35)5 o]&3te] kel 231 0.0003 mE A8t

=0.039%, "/ (3.5)

825\/—
047]/\—], TLTC_): .JZ_Eﬁ]-{[\‘, gl_‘c %—E_ﬂ'7]_él’:£’ kg"i‘ vjz_jlo]\;]-

FAmle] HgH AN FIL A

npEE (weir crest)E 7|FO 2 ’\LE(upstream) ek o
2 15 m, 37 (downstream) ads

14(:@ 339 #x). AA= F 2294,175707F A
5o x ¥ y5o=2 0005 ~ 0.010 A, z52 2 0006 m HAS Fofatqih 53] 2 A
To] FHAl kel O}M%x]% FHlo] 23k ARE Bolsle] H|wA 2o Ao o= 3HA1-6L 2=
AE=F ety AAEAS Ay 23t vlustr] fs ARl 91 0287 m, dkFol =747
ZZ(outflow boundary condition) % < =] 013 m(Z1¥ 3.399] (a) FF)E A -E3le] LA

otk
o
tt
o
BEHZ

TG om, ROATHE TE=sly] 98] AAFRA dE= —’F-‘.’%% x|z Hos3 D} o]
f FEAAXNLE T e 550 ERFe 4TS T4 &v d dF o] HEE 3§
= Azl
R o - .
TOP OF CHANNEL [UNIT: mm]
2| 50 150 1000
g POINT GAUGE| 1900 - "11
7000
(a) M= 7T
TOP OF CHANNEL [UNIT- mm]

150

650_150 1000 3400
| 830

o 1 POINT GAUGE
5 g ] D—[_
DI o

7000 WATER GATE
(b) 7Nz 875
<¥ 339> FElddd 48" er % 2 Ad

a9 339 ® 2F 3409 (b)9F #Zol, B AFET oy} R E FHE 545 3
ANE Ao|A| 7} AA|E o] Qlof, FAEE 93t st7 AAXHoE SAHE 95 79T + Aok
gy AN B5Y dFor aF F97F nAsA WS (oscillation) st @AFo] WA E]
Aom (2 341 =), 37 FY =4 A JAY ABAS HES ] 93 AP AR
A 3HE 429 01632 mE VEow 1(%(0L 1.6 mm)¥ AstAlA wjeith = @A) 9] 2] 7F w3kst
A WgtE = RS GRASIATHH 342 #Fx). mabA FdiAew a7t e sk AAFRAS
Fofstr] 98l = ddte] AXE (1 340(a) Fx) EolE WhdsiAth
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100.83 101.93 103.03
(a) 3+ 99 0.1632 m

0.00 0.32 0.63 0.95 1.26 1.58 1.89

98.63 99.73 100.83 101.93 103.03 104.13

(b) 8t =91 01599 m(EZFH °F 002 m stolA =71 EA4 )
0.00 0.31 0.62 0.94 1.25 1.56 1.87

I . | |

0.32 J{ -
-0.00

98.63 99.73 100.83 101.93 103.03 104.13
(©) 35 4291 0.1583 m(RZHE ©F 019 m shRol A =470 wAH)

0.00 0.32 0.63 0.95 1.27 1.58 1.90

BN Ty | [ =

0.32 {
-0.00 $¥

98.63 99.73 100.83 101.93 103.03 104.13
(d) 35 9 01567 m(LZRE °F 029 m SRA w57t HAR)

0.00 0.31 0.63 0.94 1.26 1.57 1.89

0.32 %
-0.00 @
98.63 99.73 100.83 101.93 103.03 104.13
() 35 4291 0.1550 m(REHE o 033 m stRol A =57t wAH)

<9 342> 3t 9 Wl nE =4 3A A HE
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ol bd =t MAEE 2o R Ay Aytel vlastAti( 1y 343 Fx). |
A 1Y AF Weir b7 2671 A -elA vla(d 344 Fx)stdow, F84dd v 1.0~98
%o 2AE Bt ojuf e Qxk= B oA TAFHAT B J9S By €

ST ol A7} FxEo], WMEe] FEAUA7t &

dadEnh 50 A9 FEAdEs A F
| 75 & A so2 FaEy, =59 FH=

Froude number”7} ¢F 6.2¢1 Ao 2 Ho} HAA L= (steady jump) Bl *gE ]

101.098 102332 103.566 104.800

(a) TARY FHEEELE(m/s) A

98.630 99.864

velocity magnitude

(b) FAES] FEEEE(m/s) 599 G

(@ #2489 w599 o)

<9 343> AR er FeldY e = 9/ Wl

0.350

Numerical simulation
0300 | = Hydraulic experiment

0.250
0.200
0.150
0.100
0.050
0.000

aaanod

Water level (m)

990 995 1000 1005 1010 1015 1020 1025 1030 1035 1040
Distance (m)

<Y 344> 9 Hln 2=
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B4 PEE 39 248 20 eagst va, o A Be BAF AU ol
. $3tel FAAL. FUUANF(@HEALG3), 2009)0111 nE
B u}%n}x]o £O} 15 m vYY B2 4HD st £ 39 484 8 Lot 05 m

& Bligh(1910)7} #1x13F 2] (3. 6)° olﬁ Els éﬂr 34.86 m(Bhgh 74] 15i 7H)E A E e,
S 548 Bdsiel 05 mE ASeSth s elL)k w4 WslE Hra] %H =
23] 44 FAstg e, stgdR S Eo] F2A TE(flexible structure)?l HS e sle], FA4S 2
7 001 me FAl(sphere)= 7F43le] 3502 x|t} Fx2EY Z2E2ATE 29 ‘j}r’h)r 1
ol 0.010(F3 00003 mES Agsgon, AR WwdH vEgrRITeS ZEAS 0.030(Fa
0.2072 m)< A-&3st9th Z2=AF 00302 Chow(1959)7F AIAISE theFdt F7e 2o g 2=
A = Riprap® Normal Z+S vFeRiIch

L,=06C\/H, (3.6)

TR Refol] A-gE AL °§°—ﬁ‘° AFRD B ovRE VEeR A WEeR 020 m, o WHEe
2 205 m FRtelH(ad 345 =), FLOW-3D el Al 23 4 5 AAF Aol 0%

O

o

A

Z7 (symmetry COl’ldltIOI’l)'— 283 £ glo] FE EZL 005 my FEsNT EEEA HE 94
2 Bulo]Fe] A9 ®H AAME EuozXRE 0025 m Ao RRE 000l m Ao R E
1470 91 W8] HEsGeH, vigR s3] 49 19 3459 (a)9h o] 5/ @Ry 47) Fo

2 A" & 2070 1Al vsl HESI

TOP OF CHANNELe

o 60150 360 | 1500 1F
= SEC.5 | (0o B
NeseeaeE]

1 XX TS B2

@ | ;83
DETAIL "A”

(@)

g}

(a) 25 A

(b) 324 T x2=%=

<9 345> AR A8 A ¥ FxE Ad
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AR} F 2105400707F AFEEon, xZ 02 0002 ~ 0004 m M4, yEO2 0002 m 7H2,
7EHOZ 0002 ~ 0004 m HAL FolSHATHIY 346 #2). 53] o] ATl WA Al Fito]
F 9 R T 20 ARE Folse] vwd e HAme 948 AT F Y=
= 3hquk

<719 346> AR T4

AAxAe A% FuSlol B8, ooz 5£8), B4 JU(Rd w5, Bebd 55, Bl 3
B(BWY, $90l%, A71%, B59) st uleh BwolF L wus Tl A8ss 5EEHS
AR 5 & 349 2o theFatA PG om, F 16 Casesol el AEshsich. olu) Eurol
Zoll ehdl ERFr > vk BASES SRl 9 0072 mFr = 440 Hg3APom, Fekal
E5Fr < v/3)7F BAHES sFel 59 0178 m(Fr = L19% 2§l U 2Ae 128

o) Fu AAHE Ao,

457 PHjollA e8I x 55 A5, A 2 sty AAIERA 9o AR Fi(underflow gate)
Me ZolE Wz Jgslol st o] AFte FHAL Evoly HE nvigdH T I Ao 5554
ARol7] wiol 9o sEe] Hifdat fAH APsnat sgon], tajel g w4 A >
e AR R AR oz Holan
<E 34> FH R AR

=] = Zﬁ - _

= =7 3} 5+ %;_q]—‘— o] = Zulo

Case W-1-1 Z=0] A
Case W_1_2 0072 m %Eé O]_?Sg
Case W-1-3 R 2719
Case W-1-4 *’F-ﬂ (%;ﬂ ET) ‘?401 = %%381
Case W-2-1 0.200 m 2=9] T HH Y
Case W_2_2 0178 m %EE)] O]_{%]
Case W-2-3 #7135
Case W-2-4 (= =) =29
Case O-1-1 29 ﬁé‘i’iﬁé_
Case 0_1_2 0072 m %UB] Olaé
Case O-1-3 N #7138
Case O-1-4 S (¢d =) odwx B2 Fé—%—f‘é
Case 0O-2-1 0.200 m ExS o Rk
Case 0—2—2 0178 m %EB] olgé
Case 0-2-3 #7113
Case O-2-4 (= =) =%
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(2) FARY 23
b §1ol 583 v~ 55 AR

A A uhe} ol e@vs sEe AERES Aol BEH fAkel Ads) 9, GA
o Og E5 A FAL AR FEo] E mo|g Hejsiglon] 1 Az 18 3503 o] Bulo]
o] A 1.75 A3
o AbF P
0.25
-0.03 ‘

99.80 100.25 100.70 101.15 101.60 102.05
0 325 650 975 1300 1625 1950
0.25
'99.80 100.25 100.70 101.15 101.60 102.05
(a) 9o 55, 9+d =4(Case W-1-1)
0.00 0.29 0.58 0.87 1.16 1.45 1.75

0.25

-0.03
'99.80 100.25 100.70 101.15 101.60 102.05
0 488 975 1463 1950
0.25
-0.03
99.80 100.25 100.70 101.15 101.60 102.05
(b) 2889~ 55, ¢ =4(Case O-1-1)
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(al) Yo} &, SEC.1 (Case W-1-1) (a2) 2892 58, SEC.1 (Case O-1-1)
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015 &
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005 2
b
& 000 =
~ a
£ 05
=
-0.10
015
[ °1F 2Bl xB2 =B3 |
020
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(b1) $1o] &5, SEC.2 (Case W-1-1) (b2) 2892 &5, SEC2 (Case O-1-1)
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Time (sec) Time (sec)
(cl) 1o 3%, SEC.3 (Case W-1-1) (c2) 2gul~ 3& SEC.3 (Case O-1-1)
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0.15 0.15 -
0.10 0.10
0.05 0.05
< 0.00 < 0.00
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£ o005 £ 005
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[°2F =B1 ~B2 -83 [ °1F 2B1 xB2 =B3
-0.20 020
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Time (sec) Time (sec)
(dl) 9o &8, SEC4 (Case W-1-1) (d2) 2892~ 5%, SEC4 (Case O-1-1)
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F 000 = 7 000
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olF aBl xB2 =B3

o1F aBl xB2 =B3
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(al) 9] 3&, SEC.1 (Case W-1-1) (a2) 2892~ &5, SEC.1 (Case O-1-1)
0.20 0.20
[ °1F Bl xB2 =B3 | [ 01F 2Bl xB2 uB3 |
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(b1) $1 &F&, SEC.2 (Case W-1-1) (b2) 28l9 2~ 3 F, SEC.2 (Case O-1-1)
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[ 21F 2Bl =B2 =B3 | [ c1F :B1 xB2 =83 |
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(cl) 9¥1°] 35, SEC.3 (Case W-1-1)

200
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- 0.05
~
£
3 000
-0.05
-0.10 -0.10
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
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o == 1. = -
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<& 35> §lo] 35, ¢ = 21CA 28 FdFEHm/s)

SEC.1 SEC.2 SEC.3 SEC.4 SEC.5

X dlo S
gl 34 Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3

HHY  0.046/0.019/0.014 0.012/0.005/0.003 0.008 0.003 0.002/0.008 0.0030.002 0.018 0.007|0.004

[e:

3 Eold  0.020/0.009/0.005/0.009 0.0030.0020.007 0.003/0.001/0.007 0.002 0.001 0.0130.005/0.003
718 0.043/0.019/0.013]/0.014 0.006 0.0030.008 0.003/0.002 0.008/0.003/0.002/0.017 0.006/0.003
E=%  0.0270.0110.007 0.009 0.003/0.002/0.007 0.003/0.0020.008 0.003 0.0020.017 0.006 0.003

0.25

.0.03
99.80 100.25 100.70 101.15 101.60 102.05
(a) #19] 25, &¢d =5, FH(Case W-1-1)
0.00 0.29 0.58 0.87 1.17 1.46 1.75
0.25
-0.03 :
99.80 100.25 100.70 101.15 101.60 102.05
(b) 9o 52, ¢ w4, S0 d(Case W-1-2)
0.00 0.29 0.58 0.87 1.16 1.46 1.75
0.25
0.03
99.80 100.25 100.70 101.15 101.60 102.05
(c) 919 35, & =4, #71¥(Case W-1-3)
0.00 0.29 0.58 0.88 1.17 1.46 1.75
0.25
20.03

101.15 101.60

99.80 100.25
(d) $1o 38, &4 =F, =& (Case W-1-4)

<9 362> 9o 35, 9 =4 oA Evlo] e wHla




SEC.1 SEC.2 SEC.3 SEC.4 SEC.5
Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3

HHY  0.016/0.007/0.004 0.009 0.004 0.0020.004 0.0020.001/0.002 0.001 0.001 0.003/0.0010.001

[e:

Eold  0.0150.006/0.0040.008 0.004 0.002/0.004 0.001 0.001/0.002/0.001 0.001 0.003 0.001/0.001
2718 0.017/0.007 0.004/0.010 0.004 0.002 0.004 0.001 0.001 0.002/0.001 0.001 0.003/0.001/0.001
E=%  0.0150.0060.004 0.006/0.003/0.002/0.004/0.002/0.001 0.003 0.001 0.001 0.005 0.002/0.001

0.25

-0.03
'99.80 100.25 100.70 101.15 101.60 102.05
(a) 9)o] 58, E9d w4, HHEH(Case W-2-1)
0.00 0.16 0.32 0.48 0.64 0.81 0.97

BT | W | | .

0.25
0.03
99.80 100.25 100.70 101.15 101.60 102.05
(h) o] 55, B4 =, 9o ¥ (Case W-2-2)
0.00 0.16 0.32 0.49 0.65 0.81 0.97
0.25
.0.03
'99.80 100.25 10070 101.15 101.60 102.05
(c) Yo] 38, B9d ©F, 473 (Case W-2-3)
0.00 0.16 0.32 0.49 0.65 0.81 0.97
0.25
-0 03 |l

100.70 101.15

101.60 102.05

99.80 100.25
(@) 9lo] 52, Bed ma =23 (Case W-2-4)




SEC.1 SEC.2 SEC.3 SEC.4 SEC.5
Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3
3 0.042/0.018/0.012/0.015/0.005 0.0040.007/0.003]0.002/0.008 0.0030.0020.016 0.006/0.003
13 0.032/0.015/0.009 0.014 0.006/0.003/0.010/0.003/0.002|0.009 0.003 0.0020.020/0.007 0.003
#4718 0.045/0.020/0.014/0.012/0.004 0.003/0.007 0.003/0.002 0.007/0.002/0.002/0.0130.005/0.003
E=%  0.033/0.013/0.0080.006 0.002/0.002/0.006 0.002/0.0020.006 0.002 0.0020.012/0.005/0.003

101.15 101.60

99.80 100.25 100.70
(a) 289~ 58, 9d T, HA3 (Case O-1-1)
0.00 0.29 0.58 0.88 117 1.46 1.75

BN | O | .

0.25
0.03
99.80 100.25 100.70 101.15 101.60 102.05
(b) oalmx 52, 9hd w5 90 (Case O-1-2)
0.00 0.29 0.58 0.88 1.17 1.46 1.75
0.25
0.03 y
'99.80 100.25 100.70 101.15 101.60 102.05
(c) 28v 2 55, &4 =4, 8718 (Case O-1-3)
0.00 0.29 0.58 0.88 117 1.46 175
0.25
-0.03

99.80 100.25 100.70 101.15 101.60 102.05

(d 89~ 325, ¢4 =, & (Case O0-1-4)

<Y 364> 2892 58 A =5 24 Evlo] ) Bl




<E 38> 8992 3E, EIdA EF FHNA - AT FS5(m/s)
] SEC.1 SEC.2 SEC3 SEC A4 SEC5
Zulo] e
Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl1|B2 B3 Bl |B2| B3
AmMa 00220010 0.0050.013/0.0060.003/0.0060.002 0001 0.002 0.001 0.001 0.0020.001 0.001
<gold  0.015/0.007/0.004/0.007/0.004/0.002/0.0050.002/0.0010.004/0.001 10.001 |0.004/0.002/0.001
A7) 0.0240.010/0.0060.025 0.011 0.004/0.0060.003 0.001 0.003 0.001 0.001 0.002, 0.001 0.001
=59 0.012/0.005/0.003/0.007]0.0040.00210.005/0.002]0.00110.004/0.002/0.001 10.004/0.002/0.001
0.61 0.77 0.92
0.25
-0.03
99.80 100.25 100.70 101.15 101.60 102.05
(a) 289~ 58 E9d =54, W (Case O-2-1)
0.00 0.15 0.31 0.46 0.61 0.76 0.92
0.25
0.03
99.80 100.25 100.70 101.15 101.60 102.05
(b) 289~ 35, 9 =, 9o ¥(Case 0-2-2)
0.46 0.61 0.77 0.92

0.00 0.15 0.31

0.25
0.03
'99.80 100.25 100.70 101.15 101.60 102.05
(c) 28~ 38 94 =4, #4738 (Case 0O-2-3)
0.00 0.15 0.31 0.46 0.61 0.77 0.92
0.25
-0.03
99.80 100.25 100.70 101.15 101.60 102.05
(d) 289~ 58, 94 =, 5% (Case 0O-2-4)
<Y 366> QEuA 35 BYd T4 oA Exlo] ) Wl




(@) TA(#4

0.01 m, #3 052 cm?)

(b) TFAA (A4 001 m, 9 062 cm’)
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o

<T1¥ 366> AR R

A% uhetn 5ol

52 cm®, BhAAY] 9= 062 cm’®E &Y

Gl z-wkek

ol 0 et 7 oY

%

5% 39 Aol
Pt ol Ao

S Lok

SEC.4 SEC.5

B1 B3 B2 | B3

0.008/0.003/0.002 0.018/0.007/0.004

0.004/0.001/0.002/0.009/0.003/0.002

0.25

-0.03

1.46 1.75

100.25
(a) Yol 58, &A

2=
T

100.70 101.15 101.60
, AR 2ok A (Case W-1-1)

102.05

0.25

-0.03

0.29

0.88 1.17

| | .

100.25
(b) o} 52

L=

100.70

101.15 102.05
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BhetR B R thpe] Ao FEo] glom, Abel 2v], g4 R AF el wet SE
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