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SUMMARY

I. Title

A Study on Design and Construction of Two-Dimensional Irregular Wavemaking

Systen
II. Objective and Significance of the Study

Research on coastal engineering has been conducted by means of theoretical
development, field experiment, numerical modeling, hydraulic modeling, and
so on. It is desirable for such research measures to be developed in harmony
and used interdependently. However, the research on coastal engineering in
Korea is biased toward field experiment and numerical modeling, and the
hydraulic modeling falls behind others. One of the essential devices for
coastal hydraﬁlic modeling is a wave flume. Most of the wave flumes in the
universities and research institutes of Korea were manufactured by foreign
technology. The objective of the present study is to establish and provide
the technology for design and construction of a two-dimensional wavemaker so

as to activate the research on coastal hydraulic modeling.



IlI. Contents of the Study

The main subjects of the present study are as follows:
o Survey of wave tanks in Korea and foreign countries
o Design of a two-dimensional wave flume including wave and current

generating system and apparatus for sediment transport experiments

IV. Results and Recommendation

1. Results

Survey was made for the specifications and characteristics of the wave
flumes in universities and research institutes in Korea and for the
hydraulic modeling facility in several foreign universities and research
institutes. The survey showed that the facility for coastal hydraulic
modeling in Kores is much less than that in foreign countries, meaning that
Korea falls behind other forward developed countries in this field. Thus,
in order to activate the research on coastal hydraulic modeling, it is
necessary to establish and provide the technology for design and
construction of a wavemaking system.

The wave flume will be located on the first floor of R-2 of KORDI. The

flume will be 24.2 m long, 0.6 m wide, and 0.9 m high, The wavemaker will



be a piston type driven by an electric servo motor which can generate
irregular waves. The flume was designed to be able to generate both wave
. and current, The design water depth, wave period and height were 50 cm, 2
s, and 40 cm, respectively., The corresponding stroke and necessary power
were calculated as 52 cm and 1.1 Hp, respectively, but the design stroke and
power of motor were chosen to be 60 cm and 2.2 Hp, respectively, A sediment
tank was installed in the middle of the flume so that tests for sediment

transport can be made,

2. Recommendation

The two-dimensional wavemaking system designed in the present study, which
includes wave and current generating system and apparatus for sediment
transport experiments, is expected to be widely used for the fundamental and
applied research on coastal engineering. It may also contribute to the

enhancement of research on coastal hydraulic modeling in Korea,
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Table 2.1.1 Summary of wave flumes in Korea
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Selag s G
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A ¥ 7t
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Table 2.1.2 Number of wave flumes and basins in foreign research

institutes

i Institute Vind Wave ! Wave Flume | Open Channel| 3-D Basin
' + Flume !

{ HR, UK 3 1 5 3 2 8

{ DHL, Netherland ; 2 ; 3 5 1

‘ NRC, Canada ! : 3 1 4

\ PHRI, Japan : 2 ? 6 2 5
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Table 3.2.1 Parameters for design wave condition.

PADDLE HEIGHT (M) = 0.90
NUMBER OF EVANESCENT MODES = 20

WATER DEPTH (M) =

WAVE HEIGHT (M)

PERIOD
(S)
2.000

ARM
(M)
0.893
0.879
0. 865
0.851
0.837
0.823
0. 809
0.795
0.781
0.767
0.753
0.739
0.725
0.711
0.697
0.683
0.669
0.655
0.641
0.627

WAVE

LENGTH
(M)

4.055

FRONT
"FORCE

(N)

1491.175

1491.876
1493. 280
1495. 386
1498. 196
1501.710
1505. 931
1510. 861
1516. 501
1522. 855
1529.926
1537.716
1546. 230
1555. 472
1565. 445
1576.155
1587. 606
1599. 804
1612.755
1626. 465

0.50
0. 40

STROKE
(M)
0.520

MOMENT
(N-M)
1331.619
1311.359
1291.687
1272.573
1253.990
1235.907
1218.298
1201.134
1184.388
1168.030
1152.034
1136.372
1121.017
1105.940
1091.115
1076.514
1062.108
1047.872
1033.776
1019. 794

MAX
ELEV
(M)
0.200

MAX

VELOCITY
(M/S)

0.817

ARM
M)
0.897
0.891
0.885
0.879
0.873
0.867
0.861
0.855
0.849
0.843
0.837
0.831
0.825
0.819
0.813
0.807
0.801
0.795
0.789
0.783

MAX
POWER
(HP)

1.801

BACK
FORCE
(N)
-1491. 031
-1491.160
-1491.418
-1491. 805
-1492. 320
-1492.965
-1493.738
-1494. 641
-1495.672
-1496. 833
-1498.124
-1499. 543
-1501.093
-1502.772
-1504. 581
-1506. 520
-1508. 589
-1510. 788
-1513.118
-1515. 579

"MAX
MOMENT
(N-M)
936. 554

MOMENT
(N-M)
-1337. 455
-1328. 624
-1319. 905
-1311.296
-1302. 795
-1294. 400
-1286. 109
-1277.918
-1269. 826
-1261. 831
-1253. 930
-1246.121
-1238. 402
-1230. 770
-1223.224
-1215. 761
-1208. 380
-1201.077
-1193. 850
-1186. 699



Table 3.2.1 (Continued).

ARM
(M)

(=]
(<]
—
w

599
585
571
. 957
543
529
.515
.501
487
. 473
. 459
0.445
0.431
0.417
0.403
0.389
0.375
0.361
0. 347
0.333
0.319
0.305
0.291
0.277
0.263
0.249
0.235
0.221
0.207

cCoocooo0000 0!

FRONT
FORCE
(N)

1640.
1656.
1672,
1689.
1706.
1725,
1744,
1764
1785.
1806.
1829.
1852,
1877.
1902.
1928.
1931.
1853.
1716.
1578,
1441,
1304.
1166.
1029,
892.
755.
617.
480.
343.
205.
68.

940
187
214
027
635
045
268

311

184
897
460
884
180
359
433
836
334
050
766
482
198
914
630
346
062
778
494
210
926
642

MOMENT
(N-M)
1005. 896
992.056
978.245
964. 434
950. 595
936.700
922.718
908. 620
894.377
879.959
865.335
850. 474
835.345
819.917
804.157
778.530
720.947
643.519
569.935
500,194
434.298
372.246
314,037
259.673
209.152
162.476
119.643
80.654
45,510
14.209

ARM
(M)
0.777
771
765
759
753
747
741
735
729
723
717
711
. 705
0.699
0.693
0.687
0.681
0.675
0.669
0.663
0.657
0.651
0.645
0.639
0.633
0.627
0.621
0.615
0.609
0.603

SooooooooooP

BACK
FORCE
(N)

-1518.171
-1520. 894
-1523.749
-1526. 735
-1529. 853
-1533.103
-1536. 486
-1540. 001
-1543. 650
-1547. 432
-1551. 347
-1555. 397
-1559. 581
-1563. 900
-1568. 354
-1572. 944
-1577. 669
-1582. 531
-1587. 530
-15692. 666
-1597. 939
-1603. 350
-1608. 901
-1614. 590
-1620. 418
-1626. 387
-1632. 496
-1638. 746
-1645.138
-1651. 672

MOMENT
(N-M)
-1179.619
-1172. 609
-1165. 668
-1158. 792
-1151.979
-1145. 228
-1138.536
-1131.901
-1125, 321
-1118.793
-1112,316
-1105. 887
-1099. 505
-1093. 166
-1086. 869
-1080.612
-1074.393
-1068. 208
-1062. 057
-1055. 937
-1049. 846
-1043.781
-1037. 741
-1031.723
-1025. 725
-1019. 745
-1013.780
-1007. 829
-1001. 889
-995. 958
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N RAN BOX
FLLEVEL —-
700 1100 .
o 3 Boxt EZAE LA} 2 vt VU] HY el WAAHA A
g A
o ZF Box 3 BF Box7} FaEHE ¥E9 $2 ulet AU 2xdgs
292 ¥ 2,
o Z& Box®] & 42 ulel U HY Y] I wiel F il
o & Box®¥ ¥4 27 (O - @)= Hel dled, Zt $£3& A7
X 4 glojo} ¥t
- ¥ 02 Box UF B4AE AY3tas A dAF] UAESF st
3, 73 0 %_9.*] A = slojof .
- 574 @2 A% Box Girder o] )gx]a'}m] 50% T2 @ o
Be g A zsto] %3011 utel dAE 5 glojof .
- FR2 AREL £ NEuI} dx|stoio} .
- $7& A2 dxixojo} 3, w7l §olsleio} st EF F
3 2A HP=E 72 dlojof §

o & Box flolM F£7Z 7w Tl LS ¥ F ol chu]dte] Box 4
Girders ¢ 313 & AW + UEE 8 ZEE 7MA-of ¥ &
A B 23,

o TE& Box UF FE TES dF mojZoy E&FHE §FS FHu)
UEE Box HAFo AX EAAZA 5 UEF dlojof Fich.

~56~_



o ZE Box% UR HEELS 3 E Boxoll 94Z24Y 90200 mpo]T T HE L}
2= 3.0 wsd] R4S AYE + UEF FEY ZEE A2 99
of It EHZ = XY,

o 5 & Box®2} 9200 ufo]Ze] AL 4F Fo] AUEZA UEF AHA
slojo} ¥l

o B& Boxt ABA uletolA 5 cm o)At o]ZE| oo} jit} (Bolt drive
4] 2]#]).

o FRoM HPLF vigA] dF mpo]Z o} Box AW Alole] e o
& s = AT E PrL

o HAE o|F H¥Al EF Box ol IFHE 2UE AASI] #131
Z} 35 Boxoll 1] AHAE mlo|T g HX|sl, FAde HANE +

=& WHE dX ¥}

o3 24"

BALHLE £2U 0.4 0 $£HolA 0.4 wse] §45& LYY £+ A
=5 92009 mo]LF o|g3dle] PEX, WH, [EHA F& AFUC
(Zto] = 74 3.0 w/s).

o F&AlE HE 3HFo] dX3ie, HZ g ylo]Z giFRoMe] oF2
BEE A B glxo AX|¥cl.

o HxEel ylojxe] AFAL HI ol AHHZA UXF Expansion
joint & F-gich

o BZE= 7}HeF Surge B A% WU} UehA] JEE FEY BA
& 7HAof 3t, UFido] RAE oo} Ficl

o Bxeo] Fo|l MY victd ALHZ] UEF B natE B Yol
Axgich g, HE A X7t 2 4 I A|(viEtolA 1.2
m) 2Tt 7hFHolH WA B2 o patE X|RITh

o BXe] 7| 7te HF3E WA $I%le] Slow start 7]5& £
A1t

o HEE & £8A Yo YN gt Jis7t YA UEE FE
G W TS JHA ok ¥t

o Tlo]Z AL o] Zuf Ko W] UEF P ojo} ¥rl

o Ifo|Z= APA uietoA o]AFA|Fo} 3, FFFHo=T Ro| U3}
2] UEF Y H o2 WH]E ALE3l] 2[R Fojof jit)

o 3AAE o] EF Water hammer7} WASIA] UEE TR A

Surge chamber, Pressure relief valve, ¥+ Pump bypass 5& 3%}

et

;O

2)

(o]

Jok
(]

)



vh, AE&S Fullg Ald A

1) 4 Lire (F]&42 F48 - ULFZ)

VALVE
WATER \;(7
SUPPLY } pamy

Z}

o FF To|ZEe Z¥}P]

2

o FF V| J[E&5Re UL 9100 o] E ALE-cl,

o FF ¥o|Ze TfFol HFgo| glolok 3, FHr| AEL ¢
o] Hz] Qv YelolM FH, TEHA AEF Urh

EXISTING FLUME

3

[«

| AH&-Rich
35 Boxol] dZAJZIc

2) Bl Line (A2 — S2] wisd)

o ZIP|& ZF Box2HEH S visUZE AZAES rl

aietd F4

Z2 Boj7he ¥Rl 4= Q& un
3y B AXIL JIESZ Lines} NU4Z
Lineol 27} WEE dxsted o] WHE sivl 234g Bt} B

2 &
NH4ZE 23Y 4 YES Yok =

s

o wl% Tjol= AL ol W Ane utAE Tastel Ul 108
o2& 08uel w4 4 UES ARS, Yo WZE ¥

ES gt



A}

o wl4 TlolZE hfol HYAgol flolo} stnl, FXI| ABe U
ol 2] ¢k Aelold 57, T&wA Y& ot

5] HE olF ¥y
F$2 2ot BBo] Zo] 2 m, & 50 cm, Zo] 10 cm?] Sediment Tank&
"éi]’\’_}t}.

SEDIMENT TANK E

.

o E|FF olF ’ﬂ%‘?"* 2 poll tiEiME F5HE 2 m Span ZHHEE 3}
| °] Fole £25W BABAL GX3A] deth AREY W@
FZo] F2ly).

o E|AE o]lF AYUE AUAIFA] Ut FYAlol= Sediment Tank Lol Box
& 7 X3l Box Yol s2uletzt A|3tEF ¥l

o Boxe FUY A7 F AE AHzste 2ol ulolz HPFHZR] A
32 ZEE FAES Box ol Bracingg dX|¥ich

o Box2] Ax], A, ilo] 7}l d &0l HAY + UEF iy
AXE AdefolA = Box YHo] E&E7) ¢lo] wiTEF AT

o Box?e] YL EHA Aeir} EHESF dAYcH (uteld AAE €AY Box
7} o].u

o Sediment Tank %! Box%] A& A®IPA AHZ Fic)

437 24 F4 A

o 4¥ut7] 91X 27140 ofele} o] MAX|¥ict

o BAaFx] AL 4wr|] AvldA Chipo] W E7HA] UEF WAl
g dx|sts] 2upax|e FAlo] o] Aol WA JASF AR
c}l.

o BaRX Y AL Y FAE AEF 3t 2o A WA EF rh

o Fax|e] o] uo]TE A3l EF w4 4 UEF st A}
8312 ¢S e AF F AEF WEHE AP,



A}

7}

R NN AR A R R AR R KRR K
SIEILHKIHCIKIIIIHKAHK K
020 20%02%0%0 2020 20% 20 % 2% %%

SEEIRSLE S

o 42 51F% 4717 vl2 Ado] AANG AAY 4 AEF WAV

o AAME RANOET FHof BN UL W AAY 4+ USF Y

o AAAE 0.4 n WL, 22 F7|, 0.7 n $Ae el chste] FEe]
A4 4+ Q& ZES FA) &,

1) A&717] 47
o AF77] 7lE XY, Z 3YYLE o]0 sHsdleol ¥rl (5%
Al). olHE o] F& - ulFiLiAle] &le] Z=zlo] Fedtoof Rit).
o Sensor& H#Y 4 Qe Clamp?} #|-Zx| oo} ¥},
2) o] % Rail
o A&717] olF& ¥ RailE 23} QI ERE £2 IHFTUVA A
x| ¥c},
o RailS Y E& Aoz 3ta, HF 2 HEJ] glojot 3o
2HF 23o] THBlEE YA LR Rl
o Railz} 2 Ach Alo]= 2.3 cm Yol £ F Rail& X3t}

A

1) 237] 7534

2) Data Acquisition 7}5AY

3) T UAAZA Pump 7HeA

o 471 1), 2), 3) Ado] thdled= A V.R. & F23 A
(7FF3old A V.R. & A4E A2 & A).

o AUAZ Porte AEA uietolld 243 50 cm o]y olFAA Holl d
2% A,



El. 71E} Al%

1)

2)

3)

TZ Ao Eo] AY Y& F& FE2 Epoxy HAE o]4e] U4 w
AEE AHz|sto] WAS HAS| 2L A,

ool Al 2 A Al dAE & dF4 Ad3et AW g
g 2.

& Spec. 2] WA AR}E WAL ¥ wols & dF4 HGIHA
¥ 9 A4t AR g suE 7Y A

-

5. =4 24

7t A4ed 2 JE

1)
2)

3)
4)
5)

6)
7)

8)

APE= A S 4] By A (AAZTHE ZY).

2 3dY £33 = £ 9 ABA] AU wiE 3P 7Y
Reod, dFae $elog FYo] WA

AAEAL Exle ZE 7|8 9o i) gy gEeg ¥y
4 Qlct,

Az B 7 EYY mEY vt L YIFAE AMEBioof
Lig= %
AAEHL] BE
T Al Htsa] Qafste{o} gic)

Ee] FHL olefol w23 oy THS dxLe] x|Ale] ulz} 3}
’33toqof gich,

7} BdE W HE : 1/100, 1/200, 1/30

el = Metric System2 2 ¥ir},
=

) 8 TUHE : 1/50

th zt B& Az 0 4Y

) + 2 & : 1720, 1/30

AANEE 74 HAAAYA FAINEE & Zoly, FRALAS

W AR JIES HEsie, 2 FAlel AREE Axle AR @
T4}t gelstojof s, AFLIt 27Y wole FIEI23, Sample 2
HE A Alstoiof gl

9) A4A

AHY FZA TZAL N SBUE ALNME HBsloio} Y},

10) Aju}A

A B2 ADYA B Qi ADPME M A ARZOE H@stolo}



gict,

11) FAL oAAbd, EAE, 712 A1&A
FAL ot e FFEE AEs 3R FARZAA d 230 wa
of Zg3tal, 4 9 =Y Y EEEAN 9 dxivlel F3la A4
o A& JlRE U d £ USRS BY3] 2gdicl

12) A =4
dxet 5 HARE A &stoof i),

oA &
1) AAYE 14,
2) AAE 78 (S bEAE 27, AFE 168 A& 2%, 7]El 3%).
3) Wy A 5%,
4) 7t AxtA ¥ 15, B4 2%
5) AWAPYA W FIAYA 78
6) sPAIEA 2%

3L
o

g
94d

o M

e ao
e

. 22EA A4
AotHol wiet ol8 A4sin, 48 EE WZ Aol UL wiE FA| olF

T3 stojo} Rk

. 71 E}

7h €93t AAXAAY o] £ oFo] g wdE dFA Al
Z|Ale]l uhetol ich,

Ll §9ates FA UEA dAEMe sl A4 £ glol A3xIA
FMstei A &= =)

ch. gdabs UM ABEMel BUYE An, VY AT =5 dAEe ¥
UsA % A, WAZA Bastio} stul, o] mle] u]§L S}
Rekstoiof Tk,

2 AAEME el Qo] AYAel /14 UgF plulsiAL &4l
47 dele A4 UA MYzt Vol wet BE £3Y 4 Aok



35 A2



A% @ KEGHRE

© BH: & AUME 229 27 WNA-BF HUSZ Ag AY F2E A

gl eE e §9E At dich

© A WA WAt Zupgzel] Fslo APt = FE] A JlE R A

A BAE ofele} Ll

7‘5 A $Zuol Bo] whE S mWE st At

$A] o] 7zt Fzjo] &Y of Z% Ba1e] AZAL 1 mn o]3t2 ¥rh
"”—71‘- S - 71]*"?.“3}
67 SPAN(1 SPAN = 6.6 m) & Z7 5 sFLeE AArgict,
m o] geke SPECo] 2-_]?‘{:}3}5% MAKERS] DATAE X 13lo] o|E2&2YE A
Atgtct,
AAre] 2ARgtol Ug A BE QAFOE Aalsle A& dYe= ¥
t}.

871 &

)

& BT &3t RS & JeR /&AL derh
Bae] BA: 6.6 mn 1 SPANS 7|EL 8 3o A4yl

<! 3} : 0.6m x 6.6m x 4t = 121 kg

0.6m x 0.9m x 4t = 17 kg

0.9m x 6.6m x 4t x 2EA = 362 kg
Az} mpolX : 75 x 50 x 3.2t x 13.2m = 81 kg
A2 HAH: 0.09m x 0.9m x 19t x 14EA = 162 kg
W] x]HWA: 0.05m x 19t x 13.2m = 96 kg

0.05m x 19t x 0.6m x 7EA = 31 kg
B Z}CHANNEL : 100 x 50 x 5t x 0.6m x 4EA = 28 kg
G x]x]HA: 0.038 x 6t x 13.2m = 23 kg
HYL&uo] Z: ¢22 x 1.4t x 13.2m = 10 kg
H-Beam 1 200 x 200 x 8 x 12t x 13.2m = 659 kg
Eeo] 22 : 0.9m x 0.6m x 6.6m = 3,564 kg



* FFA (2h5A]) : 5,151 kg
* 27t Udo] 0.4 o ZY HS F5FA : 6,720 kg

Az E wutA 2ol AXEAE B+ sHF A=icje] AR A

* 900 * 1500 T 900 ®
| 5 |
i | i
: : 1
TTTTTTTTTTTo T"“”"-“'T‘“TT:".‘_“”T """"""" ]
: ’ ——— ¢ | E
! WATER s “CONCRETE} . i WATER i
] I" [—_1._——5

! S e :
A A

1) 6.6 m 1 SPANoj| tigt 2} Rajo] FA] F§2 1,587 kgoltt. o]
2.2 Uy 794 kgldl Zel BAE ¥3bH 800 kgol Hcl

2) Wyt 28] BA : 1.5x 0.9 x 0.6 x 2,650 = 2,147 kg

3) B2 ¥A : 1.8x0.9x0.6 x1,00=2972kg

* 227 : 3,920 kg

o] 7] A 28-2] H-Beanl B A|A}3l3 glomg

W = 3,920/(2x330) = 5.94 kg/cm

I = 20x20°/12 - (20-0.8)x(20-2.4)%/12 = 4,610.5 cn’
E =21 x 10° kg/ca®

L = 330 cm

it

TUREIZLE AAtstd HoARLS FGFolA Ak weld

swrL?

dmax = 3RAE] - 0.095 cm = 0.95 mm



@ &% x|x|che] M Ax (dut B§)

1.1 m 4F L2 tjo] A olelje} 2 FRE i)

¢ b *
)
T C ) 1
i —y
. b |
d . | h
| e |
| P i |
é L é é
B
4t
2. 204
e = d- d’t-s(b-t)

2(bs+ht)
7] b=100mm, s =4mm, h=90mn d=94mm t =19 mm o]BE
e = 54.52 mm7} ©t}h. wlepA

I = %[uﬁ + b(d-e)® - (b-tNd-e-s)%] = 187.17 ca’



WATE 500
. f— !
‘1 ISAND| 400
Ve — H
: 3

. Fcf3lE2 Befv 0.4 n QL wjE MRSl one

0.09 kg/cm?
0.024 k.g,r/(:m2
W= Wi+ Wz = 0114 kg/cm®

W

Wa

FAEsI3 oz Batsid

= WL 0.114x90

W = 5 = 5 = 513 kg/em

SFAAthE 110 cn A2 MANHEE $351%, W, 564.3 kgo] Hr}
A H - Aol A wgstng

s . WL 564.3 % 90°
max 15E1 15%2.1x10°x187.17

=007cm = 07 mm



© &% AXche AW AN (e )

1.1 m 422 tiojA] gdol 4t Hzg &5 Ax|vfe} A2 7|2 &3]
of ofefe} ¥ FRE ¥rl

—$ 27
'“ T *
i N !
o v WATER 500
' ! ISAND 4c?)o
[ i o '
o th . 27x9° 4
= —5 = B = 1640 on
W1 = 009 kg/cm®
Wa = 0.024 kg/cm®

W= W)+ Wz = 0114 kg/em®

2B 110 co PFL T HAAEHEER q = 12,54 kg/enZt Tl HchH
FiK-N

98 ALgRel A wAsEE

gl 12.54 x 90*

dmax = “pET = 30x21x10°x164 0.079 cm = 0.796 mm

© AT Py ¥ A

23
p

FUBLE 94 e APz P27t §HH 3 FYF ¥ ZHole 0.6



mo] |2t AAHog TAHE o] gl

Q& MEe] Zo]& 50.5 cmo]T}.

- £ 2 ¢A

32
rlr
oy

(o]
-+

W = 0505x09x0.94%x1,000 = 428 kg
qg = 428/505 = 848 kg/cm

B2 9t x 50 oo H3HE AlE3lEE

_ o _bh® _ _09x5° 4
1 - 12 - 12 - 9.38 Cm

AP L F2F FYolM PAstnE

_ _qLl' 8.48x50.5° ) i

%

Z Aol BWE 0.4 m ZAUS AS

W = 0505%094x(05x%1,000 + 04%0.4%1,000

+ 04%x06x%2,650) = 616 kg
g = 616/505 = 12.18 kg/cm
dmax = 0.100 mm

- 232E ¥uiA B2¥o] MkE B+
W = 0505x094x09x2300 = 983 kg

qg = 983/505 = 19.46 kg/cm
dmax = 0.168 mm



® =3t STEEL PLATES] A2

?———2a =940—4 s -E

| | | WATER | 500

! ! , !

! : i !

% 7 ) "7

% . \4 ol 3

é 7 2b =300 o A

% 7777 7 L 3 4 L
. IS X

- 2ej7 0.4 o 2R ZF HuigHe Ay

Hr) 32 S5l gsinz

o§7]1A ax asbo] o3 A= FLEEAM ab = 3.13¢ Wl a = 2,09]
2, p WAEAT HELTA p = 0,129 kg/eu'oldl, ti ] Fo]
t}. tr}a})q ,
« 2
Omae = 20 X 0'12%‘#"15 = 146 kg/cm®

- Hringel Az

HuM gL SYFolA L3 thg Ho= Aitdch

) !4
Omax = B Et

W

714 B asboll o3 = FLBA asb = 313 wf B = 0.459]



th uwhebd HoiAHEES

0.1296 x 15*
2.1x10x0.4°

dmax = 045 X = 022 mm

© Zafele A

- z7A: oA B3 37 = 900 x 1100 mn
A% £ B9 =12 m 24
43 ol = 900 m
A= 27 = 08 & AR

faE FgRel Pzt Ao HEHES

uj 0.18, q& "“d%}%ﬂﬂl. L2

2 Aatgbrel o714 a/b = | B =
d A AYuis (FReA ZF nal), t=

1.
el Zo, n2 3 bRy
felel Froich uletAd

22
2]

- 0.09x902

= —4 2
0. = 0.18x 1x 192 92 kg/em

wheel @ Ul B7] $89HL 120 keg/en2o] L Z3HFell F§ 500 ke/cu2
oz Mgelel Ago] Fhs¥ Ao ANHAD B AAdME BAE
Abgsts Reoz gl

© cHuZ § Au

£ZUo] TEL WAL $ Y& €8/ A28 £2Y 0.4 0 $HA 3
th 0.4 wse] §&S YAAZ F+ UAEF AU

it

=0.6m x 0.4m x 0.4 m/s = 0.096 n’/s = 5.76 m*/min



A 32 m— (3.7/100) x 32 = 1,184 m
dRx: 10EA — (7/100) x 10 = 0.7 m
TA}2: 2EA — (2.5/100) x 2 = 0,05 m
wix: 6EA — (2/100) x 6 = 0.12 m
2% Box E}E2%: 1 m

23 2m

1A : 5.054 m

71X ¢3S 6 ¥ Zerh

- m=e gan g - RGH _ LOOXOIEX6 565 gy - g pp

AAAFE 28 B o]EFLE 16HPY] HE §Fo] Lesit)

FZERE S| wisHo= w+E $5to] 0100 PVC Tjo|ZE Apg¥ich
4 e 8§, Ve $Zud Bo| ¢ 1/3 Ax S WE s
(h =0.9/3 = 0.3 m) Alatshd

V = V2gh = 243 m/s
7t Hd, i el /3, o=

Q = AV = 0019 m%s

7} o} Wobag Tesia $2ulo] o 60 cnd] B MATIL FHFY u W)
44124 o 88 =7} Wl

wwrs o] 2t o] A F2E Al W HEZ &3 AME ALY
GFoll H3HA7] HighU T, ok
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