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v Y tg v d
TNHYUABIAN (Pasture)

fisw 0.10 0.30 0.40
Hugnaau 0.16 036 0.5
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A A

WUz (Cultivated)
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t = 1.90*(L*Lc/ S"W)

p

= *
T, = LIl*
T
At = 2
5
d' d‘ 9 a a oy
Tash = nanl¥lumanalsinaniuesgegaues Unit Hydrograph
17191ANINA19¥ININA Rainfall excess (¥1).)
Y
L = anugnvesdaniaignan (ny.)
) 3’ v @ Aq’f = o oy d! 1 9
L, = anuenvesaniaenaninaniddlasansdiuuaniimgeyglng
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v Y
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9 A 4 A
UUNUDLIUY Rainfall excess (YU.)
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1) Dimensionless Unit Hydrograph

Y v
misuaiuesnnaing 91 U®N Unit Hydrograph #114910 Dimensionless Unit
v ¥ 4
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Time Ratios

Discharge Ratios

Time Ratios

Discharge Ratios

(t'T) (9/9,) (t'T) (9/q,)
0.0 0.000 1.6 0.560
0.1 0.300 1.7 0.460
0.2 1.000 1.8 0.390
0.3 0.190 1.9 0.330
0.4 0.310 2.0 0.280
0.5 0.470 22 0.207
0.6 0.660 2.4 0.147
0.7 0.820 2.6 0.107
0.8 0.930 2.8 0.077
0.9 0.990 3.0 0.055
1.0 1.000 3.2 0.040
1.1 0.990 3.4 0.029
12 0.930 3.6 0.210
1.3 0.860 3.8 0.015
1.4 0.780 4.0 0.011
1.5 0.680 5.0 0.000

§ 1 [ A ] [ a
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Nnse 3.0-10.0
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LL‘V\'ﬂLGlﬂiﬁﬂﬂ’NiJﬁﬂu1ﬂjuﬂ1nﬂlu1ﬂwu1ﬂ U

ARF = I-exp(-1.1%"" - 0.01*A)

A s = 2 A A
o ARF = udamesaaanuantihruaiuuinanun
t = FIINVOIY (B
§ A Vg P
A = fNunuwieluaiglua
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Manning Method Lﬂuﬁmmmﬂimmmsllﬁaﬁummm Iﬂﬂﬂ?ﬁﬂﬂﬁﬂﬂ'ﬁ‘ﬂN
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vV = 1/1’1 *R2/3 *SI/Z

Q = A*V
R = AP
S = HL
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A < A a =
we vV = mmgsamaﬂmmmi"lwa 1.9 )

S = ANNAAFUVOI energy gradient (M./3.)
[ = 4
R = Selivamans (u.)
Y [ Y
A = Wuinthdavesh @)
P = anuenduveniden ()
4
n = duilszanianuuguizuosiaduia
Q = damlva (. Amd)

Y 9 A 0 d v < . v v
ﬂ1ﬂq@im’l\iﬁu W1ﬂﬂ'ﬂ’J’]u1hh/iaﬂ’Jf]ﬂ'J11]Li')ﬁjJ’llﬁll'E_]UlllLﬂaﬂullﬂa\jﬂ']uigﬂgﬂ']\ulaj

Y ]
ﬂ’Jnlﬁ’lﬂ“]?Uﬂl@ﬂﬁ@ﬂh Lﬁ®ﬂ1iulﬂﬁlmﬂ Uniform Flow

S =
S = H/L
A \ o 2o 2
Wo H = MaANU9ITeAUIaIUT 2 A (W)
Y Y
L = szezenuuunilvaszning 2 imﬁ’u M)

1 QI a Q‘{ a o 4
fnfffiJﬂi%ﬁﬂﬁﬂ?WNﬂl?ﬂli%ﬂl@QN?ﬁNWﬁ "n"

Snmaizueadni mduszans

PR TCTh

AADIAUYA 0.025

AADIUYA 0.40

AOUNITA 0.13

31 0.14

h 0.12
SNNETINNAUMIYS

fuouassiSnsauag Y 0.250-0.033

fuvuaselingauas Suiis 0.030-0.040

G rus i e 0.033-0.045

G euTiussnaRo frtsuaznsaiu 0.035-0.050

Saftavnmiv usedn Aguinimddu I umnmi 0.075-0.150
t‘inimﬁswmﬁuugm

fufininae fiu fudeuthadntios T Suiis 0.030-0.050

fufidiu uagiudoulva) (Boulder) agi‘fi’a"lﬂ 0.040-0.070
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2.34 35 Slope-Area Method
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Fmsannaliunaninesgege 1asds Slope Area Hgnsmamiuin Iagiasaves

Z‘ IS d' [ % U dy
m3 lalumaiudan 510 2-6 Tagerdendnnisaingas Manning Aail
NYAT Manning Q = 1/n*A*R™ *8"
Y 2/3
I K = In*A*R

wld Q = k*s”

PR . 2 5. ;. 1. | SRR 0 S—
g = e —- 1Bt g+ eddy losses
hv up ".rﬂy Grodi.;;;"—""'-‘
1 h, down
] . — :
d up Flow I
Rave d down
i %,/ Py, L
| Datum. Z down
4
L r

v Y
51U 2-6 M3 lwalumainila
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ANIDRBUGATAHSUMUIUMIITINAINUDIZIgATAIT Slope Area Method

Y
Tadaae 1l

g93 Slope Area Q = KW"‘S;/2

e K, Ko K
h, = Q*V')2g
e oL = X (KYAD * (LA ALK
An =
Ah = sednihdmiion - sedihdnshend
e An, figwan b, = Ah+05%An,
e An, fidau h, = An+An
uaz S, = h/L_
I@]ﬂ‘ﬁ K = Conveyance factor
K, = Weighted conveyance factor
A = fufvnthdaveait o)
R = Selivamans (u.)
v = amwdamdsveni W.AuMN)
h, = Velocity head (1.)
o = ﬁTJLLﬁJVelocity head
h, = Friction loss (1.)
L = awendniiesuIdumndnineusaz s (1.)

S; = Frictional slope (1./4.)

4 Y
n = anﬂazammmmqummm

' s v
ﬂ%ﬂaﬂﬂlﬂx‘]ﬁiJ‘]JiZﬁVl‘ﬁﬂ’)'liﬂliﬂli%ﬂl@\?ﬁ?U1

Y
Tae U.S. Soil Conservation Service MfMMUUAITMIAIUIU G351

fMuAnA1 Basic n,

Y
MruAn n, AIMSUANVUTVTZVOIRITUAANTEANN s WFsDve IR

H Y
Mnuaal n, dmsumsnlasuulasvinanazgilsnvesgldaadii

'
[ a A

9
fvuant n, dmsudanauneludniymu 50l veuss aae

Y
)

o U o v A Y Sld'd? o
NIUUART ng ﬁ’lﬁﬁ‘]JW‘]ﬂLﬁgﬂuth‘ﬂﬂluﬁlua']u'l
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4 Y
mﬁuﬂigﬁmmmmqmmmmm (Tﬂﬁl U.S. Soil Conservation Service)

1 n, #1451 Basic n
A o g‘ I Aa
A1 11 uau 0.010
A o g‘ I a
A1 11U 0.015
Aa o g‘ I =
A1 1T unsInazdee 0.014
Y
A o o I
A1 1T uns I 0.028

2 A n, dsuaNN i G suvesRIduEe

AT 0.000
GLRRRIEET 0.005
Geulunai 0.010
y3u5% (luiFen) 0.020

. o v 4 . Y o o
3 A1 n, Amsumsnlasunlasvina uazgilsevesgildaani

lasunasdnion 0.000
nlasunilasrg 0.005
wasuuasun 0.010 84 0.015

' 9 v A a ° gl ' ' 9/ 9/
4 a1 n, dwmsudsnanaludninwu vou'ld 51015 aa9

=

s 0.000
ivlog 0.010
UNOHUAIS 0.030
Hun 0.060

Y 9

1 ) v A 9 ‘,Ud'd o o
5A1n, mmuwsﬁuamu”llmmu“lumm

ivioe 0.005 94 0.010
Hthunang 0.010 94 0.025
lunneals 0.025 94 0.050
Huni@en 0.050 94 0.100

9
6 A1 n, SMsVANNAA AW

L /L, n,

1.0-1.2 0.00

1.2-1.5 0.15%n,
WINNI 1.5 0.30 n,
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1 4 a {1 9 (;y kY . 1 1 g’
ﬂmmﬂimuﬂm%u NI0UTNUNNDAI 19911552 11011AU (Spillway) HazHod11 (Outlet)

3.2 sTAUTMYDY

o o A 9 A oy J I g} 1 Yy 9 T [
izﬂ‘umgmaufummquaﬂuﬂuaNmumﬂz"lu"lwaaumm "lmmmﬂuwammﬂ
A A a d? 1 Y 9 42’ [ A A A a g’ Y
ﬂaummmuclummmhlwaaumumuuﬁumu Wiﬂllﬁ'llfﬂ&{]ll'li]'lﬂﬂﬂ\l'lmuflﬂﬁlflﬂ@%‘]‘/l un
a . g’ Ty v o 4 o gl
i llou Spiltway szunetitesn luiunay seaudulousrimuannseoz iU (Freeboard)

~ dou A A Y} ' S Y 'Y 1 A
Iﬂﬁlillﬂm"l’]ﬂ\‘iu ﬂﬂWﬁJq@Lﬂl@uuﬂﬂﬂ’ﬂ 50.00 tua1g 3$ﬂ$wumi}wm”luuaﬂﬂ’n 2.00 LUMT 150

E4

NTNAAUNAIH
Fetch Length, N szazdininlnd, . i:ﬂxﬁ’uﬁw‘hqﬂ, .
(Normal Freeboard) (Minimum Freeboard)
Hesn 1.6 1.20 0.90
1.6 1.50 1.20
4.0 1.83 1.50
8.0 2.40 1.80
16.0 3.00 2.10

< 9 1 A o y o
Iﬂﬂﬂj’]ﬂ!ijﬁuﬂlcﬁﬂqﬂﬁguqm 160 DU/BU. INDATHIUNITSIZHUUT (Normal

Y
Freeboard) 1/n@ taz 14a1nszanm 80 nu./aw. dwsudnumiszezdiuidiga

v ?:o' a < o o A =2 Y oy 3 o
i$ﬂ$WHH1ﬂﬂﬂ (Normal Freeboard) WuszeznszAudUIvoUDITEAVU AN NN
' Y :’ ° [ o o A =3 @ oy Qs: dy o Y g’
FIUTSISNUUINGA L“lJ'L!‘i$EJ$ﬂ?ﬂﬁ%ﬂﬂﬁuﬁlﬂuﬂ\ﬁ$ﬂﬂu1@1\‘1@1@ YNUNMTATHIUTSYSWUUIUU

Ripraped Earthfill dam a1130f1uaa 1Anngas asil

H, > Ah+(h %50 h/2)+h +h, (3-1)
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Taoh H, = szozuth, w.
[ g} tg g} 1 Y
An = 72AVUNVUGIFA (Flood Surcharge) Tuvmeszinenru Spillway 178
USuamesnuun’ld, u.
h, = ANUFINAUINUIIAN, W,
h, = AWGIUOIAAUITLEIINHANTZNUVBIMHUAY 1), U,
Y [
h, = ANWEeITzALN BInnANUAaNMIATUMIAILANIUTZY
Y [ ~Aa oa' 9 I~
lgamunasgiuemnny 0.5y, Tunsaiinuszueaihdudluunuu
19AY (Gated Spillway)
A S v
00y, Jupsainnueszrneidudlunuy
Free Overflow (Ungated Spillway)
h, = ANUGUND Safety MUFUAVDUVOU, U,

1¥AasTIUMNY 1.0 1. ST uouAuIazIVUAL-T DY

o o J { 1 . a o’as/‘
dm§u b, w3e hy2 1dldalanuinnin msiz Temanazimadsingmssinaes
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PE19TUNTONS N 92O INWIN
A4 3 44 o 2 4y a 2

AUPVBINAUITBIINAY, h, 1UTTEZNAAUTATUDUAIAUBUATUINTIDI
dgl (K < J < g/ A Aq ¥ A
yuedriuausranluerunuii 3N 3-1 vaaans Wi lsiinauge h, Ies F (Fetch Length) Ao
53EJ%“VING]NElnﬁE‘I@]Mﬂ"UE]"U@'NﬁQﬁ’JL%E]u Cdﬁﬁllﬁﬂﬂﬂﬁl J.Saville, (Saville T, McClendou E.,

“Freeboard Allowances For Waves in Inland Reservoirs”, Journal of Waterways and Harbours

Division, ASCE, 1962)

AMSUANUINAUDIINANTENVURINUAY TH) (h) 2 NINTUNINGATUDA
Seiichi Sato @14 REF. 14 91n1119d0 “Design criteria for dams, Japanese National Committee on

large dam, April 1976” @4l

K.E
h, = —4/g.H, (3-2)
27T
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Wave uprush including wave height
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P :: ;—g Smooth  Slope
30 = A A % -
AT 1:25 V=20 mA
e A /4-2’,’4/ 1350
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1.0 P SR SRR P s B P A WL 1.3.0 - ;
= = oo T o 115 Riprap
08> = P ol o 1:20
QI 7 7 7 P | 22 22 1’25 V=20 mss
i Il ol i _,‘/,’/’-A;//’ 1:30
0‘_45//5// /;'éo%
03// /:ﬁ?é/
) LA A
ool — NG| |soiid e for v=20m/s
o / B
%ﬁ%% dotted line for v=30m/s
0.' 1/ A//
08 =
07~
06
05
00 200 300 400 600 8OO |,0O0 2,000 3000 4000 8,000 10,000
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510 3-1 nsluaasnuduiusye9 FETCH 1 WAVE UPRUSH

INCLUDING WAVE HEIGHT (1194910453983

: : v :
N : wNE5YTENOUMIUTTOY L?’EN “mmmmﬁuﬂcl,umiaammmsﬁau” gtz, 2544

e K = a1 Seismic Coefficient 11111125201
. ﬁ' 1 =) a =
E = period maaﬂauuwuﬂu"lm, UM
= H ' v A
H = ANNANYeI o U IR, .
1 =2 a )
g = mmgsamﬂmqm@ﬂiaﬂ= 9.81 1.2U M
[ 1Y dl [ :} < [
JTAUdUOY > H, +32aUUUNUNN (3-3)
A Y g’ o [ < v R o ci
Tas H., = 52oznuiiUNTEAUNUANDIT DY, L.

'
v o A

Tunsdif H, naums G-1) geni msn 3-1 I ldszaududouny

auMsN (3-3)
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Y N < v & o
ﬂ1§1~‘iﬁ 3-1 7282 Freeboard ﬁWq@LﬂulﬂJﬂ'iﬁﬂﬂﬁ%ﬂ‘UlﬂUﬂﬂ

mmgwmssﬁau Wounaunin Wouau
Hosn31 50 w. 1.0 2.0
50 — 100 4. 2.0 3.0
11NN 100 W. 2.5 3.5

: : ‘o :
N : wnesUsEneuMsUTTeY ﬁi’N “Lﬂmmﬂmuﬂ”lumia@mmmﬁau” gtz, 2544

3.3 ANNNIIVEITMIVOY (DAM Crest width)

o A 9 9 A ¥y A [ A A o Y
fcmmj’auﬁlmmmnwamﬂmmmi]ﬂim'iamamm ﬁ"llﬂﬁﬂ‘ﬂ"l\ﬂu‘lﬂ

v v | o, q9 o A ) J y & a &
Iﬂﬂﬁgﬂjﬂ l!ﬁgﬁ'f]\iﬂ'g']\iwaﬁﬂgw’lclﬂa’lﬂﬁjlﬁ@uvmﬂ’lulﬁﬁf]uulagﬂ’lflu']!ﬂﬂﬂ’g'luuuﬂ\clﬁa'ﬂ@

' '
= o v A

D) o Yy a A o v v 4 oaquy
'E]’lfJﬂ'liglf]N']u HUONVINUUIZADINVITUUIDIIAANICHINIDUNUUDU Tﬂﬂﬁ'ﬁ]\‘]ﬂj’l\‘]W@Wﬂgﬂ'ﬂﬁ

q

v
9 Y

a 3’ ] o A :ll A @ A o d o A 1 Y
Lﬂﬂigﬂgﬂ'lillﬂaellf]ﬂu'm'lu@ﬂlﬂl@uﬁuﬂq@ 5'31”/]\1{5]'{’]\3ﬂ'J'N‘WE]LW'ﬂﬂuﬂuﬂuuUua'uHJﬂuﬂ@nlﬂ]lﬂ
Y o & A Y ~ o Y o A .

A8 ‘VNHﬁ’lﬁJ’lii‘lWiﬂiﬂ!’lulﬂﬂ']ﬂﬁwﬂ’]ﬁﬂl!ugu'lhhgluﬂl‘!\‘]ﬁ@ “Design of Small Dam, Ref. 24 USBR,

1987 W11 2537 @4l

Z
W= |—[+3.05 (3-4)
5
Tasn W = anundvesduieu, w.
Z = anugengaveuioudu, .

A 1 Y A o o A = 9 19
HAZINEANNEZAIN IUMINOES NUDUATOIINTNA ﬁu&"U’fJUﬂ'JﬁiJﬂ'J']ﬁJﬂ'J']\ithuaﬂ

A4 V.

3.4 MINHUANIINNII9VEI Cutoff Trench

A Y ) o 2 d A A s Yy =
Lu@ﬂﬁ]’lﬂﬁ’f]\iﬂ’l'iiﬂﬂ’]ﬂi’]ﬂﬂﬁﬂ‘]&lﬁlgﬂﬂu'l ‘Viianuwumullﬂuaﬁlmﬂ N
o & Y Y 1 =3 o o’/’ a =X g‘ o A 1 %)
mlﬂumwﬂwmim!,Lﬂuﬂum’izﬂwmﬁuwum ANDANITNYIIVDIAAUVDU FIUAITNNIN
9 ' Y o Y 9 = o A [ A A o 4 ' <
‘Vl’f)\‘]i’f)\‘]l,!,ﬂl‘mi’)\iﬂ”lﬁﬂﬂﬁlﬁﬂ'JTQW@VIﬂ%u’ILﬂi@Q%ﬂﬁ LﬂﬁﬂﬂilﬂaﬂllﬂVIWQWullﬂ ’e)fmhl’iﬂmumm

afevesseanuannsaiuia ldn1u REF.24 “Design of Small Dams, 1987 i1 206

w, = h-d (3-5)
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h

d

ANMUAAINDITDAAY, U,

g‘ @ v o a A @ s o g’
ﬂ’J"I‘JJ'ﬁﬂuTJ@%Wﬂizﬂ‘ﬂﬂﬂﬂuﬁ\ﬁ&’ﬂ‘]JLﬂ‘]Jﬂﬂu'l, u.

A718n Cutoff Trench JANAIALDITDAUAY, L.

a ay dgli d’ Y A ;’
3.5 YN UNNHASNTIANT I TONINWH U WA IV UM U HO U

@ o A Y A oy Y Y A J <
ﬂ']'i‘]sji’)\iﬂuaWWI'JL‘IJE]HWIHLTTH’E)Hﬂﬁ‘]JaE]ﬂﬂﬂﬂ?ﬂlliﬂﬂi%!mﬂ‘ﬂﬂ\iﬂau1u®1ﬂlﬂﬂ

9
o

o F2 o YA Qy A A A 9 A 3’
u”lﬂﬁg‘ﬂ'lllﬂiﬂﬂﬂ1ﬁuﬂ11’illﬂTﬁVNWuVIaT@Lm@uﬂTulWU@uT

9
YUIAVDINUNININAULUS UV U.S. Corps Engineers (1984) 118 Sherard et al.

(1967) M 456 eusaiualdanaums

21

[e2)]
=
(=

I

-
,.\,
Il

o
Il

0 -

K =

RR

Y
Wmiinvesiiulngga (W

vinalnaigaveariu (D,,) IAlszana 1.5 mvesvinamag (D,)

o v A

n.H®

50

9

WIRUNR

Kgg (S, —1)°cord

o

A8URINY, NlatlAu (kN)

(3-6)

ANMUHUILUUVOIHY, 1 latduae 3’ (kKN/m’)

ANNGINAY, V.

ANVDWIUNIZYDINY (St = Yr/Yw)

YUAAUDY, DA

Stability Coefficient HAUMAY 2.5 A5 Angular Rock

2

' ' g’ o { : 14
o) Hanlszanm 4 mveshmiinmas (W,) #eazla

MU SURUNINLAIANUD NI UMWY 2.6 vuavearulszana ldon a1 3-2

MINA 3-2  UAAIVUIAVOITUNIAIM U.S. Corps of Engineers (1984)

mmgeﬂéu Winaveafiuiia )
) 3H : 1V (slope) 2H : 1V (slope)
D,, D, D,, D,y
0.5 0.19 0.27 0.21 0.30
1.0 0.37 0.55 0.42 0.63
1.5 0.55 0.82 0.63 0.95
2.0 0.73 1.10 0.84 1.26
2.5 0.92 1.38 1.05 1.58
nsumsnensih 3-6 dnimitamumdani



v Y Y
NIUANUNUIVRIRUNY (Riprap) dxUAIzIA 1-1.5 M1vpdvahiu lvigige
A o g ¥ A @ a o A =K o & Y a Qy 1
(D,,,) azietloanu lildnauiamauouduioussnin Jedududesneiuiseguunsaansie

509NY (Bedding Material) 1@ Sherard et al. (1967) 11 460 188U NUNUNYDINTIANT 1Y

9
~

dy Yo
sanu 1Aaq

] Y
A1519h 3-3 Llﬁﬂ\iﬂ’ﬂuﬂuﬂl@\iﬂi’Jﬂﬂiwii’)\iﬁu (Sherard et al. 1963)

mmqaﬂéu mmﬂmmmmwsmﬁm“hqﬂ
(¢1B) (¥U.)
0-1.2 15.0
1.2-24 22.5
24-3.0 30.0

' : P :
N : N5 UTENOUMIUTTOY L?EN “mmmmwmiumsaammm%u” gtz, 2544

18 Sherard et. al. (1963) 1ag U.S. Army Corps of Engineers (1984) TAuuzii

9
Y o

d v Y
LW?JLG]?JLﬁEJTJﬁ‘]JﬂIHWﬂﬂﬂSﬂJ@Qﬂi’JﬂT]i”lEJ'ii’Nﬁu]lTJﬂﬂﬁ

D, ¥94Bedding < 5 D v09AuUAIOU
Ay D, VB4 Riprap < 5 D U9 Bedding
1 o o 49’ a Qy A A A 9 1 o ¢ Aa a £ 3
i Tuilagiiu Unagsesnurunasonuizeantounnlodunsizsy silan 2 Fuily

a0 o &Y 1o o wa ' o s a A 9 |
FNANIURENUTVININNIN ﬁ"ﬁ/ﬁUﬂﬂ!ﬁﬂﬂ@ﬂlﬂ\iuﬂuiﬂﬁﬂlﬂ§1877 FUAN 2 @mrﬂu‘lﬂmm

)
€

=

ANHUA A

=

] [ 4 I a § A, a
(1) urnledunsizrideuiluwiia Non-Woven NUNTIUITHNAALUIY Needle-punch
p

A A 9 A 1 A v A . A
nnannnaule Polypropylene NUANVY1INDUDINUKNY (Continuous F: lament) 194UV

1] Py
A Aa K

Thermally bonded %419 aainanvu iy

q

(2) A1 CBR PUNCTURE (EN ISO 12236, BS 6906 : PART 4, ASTM D 6241)

litosndt 2,200 N
(3) A1 MASS PER UNIT REA litiaeni1 180 g/m’

(4) A1 WATER FLOW RATE (BS 6906 : PART 3, ASTM D 4491 lifosnn
50 1/m’.sec (10 cm-head)
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(5) A1 TENSILE STRENGTH (EN ISO 10319, BS 6906 : PART 1, ASTM D 4595)

Tudosnd1 12.5 k N/m. (WDTH)

(6) A1 PORE SIZE (O 90)w 130 (O 95)d (EN ISO 12956, BS 6906 PART 2,

ASTM D 4751) 13119031 90 pm.

Y4 4, Y 'Y :’
3.6 ﬂ]iﬂ@x‘lﬂ%ﬁ]ﬂl‘"@%ﬂ?%ﬂ%’l%?

A @ % A 3’ A A A o/

LWE’J{IGQﬂuﬂﬁﬂm"lﬂgmE’N’ﬂ1ﬂu1ﬁju‘ﬂ¢]ﬂﬁ\?‘]J‘Llﬁ1@Lﬂlﬂuﬂiﬂﬂ1ﬂﬁNWﬂﬂ§$LW}ﬂ W
o DY ~ a 9 gl A = a 19 1 1
ﬂ1“HLlﬂGl“l’i3Jﬂ'liLiﬂﬂﬂuﬂuaWﬂﬂTﬂuWﬂl@ﬂlﬂl@u Tﬂﬂﬂ%Liﬂ\iﬂuWHWVliJu@ﬂﬂ’JW 0.30 tUAT INUULNY

[ d a § 4 ] ' o o

lodansizat yian 2 W?f)’)NUHﬂi?ﬂ‘ﬂiWﬂﬁﬂﬂﬁuﬁu11uﬁﬂﬁlﬂ’ﬂ 0.15 tUAT MUANLUSUIVDY

v A q v Yy A ¥ Yy 9y d A d o A
USBR (1987) 1111266 ﬁﬁ@ﬁlﬁuﬂﬁﬂgﬂ‘ﬁmﬂ ‘mamymvlﬂuuammumﬂumumgmaumaum

=X a a dy S A [ dy a a 1 A a A A o
hlﬂﬂuﬂiﬂulﬂh UONVINHUUIAUADUITANUNUAUIAN [AWIZBE1NEIUT U Mevo sz ianyue
v

[~ 1 Y [ o @ 1 '
Wusosuazaiamun %Qﬂ’)iﬂ@\iﬂuﬂTﬁﬂﬂl‘;]ﬂg"ll@QHWJH@H?JLLM’JﬂQﬂﬁTJﬁI’JﬁJﬂﬁﬂf]’c’f%lNiN ANa .

Y
NIDNUG UM UTZ e

3.7 maanafsuanilvasuduveounazgiusin

F
MImuInensIMs Imavenirludnanniuniontaaui Id laon1sliou Flow
A a Y as £y ! o tﬂy gl !
net HIDN1TAUATIEVAIYID Finite Element “]N’d31!LL¢]61ﬁ8WM§1uﬂJﬂQﬁ3JﬂﬁfﬂivlﬁﬁsllﬂﬂuWﬂu

AINANWTUNIFTEN Laplace Equation oN915a1m5 Ivalu 2 TaRe unu X tag Y

0’h ®h
Kx—+Ky—-— =0 (3-7)
Ox Oy
zﬂl [ a QJ =< oy a a Q‘ o
o Kx, Ky = ﬁiJ‘].]igﬁﬂ‘ﬁﬂ']i“lfﬂu']‘l]ﬂﬁﬂuuagﬂunluuu'ﬁﬁlll LIRSUUIAINTIA ALY
v J o g} { A
h = ﬁﬂﬂﬁ?@ﬂ?'mﬂuu’]'ﬁﬁmmﬂﬂﬁWfﬂ'ﬁmﬁl

Smsuauiuasadiugiion sximdulssanivosns g hivhfuszrig
muazum Taszl9sasdiu (ramsisevesaunune (2535) 1az37a (2538) Loy
T R TITT T TR (AT NI RO A A uaze1sszneu”, nsuyallsemu, vin
155)

Kx/Ky = 4:1 fmsuAunuasaae Sheepfoot

& o YA 1w a =< :’ I
Fai In U FulszansveanNuFVInTINIUL Ke Tae
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Ke = 4/Kx.Ky (3-8)

< ] o A

A P o a oy ~
LWﬂi%iuﬂ”lﬁﬂ']u’)mﬂﬁﬂﬂ!u']ﬂ"ﬂﬂW"I“LJ@'JL‘U?JU
dd‘ o = oy 1 d! ) tﬂ'
Gluﬂiﬂlﬂﬂ']uﬂﬂliﬂ']ﬂ Flow net ﬂiuwmmi"lwammumaﬂummammmmﬂnwaufﬂz
MINL

Nf

Q = Keh.— (3-9)
Ne
d‘ 1 = 3’ a
o Ke = AANUBUUITIVUDIAY
1 o J J g’ g’
h = ﬂ3111@]1\1ﬁﬂ8§$’ﬂ’J'I\i!ﬁﬁ@lﬂl,l,ﬁg‘]/%ﬁlu?
Nf = 91U2U Flow Channel
Ne = 91U Equipotential Space

gl ] Y 4 3 o ) ]
ms laveuiruduowiluanyae Unconfined Flow AR 11119983 Top Flow
Line hinsuda dedosimsdsemnadumiia Taeliisueq A Casagrande (1937) Tagergiwaninms

NAABY aTMIT139 1A WNT W Top Flow Line Tuianvz Indifssiuidunsmwis Tuan

o a = 9 I ax o A 1]
msannasuams lvadu Taemsad Flow net Huismssnaimangauny
= a Ag . A g A . . . A Ao 1
m3 lvaguluauidu Homogeneous LA Isotropic 113 ol uau Uniformly Anisotropic A9NDAI1TIU
v v 1
ANuFN LT IwLazLuIAIn lunsaiauiianyae Heterogeneous 1tag Non-Uniformly Anisotropic
4
MY Flow net 9203231 1de1n §a1iums 1935 MIfuIau%I6 18 (numerical method) 19177 Finite
A ax . 2 & axa a d =< ax Y
Element 115077 Finite Difference U WATNMINEay MIAATIZH ﬂﬁhl“ria‘ﬁmiﬂm‘ﬁ Finite Element "l@m

9 o ' 1 9 o Y o o 1 Y . 4
ﬂ’liiﬂfﬂu@ﬂ’l%i‘]ﬁﬁﬂﬁ’lﬂ Lmz"l@ﬁmiwmuﬂw TUTOANUINIA N UIVDAUT U Top Flow Line Vl,ﬂ

1 1 4 a 8 ¥ 4 I g’
15105 (2536) na1 N Tueududsad o 1319 lumsinyas envszeenld
g' o = Y [ 1A a gl < 1 [ ~ = = d'
11525018 Tus a1 Ty 0.01-0.05% velTnasindue s Tu tazvaz i laduazes sui lva
Y v
o0 1319 TaeiiFunsea (Filter) Nvinamunzay Tagliiims lvaoon Idazain ludmsnamns wag

Y
Tinaanuauimnganulil

3.8 Chimney Drain, Blanket Drain ag Toe Drain

1 :JI 1 =\ 9 d‘ gl d' = % d‘ 1
duilszneunsaedIu ll“l/il.lTﬂigiﬂﬁllﬂ‘ﬂUl‘l"iﬁ“]ﬁJfJfJﬂiﬂiﬂﬂﬁ’)L"U@u UAZUNTIU
% d’ dycu [ 1 Y = a 3‘ [
fDWﬂﬁ"IUiWﬂ’E)fJﬂUlﬂ‘ﬂ'lﬂﬂ?LGll@u ‘Ll’f)ﬂmﬂuEN‘ﬂ@QﬂuulmﬁlﬁﬂlgﬂWﬂagl’f)EJW[I’ENWL!Qﬂ’IJﬂTTaWﬂW"I@@ﬂUl‘]J

& 3| ) Y Aa PR 1 .. d? o 1 a wAa A a [ a
Fazitluauma i MinadsingmaaifiE e Piping Yunazi lilgmsitavesveuauas 1 s
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g‘ A 1 A Y Yy 9 v 9 2 :’ [ 1 o o
um“lﬁamumeu "lﬂﬂan"hum“lumma 3.7 YSnaninaana ez i i uHIAN MNHUIUeY

Chimney Drain 148% Blanket Drain 9335904 Cedergren (1972) Tagia15a1910 319 3-2

e

Le
he
Qe=Q Ac
Chimney Drain
ho = Ab Q= Qi
Nt

T

| 1 Lb |

Blanket Drain

sUf 3-2 @regramseonuuy Chimney Drain {18¢ Blanket Drain

: : vo :
11 : enE15UsENOUMIUITTNE 1504 “naivua lumsesnuuueu” gtz, 2544

3.8.1 Chimney Drain

v Y 1 v Y
1IMOBI4 Darcy, Q = kia ATINMUINADINIVDITUNTOL DN TZUIEL19N

o A v
Fuvou'ld

Q = —— (3-10)
LC
.L

A = dle G-11)
Kf.hc

Ed Ed
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' P v
e K, = mﬁuﬂizﬁmmm«?uuwmmﬂﬂim, 1310
a J oo A 3a A
Q = ﬂimmm"lwamumwau, /AU
A, = AMUYHUIYBI Chimney Drain, U.
hc, L, = AYgAasnNugIvo Chimney Drain, ¥.

3.8.2 Blanket Drain

' [ Y
= A

Arridesmsedaosfiga ilesz e nd udou tagg s nld

K:.h,.A
Q+Q) =Q, = ——b=b (3-12)
Ly

] P’ 9
e K, mdulszansanuduiwesiagnios, v/

Q,

a J o A = v
1J53Jm@u1Vlwaw1ummauuaxgmimw”lwmema

U

Blanket Drain, AU
A, = AUYUIYDY Blanket Drain, 4.
= AIUY1IUDY Blanket Drain, ¥.

h, = ANUFIVDJ Blanket Drain, .

Q,-L,
Kf

(3-13)

Y
ANUNUIVDITUNTDIVD Chimney Drain t461¢ Blanket Drain (mﬂﬁfﬁﬁﬂ Design of
Small Dams, 1987 111 218) A3 Ianumin lulesndn 1.0 was iisannanuazadnlumsneaiia

ABMIVADA HazHoA IO NIZINAMIgaAU TuLId U

) [ [ . . o YA [ 3’ 3 o 3 dy A 9 Y

AMIVITAVVUFAVDI Chimney Drain ﬂ”l‘l’ii!ﬂllfl‘ﬂ'i%ﬂﬂu%ﬂ‘ﬂﬂﬂ natinenosms v
1< 1 1% AAA a 2 = 3’ =< Y . . o
Lﬂuﬁﬂ]uﬂﬁﬂﬂﬂﬂ ‘luﬂimﬂi\lﬂﬁﬂi\lﬂulluﬂ’E’Jﬁ]%ﬁJu1]1WﬁGB3J3JWn§JLLU’JiﬁJU1ﬂ Chimney Drain 911

I Y Y ]
winsuin ludiuil A ae i ldinasunsenod ey

[l Y
FmsUdAd14AaL (Gradation) Y4 Chimney Drain 1182 Blanket Drain 1o 1¥41n304
[ :1 d‘ = 1 Y d‘ Y [ a d' =) % 19 Y a
gunsas i nFuriuaouas s NN Inasennaunuluusnaiwion 13 Taelilvina
Y
PUATIBIINMINALTIZHI OINAANUAINIFIVUAANMINAITIZ 15U Boiling 130 Piping Tuaulas veq

1 A 2 A [l
Ao auiuanudesmsnug uvestunsodlud1vou fe
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« . . [ 1 1 1 < 9
- Piping Requirement Ao VUIRVUBIITANTO (w?wmawazmmm) Aosliving
I ~ o 19 Y2 a v A [V g/ AR ] 9
Laﬂ‘wa‘wﬂzﬂmﬂu”l:tfl,mumummm’mlauuazgmzim gﬂﬂmmzuaz“lwammmmmmuaaﬂm"lﬂ
. . 1% 1 1 1 < Y
- Drainage Requirement ﬁﬂ VUIAVUDIIAANTD (w%’a%manszmmm) NIAYGHN

[ Y
Tnaiwenzeon i lvadueon Idazain

o o o & o Y d o
AINTUDOUN ﬂ1ﬁu@1uﬂ15ﬂﬂﬂ£LUU%uﬂﬁﬂﬁﬁ']‘ﬁi‘]J\‘]'lulgﬁauﬁluﬂﬁglﬂﬁulﬂﬂu ﬂﬁl%’gnll

U.S. Corps of Engineers NAFAC Manual 7.1 May 1982) Ao

D
-1 > 5 (Drainage Requirement) (3-14)
D55
D
2. —15F <5 (Piping Requirement) (3-15)
Dgss
D
3. 80F <95 (Piping Requirement) (3-16)
D505
D
4. —15F <90 (Piping Requirement) (3-17)
D55

#1151 Well graded soil 1318 Cu. > 4 aumsn 3-17) 819 141

D
—LE < 40
D55
A ¥ v o A 73 @
o DD, = ywadurigudnanveiniianiesunsosiilosidgua
sl o o
Finer 15 1ag 50 lﬂ@ilcﬁu@] AUy
9 1 o a o A A A ~
D, Dy Dys =  UHAGURIRUINA1NUDIAUA DU HTOAUFIUTING

s2 o . 73 o o w
1WosIFUA Finer 15, 50 uag 85 1losisua aua1al

1 H v
5. au1a Filter N1nainga linu 3 17

y 1aa = A A A <3 J 4
6.%$¢laﬁuluuﬂutﬁumﬂzﬂu NIDUITANUVUIAANNNATUNTIUUDT 200

1 g’ o ' J y @ a .
WINN 5% Tasthviln HUAzLNTIVDT 4 %I?JEJZW 40 Lﬁﬂ‘ﬂ@ﬁﬂUﬂﬁlﬂﬂ Segregation

< a o
7. I8vnaiaAUU0Y Filter (Grain Size Curve) 773532 VYUIUND Base Material

Ed Ed

ATUNTNOINTUT 3-12 dniniauvasi



3.8.3 Toe Drain

[ 1 v Y
Toe Drain 9271 ANlarefwiou Taeliod1d Rockfill Toe Hnihiisiusauin

Y Y
910 Blanket Drain AoUa3218 Inadadniuay

[

o o 1 [ 4 a { 4 1Y ]
fhgtiuiaanseuinuzRudesuniuledunsizd vilah 1 otlosiulildoynin

2 a g’ o o o B2 ' o s a A 9 I
axmamm@ugﬂm"lwavmwmaﬂ'lﬂ ’(?f'Wii‘]Jﬁ]mﬁﬂﬂ@mﬂﬂlmuiﬂﬁﬁmiW%ﬂ FUAN 1 mml,ﬂu”lﬂmu

Y o [ dy
VDN UA ANU

] [ 4 I a § ad A
(1) weuledunsizridoaiuasiia Non-Woven N3inssuIwantiuy Needle-punch

A A 9 A 1 A v A . A
nnannnaule Polypropylene NUANVY1INDUDINUKNY (Continuous F: lament) ©IDLUU

9
A Aa K

I v
Thermally bonded ¥41%3aainanvu iy

a

(2) A1 CBR PUNCTURE (EN ISO 12236, BS 6906 : PART 4, ASTM D 6241)

Tiidesndn 1,450 N
(3) A1 MASS PER UNIT REA liitfosndn 130 g/m’

(4) A1 WATER FLOW RATE (BS 6906 : PART 3, ASTM D 4491 litfosnin

85 1/m’.sec (10 cm-head)

(5) A1 TENSILE STRENGTH (EN ISO 10319, BS 6906 : PART 1, ASTM D 4595)

Tyivdeen1 7.5 k N/m. (WDTH)

(6) A1 PORE SIZE (O 90)w 130 (095)d (EN ISO 12956, BS 6906 PART 2,

ASTM D 4751) J3i11An31 110 um.

d o A
3.9 MIAANSHANNNUAIVIIAINVDUAY (Slope Stability Analysis)

msntansen1u lidunsuesainau (Sliding 1150 Slope Failure) ADWANTTUN
a 1 1 & a A ¥ @ A 9y = [ ) o
wadudladurilufamsmasudianaenigeaanmelaussdsgavedTan susziinain

Y a = o A A o A Y o 0911 9 a o
Glﬂlﬂ@ﬂ’ﬂﬂl’dmﬂﬂ@ﬂﬁﬂlﬂlﬂuﬂiﬂ@1ﬂﬁﬂi$ﬂ’ﬂﬂﬁ’Jlﬂlﬂullﬂ PANUUITADINIITUTIDDNLUUUAINN

A

) 1 a 4 o 3 1 @ I
Lm@uiﬁﬁﬁﬂDWMMUﬂﬂ llmﬂﬂmilﬁﬂu‘Wﬂ ‘VI\‘IG]aBﬂi&l&’mﬂumiﬂﬂﬁ%ﬁﬂ HagNYVaINNIIINU
[ g’ 1 < g’ Y . . A o a dgl Ao o A
ﬂﬂuﬂuemﬂuumm (Reservoir Operatlon) mimeuwamﬁ]ﬂzgﬂﬂmuiuuummmumlﬁuau

1 1 v @ 4 a o o
ﬂ?ﬁ]gW‘uﬂﬂ uazw?a5w:1Niaamizmwmg%uuazgmim NITAUATIZHAITUUUAIVUDIAN
A A v s A o 1 @ A
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3.9.1 38mM3NATIZHWIAT Factor of Safety (F.S.)
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METHOD OF SLICES FOR CIRCULAR SURFACE
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VERTICAL FORCES BY SMPLIFIED BISHOP METHOD
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0 lc.bi+(W—U) tan¢

3 |
FS = = 0 (3-18)
i W. sin &+7CS' W-a
i=1 R
Lﬁ’ﬂ Mg = [Cos&i.+(sin91.tan¢)/FS]
Tagfi FS = oasidauilasass (Factor of safety)
n o= SnuFumany (Total mumber of slice)
bi = AnuANveIIaAIda Ty (Width of the slice)
hi = mmqwmmaﬁuu@iawﬁu (Average height of the slice)
c = ANUKHEIVBIAY (Cohesion of soil)

= YNVIANUABANIUNYIUVDIAY (Internal friction angle of soil)

6 = yudssveududude (Angle of inclination)
w = ihminveauaauuaaz s (Total weight of 1" slice) = b, * h,
U

Y v 1 2
= usswmhiinsgihdenundeuvesuadurulen = U * b,

rd 1l
Cs = dulszansanuduazimouainunuau v
R = 3$@Alv9990auU9INTIAA0UNA
4
a = LUUUDI IUNUA

3.9.2 35mMsmuINNIN Factor of Safety (F.S.)
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3.9.3 Condition of Slope Stability Analysis
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3.9.4 MIMHUAAN Seismic Coefficient
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3.9.6 Allowable Factor of Safety

Jd o y

MIAMUAAT Minimum Allowable Factor of Safety 93 MUAANINMINAI1

M1319% 3-4 11E@A9 Minimum Factor of Safety
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3.11 328IHONSNIAAIVOIT UIYOY (Crest Camber)
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3.12 Q1lnsmmmmﬂwqmnﬁmﬁamﬁynnu1 (Dam Instrumentation)
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3.12.2 UeInszAvH1lAAY (Observation Well)
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3.12.4 Inclinometer with magnetic Ring
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i%ﬂﬂﬁuﬂWﬂuWﬁu ﬂ%ﬂWﬂuﬂﬂWﬂi$ﬂ‘ULﬂ‘Uﬂﬂﬂﬂ@ )3.U.N (.‘Vlvlﬂ’iﬂﬂelluﬂﬁﬁﬂ‘]sﬂﬂ’ﬂll
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L‘ViiJ'lgﬁ‘JJ‘lll’iNTﬂiﬁﬂ"li “])’\1%glﬂuﬁgﬂ‘mﬂﬂﬂﬂ‘ﬂmu1$ﬁﬂ‘ﬂQ@]‘U@\‘]Iﬂ'ﬁ\‘]ﬂﬁ Wlwwaﬂsﬂwuqqqﬂmqmu

ATHFNAZMININY 1AsAATIZHINABILLIFN1UATHFNY (Economic Indices)
4.4.2 annengurheyidy (Length of Weir)

9 9
anwendurherhdy szinsanananuanse lumsszoelsnanimaingaga
] Y Y
18 wazezesnuunliinanansznuiiosanszauimingega )s.ua (uazszauinie (Back Water

A A A 2y A L Ay A g A
Surface) ‘ummnmwumvlwmauuazmnmwummmuauaﬂwqﬂ

Q = CLH:/Z

Y
o 9

Y
= é’mwmi"lwammﬁmmNwmau

4
ﬁhﬂigﬁﬂﬁﬂlﬁlx‘lﬂﬁi1ﬂ1§1ﬂﬁ
Y

4
= anueniszanswavesrheridu
Y

L - o O
Il

Y
= Total head YouiMriiodureiaY
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anuguoaiwiiodurheindu

1 4’ 9 1
AT 99N THue9ved lan

9 ] 1]
anuevesdurheidunldlumsesnuunazgnanniuenas ieannaee (Pier)

1 Y
Faldgaslumsmuimues USBR. ,“Design of Small Dam”” wianuen ldauvesdurhetidu lddsi

L = L-2(NK, +K)H,

E4
v A

do L = anwenilszaniravesdurhoihduiioannaeie
L = mmEmﬁyamJWuaqﬁ’uN18ﬁy1é)u§a§a“laji’guﬂmuwuwamaajadwq
N = §uIUA0NINAN (Pier)
K, = FulszAnsmsneaduiiewinaee
K, = FulszAnimaneaduiiewndumeSunas
H, = mmqwmﬁywmﬁaﬁmhaﬁyﬁu (Total Head)

. . . .
M15199 4-1 duilszanimsneadiiilosninaele (Kp)

Huun an¥azARND

sUs1enee K
| JUamaoy Tuauyu - 0.10
——
— -
2 sildwaoy auyy 0.02
° ____/""' :
—_—
—_
3 31 TAauy - 0.01
_____\_—
4 sUaouvay 0.00
—:___,"'____._-.—-H
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nyun an¥AUTAMNITUARS JUsefumesunds K
| JUAmavunIn 90° Tiavsyy 0.20
0.10

2 gUAmasyuRIn 90° auyuswi 1A,

r Tauii 0.15H,< r<0.5H,

3 AWaTuAdaliseil r> 0.5 H, 0.00

uazyy 0 < 45° Auviemans lna

N Design of Small Dam

4.4.3  3isreheriiay (Shape of the Weir)

L o 1 g} Y Y
et lumsanumngdinveshoiduTasldgasuos USBR. (1974) asil

- shenidunuulaisivu

YH, = -K(X/H)"

v
o 9

H Y Y
dmSumned K uag n azduegiudnyuzanuainduiioivesdasheiindu uag

~

Y Y H
A1 Head vouiunilodusheoriauggli 4.2

- dheihaumuuiny
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Y Y
ANHUZUDY Orifice Flow $31U9A0300n1 VA IAA189UNT Parabola f1911
Y = X’/(4H)
~ I 4~ A gl Y ~
Tagh X wagY WU Coordinates NUYA Origin pgNYABOAVDIFIBIIAUADUNTA
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S qudk Y o Y A VW A o v
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Y ~ ~ £ = Jd A o 2 a J v ] %
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(1) MIMUIUITAZMAAUYDI1a0AlAg 1M (Creep Length)

9

9
msfuszezmaanvenitaoaldgiusheiidusg l4nguives Lane’s Method Taod]

4
S A

FATMIAUIUAIN D

Y

A a g’ 9 o 9
o L = szezmuduvesiiaealdagiuchesiau ()

v
h

w

H = Differen ce Head (1.)

Y Y v
L = szegmaauvestiaealdgiueriidulunuins @)
a g’ 9 g’ 9
L = szegmuauvestiaealagiuretiaulunsy o)
C

= Lane’s Weighted C reep Ratio (M50 4.3)

Y
lumsesnuuuiisazidoarzinsanminuiuneauvenildgueins Tasizdes

a @ 1o do
Ianuasansunnindunarinue

v v v
M3197 4-3 A1 Lane’s Weighted Creep Ratio d150aU15210nA199 Nogusnmldreidu

Base Material Lane’s Weighted Creep Ratio

(c,)
Very Fine Sand of Silt(W318azideauiniionuaznon) 8.5
Fine Sand (N319021089) 7.0
Medium Sand (‘Vlﬁ"lfJTifnll‘]J"ILlﬂﬁTQ) 6.0
Coarse Sand (NI1UYE1D) 5.0
Fine Gravel (N329az1000) 4.0
Medium Gravel (N339%81111UNA19) 3.5
Coarse Gravel Including Cobbles (N33A%81U) 3.0
Boulders with some Cobbles and Gravel (ﬁu“lmjﬁmammma@ 2.5
Soft Clay (AUIHgI80U) 3.0
Medium Clay (AutiiigIudetnunaiq) 2.0
Hard Clay (AUtHea044) 1.8
Very Hard Clay or Hardpan (ﬁumﬁmu%qmﬂw%ﬁumu) 1.6
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= -Woter surface upstreom from weir drowdown
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Ng =r==nmn

q - o . o3
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2q(Ph) I
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P

%«n foce - -

(A) ELEMENTS OF NAPPE-SHAPED CREST PROFILES

L1
° [TY] asy He ot o a0 -
an - o
= — 'las -—l
'1@* .
as - i 7T am
Vertical and 113" T : o
x "4
(L) = [
(B VALUES OF K
'™ ass
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e
Vtrﬁ:ﬂ
184 - - T
e
< (3
190 P s
—— =
pl‘lr“,. ¢
/
_ m]'_i!?.’_‘ﬁﬂ._u 3 vertical
LS 3:3 (8, ]
: - . I
(C) VALUES OF n
e d _l wm
] : y e aoe N o as . [
L7

3UN 42 dunlsdmsuimuagilinees Ogee Crest
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(2) MSAUIMHINTIAHVEIHT (Hydrostatic Pressure) Nnsziiinennesiau

Y 9y
v A o

ya ad . Y, R Jd v vy v
iﬂﬂ@‘luﬂim‘Vﬁzﬂrﬂu'][ﬂ'mﬂ’lulwuau’lagﬂﬁgﬂﬂﬁTUV\hﬂu’]au Llagﬂ']um'lﬂu’]]lllllu’]

() MIMIUNTIAUVENINIAFIU (Uplift Pressure)

Y

R . W . L s .
Taoauuanusannszi ldgudlugda@mvaouaany dwssduiingalas sz

Y [ Y
ANNGIVRIINYATUY TAge1ABITUDY Lane’s Method 1IA1MIN

(4) MIAHIVUHIANNHUIVIWHUABUNIAM UM

(Downstream Apron Thickness)

1dgas
t, = ) 4n-h)y 3/ 1-
t, = Downstream Apron Thickness )l (.
H = Difference Head )4 (.
h, = head Loss at any Points )U(.
Y. = Specific Weight of Reinforcement Concrete

2.4094/3°.

5) msﬁ1u3am1mnmuwmuviummﬂaun%'ﬂﬁ'mmﬁem

(Upstream Apron Thickness)

Y 1
MM STUANUNUNVDIHUADUNI A UMD auAuzIived USBR. #ailnfay 4

9
Uszuna 12 99 3/16116\1?31’311]141!15116\‘]LLNuﬂ@uﬂgﬁﬁlﬂlﬁWﬁT Lmllllﬂ’lliﬁj@ﬂﬂ’ﬂ 0.30 u.

4.4.5 maseenuvY Cutoff Wall

< o { A 09/’ a 4 A Y @ oy
Cutoff Wall UJuﬂ'llL'W\1ﬁﬁuL%Wiuﬂfu@utﬁﬂLWMﬂTnJﬂa@ﬂﬂ‘EJGIJ'E)QGI'JI?]']‘(’J‘L!']'G%IIH Cutoff
v 9
wall azimmhfiaaugums Inaveuinealdguuazilesiumsiie Piping d1m5uaMUANU0I Cutoff
9
wall aglFssunamilousutumsimuiamiszezmauanvesihaoa ldgiuauiade “mseoniuy

2 Jd v
Nurheidu
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4.5 msanadsuaniwiueheiidy )Discharge Over Weir)

4.5.1 shevhduuuuiduiv

1 3} @ o 3’ Yy o dy
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Q = 0.5522CLH”"
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J
mdulszansms lva
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=T QO
[
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Y 1]
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A3ln  43uazgin 4.4
A o g‘ 9 oy 9 1 v I o I 9 9 A
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9
M3 luauuy Orifice flow Hvzlogapianbme o

< . ; Yoo 2 H
(1) Humsvauuy Free Orifice 9mM3 MWanuuiseaidumeiiues
Y Y
Orifice 3¢ vy (Submerge) YD1 Orifice MU Tﬂﬂﬁqmmﬂwammﬁmm Orifice
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HUUUND
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Y
= Suanir lvaru Orifice (3J./3L!"Iﬁ)

Q
[Y] 9 1 a )
g = o5 luvornvedlan = 9.81 (W.AWN)
Cc = mdulszanimslua

L

Y
= anunivesdureniidu ()
A o 2 v 1 . . A o 31 4
= Total head 183AAIA 11819904 Orifice (Sill ¥ dur811AN) (11.)
= Total head 11D IADIAIUUUVDIFDI Orifice

o ! g4 &
(32AVVDUANUDIVIUIZUVIWYUINGNUU) (1.)

o [ " @ a = o @ Jv v
dmsumduilszansoms ua (©) UANNTUNUTAUN T HLENVDILIY (d) ttag Total

Y Y H
head vouiwnilodurheridu (1) dwaaalugln 4.5

"
I
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H
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i
[~ i
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= .
z !
W
o I
o
'S I
w
8 /
L& ]
S e
W
w I
=2
: |
a |
32 % T
1}
so L1
° os 10 '3 20 23 50

P
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Ho

510 43 Adulse@ntms lvan Head 149
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Q.70 ]

CHARGE, O

LOwW
RS

oS
E F

o '0:% Vg CL (H¥%-H,%)

—& 088

2°© I~

066 - T\

ac4
o ai o2 o3 0.4 as a6 or

d
RATIO H,

M 4
sUN 4-5 endualszansns lvaveseeuuunuy Free Orifice

INE Design of Small Dam

I % Y o oy g‘
) Humsvauny Submerged Orifice HIM3 IanuuHszavd U

Y Y
U84 Orifice 9NINN (Submerge) YD Orifice VINGS{HH/EI}”IEJﬁ”I Tﬂﬂﬁqmmﬂwammﬂmm Orifice

dyd
HUUHAD
Q = CL\2gH
A a J ' 3a =
Tudgle Q = 1suanirIvariu Orifice (1. /311)
Y [
A = Nuhnihdeveareulla (93.3.)
' v o A Jd v , Jd v
H = anuanaesgauduviereiauusazmerhetiiau (u.)
C = Coefficient of discharge for submerged orifice naszune 0.72
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4.5.2 shenihduuy i

Y Y < v
Tumssaeenuuureidunaiwuy liduezeenuuudurheidunuuduuy
a 3/ Y o [ A o a g’ ~ ] oy 9
(Ogee Wein) Tagansaszielsmanimain IddmsugasiesuadSuanhin lvarushoidu

vz 1dgasu09 USBR (1974) Asil

Q = 05522 CLH "

1 Y ] Y
Tudie Q = Usmaninwasurhesidy @u.u.Aud)

4 v

c = mdwlszansvesmslua 1d0ngii 4.3 uaz 4.4

1 9 Aa a @ g’ Y

L = manunlseanswavesaurheriiau (u.)
Y Y

H = 1 Head vouiuniadureridu (u.)

4.6 M5ONUUVDINITA NAENY1 )Chute Channel)

Y Y
o A w

0o A 3 S A o o Y Y o~ o
@1ﬂ15ﬁ1!a8\1u1uaﬂﬂmglﬂui’l\‘lu'l'ﬂﬁﬂi]’]ﬂﬁ'lxﬁﬂu'lau (Trough) LADNUAINUATIAYU

b4

~ J g ..
UIN L3N TNIN mi”lwaslu‘iwmﬂmmu Super-critical Flow
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(1) 9@ Control Section L‘]Jumtmmmzmwuﬂﬁ;mimummmmaﬂmamﬂu

) - s 3 s
Chute Tasgaiiazimuamslasunilasaniizms lvaveirlu Chute 910 Sub-critical Flow 1]u

Y 9

9 v
Critical Flow a9tiumsfuiainnuanveuhfigaiazdiimn

1/3
d. = (¢/2¢)
A = 24
Taeh d. = fMUanuINIA Control Section (Critical Depth) ,IUAT
Aa 3’ A ' o 1

q = ﬂimmum”lwamuﬁwhwmmmm:} 1 U9

4 a =

= Q/L (gﬂmﬁﬂmm/’mm/mm)

L = a7un319 Chute (1U93)
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(Y] 1 d' Y 1
AT UTUUDINUTI TN Y09 1an

9.81 WA AN

§ o 1 .. 3 ) [ A
iR uImMMIA1 de (Critical Depth) 11n9ail ldudazair luidlugasudulums

Y
AMUIUNAANVANVRNNNYAAI 9] ABOAAIINETI Chute @0 1]

(2) MIMUIMU Flow Profile 111433519 9219 Standard Step Method 910EUAT

Y
=

Tumisde Open Channel U943 Henderson, F.M. (1996) A9 (ﬂgﬂﬁ 4.6)

AX = (EE)/(SS)
v &
AX = sgezseninyianiialusian
[ F4
E.E, = Specific Energy (y+v'/2g) N9a o Mounnigtiu
Y
S, =  ANNAIATUVBINUT N
1 9
S, = Friction Slope 1DA85ZNINHIMEVOIFINU = (sf +sf,)/2
sfsf, = (V.n)2 /R" 910 manning Formula
[_ezsewL:;f' Wale~ Sur{"i““f% \6"" Dalum Line
. 1
—— * F (an, 72
r_ ___—_-‘:::17--Pt-ﬁf—,jéﬁstzélzdégjsyd;Eﬁ{WA;h =
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TS o
dy 4 My E L
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4, S
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| 1 X 5,
4 rrmie. [ ‘*~:1::::\~ v
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v v 1 Y
5UN 4-6 uaaams valumahlaomsfmuianszavuii 1t Standard Step Method
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v v Y v
(3) MamuIAIAINI )Convex Curvature( 1511n3diNNY Chute 11/asuain

Slope FUNIUAN UTUNITALL
Y = Xtanf,+[X’(tand, —tanb,)]/ 2L,

wag Lt = [(tand, —tan@,).2(d + hv)cos’ 6,]/ K

A o A K Qy Y
o Lt = szeznnluuuisunnganiiadigaduge ldg
g v J Y o w o
0, = Uiy Chute MumilovesIduihnuuuInuluesen
{ & y g 3 Y o o <
6, = yuANY Chute Mumoiveslneiduuuuiuem
K = Acceleration Factor
. g’ d' o a 9
d+hv = Specific Head ﬂlmuﬂwamﬂmmﬂim

(B4

o o Y a
(4) MIAUIUIAIKNY (Concave Curvature) VAUV IAIHNIATIVTNUNNY

Y

Chute Nlasuudasanusuainunn llilos Sei Tasazdosnnisanenag luldinans sduniu

9
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] v Y
ilosnnusandssvesiin Inagunull Safi Taam 1dasi
R = 2q.V/P

Y30 R = 2d.V'/P

[

4 Y A v
e R = Salvesngaveslne e
v
= oa51ms naveuih  Wa/ Sudila
< 3’ a =
ANNGIVOT We i

= J
= anwanvei e

0 a < o
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'
AanusuinuIfe oud/n’

Y
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4. ﬁ chute blocks 93
AU h, = ANWNAN W, = 328252 NI chute blocks s, =y,
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5. dentated sill
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End sill
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4.7.4 91M3AQWNAIHUVY USBR Basin Type IV
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4.7.6 91MIAMYNAINHUUY USBR Basin Type VI

91 IAAONAULUY USBR Basin Type VI Ay impact — type energy dissipater

[ o a ' ! gl = Y I v o g} { 1
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L 0.25 T——— S - -
1 0.30 ——“‘—-——-——-.....________ ¥
0 ] ] ] ] i 1 ] i I ,
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F=—L —4
&Y1 4
4 T T T [ T T D
L 2 .3 Symbol Tané 4
¥z 1 ( BF,1 cos® ¢ w _1) a 0.052
al 5 [ 0.067 A
* 0.100
| A 0.135
1 o 0.150 i
e L . 0.164 i
1 . 0.174
o 0.185 4
- . + 0.200
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1k - x 0.263
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L ] =————— 0.167 Kindsvater
— e — (0,333 Hickox
0 . 1 . ] i | 1 " 1 L ! . 1 ) "
0 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32
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Above curve is based on assumption
that X is independent of F.
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BASIC DIMENSIONS
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Sectional view-in operation
(n) uvu Solid bucket

Standing wave

Bucket roller Ground roller

Perspective view Sectional view-in operation

() Slotted bucket
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Lip of bucket or position

of control valve

Top of riprap
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1. auNI5Y93 Veronese (91N USBR Design of Small dam)

0225 0.54
q

D=19H

A A = o T A o
e D a0 ANUANUIGIFANA U UINYNN ALK (m)
A 1% 1 =& 1 9
q Ao ’fmﬁmi"h/ia@lawumuaﬂmmmn (cms/m)

9
H flo 5302Agennaniinelate bucket (m)

d )
2. aUNIVBY Mason UAY Arumugam IMIINIITHNNMVVID09 (model)

HAZUDID34 (prototype)
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Y

A ] £ ] 4
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q
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Y
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4.7.8 91MIAMYNAINUUVY USBR Basin Type VIII
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DEVELOPED BASIN
- Hollow Jet valve size d

Converging walls
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,- |deal TW elev.
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o { o o g’ v 1 Y Y
(1) szaugusINNTuA dnsasmiminusinnvesne lasdeilasass

Y

o :’ o 1 <] 3’ Ao Y 1w o o A
) sgauihdmgaluorunuii (Unamrua MMy Dead Storage) Hag 3 UM

Y 9 ]
Uaevienveonnouduindigszuudail nTeNnsaINTZAUEIAN Intake Structure

MIMHHAvINanaMUMINITaNlunsding
aa @ s A A 9 ~ =
NIUN 1 ’JG]Q‘]Jﬁ%ﬁ\‘]ﬂLWfJﬂﬁ!WW%TJQﬂ HIoMI¥alszmurzaoslvaiNed
A d v 1w ' v J R o2 4’ s
W’é)‘l’ﬁ]$5$U1€Ju111ﬂvllluﬂﬁlﬂ’ﬂﬂ'ﬂllﬁfJ\iﬂﬁUKI\i’Qfﬂ Iﬂﬂi%ﬁ%ﬂﬂu1ﬁ1q@1u@1ﬂlﬂﬂu1 wunum
a ¢ ¢ a o .. . . . .
Inrerimasamans 1asnana 1y Minimum Reservoir Water Elevation for design discharge 9%

a A 3 o o v o J <] g'
ﬂﬂﬂﬂ??ﬂgiﬂﬁ%iﬂm H/3, H/4, H/5 Gﬁu’i)gﬂ“ﬂﬁﬂ‘]alil!%ﬂ’ﬂﬂﬁuwuﬁﬂl@\‘iﬂ’ﬂhi}LLﬁZﬂ’JﬁJﬁﬂﬂNlﬂUuW
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14 Y
v o_o

! o < % @
TasN H = szaviununn — szauiindiaa

q

v Y Y
Y o o A 9 9 o
ﬂﬁfﬁﬁ 2 AOINTITSUTIAITUUANATIN Y w?a@mmmmmeﬂ%uﬂumﬂ

A QY 1 = Y 3’ ] 9 1w A A (A 3’ [l
ﬁ?ﬁﬁmgﬂlﬂﬁlhi%ﬁlﬂﬂﬂuhTﬂix‘lﬂﬁ I@]EJG]ENS%’UW‘LH@EJT]E]EJNHE]EJL‘V]1ﬂ1J‘V]LﬂEJiJ1J§3J1mu1M11’iﬁ’EJ‘c;l

a A g’ @ 14 A a
A neIzNehmuIaglizasnveslasamaivomsgl Inauaz s 1nn
dd' 9 3’ A A = [ a [ gl
N3N 3 ADINITIZLNGUINN NTAUN 1 LazNIAN 2 tazNeunuUTIuNMIHUIL
{ o L o :’
WINAoa 1% Outlet 1o IngUszass lumsfui
dd' 9 @ g’ ' 1 9 £ g a o g/ a 9y
nsaA 4 muaNuaeIMsAuh luszrImsneas e seaestladninauaie
k4 Y
v W o a o 1l 1 a 4 . ] 1
Coffer Dam fatiu TumssalSinaniimiunedss3ns1eH Flood Routing HuHe1N
Y Y
Hydrograph ¥39ve4m3neaieiladiinay TaginsandTunanilusev 2, 5 uaz 101 uag
AWTDHMUAANNGIVD Coffer Dam 8@ (A1)
Y Y
msmuams Imaveuirlunedair desdrams lnaneldanudu (Under
A A 1 1 g’ = o Y A a oy 1" @ 09.:
Pressure Flow) 1119491nM11/a18mea1i1928 Gate Valve nthnasuaulsuaiteg asinlums
a 4 4 4 a 3’ ] 1 1
Anerimasamans therdsuiait lvariume tag Head Losses #1499 U89 Outlet Works
o =< ¥y A g = J
NIMUATIADAUTUAUIN Intakes Structure IUDIUa18m19111 1aeon (Outlet)
Y Y
MsmuIarlsunanirunedeti 1agn N Head Losses A9 92 1913

Bernoulli’s Equation 9% 1@erums

H, = h_+h (5-7)
119 H, = Total Head (U.)
h, =  MA32UV03 Head Loss #1199 N3 (11.)

= ht-i-he-f-hf-l-hc-l—hex-i-hb-i-hg

(1) h, = Trashrack Loss

2
h =K, ‘; (5-8)
g

Lﬁ@ K = Trashrack loss Coefficient

= 145-045(A/A) - (A/A)
2 d‘é’ ' 1% 2 2
A = WHVIHTNTHWSLLﬂix‘l{I@Qﬂl!ﬁ?]%f]:‘ﬂ‘ﬁ )

= WUNNIMUAYDA Trashrack (1.

3 3’ A ' dy A
= ﬂ')"lll!i?ﬂ"lillﬁasll@ﬂu”IVlulﬂfﬂWTquWl Trashrack
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v Y
(2) h, = Entrance Losses Nhnnedari (Conduit)

0.60 3.211N

dasussveanseIiuorgvealan

9.81 ¥ AN

= Ke[Vf] 9
28
K, = Entrance Loss Coefficient
= Coefficients of Discharge
vV, = aiams wavesthithamaudh (A
g = odasusevednsalriuolveslan
= 981 wAMN
A3 Nﬁ 5-1 Coefficient of discharge and loss coefficient for conduit entrances
Coefficient C Loss Coefficient K
Item

Max | Min. | Ave. | Max | Min. | Ave.
(a) Gate in thin wall unsuppressed contraction 0.70 | 0.60 | 0.63 1.80 1.00 1.50
(b) Gate in thin wall-bottom and sides suppressed 081 | 068 | 0.70 | 1.20 | 0.50 | 1.00
(¢) Gate in thin wall-corners rounded 0.95 0.71 0.82 1.00 0.10 0.50
(d) square-cornered entrances 0.85 0.77 0.82 0.70 0.40 0.50
(e) Slightly rounded entrances 0.92 0.79 0.90 0.60 0.18 0.23
(f) Fully rounded entrances % >0.15 0.96 | 0.88 | 0.95 | 027 | 0.08 | 0.10
(g) Circular bellmouth entrances 0.98 0.95 0.98 0.10 0.04 0.05
(h) Square bellmouth entrances 0.97 0.91 0.93 0.20 0.07 0.16
(i) Inward projecting entrances 080 | 0.72 | 0.75 | 093 | 0.56 | 0.80

N USBR, “Design of Small Dams” 2nd Edition, Washington, 1974
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Y
(3) h, = Friction Losses YDINDFAI
= @ 3’ A A a 1o Y
ﬂTiquﬁﬂLLiﬂﬂuuﬂu@ﬂinﬂﬂil"lllNﬂmﬂﬁﬂlﬂﬂﬂTuﬂmqﬂ’ﬂTﬂ

- Manning’s Formula

2
2,V
hy =n’L— (5-10)
R?
1o h, = Friction head loss, U.
[} a Q‘{ = a [
n = ﬁuﬂizﬁmmmﬁﬂmmmm
Manning Roughness Coefficient (n)  Maximum Minimum
-NOADUNTA 0.014 0.008
] <3
-NoIManyiie) 0.012 0.008
= ANYIIVBING, W.
[ 4
R = TIAUBAFTNT, U.
a3 g’ ~ ] v a =
A% = mmgi’mmum"lwawmwa, .UM
(% 1 di 9 1 LY a )
g = ’t‘]@]i'lﬁ\“ll“ll'ﬁ]\i"l]'lﬂlﬁ\“liﬂﬂi‘l’)\? MNINY 9.81 U./AUIMN
- Darcy-Weisbach Formula
2
Y
hf = L (5-11)
2¢D
1o h, = Friction head loss, U.
4
f = dudszaniniiia
B 124.51n°
= 5
D3
] o 1
D = Lﬁ%}UWTﬂHﬂﬂaNﬂJﬂ\iﬂ@, u.
= ANYNVBIND, .
<3 g‘ ~ 1 ] a =1
A% = mmwammum"lwamum, U/IUIN
[ 1 A Y 1 1 o D )
g = ﬂﬂﬁ'lﬁ\‘llu’l’]\ifl]"lﬂllﬁﬂjuuﬂ'lﬂ NN, 9.814./3UMN
n = Manning’s coefficient

Ed Ed

ATUNTNOINTUT 5-8 dniniauvasi



4 § 1 1 3
(4) h, = Contraction Losses tatimstlasumasvunavesnionnlvaian

2 2
g

1o K = Contraction Coeficient
= 0.10 n5aiARe 1Wasuvua (Flare Angle JitAY 10°)

g

= 0.50 nsdlAsuvinaiudiiula (For Abrupt Contraction)
V. = sowams Inavesriluviodariugn
(Downstream Velocity) (uﬁmﬁ)
A ﬂ’JmL%"JﬂTihlﬂasll’E)\ﬂfﬂuTiﬂdﬂiﬂﬁiﬂ (Upstream Velocity)

g = oasuseveanseIriuolelan = 9.81 W.AMR)

4 { 1 1 oy < []
(5) h, = Expansion Losses tiialimilasumlasvinavedaininan ldming)

vV -V}
heszex u (5-13)
2g
e K, =  Expansion Coefficient vxAuuseuanuimeoon
(@910 M3NN 5-2)
v.o=  anudims lvavestiluneidn (Upstream Velocity)
(3.2179)
v, = anuiims lvavestiilunelva) (Downstream Velocity)
(1.Au)
¢ = oasuseveanselriuoleslan = 9.81 (W.AR)
@319 5-2 A1 Expansion Coeffient AU MUNNIBDON
Flare Angle (0) 2° 1057 10" | 127 | 15 | 20° | 25° | 30° | 40° | 50° | 60°
K., 0.03 1 0.04 | 0.08|0.10 | 0.16 | 0.31 | 0.40 | 0.49 | 0.60 | 0.67 | 0.72

111 : USBR, “Design of Small Canal Structures” Denver, 1974
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P AUTHOR [Pire | w0TES [STE.| AUTHOR [PIPE| MOTES |SYMBCK,
" 'T ——{ Algsunder | 125 s —t— - [ M uit 5 AT
J. Bolch ¥ Hol morn it
i] Bed ) -—&— -l ol mann e
i Brightmorg | ¥ | ot | S pader e
a | _- L]
N Braghimorg | 4~ - - vggel .
—!? Davies & lsquaredf 7= agel i -
X
o R: |
= O i A ]
x ——
5 .-""'"-..'- —--.__‘_H‘
> | i
: —A= — —_—y
i =1 <
L
5 /’ ]
Fas 04a - -.F-_ .-'Fr.-._.-._._.w_‘ 1‘;.
: Mﬁ\ b{iL‘”’ﬁ'#d
H\r' S z ]
e |
AN
o2 """-‘_”__,..--‘ Ll |
—_—rd &- )
I"?‘-.:'_\-.____. i -
et B N E O —— e
~hdjuwled Curve I— o
L [ ] e
¢ - & R 1z 13 0

D -
(&) vaRIATION OF BEND COEFFICIENT WITH RELATIVE RADIUS FOR 90" BENDE
OF CIRCULAR CROSS SECTION, A5 MEASURED BY WARICUS 1\NVESTIGETORS

[ ] o
__',..d'—
|
JH.-*"
Le
0.8 /’
/x

- =
o os 4
o /
o, -
L

o5 L

A
0.2 -—";/
o
& 10 a6 60 83 100 1%

AHGLE OF BEHD IN BEGREES
(B} FACTORS FOR OTHMER THaM 80° GENDEG

51N 5-1 Bend Loss Coefficient

A USBR, “Canals and Related Structures” Denver, 1961
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v 9
A

(6) h, = Bend Losses N3fiNnoaain/asuuuinanig

Vz
h = K, (_J (519
2g
1o K, = bend Loss Coefficient 9310 gﬂ‘ﬁ 51
v = anuSweaihlunedah (nAuM)
¢ = odasusevednssIriuolveslan

= 981 WA

1 Y
(7) h, = Gate Losses NANIUTLNOY (Gate Valve)

4
NIAOIHY (Guard Gate 1@ Regulating Gate)

h, = h,+h, (5-15)
V2
hgl = Kg1 —
2g
o h, = Guard Gate Loss
v o= anusins lvaveaui lunedaiues Guard Gate

(3.2117)
K = Gate Loss Coefficient

9 o IS g A
= 0.19 d5umMsia Gate 1Hiun (100%)

VZ
o=l

o h 2 = Regulating Gate Loss
2 J ' .
v o= anusims vavesiitlvariu Regulating Gate
. & dgl "o L 4 a
K, =  GateLoss Coefficient ¥3¥uogAUlosIFUAv0INI 1A

Gate 1Az ¥HAVDI Gate (9910 A15199 5-3)

[ ] Y 1 a )
g = oanmaevensIdunlweslan 9.81 (W.AUNY)
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d' . A I3 J a 1
1351990 5-3 Gate Loss Coefficient Mo51UaAv09m511a Gate A4 g

m3y@laeszuei (%) K,
100 0.19
75 1.15
50 5.60
25 24.00

TR USBR, “Design of Small Canal Structures” Denver, 1974

v Y
(8) h, = Exit Losses (lum3gaydo head fitlareviodatitean (Outlet)

2
h-x[y ] 10
8

e K = Exit Velocity head Coefficient

A oy 1 I .
1.00 o1 lvasenvini/areviesily Freely Discharge

s

a9

A dy A ' <3|
enunaenegnuensnn a, 11lu a,

A A '
a, = Wumlaene
£ A oA
a, = wunlmenenvesoon
<4 g’ 1 [l 3’ a
Vo= anusims lnaveniwazeenanvedail (W./Aud)
¢ = oasuseveanselriunielan 9.81 W.AMNR)

NMIATUIU Head Losses G]'N“] maaﬁa@aamamanué’a TTDATUIUN

a 2’ 1 1 Y v
Usuanirlvarune lddsanms

2¢H
0=A |80 (5-17)
KL
A A oy 1 [ Y] 1 1 < oy
We Q@ = Usmanhvaruneluszauaieg vessranuiih
1.2 Au)
dy ~ a g’ 2
A = Wunvoamsalauuszuien 1.5
Y Y
H, =  Total head Losses H30ANMUGIUBITEAUIINNIAUNDA
K, = Total Loss Coefficient (KC+KeX+Kb+Kg1+KV)
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5.2.4  91mMsUAUM (Control Structure)

v 3’ { 1 . . . < Y
91715 UIAVUN (Control Structure) Nlaromno Irrigation Conduit itlueImsieay
g’ £ a 3 g’ Y a 3’ ] 1 I
1 gazaansszuunuauii Bmelu Tasmsniuaualsnaniviuneaziunuy Downstream
= a 2’ @ I @ . =) [
Control Tagi1lszan1uan1/suanit 2 47 171 Guard Gate 1 #9 1ag Operating Gate 90167 1/52¢)
g’ Qa: 1 3 . .. 3 [} a 3'
52110119195 9211 U1 High Pressure Sliding Gates 1182 3za30gn 18 1u91A13A21UANUT U0
USBR lauuziiisimuavinamidevesszuy laasean 1314 Design Standard

No. 7 Tagaumasaae 11/l
H = 06AP+W (5-18)

A A a %
= L!,ﬁQﬂﬂﬁi@ﬂﬂUTUﬂizﬂ"U’ﬂxﬁzﬂﬂqe‘ifﬂil’i]aﬂ AU

H
A 4
A = Wiz, e
Y v
P = useiuveuhigudnarsvesuiulse, dAums.w.
g’ o 1 A A A FZA Y v
w = hwinvesdauindeud Idu iuilsze Mudn uaz

angu'leasednuaziiennian , fu

U u

52.4.1 usagumaluaine (Internal Pressure)

(1) Hydrostatic Pressure

[ 3’ { a 1 o 3’ J 1< 3‘ %
ﬁﬂlliﬂﬂuuWﬁlﬂﬂﬂTﬂﬂ’NﬁJLW]ﬂﬁN‘UEN?%@UuTiu@NLﬂ‘UuTLLﬁZigﬂ‘U

9

Y 4 ,
111M1/a18noN Terminal Structure

H = EL-EL, (5-19)
H = Static Head, U.
9
EL, = szauhgagaluend, u.Gnn.)
Y
EL, = sgauinlaiene, u.(snn.)

(2) Circumferential Stress, S,
59NN TUAIMOAINLUINTINAN (Hoop Stress) YOIAINOTLNAVIN

Y
usasumeluaia enusamuia ldnnaumsaadl

S, =PD2 < S, (5-20)
e S, = Allowable Stress WU 1,400 NN./AT.%W.
P = usseumelune, nn/as.wu.

Ed Ed
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D = L&’uﬁwgmf]'ﬂmmaﬂmawia,ch.

ANUHUING, .

-+
Il

(3) ANNKUIND Steel Liner

Y

< ' < 1A ' 1 o o
Steel Liner Hlunamanteragnig luveanadatil Aty

e

ol
=1,

nu laaa

ANUHUNMUMUUITIAUN
1 < dy 9 Y @ gJ ~ a dy 9 o
veomaniivzdesdumunssduihgeganoznatiula nazfomm

1 9y . £ a A J '
mmwuma”lmnﬂ (Hook Tension Stress %Qlﬂﬂ%ﬂuﬂﬂmﬂﬂﬂ)

T = 7,-hDA2f (5-21)
Tasfl ¢ = AwwuWiemAn (Steel Line) o,
Yo = wiethminve1 = 0.001 .
h = mmﬁm‘quqqﬂ i ()
= szﬁuﬁwqqqﬂ = izﬁuﬁyw‘ﬁqﬂ
D = dusigudnanasie ilu @)

’ = g A )
= ‘Viu’!ﬂlliﬂﬂﬁli’)\imaﬂ%ﬂﬂﬂiﬂ

= 1,000 pn./ay.”

ANMHNIGAMNTORIHUA

NV UAYDY USBR luniiadie Welded Stell Penstock, USBR.

9
v A

Engineering Monograph No.3, 1967 9z uisanuvumediga laaadl

D +50.8
tmin Y (5-22)
400

{ o 1 o <
Tagh t, = anuriinedge Wy (aw.)

min

9 (] 4 1 I
D vinardurgudnalavie 1y (ru.)

= ~ 1 Y 1 Y o 1 z
WIsumeuanunuImenIngums (5-21) uag (5-22) i lawnninldianiv

11 auae 11l

Ed Ed
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5.24.2 amé’umauan?ﬁﬁa External Pressure
A o W 1 Ao 19 Ya k) a J g; @

LLi\1ﬂ18‘14?)ﬂﬂﬂWﬂﬁzﬂTﬁ?ﬂﬂﬂﬂjﬂﬂgiﬁﬂu ‘].]'i%ﬂ’t’)‘]Jﬂ’JEJ LINNAAUUUND UHTNUNIT
A a 1 ] g’ Ya A o Y1 Y] 42’ 09/’ =
‘mﬂﬂmﬂmmmﬂuaumuuazuﬂ@ﬂuwmclwmaaﬂmeuu (Buoyant Force) RTUUAITUANUDN

[l Y
LY 1 v o Jdo @ @ . . ' Y o v a
mMsnavilanededuiusiumsileanunisaned (Floating Prevention) vaanatialiiimminauna
n'l3
(1) Vertical Earth Pressure

9
“Ijﬂ’iﬁﬂﬂl@ﬂﬂulﬁﬁﬂﬂﬂﬁWﬂﬁﬂﬁTuﬁmllﬁ%WﬂﬁiJﬂﬁ‘Uﬂ\i Marston’s

Formula (Handbook of Applied Hydraulics, Calvin Victor Davis)

Asdinneiadan H < 204 (5-23)
W, = WH.
AsiNneran H > 204 (5-24)
W, = C,WB
Tas W, = ussauduluuuias, nossy’
Y
W = WueirMinuesd, nn./a.w.
B =  anuninsesduyamiions, s,
4
c, = mdulizansvessesauya
l_eZKLL—
- (5-25)
2Ku
e = 2.718
1—sin
K = —_¢=tan2(45—¢/2)
1+sing
¢ = awudsamumoluvesiagauoy
4
v = mdulsgansanudsamuseningiagganounuigaauya
U A A 1
H = szezile@umiions, su.

(2) Truck Live Load

Y H
Wminesimennsnussnauauduodnsasua Idanaums

€

Lo
=1

W - P(+1i)

= (5-26)
t 250+ H)(10+ H)

Ed Ed
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o W, = Vertical truck live load, Nf./a5u°

P = Load of rear wheel 111111 8,000 N.
i = Impact factor
15.24
= —<0.30 (5-27)
L+38.1
H = Covering depth, .

= Load length, ¥.

52.5 215aaNasaIumei (Terminal Structure)

Y
M3N152199ALLY Stilling Basin 321800319219 Basin ¥iialatiy aziinizan
< 2’ A . 1 a :’ 1
MNANNTINTLUEYN 11iad Basin 11a2A1 Froude Number (Fr) aaaaud/sunai lvariuerns
Y Y
#1135V Stilling Basin ¥94NM0d 11100 Ma Laazng
A 9 [ 9 g) =K 9 Y Y Y
etlesnumsiamnz e Wdeseenuun iz ey tazaeandsenuanyue

9 a a ~
M3 1¥au959 Tagnasann

Y
v o A v 3w

- IAVUINTEAUNUNN
1 g‘ Y ~ =S g A
- awnseaaih ldaunesnuuy Taatla gate laidumn
1 I Y o o 2 1 g’ a
’E)fJ'NUlﬁﬂﬂ fﬂZW’l’)\i‘ﬂ']ﬂ']i@lﬁ'Jﬁ]ﬁﬂﬂaﬂ‘klﬂ!zﬂWialG]N']u U MITISVIIUIRNIRUY Tﬂﬂ
" o = 1 [ d‘ Y 3 A a d'
’ﬂghllwnﬂ')ﬁ\llﬁﬂﬁ189’]@@1915@'@1']fJWﬁQQ']HT]@ﬂﬂLHJ‘]J"buu D ATNINTUIMN
@ oy { 1 ] g’
- 35@1]1!’]1?1 80% UDIANNYDWINVUN
a\ 4 =
- 1@ gate 1NN
Aa @ a < :’ a
ﬂ’]ilﬁ@ﬂ%u@mﬂﬂfl’lﬂ’liﬁa'mwaﬁ\ﬂufﬂgwfl]’liﬂ!’ﬁ]’]ﬂﬂ')’lﬂ!iﬂﬂigllﬁu'l Lmzﬂimm

Y

Y .
1ineenvinlalens

MV < 9144 WA AR (30 WaAui)

Q < 960 amNAfAI AU (339 gnnasila/Aui)

donly Impact-type Energy Dissipater

fuilueseduaenly Hydraulic Jump Stilling Basin

Ed Ed
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Impact Type Stilling Basin

a z;‘o Y A Y] oy A A 1 1 g} ]

DIATITYUAUNUUINTAWINAIUN (@ E‘]_]‘VI 5-2) ‘Vlllﬁﬁl’i]@ﬂil'ﬁﬂﬂ‘ﬂﬂﬁﬂu"lw"lu

a 7 Yt 3 4 , o vy 9 Jyyw
’E)']ﬂ?iﬂ')ﬂﬂﬂﬂﬂﬂﬂlﬂT (Control House) GlﬂiJﬂ'J']iJLﬁ'Nnﬁ]ullllﬁ'liﬂiﬂﬂﬂl“ﬁ?%ﬂ?ﬂ?iﬂ?ﬂ“ﬂWﬂquflﬂ
o Jyq ¥ A . a 2} A 1 a9 a dy =\
mwuﬂﬂwua Impact Type Basin LW§1$ﬂ§NTﬂ!uWﬂVlﬁaN'lullﬂWM’ﬂﬂ HAagD1NIFTUAUISUNIT

A Y agj o 9 @ I <3

YAAUUDY suNImMneasNlsendams iz ueimsvuiagn

'
1 = =4 = = o 9

a ] z:ldy { Y o { { [
Iﬂﬂﬁuﬂg@] /51904 Jet 1/]'1/!\1@’E)ﬂﬂJW‘lW]ﬁlJ'lﬁﬂ!‘]JuﬁLWafJiJﬂ 138NN D

3
=

MIMUIVIVIIATYI N BazReaal
V = QJ/A (5-28)
D = Ja (5-29)

3 g} A 9 . a2 = a =
\'% = ﬂ’J"IiJLiTJﬂi%LLﬁuiﬂllﬂm"U"l Basin #./9U10 < 1.5 4./3UN

=).

Tag

Y
[ o

Y 1
Q, = dsmanhlwadunegeganszamihgege v’/

=

dy Y o 2
NUNHUIOAND U,

o >
[

= o ) .
= anvamilvari Basin u.

Y o 1 ) [ Y
HAINTUIUNIAT Froude Number = V/ /gD ATUIUNIA W(mmmwmﬁflu

Y94 Basin) HAZYUIAVDIAIUAI ) V04 Basin 619 11/

5.2.6 mstleanunsnay

be

[

uAAUReInUMIteatumIname luunn 4 §ail

5.2.6.1 usananzlagiueins
1 A Y
fMTUeIMTNINUUFUALANIAZ YN 3zABIRTde DL InA AT U
Y] a § A,
91713910 Hydraulic Gradient nUUszinnvosauniluguiin Ias75v09 Lane’s Weighted Creep

Ratio Witfosnnansdivualdlu ensnan s-4

Ed Ed
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i 7 [N R
1* .{ I: -
R | LI | -
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i L
1 B o
1

avh
H = 5%n) e s & w
] i YWy DN
ar g {w) t & Ma (W, cuggecred mitmuwe
B r i) Riprop whons sire diameter = Y (WA,
c o Wiwl
STILLING BASIN DESIBN
e
» - p—| | I = L
E ] #ﬂ‘ -
|
r : -~ - el A
™ = TPl A
sl RN R 1]
ETE .-l“. e [} S
- . ﬂ.-l"""':_-r !
2 o |eeemu | W
e ol R _i__
] .n-ﬂ"';'r S : ; -
b |
"o of WO 1 AO8, F = Do) T
z .._!_Jr-
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- Maximum Velocity melune = 15 u./2110

- Total Head Loss H = 0.4Ah +h+0.7Ah, (1u13)

11D h, = SFLp = Friction Head Loss
Vzn2
S, = e Energy Slope
R
1 3
L = ANNYNIVDINONINUA (LUAT)

p

- Minimum Inlet Submergence =15h, ua litioend1 0.08 w.
- Maximum Outlet Submergence = 1/6 (Diameter of Outlet Opening)
" Maximum Conveyance Angle =27.5" llagMaximum Divergence Angle = 22.5°
v
- Cut off Depth and Thickness at Transition MUYOAHUADIAITNATILALDIANT
v
naianIEAL
Y o oy g’
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3) Nunsoasuiwlu (water shade area)
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(3) 35 MANNING Q= —AR*?S"?
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1) AIANUNSVIN (Catchments Area) < 25 A13.0.
Y ' Y v Y
ﬂ?ﬁﬁWHﬁﬂlWWﬂ?N?ﬂ!ﬁTﬁ'sﬂﬂﬁ‘ig‘}ﬂﬁlﬂﬂﬂi]WﬂﬁuﬁgﬂﬁuﬂﬁfJQUUWWHﬂ@aﬂﬂ

Y
Hvualumu 25 arsenTamas 1995 Rational Method s ldaneaunisae lail
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ailszmenaziyiug iiiodu
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QU1 ANNAATU 30-10% 0.30 0.50 0.60
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A A 9 dy v
NUNMINYUAYITA
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s A v

(2) PIAUNUN5VNI (Catchments Area) > 25 A5.DY.
Y v k2 v Y
msmualsunanimainiszuigesnnniiun sV ieauuE1LNDaDA

= a ya o Y J dy
e 25— 100 3 Tawas 1935 Snyder Awdaldaninaumsas Uil

Q, = 0.001 x g x (QU-P) x T, x A (69)
iile Q, = Usmams lnagagaiuidnu o gainsan (au.u./Aui)
q, = ﬂ?mmmﬁ"hiaq@qcowaaﬂﬂvmﬁwmmfwﬁw, ansAN/M3.NY.
Tagit q, = K/t (6-10)
K = Peak Discharge Coefficient (@mwﬁ 6-7)

¥219HUANINGA (Critical Rainfall) (52 T19)

o
Il

9 Y v
0, = Reduction Factor YUagfivuniavesguiiazsaanaweduan (U 6-3)
[ [ 4 1
I = ANUYNEY Rainfall Intensity (M3./%3.) H1910ATIHANNFURUTILH I
Y A 09; Y dy Ao 09} EZR .
Anududy — na1 MinnswiuesiunsuihrunazAUgLa (Return Period )
Y
d = anwawsaduriulduedu (Infiltration Capacity) Yuognudnyme
a A A d' d‘
oAUtz NrnAgu (MINN 6-8 uaz M1 1N 6-9)

A Ao
A = NuNsVIAY (@5.03.)

0.30

Taof ¢ ¥298WUINYA (Critical Rainfall ) =(1.5/5.5) x L x L, (6-11)
d' o :’ = o 1 Y a
e L = anuenvesdanininga lnagadegaimsneasis (0lamas)
L, =oaam L /L
o g‘ Y J 1 zﬂy Ao g} A = o
L. = anwemanih 1nyalndgaguinisvesiunivihuniga degaim
msneaia (Alawag)
Opening Area (mz) = QV (6-12)
) £ A0 A v J
Wo A = funveuilaveslaseaiiaszuienih, as.u.
< 3’ [} o A =1
v = anusivenilugeuila, 12119 (

15197 6-10)
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COCEMCILNT Df AUNOETP

OOQU 20 @ & 16 160 120 140 16C 180 209 120 240 260 180 300 1IN

AVERAGE AAINFALL IHTENSITY MILLIMETER PER HOURS

m BANHO 1 STEIP, QARREK, (LPEAVIOUS SURFACLY

BAKO 2 AOWIKG GAAREH -IN UPPLR §AKO VALUCY, FLAT RARALK (K
m LOWER PAAT OF EAHD STC(P FORLSTED L STLEP CRLSS ME

BAND 3 TIMECR LANDS OF WOQERATC TO $TCLF
J TLOF( S, wOURTAINOUS, FLrUIKd

BAHO 4 rLAT PEAYIOUS SUAFLCES, FLAT FARU(AKODY
WOOOLO ARCAS AKO MEADOwS

d' o [ 1 T @ a afgl 1 Aq ¥ .
siii 6-1 nswldmsuemduilsz@nsiiim ¢ N14gns Rational formula

' Y
A7 : MIOINUUVUHANNFIMTUNUTITANANFUDN A1TANUTITANAUIFULN

g 7
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(1953-1993)

1000

—+— 1000 Yr

—6— 500 YT

—%—200Yr

—0— 100Yr

——50Yr

——25Yr

Vadrirvd
VI

W4
?1
f

—=—10Yr

100

—A—5Yr

Rainfall Intensity (mm/hr)
/
Vs o
P / 1'//4
77 7T
L

VA T4

10

Vs

Y
X

0.1 1 10 100

Time (hr)

d‘ @ ] v o J 1 9 (] ~
5UN 6-2 @10819ANNFUNUTIZHINAMMVUAU-FI9IA1-ANNDAY

' Y
A1 : MIBNUVVLUHAVNFINTVINTITANAFUUN 1TNNUTITANAUIBUUN
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¢ 8 g
7 T 8
= l
i | I
e o
TE
T § &
- | ] <
| ]I | g
I "’—.% J

—
=
N

SNy o :
, f z 9 i
1T T SRR
) f ( { '
IRARPARAY
T Nunt
iny =
{ . fry L
[ »7/ 4 “7/ &
/ /1 11/ _
HNVIAVI 1 7
4 ¥ ) 4 9
r’// / // =
VAT
/“/1 B =
g E 2 0 0 X

(<] V34V HIND ¥CJ4 N7y 1NC4 5C .

d' 1 Y () o dy Ao gl
5U% 6-3 maannuuvoIHUd M UNUNS U

v Y
VT : MIOONUVVUHANNFINTVNIUTITANBIFUDN AN ITANAUIFUDN
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6.2.4 N1500AUUVIATIAS NNNISUIEHINIHOUY

3’ i <3| 9 glé A Yo o gl ' 3
'I/]N‘Ll'lF\I'IL!i]LluLﬂuIﬂﬁiﬁﬁWﬂi%UWﬂuWﬂ\mTJi L‘Waiﬁmmimzmﬂmmuaumﬂu

o 9y 1 v W : 1 [ [
NITHFINTI Tﬂsﬂmmummgmﬁumﬂmmimm‘wmuwuum gﬂllﬂﬁ@WﬂﬂiZlﬂﬂﬂlﬂ\ﬂﬁﬂﬂ@ﬁﬂ‘L!

@ { o ' [ a A J a 1 1 a a
ﬂﬁﬂm“ﬁg‘ﬁlﬂlﬂﬂﬂﬁ%}%ﬂﬁjS szian ﬁ’ﬂ anId AUFBINUA wu“l?imuuazﬂmﬂmuﬂaz 23U

~ 4 & = I A = A
HLIUA LAZHNUNUADUNTAUADAN AN zﬂﬂ 6-4 O3 z‘lhfl 6-7

31N 6-7 duilszANTNIINAINGIGA (Peak Discharge Coefficient), Kp

v
[ )

- -
guﬂizmﬁmmwumum

4
ﬁﬂJﬂigﬁWﬁﬂﬁWﬂWﬂq%’m, Kp

dy =S = ]
WunwwazguuaenuThgay

U

{ a g { @ <] U
HunFavaziuiusuanioslnaguaeth 13 28-30
A 1
W309 91
4” A o a 9 oy dy A a A Y
wunthgeduusnaduhiuidenindnagudie 30 - 32
] Y A v 9 a ‘; v 9 g}
thldwseonaghusnadinidui

A a Y A 3| v

32-34

£

] Fa
i inaaismuadmsumsesnuuuneaie tazmsthiesnmemslsznenlulassadeiiugiu nsunsneniii
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4 4 a { 1 ] a a gz .
m3197 6-8 uvlamesvosiivnaguanlinanomsFruAIALYeNi1 Infiltration Cover Factors

A a [ A
Wclf‘]_]ﬂﬂijllﬂu ANHUZTNIN LL‘V\IﬂLW@iW%
Vegetation Condition ﬂﬂﬂquﬁu
1hlg AN 4.0-8.0
U Y Hldg’ T A a o Y a 1
Forest ﬁmwﬂmummmu"lmuﬁmuuu ANUUUIVDIBINNBLUASTIING UUIAUNINNIAN
25 Ju.
amwihunais 2.0-4.0

{ PRI oy Y ° 1 A
anmthiunans duliuazwu Ifunuensenudanunuunivvessniiy uag
a o 9 a a o Y a I 9
gaianinau 5-25 wu. iNamsnamnzriauantios
an1mia) 1.0-2.0

' 4 ' I ' a o a '
anmiludonTnsy du'lduazvn lddundon 4 anunuivesduianthautdosnn

a o Y a A Y 2
Sy .Lﬂﬂfﬂiﬂﬂﬁ)’ﬁﬁiﬂﬂlm1ﬂWﬁ@1%LW1$ﬂQﬂN1ﬂLﬂu1ﬂ

J
Wavg)sawne | anwd 4.0-8.0
9 a Y 9 1A g Aa 9 d? <
1 ( Aunaquanerg IULUNANBIMINZIAZ AN NG NUNLEVUAquITluaIy
Y
Grasses AAugndnedlumnzaunniuaeumskan
(including Rice) | amwihunais 2.0-4.0

Y Ed
A

AulnagquAefisNAUHLILIY 30— 80 % VYBIAUANINA F1eAuNUN NrghTu
pgaioo 21 uagli1d1dmzalgninmiuly

an1miad 1.0-2.0
a A d'd 1 9 1 a =% 9 g d'Q
Aulnaquitasinnuvuudy 2.0- 1.0108n31 30 % vosAuan AT IAUNLRAY

dou Tnsuldmizalgninnimu 'l

Mamzilgn ANNA 2.5-3.0
] ' o A a ' a ot
SRy ANuriNYeIMIMIzgniyimminzanaveg luaamiawysaia
nuuFaaany | animihunaig 1.5-2.0
Close Growing ANIMLMLUIAzAUENYFaivesAuRg TusEAY 30- 80 % vesAuamwATIIAY
Crops ANINLAN 1.0-1.5
] 4 a 1 o ' a a

(Small Grains) ANUHUML LIz ANNANYsalvesaueg luszAUTEENI130%uBIannALAT 1AL
mamzlgniy | anmad 1.3-1.5
<3 A a a A L A ~ ~ a
Wuned M3 AN ITYIDNNN anMANTANNANYTAA Ugnivsryudsuinzaud
Row Crops Mszuumsmzalgnedisgnuanimdn

amwiunan 1.1-1.3

anmmamizlgnuazanmauegluszdy 30- 80 % vosanwd Ugnianyuieudn
o 9

seaunely

amwan 1.0-1.1

anmwmsmzilgnuazanmduegluszaudesndt 30 % vesanwd 19353

mztlgnedisligndes

Fa Fa
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] Y
M151990 6-9 ANUAWNTOFUHIUALYDI1) Infiltration Capacity)

LW\IﬂLGIE)’D! ‘ﬁ‘]ﬂﬂﬂﬂqu Infiltration Capacity @ - (mm./hr.)

AUFLAAI AU e Sumtlowauansay | ausiiingely
Cover Factor Type Clays Clay Loams Sandy Loams
1.0-20 1@ 2-9 4-13 5-20
2.0-40 1unan 5-17 8-27 13-45
4080 @ 10 - 35 15-55 25-90

= Jo o o ' o o @ o
nu Lﬂm“’ﬂﬂTﬂuﬂﬁTWiﬂﬂﬁ'ﬂﬂﬂuUUﬂﬂﬁ%’N !Lﬁ$ﬂ1iﬂ1§\1§ﬂy1i’]1ﬂ1§ﬂi%ﬂﬂuiuiﬂiﬂﬁ%NﬁuﬁWu NIUNTNIINTUI

Y < { oy { 1A [
ﬂ1§]\1ﬁ 6-10 m’m!,Samﬂﬁqmlmmﬁllum@ﬂﬁﬂmmz

FUAVDIAU A5 )N/ IUHA(
1inla ﬁywju
N30 0.46 0.76
AusduAUAZNOU 0.61 0.91
AuMTlEI 1.14 1.52
aAuaIU 1.83 1.83
N5IAaZI00A 0.76 1.52
NN 1.22 1.83
Aulvg Ianiniia 1.83 1.83
wunoulng) 9 3.90-2.50 3.90-2.50
Auiiauda 4.00 4.00

] Fl
VT : MIOBNUUVUHANNFINT VIIUITITANNUIFULIN

#19NNWTITANAUIFUUN
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FLOW_

Q. earTHFILL o

S52AUSU WET CROSSING

(SEE SPEC)

OGL.

COMPACTED 95%
TO STANDARD (SEE SPEC)

d' g‘ ] o ¥ a = o
51J°n 6-4 NNWUIHIUDIUUNIAWYAU — HFLUUA

~
Ny :

o w

TUNNUTITANAITULN “UUVNATTIN”

- # -V =
AUNANVAVI JvIR QG TRHMRAY 0.13 11,

AVUUNSIA MU 0.30 U TIUNRAR=AY (WELL GRADED)

SOIL — CEMENT MIXTURE MU ldAIndn 015 1,

s:AURY WET CROSSING
wtvrauniauRan

8 v '

T Hs2 Aung sun @ Taginie 0.22 1,
H/2 Runaguro Tauais 0.45 4

=== s

*

AW, N92AT1q) Dgh=2" MU 0.10 4,
N—— fiv, na2ain Dgp* 1'MUN0I0 Y.
N9LHLIUBAULYY MUY 0.20 1.

LATERITE COMPACTED 95°.TO STANDARD
(SEE SPEC)

v Y
5Uf 6-5 mahwauuihareiulnuaznitadiunaz

A - ANINOUTITARANYUUN “UUVMIATFIU

Fa
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-

aAUDUVAMTAtA JUNA 12 x 12 x 12 du.
wmﬁaunman‘iq

s=Auku weT CROSSING
wedvAauniauion

NSILNLIUIAUYY KU1 0.20 4,

LATERITE AU,N920TNQ Dg =2 MU 0,101,
COMPACTED 95

#U,052880 Den=1“MUN0.
TO STANDARD (SEE SPEC) 50 MIU10.10.

d' 3’ ] o ¥ =~ o
§1J°Il 6-6 NNNUINIUDUUNIAIYFLUUA

=h.
z
—

- ANTNNTITANAUIFULN “UVVIATFIU”

¢ - SIAURU WET CROSSING
udvAauniaufon
— NIWHYTUIRLYY U1 0.05 11,

udvaauniruion
Y1 0.05 1.

utivapuniaufon viut 0.084

P 4 o
HUNL 3V A © TAUQAL 0.45 1

LATERITE COMPACTED 95% TO STAMDARD
(SEE SPEC)

a g‘ ' o 9 ' = I
31]7] 6-7 NNUINIUDUUMAVYUNUADUNTAUADN

9

N1 AWNNUTITANAFULN “UUVATTIN

Fa
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6.2.5 mstlesnumsnmans

9
v A

o 1 v o o {
mmcwmwmmiaammmﬂm@mmmwﬂmﬂumiﬂmmz Glle'U‘V]ﬁ 4 AU

6.2.5.1 nsanaanzlagiueins
[ k4 Y
FMFUIAITNINUUFUALANIAZ YNNI 32ADIATINEOVLTINA
Y . . Y a A g an

1912 1A911491A15910 Hydraulic Gradient nulszinnuesauinilugiusin Taei5ues Lane’s
Weighted Creep Ratio Tifoaniiaismualdly 13190 6-11

Lane’s Weighted Creep Ratio (C,) = L /H

v Y

L. =  Weighted Creep Length 894 szozn1anih lnaduruld

w

A 9 9/21 o 9 1A A= ] =
NIDUVNDINT Tﬂﬂiwumuﬂmmﬂnua’J!,Lm/lﬂmmmuu

9
~

KiT]
=< 1 9 9 Yq 9 a
1) FUAUAIUTI9UDI1A15 191 1¥A11817959
=< 1 A A o ' yq v A
2) AU UL TOFUNI 45 097N 19T 1BANVE1IDTI
3) guasaldoimsluuuisunsesuiosnin 40 oemn
113309 1 11 3 vpa3zez239
v Y
H = Hydraulic Head 58ﬂ313§ﬂﬁﬁ1c§ul"l’hllazfgﬂ@@ﬂ
o 1 9}8 VA o Y ~ 9 A [
windwaia C, ladniidmualdlu arsed 6-11 Idmius e
Y
L 1ao75A199 Asae 11l
' Y v
- minszezaidulunuinalag s Cutoff Wall %58 Collars
A 2 A
- inszezihgu lunulsy Taemsea Aporn

] 9
dmSuermsnieguuruiu hideedin1sns19aoud1075U09 Lane 151213

. . & a g A ~ g
Curtain Grouting Cﬁﬂjﬂﬂﬂﬂ@llaaﬂzuﬂﬁl Cw WNINEINBBDYLLAT

6.2.5.2 HuNg
2K A = Y o ~ 9 A QSI a a A 9
ey lug i s Sesdrenssan nFensnnsavuinluuinandesms
I ¢ { o 1Y a 1 J (R a {q 9
W ldanumnamunimuua Tag lideasuiudosrsoimianuaannuasedla nunlenisee
I~ a 1A A [ ) a ; (K < gl
Wurulngnlvnenaz it MIMUIAKIVUIAVEIRUILIUBIAUANVIFTIVEINTEHANN

1 a 9 1 a
mummwmﬂmwu%ﬂizmm 1.5 iIMUBDIVUIAY Y

Ed Ed
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M13197 6-11 Lane’s Weighted Creep Ratio

=) )

FHAVDIAU C,
AUAZABUNTONTIAZIDIANN 8.50
N300 7.00
nyevuIat unag 6.00
NIOHE 5.00
N3I9AZI08A 4.00
As9vInl NN 3.50
A329%1811 Cobbles LALALUIVI810D 3.00
a = <
Aurtenvaunana 2.00
a = <
AU LU 1.80

N : USBR, “Design of Small Dams” 2nd Edition, Washington, 1974

6.2.5.3 RuiSea
2 A P I S IV ST ~ v Ay
1’i3J'lﬁJﬂ\1WHGl,Wi1J N 'liJ'lLiENﬂulﬂu%uiﬁlﬂui&ﬂﬂﬂi]uvlﬂﬂ'ﬂllﬂu']ﬂ@]'E'Nﬂ'li Iﬂ‘(’l
1 1 1 a [l qg;l [ 9 a [} 1 VR~1 [} 1
611!“]5?]\131\15314310141!11’7@“1!%3'E'J@]LL"]ﬂJ@’Jﬂwuﬂﬂﬂﬂgﬂﬂiﬂﬂmu'lﬂﬁ'l\i“] uazm1&1wmu%nw

P v 2 4 a 4
mmwuwmwmiﬂﬂﬂfﬂizmmmwuwmwum

6.2.5.4 AUSHENUUI

HanbuzuRsINUR LIS saUARDIUUINNFDIINTZH IR URUAIGY UNT10

6.2.5.5 GABION & MATTRESS
. [ 1 ] Ay 1 g a 2 A 9
Gabion & Mattress 1{lunaodadnavieved Taveh hiluaily nsegnindeuaiy
@ A [ I a ] . I 9 = 1 @ 1 . A
Yaanilosnumsiiluaiin 1wu Polyvinyl ifludu taglinnunumuaemsnansou (corrosion) H3o
HAINATZUIUNT weathering A199) Mo lunisgruvAa1eg N lddeuazinnununiuau
3 1 Y o a Ay Y @ a A o
wuvanaes uanimy e luusnundesmstlestumsiamng Taemmzusnaniintaes
Aa ° 9 Ay v o A A = ~ 9 <3 J Y
suuse demthun1Flunsaid hisunsaaadenvunarulvaf Taissneduanusvenirla
an ° Y] a & ya g A Y < a
MUATMIMUINVUIARURY Fee1n gruvaanin 14 1wy vuadnga 50 vy, Tdunay

DA laga 300 uu. U553 1UNA0IAIANIUI (Mattress 11A2 Gabion)

Ed Ed
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A
unn’7

do
NAUNMHUATUMNTONUUUMHIATITIS

7.1 nasgunial

1 Y 3 Y 9 J
HINITINNITDBNLUUUAN €] "UmmmﬂﬁuJu'lﬂmummmmmimu%amﬁmuaz

o % Y A v v ) Y v
ﬂ?iJ’JG]Q‘]Jﬁ%ﬁ\‘]ﬂaluﬂ'licl“b'ﬂuﬂﬁﬂ‘!ﬁ"lﬂ € 1an TA5985 19990115 AUy e NTosy

13
% @ o

9 9 v
minussymimines uazuseauirgega lasdeilasads dauussay nazusainaanms

A a ) a A 1 dyd 1 ' 1 qﬂzl
Lﬂaauuﬂmqmwgu e lunsanusuraI i INa0 g 19uINAB M TN

I~ aova y a 1 ~
mseenuuvaziullawmnasgiumsiaadainssy ssnielszman

E4
=

fvual3ail
(1) American Concrete Institute (ACI)
(2) United States Department of the Interior, Bureau of Reclamation (USBR)
(3) United States Department of the Army Corps of Engineer
(4) American Association of State Highway and Transportation Officials (AASHTO)
(5) American Society for Testing of Materials (ASTM)
(6) American Institute of Steel Construction (AISC)
(7) American Water Works Association (AWWA)
(8) Thai Industrial Standards (TIS)

(9) Japanese Industrial Standards (JIS)

7.2 YemnuauazMaNTAVEI T

9 o a <] a
AM5UMI0BNIUVOINTABUN ATTUIHAN IZTANINTTIUVOIAINTTADIY
ure1lszne1ne 1ag United States Standard (ACI-Code 318-71) N3] "Allowable Working Stress

Design" 1138 ACI-318-77, 1977 (Ultimate Strength) @13 @1519% 7-1

Ed Ed
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a ' = ) =
AN 7-1 ﬂuﬁﬂ!tiﬂﬂﬂ@uﬁlﬁﬂlﬂﬁﬂﬂuﬂﬁﬁ

nieusaneau ¥ (nn. /o,

319013 o 4 & Ao o o o 2
T(TTH5“]Jﬂﬁ)uﬂiﬁ“mllﬂWﬁQﬂﬂﬂigﬁﬂ(ﬂﬂ./%u )

qn3 100 | 140 | 175 | 210 | 280 | 350
sanaIulugaa n 2,040,000 14 11 10 9 8 7
15,210(fc)"”
HIIAA :
- mieusssaiiin fo 0.45F¢ 450 | 63.0 | 788 | 945 | 126.0 | 157.5
- whousaaeiigusn fo | 045(Pc)” | 42 | 497 | 556 | 6.09 | 7.03 | 7.86

uazﬁmwmaun%é’au

=1
HIAUNDU ¢
- AUABUNTARIU Ve 0.29(fc)" 2.9 3.4 3.8 | 420 | 490 | 5.40
- IABUNT A Ve 0.32(f¢)" 32 38 42 | 460 | 540 | 6.00
-Tasead S uman Ve 1.32(fc)"” 132 | 156 | 17.5 | 19.10 | 22.1 | 24.7
[ =

JULINRNDU
- uAUNULAL T IUTINAUE WD Ve | 053(P0)” | 53 63 | 70 | 770 | 890 | 9.90
HINNA :
- IRUNUA(Full area load) fc 0.25(Pc)” | 250 | 350 | 43.8 | 525 | 70.0 | 875
2 & 4 12
-yl luauveanun fc 0.37(fc) 370 | 51.8 | 64.8 | 77.7 | 103.6 | 129.5

A 9 ' . .
130 18I (Location partial area)

= a = a 2 a a a a o
nu: L?Jﬂﬁﬁ‘ﬂi$ﬂ’l’)‘]Jﬂﬁ’LT’E)L!T]ﬂﬂi’JL!ﬂiﬂlﬁiﬂmﬁﬂ,!LW‘Hﬂ’J%TJﬁ]ﬂSﬁJTﬂ‘m ﬂm%?ﬁﬁﬂiiu?ﬂﬁﬂ{ ﬁ;W1ﬁQﬂiiﬁ1J“riﬂ1/lEﬂﬁﬂ,2523

7.2.1 AOUN5A (Concrete)

o v w

o Y [ = ] A < o Y] =
fmualitmideenilszdevesnounialumsumian dmsusimssarmansia
) [ a < 1
fo'= 140 NN./BY.” Hagd M5V IMIADUNI ALETUIKAN NA1 fc' = 175 N/, vTouonvInszlylu
Y I 1 A A 1 A o v w Y = ~
vuu PAifluededu e fo' Ao Masdailszdsvosnouningiuninouniagilnsinszuen

1 4 { 1 @
VIATT U mumﬁumquaﬂmq 15 %Y. g3 30 . ﬁﬁmgmﬁuu 28 U

Fa Fa
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7.2.2  IHAM@SNABUNIN (Reinforcing Steel)

wAa ] =< A Y <3 a = 9 I dy
ﬂmﬁnmLmzwmamqmmaﬂwmmmaﬂmimauﬂimmmgﬂu"lﬂmuu

[ 1

a3 9 3 A o 2 A A °
(1) tvanigunay FUAUNTIN SR24 UIAT91U UDN. 20-2527 umaqmmmﬂ”lum
' Ao o K Y 1o 1 ~ A v vy v Y
N1 2,400 NN./AT.HY. ummmﬂizaa”lmmm 3,900 NN./A7.HY. Llagllﬂ’ﬂilﬁlﬂﬁillli\luﬂﬂﬂﬁ'liﬂﬂ
ag 20 GLH"]%’N?]’NEJTJ 0.20 tUAg

Y
v = v =K 1

< o { °
(2) Wanvedae FUAMNIN SD30 WINTFIU WON. 24-2527 lsdenanvada laidn
Ao o K

711 3,000 AA./AT.3Y. Tiaaaarlszdelidini 4,900 an/as. sy, uazianugadd lideeniies

ax 16 11¥9A0817 0.20 LUAT

7.2.3 Manlasaas 1 (Structural Steel)

'
[ =

<] F) L!'dy = P o 2} o 3’
man Iasaadnluninineds Jeanlylumsiiuilsggszesi vudari

q

9 ) ]
1529111 (Intake Gate) AzunsInUaIZ 31990059 170 Tad 195090 I0 azdus MmsosnuDVaL

[

a A B2 [ Y g dy
WIITU ﬁ@;1/13Jﬂmﬁummmgmmmmmm“lﬂu
3 Y
(1) maﬂiﬂix‘lﬁi”lﬂg‘]_]‘l/ﬁim AUNINTIIU UDN. 116-2529

o 5 <
(2) neIUITOUY (Bronze) #al913)u Gate seat AUUINTIIU ASTM Designation :

B 22-85
(3) IMANUAY (Steel Plate) AUNINTTIU ASTM Designation : A-246

4 mﬁﬂ”l?ﬁﬁu (Stainless Steel) MMUNINTIIU ASTM Designation : ASTM 276-

86a, ASTM A 167-86 types 304 and 316 1¥1ilugdnyenuiuszuionazFudiudeneuiiomi
) mﬁﬂm'a (Cast Iron) MUNIATIIU ASTM Designation : A 48-83, Class 30

Y { g/ < ' Y a Y
(6) aannaeinlylunulszginnaniae s1agnnseiulade azunsenuais

(Trashrack) LagOU AUNINTFIU ASTM Designation A 307-86a

1 S Aq o o a 3 1 a .
(7) newannleiuen, s1uavaiulads aaq Wuniexiia Standard black pipe A1
A yas A Qa)l A A 91 <3 1
UINT91U UDN.276-2521 Usznnn 2 ﬂ1§ﬂ3$ﬂﬂﬂ1%”3‘ﬁl%ﬂﬂ°ﬂ\‘]ﬁﬂﬂ ‘Vi'ﬁ’f)‘l/‘ﬁﬂiﬂ!'lﬁlsb'ﬂ@maﬂﬂﬂ
< o = = d A
IHANDIUFAINSTAMNUNINTIIU UBN. 277-2521 Uszwnnnn 2 Gluﬂ']’iﬂi%ﬂﬂ‘ﬂlﬂutﬁl 31179

Tu'laas Tnslddonounu

Ed Ed
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7.3 15991032 111M001A15

7.3.1

7.3.2

7.3.3

7.3.4

1 d‘ o 1 Y o 9 d’ o [ A v 1 dy
LTI INE ‘Vlﬂ§$ﬂ1ﬁ@@1ﬂ15llﬂﬂ’lﬁuﬂl’l'}L‘W@ﬁ’lﬁﬁﬂﬂ’]ﬁﬂﬂﬂllﬂﬂwﬂﬁﬂaqﬂu

14

WIHUNUTINNDIT (Dead Load)

9

) v (% 1 Y o 1 J
HIMUNVDAIIAAAN ﬁTiJ']'iﬂﬁWllﬂﬂ\‘]ﬁ@llﬂu

= a <
ADUNITALTIULNAN

S 9
ADUNTANIU
v

-

a Y
AULNI

AULAD ALY

v Y
- AUBNAIAIIN

< ~
WManiug

v

1144nN93 (Live Load)

15znoudie

- Surcharge for Wall

Operating Platform with Stoplog

- Operating Platform without Stoplog

Live Load on Floor

qEWIU
W39aN (Wind Load)

sznouae
- ussaunszihinanug luhu 15w,
- 59AUNTEMNNANNFITEHIN 15-30 U,

Y Y A

USIAUMUVNNNISINNDD MNINUAY

]
=1

D.
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2,400
2,300
1,000
1,760
1,900
2,100

7,850

900
750
500
300
500

100
150

Kg./m.3
Kg./m.3
Kg./m.3
Kg./m.3
Kg./m.3
Kg./m‘3

Kg./m.3

Kg./m.2
Kg./m.2
Kg./m.2
Kg./m.2

Kg./m.2

Kg./m.2

Kg./m.2
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v 9 9 A dg’ [z a Y ] Y
UIIAUATUVIUNNVUININY Surcharge mamuammmuumqq 0.60 LUANT
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7.3.5  us9auin (Uplift Water Pressure)

Y
o A

a o < { % @
Tagauya liusansgi ldgnniugddmteunany Fawssauingala o ag

q

Y 9
MIAUANNGIVEIINTAUY TAge1HEITVUD Lane's Method MR
7.3.6 13900807 (Bouyance Force)

9 Y v 1
us9aeeR NI oL INgIN s AU vinveai NgnunuidleTasaad

v o o Y A 1 < o A a 2
REINP] Iﬂﬂllﬁ\ia@ﬂﬂﬁlﬂuNﬁ‘ﬂ’l‘lﬁLﬁﬂﬂﬁﬂ’]W"U@\‘l@’lﬂ’liﬁﬂﬁ\i E)EJNVI,‘Jﬂmilui\iaﬂﬁm’mmmm
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anae lnssasnalunsainsgaidmumteuazinedhelia lnameaseminy mulugin
1 ~ o < [ g’ 9 = [ :I = :I 1 v 9 9
wan drulunsarheimsmnuimiluvas lsaurasliszauimieigainsgauaiumerhe
@ g’ A o Y < . & ]
159UV 1NNIM 195 1151n01A15311UMaNIIN Different Head Batiaagng lugiluog
Uplift pressure

v [
o

7.3.7  useaushnnseimenIshe (Hydrostatic Pressure)

9 v 9
[ = [ (3

IfAalunsainszauingnszaudurhe wagduieilidin
7.3.8  us9aNnseimen unaluusIng (Vertical Wall Loads)

A o 1 o A 9 1 v 0 dy
usainseieeumalunne awwdszneulidensenna q aeaelii
- USIFUAUAIUD (Active Soil Pressure)
Y
- uFINA U IR NG (Water Pressure)
v 9 ~ 9 o o = [ ~
- u59AUN9NuYa9u191n Surcharge AMUHAIR NS B lUMTDONUL LAAZNTAL

' Y v Y
wilusainsgihaesmmananaeiu lvuegiuanin tazdumiainaveseins

7.4 (@0gINNYBI0INTT (Stability of Structures)

9
1 v A

fMrualiian Safety Factor 1@@83n1MU8991A13 (Stability of Structures) UA1AaH

Safety Factor Against Overturning > 1.5 (An Uplift @911’381)

Safety Factor Against Sliding > 1.5 (Aia Uplift Aat)

Safety Factor (Bearing) > 2
- Safety Factor Against Uplift > 1.3

- Slope Stability , F.S. > 1.5
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7.4.1 03 ﬁ?ﬂt]ﬁﬁﬁﬂ 1380M1 (Critical cases to be considered)

A 1

< ] o 1 ' 3’ 1 o @ v Aa
- ﬂimﬂ’aﬁ%jmﬁiﬂwuq Llagﬂﬂllmﬂaﬂﬂu"IWWHE]']ﬂTS muWﬁ"ffNﬁ]ziuuimuﬂu

[ 9 4
Mesdu@en Tuvaghnuguanizsuihminnavesensnamug

'
) v A Y ] ! g
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- DTUNUNNN $ﬂﬂﬂﬂﬁllﬁ$ﬁ1ﬁlu1l!ﬁj\1 INAUINAUUIFIFANTENINDAIDIAT

U Q
v F '
v o 9 9) o 1A

1 { @ 2’ ] 1 v I @ a
ﬁ’J'L!ﬂiﬁﬁi%ﬂﬂuTﬂﬁ1@1ﬂﬁfJ§q\‘iﬂ’J1i$ﬂ‘1JLﬂ°]Jﬂﬂ Taglnavziiszauihimuiiieiied 119910

U

Y
o A

[ I~ [ { Q' Y oa) 1 @ o
srAunUAnNvenuuUUeAa szauihigendg lvaduesndauaz nanduasdnivaviiere

mlRRus s umerhond e uus s uiindumtion
7.4.2  msmuIannuaendeoiesnIaInnswana

(Safety Against Overturning)

Tumssnaeenuu Mo iidansnanainiuazdealinadns su
e qnanusanszimoueniLa finszihdedrhennegludiunananmilaluauvesanu
o1191urhe tazmaNulaoane (Factor of Safety) ¥99003 16215211 Stability Moments A1)
Overturning Moments ¥1AA731 1.50 Taefmanssouisaeansd ao ndsadiaass uazvaziiy

Y
% o

A S & A
NOUINIDNAUUAUN

Stability Moment

Overturning Moments

[

o @ 4 4 [ 1
’E)'lﬂ?ﬁ“l/l']\‘]@glj'lusb'aﬁ"lﬁﬁi ﬂgﬂﬂuiﬁlﬁeuqaa Lﬁ’f)\‘]ﬂ?ﬂllﬁ\?ﬂﬂiﬂﬂ?ﬂﬁWUﬂ@ﬂTﬂWi
J yoaj ' 3 { a 3 v a o o o
L‘ViaTﬁuuﬁ"llﬂiﬂﬂ\‘]‘Vlu@Qllfg]jﬂLWiT&Lﬁ\‘]Lﬁ‘(’]ﬂ“l/l']u(Friction) ﬁ!’ﬂ@ﬁuizﬁ'ﬂ\iW'JﬂiJNﬁéU’ﬂ\ifﬂﬂ'liﬂU
Y 1 9 9
WuAUNTeITUeIMS tazAwsudeanuiivzi ldanmaguszniaiminyee1msny

4 E4
duilsed@nsveusudeanmiu °C” mmmﬁi’hqmaﬁ

- nihdudavesnouUnIAnUNIIA C=0.50-0.60
- nihdudauesnounsanuNnI 1Y C=0.40 —0.50
- HihdudavesnounsatUAUIKiien C=0.30 - 0.40
- Aoy — thunai C=0.25-0.40
- AUHI9DU — AUAZNOU C=0.20-10.30

7.4.3 f)75??71!304?7?73]1]@961%5’!1?@0%7@7ﬂﬂ75!5@1!ﬁ?

(Safety Against Sliding)

Tumsswrmesnuuuietlesiumsiaoudrveshe Tnoldgas
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S=H/V<1/1.2f

A
we S

= Sliding Coefficient

= Nﬁﬁ’)ﬂﬂlﬂﬂllﬁﬂiul!u’)ﬁ']ﬂ

= was’mmmmﬂuumﬁq
f = Friction Coefficient = 0.6

A o ' Ad a Y o Y A A
Gluﬂiﬂl‘ﬂFhfl@]\iﬂEJ”LIL!;‘@TL!?"Iﬂ‘VIL‘]Ju‘l’iui]%@]ﬂﬂﬂ”luﬁlmﬁ1!,!,3\1@11!511?)\1!,!5\11,%@1!1/]@114
Y

u

AR Safety Factor 9¢ADININNI 4

SF=(Zol+V.H)/H>4.0

Lﬁa Zo = umﬁauﬁgmmﬂ (NN./U.2)
1 = anuenvesguhe ()
H = useluuudsiu
vV o= uselununns
f = AusudgeanIy

7.4.4  msananuaeansdiuioanaInnIngan
(Safety Against Settlement)

(% A 19 Y a @ QBJ} 1 A 9y
- Gluﬂﬁf)@ﬂLL‘U‘Uﬁ’JPJ']EJLW?JlliJGlﬁLﬂﬂﬂﬁ“VquﬂWJuu m!,mﬂﬂqﬂqﬂwgmvhmmm
[ 9
108n11A1 Allowable Bearing Stress Yo3aufigueheoriuzsuldlumssuiunsinagega

(Maximum Compression Stress) 7 31U the Tagld qasg

q=(V/L)(1+6e/L) <q,

We q = usInNAgIgANg e (f/u.2)
9 v
Vo= InEnUIINANIZINMINLLIAL (A1)
&y 4 v J
e = 9I2HIURIGUINAVRIUTIANT (1)
L = mmm’mmgmmﬂ )

q, =Allowable Bearing Stress mmﬁugmim (Fu/1.2)

Weme AafeAuN e 1 was
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AaA o v o J Y a 4 . . s
- ﬁmmmmmﬁuwummmsmﬂmﬂlamu l,ﬁ’fNi]'lﬂflﬂﬁ Consolidation Gﬁ\i
Y =1 . . a 1 =1 . . 9 9 1 49’
TADINNITINAADIN Void Ratio YBIAUNDUNNIT Consolidation Lm’Ji]%I‘]fﬁ'iJﬂﬁﬁ’fﬂ‘]JHVﬂﬂﬁ

NnjnA?

h P'_+AP
s - Cc_log(o_)
1+e P'
0 o0
d‘ U
o S, = 3EZMINTANT
Y
h = AUHUIVBITUAY
e = Void Ratio ¥99AUDALUUADUIINT Consolidation

C. = Consolidation Compression Index = 0.009 (L.L.-10)
P’, = The Effective Overburden Pressure

AP = The Increase in stress

Y
- MIATNABLNIAVDINITNTAAD dTofuIn ldnnaumsas lii

_Tvd 2
CV

t

o t = 2ETAIUBINITNIAR
. £ o 3 o
T = Time Factor Yunulosiduansngaa (Uv)
4
c, = dwlszanfuesmsguondi
4 al -
d = szeznilnaigaMirlvasensinau
v Y
= 0.5h lupsaimirlvaeenld 2ma
v Y
= h lunsainih lvasen lamaden

Y
h = ANUHUIVBITUAY

7.5 1@0g5NINYeIAINA I EIVIIANAY (Slope stability)
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a o v Aa a 3 g’ g’ o
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’Jlﬂﬁwﬁ‘lf‘ﬁ]ﬁﬂ!ﬂuﬂimﬁﬁNLﬁiﬁﬂﬂN BIAUDNAWVDUIIAIN Pore Pressure 8 NTUNINITINUNN

A v I o & Aa o A A 9 . & a a o 9 g’ ~ A
NISAVNUNNGIA GBQN@H@]’JL"U@U%@QI%LLH’J Top Flow Line Lﬂuﬂu@ilﬁi]llﬂﬂﬁﬁlu1 wazlunsan
P

1n9 Sudden Drawdown Dad1ga Tasfiide luamnsaszueeon l1d

) [ ) o @ ng; 3’ < v A o 1 1
ﬁ'lﬁﬁ‘}JLﬂmCVlﬂTWuﬂVI'J“]‘lﬂ "’U’E)QWL!\Tﬂ“L!M'IﬂSLﬂUﬂuﬂuﬂMUﬂﬂuq‘Nﬁ@fJﬂ'31 95%

UYOIAMULUUIIATIIU (Standard Proctor Compaction Test) ANUAIUDINAIRUAUIINY
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4.00-6.00 1WAT A1AATUIN 1:2, 1:1.5 (A9:310) Taeliszaunasauganszauihgegalszunm

QU q
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=Y a 4 1 v Aa A
IEMINATILHHIA E.S. voaruauaz 19a1m35m3 Simplified Bishop Method
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7.6 n15@é)mwu?maz:r?’nmun?ma?mﬁﬁﬂ

7.6.1  NISOIHUAY INH INVBUHANETIN (Spacing of Reinforcement)
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falisunmsviedu
7.6.2  mstleanumanasulagnuKIY0IAOUNIA (Concrete Covering)
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VINDUNTAINNANLTTU 4 U,

a {o o 1 @ = <]
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7.6.3 ANNHMIRINGAVOINIIT WNIMAaSHUADUNSA

A A a < z "9 1

(1) AouNIAREsUIKAN 2 U Adsru lideandn 30 aw.

(2) 1WA Cantilever Wall g4 lajtAu 2.5 0.
A A d & a ° ¥ = m oy '
MasumanduRed fvualdanuniniigiu = 1/10 veannwga ua lidesnin 15 .

(3) MUNY Cantilever Wall NganI1 2.5 4.

{ A 1 a <} 3
ANUHUNGIY = 25 B, +6.25 /4. NUINND 2.5 W, LAZABAATUIHAN 2 F
Y

(4) Counterfort ¥ VBN Y (Footing)

LAZATNHUIVOIR WNINFIU = 1/12 ¥0AWga ua luttosnd1 25 .

o {2 o us/‘ 3’ 1 1
(5) Muwanounsantludr weir nuaih Tianunun luieenii 30 @,

7.6.4 MIMHUAUSTIEMYHEIVOINOUNIA (Bond and Anchorage requirement)

= ~ 3 o o Aq Y o o 3 9 3 v
LLiQﬂﬂLWHEJ’JﬂJ@Qmaﬂﬂ‘]JﬂE’)uﬂi@‘ﬂi%’ﬂﬂﬂlm‘u IV ANLTUNAULASINANUD

Y A = ~
DOYATU ATNN 7-2 DI NTINN 74

a ' = A A v = < o =
AN 7-2 ﬂu?ﬂllﬁﬂﬂ@kﬂuﬂ?ﬂﬂ@ﬂjﬁmﬂ\?ﬂﬂUﬂﬁﬁ (HMANUUITULUIIAN)

fe fe VHIAHAN (W)
RB RB RB RB - RB RB
N/’ nn./pN 6 9 12 15 16 19 25
- - DB - DB DB DB
45 140 11.0 11.0 11.3 9.0 - 7.1 5.4
- - 22.6 - 16.9 14.3 10.8
77.9 173 11.0 11.0 11.0 10.0 - 7.9 6.0
- - 25.1 - 18.8 15.9 12.0
78.8 175 11.0 11.0 11.0 10.0 - 7.9 6.1
- - 25.0 - 18.9 159 12.1
94.5 210 11.0 11.0 11.0 11.0 - 8.7 6.0
- - 25.0 - 20.7 17.5 13.3
126 280 11.0 11.0 11.0 11.0 - 10.1 7.7
- - 25.0 - 23.9 20.2 15.3
157.5 350 11.0 11.0 11.0 11.0 - 11.0 8.6
- - 25.0 - 25.0 22.5 17.1

= a = a 2 a a a a o
nyn: L?Jﬂ’c’ﬂi‘ﬂi$ﬂ’l’)‘]Jﬂﬁ’LT’E)L!T]ﬂﬂ?Juﬂimﬁiumﬁﬂ,LLW‘L!ﬂ’JGIﬂ'Jﬁ]ﬂiiiJTﬂ‘m ﬂm%??ﬁﬂiiu?ﬂ’ﬂﬂ{ ﬁ;W1ﬁQﬂii]j1JVin1/lEﬂﬁﬂ,2523
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- ' = A A v a 3 A Ao =
MINNN 7-3 Wuﬁﬂlliﬁﬂ@ﬂ’iuﬂﬂﬂﬂﬂﬂiﬁﬂl@\?ﬂ@uﬂiﬁ (MANDUNITULLITIAN)

fc F'c VUHAN (W)
RB RB RB RB - RB RB
anJaa’ | nnJ/an’ 6 9 12 15 16 19 25
- - DB - DB DB DB
45 140 11.0 11.0 11.0 11.0 - 10.1 7.6
- - 31.8 - 23.9 20.1 15.3
77.9 173 11.0 11.0 11.0 11.0 - 11.0 8.5
- - 35.0 - 26.6 224 17.0
78.8 175 11.0 11.0 11.0 11.0 - 11.0 8.5
- - 35.0 - 26.7 22.5 17.1
94.5 210 11.0 11.0 11.0 11.0 - 11.0 9.4
- - 35.0 - 29.3 24.6 18.7
126 280 11.0 11.0 11.0 11.0 - 11.0 10.8
- - 35.0 - 33.8 28.4 21.6
157.5 350 11.0 11.0 11.0 11.0 - 11.0 11.0
. ; 35.0 - 35.0 31.8 242

v tenesdszneumsaeuIMADUNT A UMAN UHUNINIAINTTH TET1 AL IAINTINANEAT QINAINTINMNINGIAY,2523

=S =2 d’ 4
7.6.5 3N E)ullﬁgtlidﬂ\?ﬂ!!ﬂ\‘lﬂﬂﬂﬂ?ﬁ

= ~ Yo o Y
lli\uﬂ@uwﬂ@uclﬁﬁ'lﬁﬁllﬂ'ﬁ@@ﬂlllﬂlﬁl‘ﬁLﬂullﬂﬁ'lllll']ﬁﬁﬂ'lu ACI 318-63

(Building Code)
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7.6.6 ma@sumanmumumsifaguni/asgannigi
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3 LY <] a
Vni]ﬂﬁ 7-4 izﬂzmuazizﬂzﬂmﬂlmmaﬂL’cﬁaJ

fe fe VINAKAN (N,

RB RB RB RB - RB RB

an/sy’ | nn/a’ 6 9 12 15 16 19 25
- - DB - DB DB DB

45 140 60 60 60 60 - 81 139
(60) (60) (60) (60) (57) (99)

- - 30 - 34 47 81
(30) (30) (33) (58)

77.9 173 60 60 60 60 - 72 123
(60) (60) (60) (60) (57) (89)

- - 30 - 34 42 73
(30) (30) (30) (52)

78.8 175 60 60 60 60 - 72 123
(60) (60) (60) (60) - (57) (89)

- - 30 - 30 42 73

(30) (30) (30) (52)

94.5 210 60 60 60 60 - 81 139
(60) (60) (60) (60) - (57) (99)

- - 30 - 30 38 66

(30) (30) (30) 47

126 280 60 60 60 60 - 60 98
(60) (60) (60) (60) (60) (60) (70)

- - 30 - 30 33 58

(30 (30) (30) 41

157.5 350 60 60 60 60 - 60 88
(60) (60) (60) (60) (60) (60) (69)

- - 30 - 30 30 52

(30) (30) (30) (37)
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7.6.7 AISIOIHANEIN (Hook and Bend of Reinforcement Bars)
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7.19 MIoonuuULINITSUIE

7.19.1 v ilsgauidnlAg (Radial gate)

7.19.1.1  1nulszeianlAg (Radial gate)
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1) Gate Leaf & Vertical Truss JISG 3101, SS41

2) Transverse Beam JIS G 3101, SS41
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4) Guide Frame JIS G 3101, SS41, JIS G 4303, SUS 304
5) Rubber Seal & Clamp Synthetic Rubber, JIS G 4303, SUS 304
6) Stoplog JIS G 3101, SS46
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- szuu i 103U (Electrical Control system)

- 5o wila lWihdrsrgnimu

7.19.2 uilszeurianas (Vertical gate)
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(1) M1A531MV0ITaq (Standard) Terggnsaia1e q wazmsadig
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dasredede i
ANSI American National Standard Institute
AISI American Iron and Steel Institute
IEEE Institute of Electrical and Electronic Engineer, USA.
ASME American Society of Mechanical Engineer
ASTM American Society for Testing and Materials
NEMA National Electrical and Manufactures Association, USA.
ICEA Insulatid Cable Engineers Association, USA.
AWS American Welding Society
IEC International Electrical Code, USA.
SSPE Steel Structures Painting Council, USA.
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NEC National Electrical Code, USA.

AISC American Institute of Steel Construction

ISO International System Organization

AIEE American Institute of Electrical and Electronic Engineers
JIS Japanese Industrial Standard

SAE Society of Automotive Engineer, USA.

DIN Dentate Industric Norm,Germany
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7.19.2.7 51’1’6ﬁmmﬂum‘sﬁmamsﬁaaammummzmﬂ

' o & N v o J g & A 4
(D ¥IMILAVUIPIFA LATAFTAVDIANUHAUDUIAZTTOUT INONIE

Y
o A

mﬁmmﬁuummﬂﬁq@ (Maximum Hydrostatic Load)

2) AT IFUDY 9 wonmilonAusadh uusean (Wind
Load) L3 Qmﬂﬂéu (Wave Force)

(3) ﬁmmmmmﬂi’ﬁ@ﬁﬁmmizmﬂ TaonszoussduiiAaauih
WIRIATUKAN (Main Horizontal Beam) 82835 M3augauoais c‘ﬁqmuﬁé’ﬂnﬂﬁa%mmm
HUIUDY

(4) MUIUMVUIAVOIAINTUNEN 1ABNITHIA1 Maximum Bending
Moment Maximum Shear Force THUATHIAAIANUHAN MIAIANUAUARA (Bending Stress) AN
(A URBY (Shear Stress) 92801 13731013 TAad2 TRy 1/800 vo3ANUARILIY Flufinanunt

9y
4

= Y A v o v o Y] A
VOILIUHUIBA ADIUNINNTIVIAIGUIN A0 INIIF0U1 Tunsalndluniu Stoplog 1as
11 Shuice Gate 381 1H 1AM Inadr linu 1/600 voannunIauediuu
Y
(5) IAINAUANUUIAG (Vertical Beam) H1195821 19 1M La
Y
HUIUBY AUIBHIVHIAYDS Moment SIHUAVHIAVBIATUAILLALHIAIANVAUAA (Bending
Stress)
a 09-1’ 9 a [ Y A
(6) WNTUVUIAMUAIUTUGAVDIAILIY Tagliusananinaiu
HARMUUUINDY NNTAMHUAAIADNTBITY (Fixed Wheel Support) SIHUAVHNIAFISNHUL L
& A A A A A A ' Y
Huauaeiiied ¥IUHIATBI Moment NNNNFA LAZVUIAVBATAROUNVINNAGA HIAINNNIAY
a9 (Bending Stress) HAazMIANUIA LD (Shear Stress)
o ' <3 .
(7) MUIUMVHIAANNHUIVBWHUINANNTIIUIY (Skin Place) 198
MINTIVADUNIAN Bending Stress @1Ug# 3 DIN 19704 (Design Standard for Hyraulic Structures)

9
[

=
JU
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® o = Stress (kg/cm?)

k = Factors in Table
a = Short Side of a rectangle (cm)
b = long side of a rectangle (cm)

P = Hydraulic pressure (kg/cm?)

t = Plate thickness (cm)

o 9 v 9 . . o
(8) AMUIUMVUIAADUIU danadilazien Self Lubricating Iﬂﬂu’llljﬂ
A 9 @ 1 1 ~ ~ ° Y J
[ROUINUD 6 NWiﬂﬂJﬂuiulmazﬂﬂﬁ Lﬁ\?‘ﬂiﬂﬂ‘ﬂ’q@i]%u’lll’n’i'1611u’lﬂﬂl'ﬁ]ﬁﬁ'ﬁ]ﬂ’]ulla%q‘ﬂﬂﬁm@’lﬂ

93 Hertz Formula for Line Contact

€
P = 0418 |2
B,R
P = Hertz contact stress (kg/cm?)
p = Working load of roller (kg)
e = Modulus of Elasticity of roller = 2.1x10° (kg/cmz)
B, = Clear seating width of roller (m)
R = Radius of Roller (cm)
Pe
Cc = 152
B,R
C = Half the contact width (cm)
7Z = Depth where maximum shearing stress occur (cm)

0.78 C

Cd]ﬁ?h Hertz’s Contact Stress %éllﬂﬂlllilﬁum Allowable Contact Stress

100

P = —H
a ZV B
P, = Allowable contact stress (kg/cm?)
v = Safety factor = 1.3 (for line contact)
H, = Roller’s Brinell hardness (kg/cm?)

Ed Ed
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HAIMUIUTIATINANNTLINAVa0n Self Lubricating Tagh

o, = *
dt
11® o, = Allowable contact stress (kg/cm?)

P = Working load of roller (kg)
d = Dia. of wheel pin (cm)
t = Clear width of Bearing (cm)

Tasian o, < 200 kg/cm?

9) MUIUTVUIAVDIFDIVIU uw'maﬁué’amu (Wheel track) Lag

AMUTDITVADVIY (wheel rail) 91UgAT Andre’s Formula

P = 0.2813 P(S E—Cj
’ E 1,b’
P = Concrete Stress under the rail (kg/cm?)
P = Working load per wheel (kg)
E, = Concrete Modulus of Elasticity = 1.4 x 10° (kg/cm?)
E; = Steel Modulus of elasticity = 2.1 X 10° (kg/cm?)
I, = Moment of Inertia of wheel rail (cm4)
b = Width of the wheel track (cm)

TAgAIN P.< 40 kg/cm?

0.4999 E I,
P, = p| 3
Z, E.b

Steel Stress in Rail foot (kg/cm?)

Tagh P,

Z, = Section Modulus of Wheel Load (cmS)

TagaA1 P <1200 kg/em?

p

Gb = —_—

b t

pw

Ed Ed
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i1 Local stress in web plate
Lfiﬂ o, = Localstress in the web plate (kg/cm?)
p = working load of the wheel (kg)

b, = width subject to pressure

= 2C+2(t +t)(cm)
ty = Thickness of the web plate (cm)

= Contact width of Hertz (cm)

= Thickness of the wheel track (cm)
t. = Thickness of the upper flange of the wheel rail (cm)

TasfA1 Local Stress in web Plate &, <2200 kg/cm?

o o g‘ Y 3 @ Ay vy Y
(10) ‘I/l1ﬂ1iﬂ1U’Jmﬂ1u1ﬂuﬂﬂﬂwuﬂﬂlaiﬁﬁizu181/1”1{516@ﬂ!,!,ﬂ‘ublﬂua3

' <]

~ 2’ o 1 a <] ~ =} Y Y A
Tﬂsmumuﬂﬁ@ﬂﬁmmmmmaﬂmum, WManran, INaN LLﬁ%mﬁﬂﬂﬁﬂiﬁ’uu = 7850 kg/cm?

Y

Y
WIHUNYNNUEITINBANINETI 1.00 ¥. = 1.5 NA.

4 9 oy @ OBJ} @ Y Y A oy @
ma"lﬂumuﬂmﬂmmamamuﬁsmﬂuanmmmaumuﬂ
o’ A ' [ = g’ Y
Q‘]Jﬂim’ﬂu ) L¥U gannaeIlszana 5% veimiunuIu

(1) fwravussdaiiewInmMsteuvede AT INEAT

(u, +u,d/2)P

v D
Lﬁ"ﬁ) F,, = Friction force of the wheel rotation (kg)
= Total hydraulic pressure during gate operation (kg)
u, = Coefficient of the wheel 0.1 (cm)
u, = Coefficient of Sliding friction of the pin 0.2
= Diameter of the wheel pin (cm)
D = Wheel Diameter (cm)

Y
v o w

! 1 a o o I o
lunsaindlunudnewiia Sluice Gate Uanvarzan L5 1T UNDIVTOUS

1% Awgaia @ail

o]
I

. = 035P (kg

o]
I

b Friction force of the Bronze Seat (kg)

Ed Ed
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Y
o o

(12) fuausddaiina1neanuiig,

F. = uPbXL
Lfl’f) F_ = Friction force of the rubber Seal (Kg)
u, = Coefficient of Sliding friction between metal and rubber = 0.7
P = Main hydraulic pressure working on the rubber (kg/cm?)
2L = Total Sliding length of the rubber (cm)
b = Clear width of rubber Subject to pressure (cm)

Y ' [
(13) fvnammimiinientauiy (Operating Load) tWoH1¥11A

9y
U

. 4 9 = ~
Capacity IA1793NINUNAIU

F WU + F + F, (kg)

Q

F, = Operating Load (kg)

k4 ]
nniusmuavinaniesnusiagndiuaie

7.19.3 1A5090NUVIUTEVE (Gate Hoist)

in3eeniuszeazdssesnuuy I aunsasmihiaiuqumstiauves
Jdq v o A w A o ¥ v A v e
'U'luiz'ﬂ'lﬂu'l‘lﬁﬁ'lll'liﬂlﬂﬂ ﬂﬂLLagﬂ\ﬁgﬂ'ﬂﬂ'lﬁl'l]ﬂﬂ']ucl‘ﬂulﬂ@]'lil@@\‘lﬂ'ﬁ TIDINITUUIUISUIYU
9 =\ ) [ 1 Y 9 = Aa a ~q Y ]
G]E]\ﬁ\lﬂ'J'lillluﬂ\‘lll,"ll\1LLﬁﬂﬂuﬂ’lu@]@ﬁﬂ’l‘wuﬁﬂﬁE]illl,ﬁ3ﬂ151‘]§\°|11!1|ﬂ535ﬁ‘1/]‘ﬁﬂ'lWﬂGl,"]N'lu\‘l'IEJ
Vo w 7 A ..
- iS‘U‘Uﬁﬂmﬁﬂlquﬂﬂimlﬂ?@ﬁﬂ%ﬁu (Hoisting System and Power Supply)
A 9 dyﬂl ) A vy o v o

Lﬂiﬂ\?ﬂ’ﬂl.!‘]ﬂu’i%‘]ﬂﬂu@]i’)\iﬁ"ﬁﬂiﬂlﬁﬂﬂ ‘]Jﬂ ‘U11!5$U181ﬂﬂ?8ﬂ1ﬁﬂﬂl‘ﬂﬁﬂﬂﬂ@t@]@ﬁh]fl/\hﬂT Iuae

o v

= A 4 y ' o o
amnsolduseauila Ua'ldde wesnhuiiselidulsznouiuyailoamansuidsdiuan

E4
v A 9/

J g o w v o 1 v
Mesuomosteneatatoanmunady 2 au saziaanaduiazdsluduilesgniuaia
{ { a (Y I a a
(Drum Gear) 1¥nyudadonain (Wire Rope) saiilaredaaasgiuyuiuszune iumsiaila
o va o "y A oY A
vuszane lumsasszauuusze Nadurisdesns Tasgawsnizaaas Dnugailoana
A 3 VY
NIoUDIADTN 191
4 4 4 a| a 0o w o J
lunsainlfusenunyunionhuiedlallauuszmesunusideiuanuemos
A 9 dy Y =\ ) Y 1 o w 1 ] S J
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< = a
- anusrlumsdla dauiuszune
I~ a = I A o o o a 09/’ A
anus lumatla Yavwszue Wudsdrglumsesnuuumuiuaadunio
Y 3 A Y Aq Y A ° Y 1 a
AMMuLUIzIgaNsmauaso n I lFlumsenalauiussuieimua i oy 0.30 was
' ~ 3 A Y Aq Y o A ° Y 1A
aoun uazanusveunson unlslumsaaszdutlaviuszueiivuald lumu 030 was
ADUITNITUNU
- FLETINLIUTZUNY
A Y Y A ° VoA
INTDINNULIUTEVIY VLADINANUAINITOINUIUTEVIIVINA WHUINLIU
= a S A Y 9 v Y A A
szaedlaain auuuszuiesunsadladunldudn fidouieszezenluniginenuiuuaIu

(Dogging) tile lildiunTemenmsgeutigeauiuszune ldde

v

7.19.4 NOUAUNMT (Stoplog)

9
auniuazauMeuese1nssui awdesdl groove LA Stoplog 31U 1 ¥A
o { 1 4 o o <] &
awnsadunaonldnnges eldlumsasivdenu uazihgeinm vulszquianTnslaewilaya
9 i1 9
1 vaeFudes nenvntumenuazaInlumsvudienazannelialeszuy Lifing Frame

[

’Jﬁﬂ‘ﬁi%‘ﬁ”l Stoplog 1314 Fabricated Steel ﬁﬁjuﬂﬁzﬂﬂﬂﬁﬂﬁy A® Skin plate, Seals 4L81i& Supporting
Framework uaz’ﬁ'u 9 du Lifting Frame 11910 Fabricated Steel Cl]?ﬂﬁ%ﬂmi@ﬂﬂlmﬂslﬁ!ﬁmﬁﬂ
59951 Max Load fitRa91n Stoplog 18

MIOBALUY Stoplog I¥ADINITN Load 118 Condition 14 9 Sail

. { o <] o
- Hydrostatic Pressure NszAUAVNAN

Dead Load Y84 Stoplogs

Lifting & friction Forces

Y ¥ Y Y
uaazryuazdoamiin limy 7 du menmslduazoeauiunuiineg 9o crane
YUIA 45 AU FDABYUUATIIULALAAZTIY

Qy 9 < Y ay
- 1@ﬂﬂm%zﬂmﬁ611umuazmmummqmmuuﬂ%u
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