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aa v

nsdnddulassnsifidnenmuedasinseying  Hunuasifauudshsssund  Tog
Wisuidleulassnameluiiufiddnauninenaine Tasudninusilunsdesiduannsafionsan
NEUTTUAILANY 5 A1 USENauaieg AuIrNTTL AUATEEAIENT AuATYERR-d3AY FUNNT
fidusmvorszvuiardnuiuandon Tasdahmingdeluil

audi anwuzauls Ymein(%)
1 AIAINTIU 20
2 AULATYFANENT 20
3 AULATHN-HIAY 20
q AUNIHEIUTINVOIUTLASY 20
5 Frudauandon 20
394 100

1) fdAaanssy tefinsananuansalumauilatiymnmsuauaauiuas damannie
swdsnundouveddasins dviltinsay 5 % Ussnoude

o $nsraruszninesunaiivinsetiedefuusuinsinldnng Wnaet 3 Faeszwing
damdugeaniusan Anduaziuy 5, 3 uag 1

o fufiuusslon Mgt 3 Tsserisiiuisuusslesigeantuman Andunzuuy 5, 3
way 1

& auEnsalunssTUeth [inasia Yiunans des Andunsuuu 5, 3 uag 1
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O ANUNSoUVRINATINT THhneiun Urunane tes Anduasiuu 5, 3 way 1

£
LYY

2) AuATEgAEns Wiskdlukasussimanuiensauvesservu dultindiay 10 %
Usnausme

O dnsdusEnIAamuiuUTIInsldng Tonue 3 useninensidmiianiuadan
a [
AntdUAZILUL 10, 6 WAz 2

O HARBUUNUATATYIMANS LHnua 3 Fseninednsidrunauseleviiuarasyu( B/C
ratio) geaaiumign Aniduazuuu 10, 6 uay 2

Y 9
£
LYY

3) fuAsugia-deau ieinnsandstadelunisufletgmiuasugio-danu fuildind
az 5 % Usgnaumme

o vssdamdouas Tinaeiunn Uunans tees Aaiduasiuu 5, 3 uwag 1

o vssnymannde THnaeiunn Yunans des Andupzuuu 5, 3 uay 1

o vssndamamamih THnmsiun dunans tes Anduazuuu 5, 3 uay 1

o anudennsedfvenseansn1siawldinagiuin Urunais des Anluazuuu 5, 3
uag 1

4) frumsildausiuvasszuvy ieRansanienisiidiuiinvesszvwulugvudenis
fiaulasenise sudiTadaay 10 % Usznaudae

o anusanslasainsvessznsuluguy THnaeiuin Yunans desAndunzuuy 10,
6 Wag 2

¢ Uszmnwuiidnsulunseiinifudioneaiidlasinis Thnusiun Uiuna ey Aaduy
AZLLUUY 10, 6 LAy 2

5) fuawanden  Llefinnsandmanszmusedunadoufianfntumndniiumsiaun
Tassnsy dlidindaay 10 % Usenoudae

o nansEnudeiuiignenuuwis B/ AunSmniusdn il aruadn o Muiiduaanmaga
hy/fufithasn Mool des iunans Aaduaziun 10, 6 uay 2

O HansznuRNITaYNYSNwaNaszuuia Tdnawilid des Urunandaduaziuu 10,
6 uag 2
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1.10 A1981951891UNIRTIVFBUANUANNZENTATINTSIUBIAY

MeuNIATRFsUAMuBINE ey
Tassmseyindiuyuvaaivuasiune
3ILNPEULN IR
1. anudun/dan iy

v [ Y]

%uaqauﬂasuﬁwuaaﬁﬁisumaﬂiamaqm fua laud iuaennszdng, fuaisduns d1ua
Fostu Suisuihuszana 58 essilawns Wumeshuufisugusuiiastif anmsssuni
Hufigush dmfusessuuinauhinmnmeduih winenguds sgsinmslidnnrueadleldlunis
wnzdgn ofvuosiunesditiweLfies

anmilagtufimaveneiufinzgnifistu findgm msfiudu auaiwindeslnsy deua
nsgnURDIITInLazAMA MTInesUszuluiud uazrranisuImsianisesnadussuy 3e

Weadgmnisnauaauiiaggnndy

2. Inguszasd
- wieunlulgndewds nsvinuaautiuazgnnge
- iieaysnEuuvasITIYA

- ensgulnAuslag wazlasuAUNNTINYAS

A
= o

3. Mnuasanuuziiuszme

i 1

funvusdunevdiulngftegly 3 druaresdnnoaiu Jaminain laud dua

gnNTURT AUaTITUNS Lard1ua iy U309 NUAUTINIRSIEIY 1:50,000 fifite 47 ONA
1908500 N, 507500 Ewruflszana 4843 IV drdusn L7018 (WGSX 84) Tnediftuiianuniisde

ddrydmsuiivanaaui 4998 Wuiledi 981 19 3 ¢1u 77 6/10 519N
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4. JNNHUBINALAZNNINGT
wuesiunegegneladvsnaanusguaz Junniediuazusquaz fusenideunile laeingnia

3 0 M gaRu gavund wazggIeu

Qo BuUsznananafounguniay faszinanfiounatauvesynt lagldsudvina
Nnaunsguay Tuanidedldivnmanumaymsdude lmAndusnynlaemly

o Buuszanunanadougateslusuisssananieununiusvesnd Tngldsu
SvEnaanausguazTusenidoanie duinanaindsemedu Saharuuiaudaazmunifuung
TINIGERIEE

9oy Busznanfioununuslueudsnanafouuweu Wuthaldsuiuvesusgy

nziueanideanilellidunsauns unnideld ennagaetideudieiou

5. nsldusleoviiiau

Uinafiuilassnisuuesiunes SuunUssiannisléiaueanld 4 Yszian léun fud
nwnsnTse Yssianundng fels/Avmauidou weldvonay fufitilissnmtiadaludoningy
fufiundsi uaziiuiu 9 Wud fegends Auilassnisaalngduiuiinunsnssy Tasane
M3UgnNSs ndaely viun wazugndilne 1Judy

Uhasituilndidedlusad 500 was seuituillasanisiiu fiuiviomn 4,060 15 dndwgidu
fuiidu Andufesay 39.74 sesasunduiiuivnugyanssa Andufesay 30.17 dwdivdedu

[

funnuas Andudesas 26.51 wazuawguruiosas 3.58

6. amudosmsld

1) msldiuiienisuslan Ysswvudiulng (Gosas 84.78)4Ussunlunisuilanly
A¥uSou sevawnfe tlu (Gevay 17.39) usmniiusinasinitonisuslaaiilifissmedenin
Foin13 (Feway 76.09) Annmeglunaeineld (Sesas 65.22)

2) msldiufionisgulan Ussmnvudnilg Govaz 86.95) Tidssuiieldgulnalu
p¥30u TasasnAe tina wavUetniu (Fevaz 8.70 wae 4.35 mudidy) lnesey iU
iilensgulnatilsiiissnasionusiosns (Sovas 89.13) auameglunast wold (Gosas
67.39)

3) nsldionsinens Ussaneu fidsznevendnnisinuasaiulng (esay 63.04) 1
vmafion1nnuns sesaunie iy (Govag 28.26) WneiluSinaninilon1sinvasliiianese

ANUABINTT (Fovar 67.39) uazAmuunmeglunu wald (Sos 63.04)
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4) nslgiienITzaesdn il Ussnsundsznaven@immiziaesdaniundiulng (Sovaz
55.00) lfhihanaszyaiiten1sidesdn il sesaswnfe ihuimaGesas 25.00) Inediulngjsyyin

A nieglunaeinald(Sosas 55.00)

7. LLu'JWIqmsﬁ@um/ag%’nﬁﬂyuw“wdeﬁﬁ

1) nuyeiudeeiosdnsuasyuinefuyndusd Alawnsd

0+005 &g Alatumsil 2+668 ﬁqﬂaaﬂﬁuuazﬂ%ﬂumawuﬁq 4,513,664 au.l.
2) UAURUINUASARIRNTISALUY N9 6.00 1Liay N9 10.00 4. S8eN19TIU 3.925 Alalns
3
4

)
) Neas19eIANTYIe AFa. YU 1.00 LR wiauUseaszule Ua-dn 97031 20 Uik
) utulaaImues AMNAIG 5.40 WAT U 11 WAS
5) snviewasy aaa. wieNUszgszunela-Undiunu 2 uis
8. suuszunuAnadasNg

o U 2553 suUszanay 50,000,000 UM

o U 2554 suUszanaw 80,750,000 UM

o U 2555 suuszanay 80,750,000 UM
suAeadway 211,500,000 U

©

9. wauszlavuiilasu
o aunsarfiufninldfinTy 9Ly 1,000,000 au.y. WuUssuna 5,500,000 aU..
o Uszrwusuihimafissianisuilng gulna uarnianunsnaent Uszana 5,000 13
o st dmanniuaziouas
o Uszmuiistlaasuainisiiusyas
o Huiufinfuasiuilurasggumann

o LWuunawiaunewazan unwnuaureslszanvuy

10. WansznulAsINIg

Tasannslidanansenunuiiunlnaides

11. glvdayalasanis

wgauidn guiy gerulgmsddneysnduasiununaadl nsunsne sy Isenwei........

Y

>

nauNFITeUaginIwani medyImnssumingnsi 1-26 ANFIAINTIUATENS UMINEIRENUATAIENS



AlemsdsIveenuuulass s Lareyndiuuvdni MyalATang
QEEERGEIY

12. ERR91151897Y
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2. NN158152AN9IAINTTU
2.1 N15819529NUNLATINTSLUDIAY

mndeyarrudesnslasmaiauuazeyinsituunasimesiosiu madsadiud
Tassnanmeauanulsiulssmruuarasdnsnasosduriesiuiuiuneuwsniidosuiuns e
Anszarudululivedasinindesiu deufivwaduseandondely seasdennisdisn
meaunluiupouifuegiulsuanvesunasihiiasiiuguasiam wy

(1) e ilaiiuuszansnmnisszuneih Wesndnisanviuouvesngnaufiuann vl
UseAvBnmnisszunethanas Tswsauini vanainundundsuestu deliAneudemesdodiu
inwaInIINLAETlagedy nsuganmanilasnsynaonaznoufuuazfuinilil4lugguds d
dowihnsdisranmeaunludesiu Usznoude Afasumisiins Jogwhe S wid dua sune
uardade wuaevesedt 2 Hs vhmsdmamanuniauazenudnvesine smfedgminisgn
ddvhe Tassnmsiauunaniludieitodluigiuisiumieduasiedvesiuilasenis
annteymveIn1InnNeZNaURLLAZNIIANWYIZ HABAAIINEIININEITIEVDILATINIT sydfurimann
wazszdutidiige nisldfauluiiuillasinis anmssdmaiia nnsldusslomdaniilugiiae
uansgnuiiinanUszansnnisszuneimainvesdifiefianas nausslevifiaadiazlésuan
msitaulasens arudnduremnsdidssmanaanininnens waeiitasuvedinem udu

(2 T4 navdevuonh WemsoydnsuaziiudsyAvinmniafuini desindnisnnity
nuvaInznouRuNn vliUsEAnSaimnisifiudninanas PangudsiureilvasiTingny A

o

AeliAnaudeesesyuning msituanms navdevueninlaenseydndiiuiiuisdiuuay
nsfmunlngnisyaaenaznoufunaziivinmiflfldlugoudsludniiinde defosinisdisia
maauwludesiu Usznoude Afasunediss Sods qw%awuaaﬁw {1y myjfl fua Suneuay
favdn veulwaveads navdenussi drsreanunewaramdnvouvani sudsdiamnisng,
uwiasth anmdymassnmannaenouiu sedutimainuagseduiidign msldfauluiuilasenis
anmssdimaia nmslivsslenianiiluds gavienusshnansenuiiAnaindssdnsnmmalfuin
hwesunastihiianas navsglesifiaainagldfuannsiaulasenis anusnduremisdides
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[ TasemsWamn uazmﬁ'nﬁﬁuﬂuudofh]

[ s iaanssy ]

¥ v
[ nuéhmaginlssvea ] [ﬂ'\ﬂlﬂ"ﬁﬁ'\ﬂq{i‘ilﬂ.l.ﬂﬂ'nﬁ]
A |
darvinasay ulauuay lawdavauiuuas
sUdRAHURSTTEMS ViguanauuIass T
drsranihlssiva msfs1assilinaila
Feviusnmidnaginlsaova Fﬁﬁ'lg:;‘;uﬁ:‘g:%nu&u

nsaanuuuseaudoa
fiagagaiasanis -

[ Fusaumrgimanmeduldlinsm ] ({Q

2.2 Msd1siUTEIneA

1

Mnuanmsdadenlasenis lufurouvenisiesgianudulldvesassnisousng s
wazianuva Aldfoyannnisdmatuilesamsniaaundosiy Adeshnmsdisanivsme
Tuduoonuuuseasiden lnsisasdeniidostiiunisdsil

1) Mmsdrsnlesmfifauasasziu ievnafidauas/Miemszduvemaavdng1ui
asrsdulmlluaney faagliiiurddedmvnudmaiud udsemeiiamngsy we
sudmafionisieadnalasanis

1.1) dnwagnINUY
1.1.1) uasumyanangIuns (Monumenting)
(1) nsdendidanyandngiu dumisiiadromandngiudosiansuiden
suvnisfionngan ieliemdngiufiadatulieuiiung definnsanlumsdoniidaiised

= Hushumisiduas ulauss fuAuinissaduiu

= (Judumilsfiennuanisiiane msdenadisluaniuiisienis Ia lsasou
viousnnfieerinaglifimsnoateiiuguassalunislivyadiaiietu Tl
AT ayarangIuaIsULlraauy msize1agnyatelidty

= uhumisirutadnesenisium

» nefiaistusiedlifiorlsnduundessog seninmyay sEN0i200-500
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. ﬂszﬁﬁuaqmaa%ﬁwywﬁagwmﬁa%ﬁmﬁﬁﬂé’wm?aq%’uﬁﬁy@mmaL‘ﬁsm %
Gondumisiivangay %ﬂ%éfaqagﬂiﬁluﬁuﬁiémé’a dielwanunsadudayeyios
Nnaftsniilaaseguuriasilsvniienng

(2) Yanuazidnisadrmyendngiu Yaniadanyendngiudnlng asdu
AouNIMTdIuNAN TS Yumediu 1Wudasndiu 1:2:4 dam Bnsadeudddddu 3 S fo
= shanlunaslunivsema a suniafiden

= JEeNLARDUNIANNLUUNINIF UL INouWA N LUE

= n3dliiingsssuvAndedsneatiefifiuns 1wy vusennidAeuiiulug
91AsAeUNIn v3e Aeavnusoly annsaliiduiiavuels Tasadaadly
TsfanUszanm 4-5 17 nasunInuarlitionmdnuionyanesndondy
Wy

(3) wuuvesnyandng uiiolimyandngiuannsve s uynila Lagyn
whsnudbuuiasgiediu Jadmuswuunyaangiuasilu 3 wuu Jdnvuzguinuasuuin
Al

1Y

= MyANANgINNITHUL N. Wunyanasmeasunia R luguamaeudnsa

3

TMINUAYINAIENDUNADI YUIA0.15x0.15 U.VUIAVBINUA 0.60x0.60x0.70

3 3

u. senudllivunadusihgudnana 3"x 1y d1uau 4 du TiTouseaulii

NYANANZ Y TnotermsziudedaanassiutmeziaUiunais(vsL-Mean

Sea Level)

= MYANENgINONITHUU 3. LTUNYATEDAIBABUNIA VUIAVDIRIENYIFY 1.5

731 loglviuseiudnusArdn “nu” asinuuuresmyanang1ull 2 dnyazhe

o WYARDUNIANTINTZUDN VUIALFURIAUENA1N 0.10x0.30 u T Tumnym
UGN

o VyAABUNIANTIAMALY YUIA 0.15x0.15x0.50 liduvyaneseuuy
Favtihwesmyn 19 2 wuu TissyTogovammhenuuazmunsiavmyn
woufusnuasumiedevediasanistu Inglimsnustlumaiimmie
ﬁ?%%ﬂ%gﬂ%ﬂiﬂ (TBM : Temporary Bench Mark ) 1‘131‘3‘1/134@13?‘0‘141@
1"x 1”717 10-20 @

() ymnene(Reference  Marks) tearmazaInlunIsAummyaAndng Iy
amswiasmin azdosdivaneneusgieten 2 wis mneweuiionasdudsieainsnns vietng
pasTIITRTALTR Ssogflnduueluseduseana 30 u. Saguaneneumainininglignras
wseaymely 1w duldlvg) yudiu i@ wazausainssezsenitanyadunaneneulalagnss
failifioftarannsaviumimesalngiBatanduld Tunsdfivyandngrugniunauviogniitans
1 dedeens
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DEPARTMENT OF WATER RESOURCES

T m“' 4 DEECRIPTION OR RECOVERY OF BENCH MARK
w5 - . A o
PROJECT mmmn'[ﬂ':amﬂﬂﬁﬂmamﬁ"mﬂi:m 'Jﬁ'ﬂ“‘l’llGI-NG'NAT i‘llﬂﬂ
' O
qmn‘ﬁ"ma’mmanamm [AMPHOE LWdAETa
AZIMUTH  FROM BM.0O3 TO 8M.04 T PE OF MARK CONCRETE SITE 0.6X0.6X0.70
349 -34' 47" 101772
[VERTICAL CATUR SEALEVELATIOLAK | STATION BH.03 |E.EVA110N 242734 m.
HOR ZONTAL CATU WGES4 DATUR M 1,780,742.623 E 163,212.170
GHLD AND ZOME 48N STATION Bi.04 |ELEVATION 240.918 m.
N 1,780,931.232 € 193,177.458

IBH.03

5H.04

=

Bumann audmd Wdaudilswm anmsvaasinues 2353 dsino, 9.5 ny wuduen u.'lnnqa
Werrrrile uTwnds 3.5 muwuemds sEuldlhzang 3.8 rusumnzdinl ik BMO03 ugﬁ'ﬁ’lﬂm

waswdasawna @& 2 uuﬂgana'm’mlma 0.680x0.60:0.70 3 uwiindadniem

RP. 1 Auddn Y205 1826 1. AZ 35°
RP.2 #umzin 08 06 1. AL 175 °
RP.3 dududn §oBz £68 1. AZ 203 °

wWenann axdmia llSandnbzm snmmaveavinaen 2353 daane 9.5 na wuliuan u.Tnnqa
el uluh 35 numudendsdelilnng 38 rususdsinnnizus BMO4 afiiviten

naswdasnns @ 2 quma‘m’mﬂwﬂ 0.80x0.80:0.70 31 undnamii-dashy

RP.1 Aumzim 1508 11.07 1. AZ 29+
RP.2 Auidm o 487 1. AZ. 79°
RP.3 duszia e 12.26 1. AZ o=
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(5) WUULAAIII8ALIBEANIANENg U (Descriptions) WUULAAITIEALLEEANYA
ndngnu BusuutufinseasBesiidanasdeyaiiddguesmuandngu ielviarunsodumnye
ndngrutulfing ﬁﬁamma%maiwavL%&Jvﬂmw‘uLLamﬁé?wuwﬁﬂﬁméfaqgu ngvina Tlaaui
amimua”mmwummm awafinfidoaazdosdniau feeasbeaiisndudmiviunvga
whify wu uanstagonsfifdnuussunusTsnd nswansiianafesgnios Measdenlunuy
Usnausme

« shunistaly ssyuinadideemyn anufidaeanya fua une i
suvadumdumadrfomn Tasduangeiimiieiian
= fhunsuiuey szyinganisviensamsilndiAsiian Wy 91A5i5eu an
59 daUseun auliilvg [Wudu
= dnvugvaamyandng1u wu unyanangua1shuy v. vyeadauuiouiu
s
= MLNENYTU LAPISNYEVDIMINENETY AN uasTzazanuyaludanung
e
= nyeg Tuansiwmiagimnwesvyag itoazanlunisldam
Lmaammsaaﬁuaﬂﬂiqmit,aiaaaum ’L%miaaaauua%wmmewa%aamammmm Tuaymawm T
auysal niouevhinBenfitauay Miorsedureamaaynuye TuusuTiastuansiuiiues
i Waznminevesviyn wisusmdsimihenuisuinveu uduvdngulildiuseld
1.1.2) 9udslesddiig

(1) Nudsiafidaderdessudyanunifenduiinssoademnuasmumia
Aoy 3 7 a(GPS:Global Positioning System) wiaszuuaiionsu Tnetiaiosdadalus
Sudyaaiidumimyavangu vegaiidesmsmendida mudulasaiensisindlddanionls
dmth udniwanssrinusznanauarUsuuilasaie aviidaddnalddesiiifidanadosin
% (Geodetic Coordinates) wagAfifian3a & 7 181 (UTM : Universal Transverse Mercator) Uil
NANgIWEINa WGS 84 (World Geodetic System 1984) LLazuuﬁwé’ﬂgm%uLﬁw 2518 (Indian
1975 Datum)

(2) ey (Traverse) 1UABMsSein iloduamiidamumisuegainag
Tnemsinuuuazaszosiideudesyninageludnvassioidestu lasdfidnain(Coordinate)vasviyn
vanguldeaninuLaydUTIIUNTEU F9981989915¥ UL Universal Transverse Mercator(UTM)7
nfesRINNIUMELTINST naufifu nsavatsSerinmhenuiideioldvessy Faulsturesnu
Uftheenity 2 dude

0 UTBUTUT 2 (Second Order Traverse) TUMMUARNIZLAZUINTTIY
augnifesiialugedl
= MTINYY
o lindostnpiifienuaziden 0.2 videfnin

3
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ATUNSHENTUN

FIUIUAUGVDINTIN 6 FAUE
ANuAYeIUsarAudiuAunaaliiiy 4"

" ANSIRSTYY

THndosinsvuzdiannsedndiifinnuaziden 5 mm. + 10 ppm w3e
AN
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gnFeg Imjmmwmwmmmﬂaaumvw (Systematic Error) iju ANAIIALAADLIIAYS A2ILAATA
wdeuluduusssrinia anunaiaAdouufing miaai‘u WJugi finadeyloisud wazniaduan
frunts Tudnwaefiedistunazdvuiaving fu fledunaidiswesiumisisans auaain
\deuilsruumanidwindratuluaufounun augnioswesnisvsuisuuduimstoglunast
2 4 5 Lns
(2) 3esTUNULSETR NMsuTeedesduRuUSTTlindnnnsddy 3 Usznis fe
Usgnsusn msldeaudsinszesunumsliata /A Yasvey ildinisTasseziinnugniesanntudy
#ui1 Usgnisiaes de nrsliisnnstanvuduingiduisnisednanunainndeunuuiiszuy
(Systematic Errors) fleglufiogavdefiintulunisinszesnislivaaluvieantiosasld dewmnil
AUAAIALARBLTNIWLITanas Usenisitanu n1sTassezinenduds in3eeiudygiuinsses
senhaadesiuiuanifisylfifissusdiniidy Sududeserdunisssananatiemssesiion
mely Jaiiaasefadeusniudyanunaudionld msiaszerienduds WWunisadarduiifianud
TndiAsstuvasadudinuiisuniuisudiou dadu Asildannsin fe Awararesadusisass
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y3odntoniligifissdiudenvasaduduringu Siuaufusouvesaiudefiogsenitaaiosiuiy
pftenlaianansateld frdundnnsiiddyonismiumishoniesiuuuisinde dosdideya
dianelazUsznanaminuuadufusoudibuminls Seslfssssmessnhaaiosiutuamiien
figndes uazidethluduaiunisaiessuieazldmumisiifianugndes 3Bnrsiude 1h
wdpssuuuuainlunsitnyafifosnismiunisuisuiieutuunadeu 30 wiitull 9induth

Joyanlaannissudyyrnunvszaranalailudugiu wazideyaningn uuszananasiuiu

'
=

foyailldanmsseiaiunidug Afesnsmauaiiomeriidaiigniesvessuniatu n1svhay
$9%n uwuseenidu 5 35 e

o ms¥riuuuain (Static Survey) WuiBNugIuvensinsseglaeldnduds 1y
naviaulaglfiadosiudud 2 wdesduly Taefifindessuniuaiedlunsegfigaiismumiudn
druades Mimdendlingedidosnsmduniniugy Tnsunfndessuazgninslilidosniinis
Fla viail leliTideyavesnstasreriiiivmearUssananaminnundudusouitlianunsntald
TngvdnmaudaTsnstilivsiumisiimssenianaesgafiegvineiufussoziug Alawnsld u
nslmenidundidanduivie sonfiaivedsmundnedosiuiu seasvisasaailianugnsiold
madormuavoneosiuareguszan 20-30 Alawns i

o Ms3r¥auuuIaY (Kinematic Survey) Ns¥e¥auuuaay Wamndusnitelianunse
munsvesgaiifesnsliitu Aeasldinarlunisiudoya m eedidesnslunalufmiani ue
FPrsifdandesio $38n1313ua1u (nitialization) Faduignnsvhaudielansaussaianan
Srununduiuseuld ndsani \n3nsfuardessudgaseiiiesainanufisuegietos 4 A
paoAnan winseits luvasifdundeuineangemislugadnqands dmnsudyaaniels
fioond1 4 madlels asfesirduneuresiimatunulmidnasmis uddsluetarigndug deluld
2 Tunsdeiauuvaatitiedossundomiazgneliignd s naoainan niosduq
Floviduneuitnisdunuuds Fnilunwugeiifesnisvsiumis

o Ms¥rinnuuiatin (Pseudostatic Survey) M3ssinuuuAsaindumadeniiog
5219MI5 LU UadauaMIIawuLIal Mssaiauuuatasedldiialunissiiawiazgaunudu
Filue drunsseinadiifesfnfifesdenduyramnaiisalildegos 4 ae aasnraisiuisly
vaugiirndundeutnoszingade suiediin1stunuiidesnsginileduduinsteialuusay
AU

o MsSeinuuuainesnaisl (Rapid Static Survey) N1sSeiauuuaiinognasa 135015
yhoumileudunssiauuuaingssun uidesnsteyatiosnin iewnuszinanamdnauaiy
sy Tumsmsumiswesaiiegyinemngndiedliiiiu 5 Alawns axldnalunsidudoyas
10 unil Sanediuildlunisuszananaisssinainedraiiazuansiisainisieinnuuainsssunn
mandagltlidmiugaioginanngadeddliiiu 15 Alawns

o Ms5uinLUUaaNluiudl (Real Time Kinematic Survey) nsseinuwuuaailuyiuy

'
v o 1 |

Sinfulugededn RTK {WWIBNMsvhausyiauuuaaiiues uiwaninadnsfe Afinamumislaiui
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Tuauw Tnswafinshougadumsmiumiuuudisng saneamuidoyanisassgadostiun
Uszsnawasiuiu dudy Ssfedldaduinglunissudsteyaseninetu ifosanandedadugnd
suntiseguda Tunmsvheuu RTK  Jadunsdefoyadsudygraunadenldlugaaddosnism
Muviaaiesiu figadesmsvsiuisas fudeyaudnhluuszinana uduansifidnldegiasing
Tustufl svogvinessariageiildvhendldlaiiu 15 Alawes venaniitueg furdesaduingild
lunsSudedayaseninaiu

3.2) Mydrsaarszdulngliszuu GPs Genmufiouszuu GPS  Idmuaulsiiunum
ddnlusunmsdmefifianugniiesgs senamadiuwniszeglusyuuaiuiia lnsAranugedilasu
MnAsFeinnnafisuszuu GRS 1uanugauvilegunses WGssd dsumnsnsainainimgsessiv
wesnfignsdstuiiuiaBess Tumsdssendldaumamnssuiu arwgsesilnuninazinudify
wnnheuganiieounsss Tunsulasmnuaaniiegunsesluiduanugeessinunin Fsdndudes
nsUAETUSTEIeToesiusUNTes JefRenugidess(Geoidal Height; N) 38n1suilailali
Igundarnmugsesslnuninie nsUszyndliuuudiassmiugsBessiifinrmgniessmiungs
MANsFaiamafiensyuu GRS seusemdlvediliiiuiuusiansnugedossiiesiu (Local Geoid

Model) ssthisnsiieniiarlildmeugeasinuminide msussandlduuudassniugadony
y83finn(Global Geoid Model) Feuvudrasimugsdossvasiianieguatsnuusians 1u
OSU9IA uay EGM96 1Uudu oift guiuaaa(2547) lmmmﬁﬁﬂmLﬂsammummmmaqs CATieRt
wuusiassnugedossvesfinniisans wudwuusiaesiilieianugniesgeiianie EGMo6(
qumaawﬁlmwmmgﬂmaqquamuuim (Absolute accuracy) Uszaad 1 Luas, NASA, EGM’s
official web site) sioansiy guivalasuaziaduvul afsynatl Ivihmsidoifioussifiuaugnios
yesArANugInnsinuainfiliiuannsisianaiiisnsyuu 6ps Tnglunisanwliviinissiusi
Toya Usenausig

(1) fseiuFomanugseesinunin iuteyadsldanmafussiumendosseeiu
(Differential levelling) luinautstuseduduil 3 (12 Sodluns ande VK las K uszegnissening
mynsaosuazimhoduilawns) viefnd1 $1uru 26 v Tnsazfinnsanldiduddeddlunis
WATIENR

(2) duguannisdaiameaniisuszuu 6PS 1uteyaiildainmsfudygyin
amuiten Tngldiadessudunauuudesanud deisnsseinuuuain nenadndainnisuseaiana
\#ugnu (GPS baseline solution) Usznaueidugiudim 22 1du dsfigpuaraidugiudunye
seiufinmumssRuanmMaBuseiufendessziuduihde) Tnedugnililuniddeifinnuen
Faus 8.8 Alawunsaudls 70.8 Alawns

(3) wuudiaesmugeBess  wuudtassanugdessiiwnlilunisAnuide
wuustasandugedonsvesiian A.A.1996 (Earth Gravitational Model 1996) w3afli3onlnsgoin
EGM96
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NANTIATIEY  WUIT HaRnssEninsAinsugsenslmunindldainnisseda
Afisnszuy GPS Ausidneamgseaiinupindldainnsifiuszdu amadalasindeyiniy
0.037 wns@iAgaaawiniu 0.392 was Jergaviidy -0.208 wa3) uazdiAdndoavusnasgiu
Wiy 0.147 wins uenandvnfiansandmnugndesesresiidunildfuinusivesnuseduty
7l 4 (25 fediuns gude VK) aznui SSunudugudiunusioussdudud 4 S 17 Gy
wazlsisinasidnou 5 1@y Geanunsoaguliin msusegndliuuudiassanugsess EGMO6 way
diavhszdude GPS Hu arliiamugniesasmanugsensinaninlusziuindiuns

susiamauiisnszuu GPs Tignihuunuiinisisssufendessesuiiielsiliunds
AmugeonsInuminvomyaifonslunatsg s 19y sudsiatiieanuma sudrsaiiony
foade ienudmaiieaiisgamuauamiieyieinia Wudu nnanisAnyfieUsziiuam
gnfeavesAmNgeeesimuninannsfedn GPS uansliiiufisAianugniesiléfuegluszsu
wuRlRsAundiuns Bnnsfnanianngdmiunsmaiseiuresiumisilidarunsadaasle
violiannsomesziuls vedidiedsendanauasaldielunsuiifnuauusnge

Y

ifmuuaailédahdieinasinisdnaiiossnuuulasnisiauiuvasi veansy
1 eUszneuteiiewiiafumsdsadel

) uni

2)  SWAYLDYAGNWMETBIIUATTIY

3)  msdsraLiionIsesnuuy

) msdsaiiensneaddlasinsiauuasi

e Do

=

NSNYINT

—_

‘5'1ﬂazL?J'ﬂﬂLﬁuLauﬁnwﬂé’mnf;jﬁamm%miéﬂswLﬁamsaamwu‘[ﬂ'samsﬁwmLma'eﬁfl
YDINTUNSNYINTUT LOAFNISUNIELAY FWU.021 WOUNIAN 2546

2.3 ANSE15AN9AUsSamatia

1

Mnuan1sAnEeniasenis lutuneuvesnsiasizvanudulildveddasiniseying Huuas

Y
U =

fauunaai Alddeyaannsdrmatuilassnisnmeaaundosiu Adesinnisdsadussd
wadaluduoenuuuneanden tuuleumnemalmnssumansld 2 dnuae fo

o Fusngiu desesiuintinuesdenoaineing 4 Wy 81A13 auu Ysegszuied dhedndu
videieu 1w FeRugrusndnandosdinuauifusnzaunuingusrasdvesdsUgnaing i i
amaudausafivineiios futhmiinernnsld viefanudivimediagldliihaoakiu wu Tunsdlues
Usepszneh hethduriedeuiiaisiumieduiu udu fuduileniasntedssniudosd
Maizdntuiuiogauautimalmnsuvesiuiioldlunisuszneuniseenuutesduseney
vosdsneaineely

o uioidutannoatis wunshAuneads ouw WewFonud (Judu lnefudnandos
iunsuasalusiaandAnimnssuia 1wy mahAusuasaiiieinauy dielwAusutmin
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139319314 viomsuadadufudtetestuiwian WHudu dufulunseenuuulasanisgeanuuuis
JudufDansIu Ussnnuasanauiin1imnssuve iy
UINTFILDND :
ASTM D 420-69
ASTM D 1452-65
ASTM D 1586-67
ASTM D 1587-67
ASTM D 2488-69
ASTM D 2573-67 T
AASHO M 145
1) Mmsngdranusngu nsdTntuRu AenssuiBmannzasluluduiu Wiufegieiu
yeapuaaNTARuluauy ndstuiuaniaiu vieldnaledu 1 iteliliundednuaeduiuions
WA warnsAsuLUamansy Wesamelumsiayldeenuuy viefnuinsginiaiuugi
namans dnvurnisdsatuiuasiossiddssdlesinslinuie wu sueumioauudu ns
drmaenseyhuiissiug uwinugusnaiudesdseasudnniuaeduiianadagldo
(1) Banzd1mntuiu (Soil Boring) nstanzdsratuiude msignguasiulufuiion
maiABuuastesiufuasifiufedishunyhnsaae uanantilufes fons lnealunis
dantuduiildunn Téun
o Melagldainuie (Hand Auger) Wunisianzalsusau Ingldainuile wavinu
@z nefidnuangdenuszana 1 wes aansasslionnany o veuld Lﬁaﬂﬂw%famﬁ’umuﬁm
wiudunuaiuud3dduiiedueen ﬁudauﬁmmmﬁﬂﬂwmaaugmamﬁ’amﬁmﬂiiuma
Uszinld mstanzaeainuiieanavilaands 6-10 was TufuwdeawdaUunans daideveinisiang
Ussianiifeldannsaifusegiuievummanausidunruuiusmienismiadavesiuld
\esanlassadadugnyhanelasainu
o maelngldnsdndns (Wash Boring) Ao n1sldussiuihanmsianslaseadniu
dielviAnvau uaziianissuniufusudsdesiian n1sianzdilasnisngsuiulnenisguinsii
fruanzadluiivdaddunauniony funssunnuionyuvesiiate vilidutunaungalnani
Jusnuuiiduaslugannagneuudtguiilad luldlésn Fdfeserdearuen(Tripod) 1n3aeniu
(Motor wazCatch head) wazdluih lunsdianzluduresiiugou sxfedldaaniuiuis (Casing)
¢e Taederdusiou 1 wasidennzfeiunseagivadulungy Sesnfudemanansuuinlud
(Bentonite) asluifuti iflesaniuulyludfe uselin Montmollionite finrmanuisalunisgatini
wagwosialiun vilianuvuiuduresinglunguunnnidiludunsis ddsldlnad-lungy
mazdssaniansnsongaiteiuiesnsiuldifuszey 9 mufmun
(2) Fifiusegneiu (Soil Sampling) Mawiushegfuindusotasidensou wasfoanis
awszinsy ez mdungfazlildfesfuiitinunin regnaduneneenlfliu 2 dnvasde
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o frgsRuasann (Undisturbed Sample) Aedognsiufignifiviiuanlaedanin
InALABIAAINETINTIR LU éﬁ’aasmﬁuﬁLﬁulé’mﬂﬂivuaﬂmﬁaﬂuwﬁﬁﬁuumé\%LLm' 3 dhuld nIzUan
uuugngu (Piston Sampler) wienszuenfiufogtawuy 2 $u WHudu Falnsnsznunsuiteuduiu
toufian Ao femutu vy Snvalasadsdfinsasuulas Lﬁuummﬂumaaﬂwﬁum
i Feddusegnapuiinunwifian uazannsalivaseunmading ﬂiu%aaﬂgummﬂmmau
UARERN

o feghadsuanin (Disturbed Sample) léun fegrsdudiivldannszueni
(Split Spoon) lun1srennaass nienszusniUdanuia (Thin Wall e Shelby Tube)fifidunnu
gudnansvuiaan ayldfedsAuiiinisiasuaniwline wulinsdauiu ude nsduini
5ITUWRGNTIAIBINTIBRIINTEUNN Wipnaldlunisnaaedlauisedis 1y Atterberg’s limit N9
uadinau udu

(3) BsneaeuanauTAnuluauiy (Field test) Tusgninsnsiedsatuiudndnng
nagouanautFRuluauslunionq fu wu mavidnnudummesiuiu msmeAiaudu
Buiu dedvesnisnaasvluauiu Ao fudussgnsunudesiiannsizsaseglud wardad
AnNLIndaNiIaNase wineaeulnelfiedeslondnazidunmilouluiemaassinlden sy
nansnaaeuiiladadurfignaeslussiunils dihnaluldazdosiansanldlivmnzan msmaaeuly
vgugivhiududusnnlédun

0 Standard Penetration test (SPT) #39n13n9nnAaewAsgIU WUNISATIREOUATY
LL%&Lqumaq%uau nsnageusLiiunssasluiunsiiumeslaenssusna ﬂé’ﬂmimaauﬁa o
WzAUiTERUTideInITIUAILET S NTe ‘uaﬂma ﬂﬂmaﬂaﬂﬂﬁlummummaﬂ 18 m Taele
ANANVWIANINTFINNTIN 140 Youn enge 30 i svevau 18 mLmeu 3 929 2982 6 1 usae
ﬁmazmmsuummmumwiﬁﬂumsmaﬂLwaiwﬂiuuaﬂmwaalﬂ 6 i FetudduRuduiuuds
afodindsenlunmsneninnuseldsuuadiunisronuntuwes snauntseenty 6 Sausnazly
thinlfidesananmiufunguenagnsumuainmaaizdisannyilvanuuduswesiudasuly
Fruaunsmenlutisfivdorsihunuiulildmsnuadinmsrenasgiuden N fnanluldly
nseenuuUsell Msnageu SPT winvdmsunsnageufumdeindataudannuasnsneuudu (Stiff
Clay, Hard Clay and Dense Sand) LLm'laJmmvﬁm%’uaumﬁméau faudeununanauaznsevaiy
(Soft Clay, Medlum Clay and Loose Sand) ‘1/1\‘1‘14L‘1N§’1 muaaulmmmmmuwawumﬂmsmaﬂim
veasansnenasaien nsuensensavasiinnniy 18

0 Vane Shear Test Tneldluiln 4 uandovasluduiiu udrdadeluauddn (Torque)
MR uteadlUS oty L“ﬂugﬂmaﬂssuaﬂLLé’ammiaﬁfmLméhumuﬁuaq%’juﬁulé’

o Famsdauih (Permeability Test) WaeATITUYB A (Pore Water Pressure) Tng
p1funsguineenidigdnainisiuavestinduunuiilunguiate vieluadesiafiiend
“Piezometer” Lila¥auseutniisyduiigesnis

0 ms‘mLLiaéfmmuﬁuaqﬁaﬁu/ﬁwiaﬁmﬁﬂmmﬂ (Plate Bearing Test) {un1svaaeu
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uazUssiiunmuandfvesgusnideusegszuisidisiduluauy fawanimaaeuiiany
undefionimseaeuluviomeass uazuenandundefiugrunnlildsunisnssnunsziteunds &
Léﬂuﬂ15‘1/1maa‘u@mamﬁﬁsamaﬁuau%%ﬁuﬁﬁsasJme V3OANANNETINNRL I E
(4) FEndatuiu (Sounding Method) sufiuntsnenuienailansniuiiuse waainuss
Frumuvesdui Wy N1TNDNNAADINIATEIU (Standard  Penetration Test) Dutch Cone
Penetration lLa¢ Swedish Sounding Dudu
(5) W95 NENd (Geophysical Method) a1funanyn1si@nd 1wu N15TALAIUNIY
YUy (Resistivity Survey) uazinnuEivasnauiusuRY (Seismic Survey) Taaeds sinld
MUgiuNsI1zd39 Wleuindeyariianfslussninmguiane
(6) NMsUuAinUaya (Soil Boring Log) Tuszwinnsianedsenuasdesdineazidonded
O AUVUIVALLANE SEAURIAY MN8LaIVaY
o fFuiiaveulumsians mthyaang) fuiivhnsane
0 W31 FBMsiudeeR
swandeatuiu Snunziu Tnsedevanues ASTM D 2488-69 fhagnanstudin
oy dydnuaituiu-duiiu weruuunsaeuninatzdisanuluau wandlilug
(7) MIneaeuAMaNdRvesRug TN lweU URNS

e

0 AUFIUTIN

- Gradation #3® Sieve Analysis

- Water Content

- Atterberg’s limits

- UNTUAVDIAUIZUU Unified Soil Classification System

- Specific Gravity

- Proctor Compaction

- Relative Density

- Chemical Properties{Salinity(n15ynaennuesy/d4), Dispersive(Uagumu)}
O AUFIUTIN

- Specific Gravity and Absorption

- Abrasion Test

- Uniaxial Compressive Strength

I ———
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PROJECT  : BORING STARTED : 250612556
BORING COMPLETED  : 25/6/2556
LOCATION . GROUND ELEVATION : +10.00 m [MSL)
BORING NO : BH-4 TOTAL DEPTH : 2260 m GROUND WATER LEVEL : -200m
£ Jlelg E STANDARD UNDRAINED SHEAR ATTERBERG LIMTS TOTAL UNIT
= o w
E S0IL DESCRIPTION §' E E Z 3 ::J;r‘n PENETRATION STRENGTH PL Wn (18 WEIGHT
& SRR ( ) TEST VALUE ®UC ® FVT & FP ——
& s (e (blowsit) o) (%) (b
- Ground Surace I - o 25 s 7500 1 2 3 4o 1Is :4In 45 6o |16 1:& 20 22 24
| 10.00 - 5.00 m) Sitty CLAY (CL) 7
Brown, siff, medium plasticity. % wo
| / ss |1 b4 14 A
2.00- % wo 2.00 { f
/ ss | 2 >4 14 .
| wo
£00- % ] 400
ss |3 12 . L
é x |
_| (5.00 - 11.00 m) Sitty SAND (SM) (M o
£.00.| Brown, very loose to loose, ] ss | s 4 5.00 NP
fine to medium grained. M ' ] x
|:|:| wo
[ i
L
- i ss|s 4 '
LN ]
Ui § x I
.00 ::::: Wo 8.00 /
1 II ¢ L} |
[ - ) 5 ] L4
L X -
i | wo
10.00- M 1000 |
U} {
il s (7 g 8 ?
A - \ |
| (11.00 - 14.00 m) ity SAND some |, 1)1, wo \
LN ]
12.00.| gravel (M) il ss | 8 13 1200 @
Brown, medium dense, fine o M x |
coarsa grained [ :I‘I 1 wo ||
U i § |
J i) ss | e 12 » A\NF
L}
14,00 Y4 wo < 1400 || \
| (14.00 - 19.00 m} Sitty CLAY (CL) g// | \
Brown, very stiff, medium plasticity. / ss |10 x 19 T T
1 i :
16.00- / 16.00 |
/ s [11 (g 19 i —
1
% wo | ;,.
18.00- / s5 |12 2 . 5
/ > < 18.00 4
/ wo
-| (19.00 - 22.60 m) Sandy CLAY (CL) % ss |13 >4 58 s ® 214
Brown, hard, medi city. . I |
20.00- rown, ium plasticity. / Wi 20.00 f |
|
% 85 |14 | B113cm 655 cm ®
g wo |
22.00- / 22.00 J
5] / 85 | 15 || S&HOCm 505 cm .
End of bering 22.60 m
24,00 24.00
26.00- 26.00
28,00 28.00
30.00- ] 30,00
B ™in Wall Tube [] washout UC : Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X spitt Spoan I Augering PP : Pocket Penetrometer Test LL : Liquid Limit

NIINLAAINANITIEE153RU(Boring Log)
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2) manzdsnfuieduiagioade lasinsneadswnnivg wu 1aiui Weune

Y o

W1 wazauy Wusu Ianudeanslefanneasedininauny n318 nsinuwaziudiuiugin 39
Fududosvhmsanzdsaviinu aunmeaumasiagieaiiafioszneunsnsunusunoadaly
Aarnuuszudauaziivszaniam WundndsziuliAnanuiiuladeyinuuazamnmvesian
dmsununeaing

(1) 3esilodsa Uszneusme unuigiiuseima unuiissaiinet wuinszey Wudia GPS
duedosflodmiufmuaiuisuiiuiuagdmanmununvestuiu suiiu fnsandeadsd

O AMMSULMAIRAY

[ a } @ Y 1

- @nuila(Hand  Auger) LiNOd1529AMURUIVITUTAN AU WIDNLAUFIDL19LNE

q

nogauluauuwa iU RS

- m3yangqunaaed(Test Pit) lngldaeuniednaines dmsuyaiied1sianiumund
Forauvesdutaniu esninnisangdisaiuiiounsiionsliannsanzkiuayiiulg il
aansansAImUTiuIsmiesfuseraitenaasuluaununazie s fiRns

O @AMMSULMAIAU

'
a A

- nsdrsalanubiniessanandlagdsYaraulmiasifisunuuiniy (Seismic

v
LY YY) a

Refraction Method) weldUsuiiiuaumuvestuianlaviutuianiuwas seAunnuanvestiuian

'
a o

u lngadennnuwnninsvesnuautAnunukiuvesiagninlianusslunisindouivesniu

q

fuazou WoRnRLANAINAUY
- msdralaiuialaeiaseaiziAiuuyiedieg199u(Drilling Machine) 1Junns

AIRARUAIINNTRYTanUaTiuTuTaniunasauaudRvesiulilnenss

1 ¥ o

(2) 331581972 Wmerluuainisdrsiannasiannaasie sdudsadrlaanwimlunay

q

anwssdline fvdnmsuszneudenisdisn 2 Tuneude
o mié’ﬁn%umﬂﬁuaqLmdﬁaﬂ(Preuminary Study of the Deposits)
- yhnsAnviilemdenaiitisatuiagieaiainegluuinat adssfuaniud
Aoadlsunndign 19y wNuTissdine seauanmsIEIMeT waznanaaeuANaL RN ImnTTy
VBITE0

- @15799ANUNUIVDITUAL Lagltd UL DAL EITIVTURAULNEG WS DUANNUARILIALA

[

WAL INNANIINITING LNBAILINUSUNEUE15D9

a a

- iudegedaniiu fu ne Tuiuilasinisuaslndifes wefnwiamaud@nig

q

AFINTTUUALANUMLNYAUVDITER)
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- AnwsrEETENILTATTaRUATIUNLATINITADATIY TIVsANEEAINIUNIS

o MIdTIRTUIILALIREAYRVALTER(Detailed Exploration of the Deposits)

- UoyanlasiuswlutuwsnuuiedainunuNseazLden Wy WHusIaing,

[y 1 v

wazknasiannaase Wudu uims1diu 1: 5,000 84 1:1,000 LHBINLHUNITENTID AIRUAYDULIAN

q

) o )

wduawiaA dmsunisiangdrsiaiiunasTanaulagunasaniu

[ QGLQJI =

- PNNTANSINAUUNURLALNITAI5IARIAU dmSuwnaadannulsainuile

q

dnsuunasTaniiuldnisdrsamsesaiidndsauiunisigdisraiuurisiuCore Rock)

v o

- \ushednsTanneaine wiouusseednvariu funuilswuiiuluninaun
(Hand Specimens Description) lagieg1sianiuiasnsteinluinsigimaninnznau(Sieve
Analysis) LS uunudiamuszuy USCS wag AASHTO dwdusogheTanfiuenaifiuisaniiuluad
nuvLAiuAIuarwiiasaiuINEIedIT1a dufunmaasuiisiuarnuudiusuazeny
nuulunstnguesianiiu

v v

- UsziiudSunadses dmsuTanfunaznigvinisusziduaindeyannunuives

uAnTdAENURmuNdensluwiasnuAnidmualrldedes 1.5 Wiveausiuiinvug

Qee

(3) nmsveaeuRNaNURvasianneassluiasudRns
o TAfnAuU
- Gradation %39 Sieve Analysis
- Water Content
- Atterberg’s limits
- PUNTUAVDIAUIZUU Unified Soil Classification System
- Specific Gravity
- Proctor Compaction
- Relative Density
o ARt
- Specific Gravity and Absorption
- Abrasion Test
- Uniaxial Compressive Strength
3)  NA9INSRNZEITIAAUFIUIINLATINTTOYSNY Wyuw‘,umﬁwmLmdeﬁﬂﬁsiuma
MszdIRRugIusINlanudndudmsunisseenuuusgazdun oAU znoUved8IA1S

PuRlng FeUuotiulTzinnvesunasinaslunuagiauigal

Y Y
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(1) ¥he Aifosvhmaynaenudoneasnseramsauau lunsdimsgaasndasinnisdisna
anmvnadiussdimadalagld Hand Auger langvquitu(@n 4-6 Lums iiufaeg1mn 1.50 1wng)
drnfumugenn 500 wuaruinaldshifamstae Swuvauanedoslitesndt 3 viau
Fou(nasne ndsuagiiosdie) dunsdiifesnoatedieindu Yssgszuetmieaias
puAuiiiy AnuBnvesauAEiiuiseseImdisiiuaTigeaseinsutelsitosndt 4 u.
viodstuiiu lasianzdrsamununushetihdu Ussassuistmieotasauauihiinnarsdnii
uagmAwia 2 419 Adumilethuazduinethvesinethdu Usseszunetiimiontaisaunaui
suiuet oy 5 viay

() T navteuueat idesiinisyanenuiedeainsenisauaut lunsdinisyaaen
fowihnsdisansiussdimedalagld Hand Auger lenquitu(@n 4-6 wns Wfudegiann
1.50 W) drsrandldtiosndt 5 nauliasounauitufivesunasir daunsdliidesdeainsennis
mupigumneutd nsszuiethesn sy eudnvesnguiangidumiaesennismuny
thmaiusiouiiuarugenesennvieluitdesnit 4 uvedstuiiu Tnsianzdisaiinanaraves
unuamsauei Adumidethuasduietmesermsmunuth sufuegietos 3 au

4) nINAFUAIEAIINITI1Tuvastn (Permeability Test)lugiusinvasaiasva
AN

nsneEeUASRTINMS TNt utuRUlE NS deUA R8T uNN Gravity Test
Faodoussliiudraveslan dealdnismaaeuuuy Open-end Test Ynzos 1 1IAT AINLIATFIM
USBR Designation E-18 Ine¥nusunamwesindisadulutasaariviinisnageu udathendilaun
Sunnmnadamsiduvesisuduiu dunmeaeuddasnishduvesiiutuiu 1o
NAABUASNTINTETUTa MUY Lugeon Test NNTEEY 3 LUAT MINLUUYRY A.C. Houlsby T
pdpusaunAdosguindathadlulunguians erdgnensdaduildlidatundinmauangld i
argnisdulilvalunusesunniasarmsuesiiusibu Yauiuahiismelulutasaanihng
naFoy TatvesanudniiviinsvageuuagsumAnFuAlY udthafldruumadnmnisia
Hivmesiiuduiuld

) mamaau’tu%uaugmmﬂLLazﬁw}g AILTBNITNAFBUKUY Gravity Test muuInsgIY

USBR Designation E-18 (Earth Manual, USBR) 2 7579
O NMINAFDULUYU Open-end Test:
K = Q/(5.5rH)
L‘ﬁa K = Permeability, cm./sec.

Q = Constant Rate of Flow into Hole, cc./sec.
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r = Internal Radius of Casing, (cm. ; NWM size 3.81 cm.)
H = Differential Head of Water, cm.
o mInaaauwuutdutag Length Test:
K = Q/(29LHn(L/) o L > 10r
uaz/vo K= Q/29LH)sinh (/M 1o 10r > L > 1
Lﬁa K = Permeability Coefficient, cm./sec.
Q = Constant Rate of Flow into Hole, cc./sec.
L = Testing Span, cm.
r = Internal Radius of Casing, (cm. ; NWM size 3.81 cm.)
H = Differential Head of Water, cm.
(n = Natural Logarithm
sinh" = Arc Hyperbolic sine

9 =227
(2 mMnageulutuAugIuTIN AI8T/ATNARULUU Lugeon Test muuuuves AC.
Houlsby @aldArmnasu(fiansananseiuanudnmiiudunne 1 was lneadnuduaziiudy 0.23

AlansuromsuuRLLng) A9l 3 Alaznadeau 5 A599ay 10 U7 Feauauassi 3 1Wuaiany

sugeanliluusazydie Juegiusveziagnageu(a)

s 1 2 3 a 5
ALY 0.4a 07a 1.0a 07a 0.4a

ANUAUATIN 3 (kg/sa.cm) = ANUANNUNAL(UATIX0.23
Audiuasedue T du 40% uay 70% vosAudugadn wuanhainssduvesihnlaumuinmy

£

AUNTSHIT
K = 10Q/(LP)

Permeability, Lugeon
Total Flow Rate, liter/min.

Test Span, meter(Generally, L= 3 meter)

o - O =
1l

Total Pressure{P,(Gauge)+P,(Water Column)}, bar(1 kg/sq.cm)

1 bar = 10 meter = 1 kg/sg.cm
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3. N592NUUUTIZALLIYN
3.1 A159BNLUUNNAIUENNINYT

1) INQUIINTTIRNKUUNIAIUNNING1YRSLATIATIN01S
(1) danasaumsidenarsauldmsuldeanuuu lassaseidanudfy nafe aLdn
ANIEEELEITAndunsIeReTInkanNgd Adsesnuuulivaenduinniign lnesenwuuld

aunsasudinaniuesgantuseunaney Aseud(T Mveldaanwuuausinegasulina

A10UN USLLNNVBI9Y saul (@)
1 NusTUell vieaeadidlinutes waznsyaszuteaIinang lusuun 3-5
2 NTEU81AY freihduruiadnlusuunmnlasuanudsnie eanndiuesdlinia | 10 - 20

JUNTIYADTINLATNTNIFUY
1 =3 1 v
3 719800 LASHSWIULANS UUNIEITITULTENINUY U 30 - 50
il NuUMNTe 1 50 - 100
MNAAAMULEEYY 1899 N1 UL TUsURTIERaTIRLAaTNSNE Y
5 NUANLTD 2 50 - 100
MNAAAIMULEEYNY 1899 N1 UL T UsURTIwR T IRLAT NSNS AU
6 VioaoALaYETWILLAN 9 VWnvan ffiuiunetaneliiinanudemennningadu 50 - 100

fian : Aflon1seonuuULVAAWSUNUSATALTLUN NBIdTIUALERNLUY TWY. 2529
arndesfiaziinuiinaihuesgegaganiiarsoutiildoonuuy Suvesidudauidsssy
%uaguiﬁ’uszstnawaﬂﬂiammazmsauﬂﬁﬁl%aaﬂLL‘UU f9ANN1s 970 Elementary Engineering
Hydrology, M.J. DEODHAR
Risk
1o Risk

100-100(1-1/T,)
AmandssiiasinUinaniuosgeangenhanseudild
DONUWUU

Tr = fseuliildesnuuy

N = 528819871983lATIN13

S28LIANURAATING 30 ¥ 50 ¥ 50 ¥
Arsoudiildonnuuy, 100 U 500 ¥ 1000 U
mmLﬁmﬁ%Lﬁ@ﬂ%mszmm@qqmqjqn’hmiwﬂﬁ%@aﬂLLUU 26.03 % 9.53 % 4.88 %

>
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(2) msAuIudEiuiuegega IMmuinUTinaiuesaianivag s uidmivau
waavadnuuztibildisawmelul

(%
aa vy o

e 75 Rational Formula Tdadfvayauudmiuiunsuditdosndy 25 as.nu.

e 75 Unit Hydrograph daffveyatludmiuiiunsuiiuinndy 25 as.ny.
e 75 Manning ldsgautvhuiineiinluiuiuazdoyanisn nuasaitl
o 75 Slope-Area ldsgautvhuiipaiinluiuiuastoyanisnmuaaIu)

AmMsdmavdasnis lnagogasann
dayaatithishiuasmentwuasdiui

[ friuasavtlmsifiad mmsamﬁu]

armstamasduariud
|
) v . , 1
HAudzuddaania 25 ss.na. HAuizniunnadn 25 ns.n:u.]
1 v
% Rational Formula 3% Unit Hydrograph
| _
R ushu(iydsaudl -ArBuauasdian
msHisasinag 619 .
-damasduasdiuaanin
i\ -anudmivsugegafiu
vthvaruan(t )i 1han )
fu T, soonslviatusnin -urAmansasaITudinlaeu
anizuaRud
v T
Anhavidasinsiva Arwiavndasians Lua
gogefsautlnmsifinsinen gogarsautinsindnon

TdasinsTvagogal
anALLULATANTHRANHAT

[ funaumsd i amdasimsinagesa ]

(2.1) 33 Rational Formula LHuisnsduwmuiinuihuesgeanlaelideyaada
ihrlusazdeyadnunzresdnimdmngfuiiuisuidurunadniifoweliiu 25 as.nuuayld
foyavsinainiuiialuauy muiinahussasaafidunldleistasdaunnifuaudunie
dmsuiiuisuidunalvg nedansded

Qpeak = 0.278 CIA (@ wdunsdifenanainey, T T.)
T. = 0.0663(L/S)""" (Kirpich, 1940)
S = H/L
o Qpeak = ﬂ'%mmﬁmaaqqqm (au.4./AuN)
C= HuszAvistwin

>
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ANULNLEU(Rainfall Intensity) 19394381 Tc (Ma./931.)
229:3811159NVB9HU (Time of concentration) winfuviannunlglunisiva

MnalnafigavesiuisutHunfdasnis (vu.)

w»w r >
Il

H =

= flufisutheuredasans (@s.n)
mmm’m@qa"wfmwwé’ﬂﬁmmﬁ&gﬂmami GHD)
- eNaRLBEsTesiiuTosdtn (u/a)
seuiiugiiigalnage-seduiiugivigadidilasints (1) oghdlsnuile

Tailsinanisauanuen Te dedesiull Astdan H wae Femuwialaainanuaindueidevasdisin
anelvgy (ST) dawansluguiuans Gsewa, 2531)

ELEVATION

H ST = H/L

L

|
|
!

737: nisdeannIneUszens (I5ena, 2531)

]

AauUsEaANsUIYin C

LONGITUDINAL STREAM

LENGTH ALONG STREAM

SLOPE

]

plivssmanazduldunagy | Aunseduduasneu | Auwmilleavufunzneu Auwmileaiau
#uddutn (Woodland)
- fi51U (@70 5-10%) 0.10 0.30 0.40
- Hugnadu (a1a 5-10%) 0.25 0.35 0.50
iy @19 5-30%) 0.30 0.50 0.60
yjavgfuRnedn’ (Pasture)
- fis1u 0.10 0.30 0.40
- Yugnadu 0.16 0.36 0.55
-1 Jwilu 0.22 0.42 0.60
ﬁuﬁmflzﬂgn (Cultivated)
- fis1u 0.30 0.50 0.60
- Yugnadu 0.40 0.60 0.70
-1 Jwilu 0.52 0.72 0.82
Snwauinud - Twidleg (Business Area) 0.60-0.75
- myjUuInass 0.50-0.70
- QU 0.75-0.85
- %a9An 0.75-0.95
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AlemsdsIveenuuulass s Lareyndiuuvdni

ATUNSHEINTUN

ATWEAIFATIIA T, ANUITNI56199)

AFPRNLUUTIEALLBEA

Ll
2AeMsUad

ARTIA T, (min)

WHELNR

1. Kirpich (1940)

Tc = 0.0078L°" g%

L = AMNENITBMNTILIERN
)
3ANARATIMIIBEN (FT)
= o o
S = ANURIALRRLTBINUT

(FT/FT)

| ]
==

navsnzAUINANa AT 3-10 %
= a =N

uazildantUneau

2. WuiAawnin ueaway T_=T_x 0.4

=
A. TRABUMTA T_=T_ x 0.2

2. California Culverts
Practice

(1942)

T. = 60(11.9L3/H)0.385
L = szezmaraanisluailng
Vigm (mi)
H = AMUUANFAIT89TZAL t
P =
qpFNAuTeINTIUATNRA
N1eaNn (e
T. = ((0.87L°)H)"™
L = sxesvnagesnsiuan
lna¥ias (Kkm.)
H = @a2uLRNFANT8992AL 1
a v El
qauAuIeINTIal

AANTIBAN (M)

ApurlanaINgmTee] Kirpich 1ty

13 "

FuAgn I AEN AL

3. Federal Aviation

Administration (1970)

_ 050,,0333
T.=18(1.1-C)L**/8

' 4
c = dudsr@nsnsivaues

L = srasnnanaanasiva (i)

S = AMUARTDINUT (%)

EiuuesnuuLTIUNgTN I Ig U

a o . -
wasvunrzureinhudies

4.U.S’ Department of
Agriculture Soil
Conservation Service

(SCS:1986)

5. CMD (W.A.2511)

=1 = L
60 V

L = 9285NN9299n17 1UA (ft)

Vv = anudreinisiva (fis)

T. =10+LV

L = 7seonmameanisiva ()

k3 ]
W ladusnrazNunvatedssunlagy

= }
RanERANAT NN A

Y o A =
WAuRuRlunsannuvuasua:

e
PFuuma mufadieaniansuznig

V = anudmeainriua ﬂ'\ﬂﬂq'ﬂﬁaqﬂﬂ?dlﬂ'ﬂﬂ
(m/min)
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Asmsaas AMSMAT T_ (min) HANELNA
6. Kerby's T. = c(n.Ls™%"*
Equation(1959) L = Aue121e9nsiva <
365 m (1000 ft)
c =1aadleL dum
—os83udleL dlun
S =AuaIATu
n = ﬁﬁ‘lﬂizaﬂé?’l”i‘lﬂ?ﬁ?:
sasuRiannslua
7. Bransby Williams T. =213uA™ 8%
Equation L = ANuUEMAINIAINREA
(1922) favnaeen (lus)
A = s @7 W)
S = Aanuseduresui
TN

o AaMduLAY (Rainfall Intensity, 1) mldainadiadeyauruiilainszidunsiv
AMILTLUNL-T9181-50UTUN5LAREN (Rainfall Intensity — Duration — Frequency Curve) Ua4us

avdmrinnadlasenis dulansiiegansmiauduiau-diaia-seutdnisiingl dagudnaans lng

HaNsIuAITIIatHuaInAT T, warsauUnsiiad iwisngaufuaIuLa NaIU1508 UAIAINLYY
Huiidenndesivtoyananaila

400
mm/hr
300
20—
< )
LY ~—taolN Ay
v )
0 2 S $s
~ N NY)
r s N \:\\\0\,
@ \\\\\\p\},e
& 2 NN
o ‘ o]
= NN
< 1
% [ CHUMPHON N\
é 0t
55; 0 15 0 F 3 = 12
MINUTES HOURS
DURATION

1 (Mustonen, 1969; Jszwa. 2531)

400
300
200 —t~ ]
= = &,
N AT
—~ Y pe
- T ISR
SIS0
= \\\\ Fo
i s0] \\\"'g,‘
£ \\\\
3 SN
Y | SONGKHLA N\
5 of
55 R A T
MINUTES HOURS
DURATION

>
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(2.2) 'Jﬁﬂsqﬂuuwmﬂmm(Umt Hydrograph) Lﬂmﬁwmmvaﬂumsﬂi%uu
ﬂimmmuaqmam (mﬁumml,avﬂimm) ] a]ﬂ‘waWimmmmmwwaumivmw 25 £14 2,500 915.
nat. Taevild a1 9afinsanifianiiingain ﬂi’]WMUQﬁUDEJUWWWﬁW?SﬂUS%qulﬂmﬂsllamuaﬂiwﬁm
ivinfinsiataldlaenss ognslsfmudmivyafiansandlufideyansaatati (Ungauged
Catchment) fasl¥38d a1 inslniatigi (Synthetic Unit Hydrograph) anlgimsizii lag
Usenaumenals oLty 35 Snyder 38 Modified Snyder wagds SCS vHudu éfm%’wjﬁaﬁﬁuaﬁ%aua
75 SCS vaamiBeuaysNEau (Soil Conservation Service, SCS) wvisansgaLusng uUsvandly
ﬁmmmﬂiwwﬁmaqqaqwﬁaau’ﬂmﬂﬁﬂ%ﬁma6] g% Unit Hydrograph asuUasaniindudlmdesn
TR (Rainfall excess) Fudalutaamilswhituiisuirulsduivinluavuiu nsiuan
aﬂﬁwaaanmﬂumwﬂﬁmaﬂ %ﬁLﬂuwaﬁamaﬂﬂimfmaﬂsiaa 9 ¥4 Rainfall excess ﬁLﬁﬂ%ﬂiu
FIIAMI | naneeseiiosiy ﬂ%mmﬁmaﬂqaqﬂﬁa ponvaensiiues nadliuesiensld
Uslemisolulnetlumuanioatu Flood Routing titlemaunivasadevesenmsssuneiisa o

ansillflunsduamuimnanhuosgeanlngisnsmnilamhedwindeTs scs fifad (scs,
1986; Chow et al., 1988; Charles et al., 1997; Subramanya, 2007)

q. = 2.08A
p Tp
T,= % +t,
t, = 0.6T,
t =t /5
Tooil g, = 9n31N15vageanvas Unit Hydrograph (au.u./3uni)
A = vafiuftidgui (5. nu)
T, = nanifllunsiieUinaniuesgagaues Unit Hydrograph
tfunniflerdudl Rainfall excess (v11)
to = basin lag ¥i3eABLIANTIHUANGA centroid ¥8anT1H Rainfall excess
fa1a77An peak a4 Unit Hydrograph (w31.)
t = YILIAIN5LAN Rainfall excess (val.)
T, = 9181 sANUBE (Time of concentration) Windunanfitnldlunislva

nyalnangavesiuisutluLntalasnIs (vu.)

>
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Excess Rainfall

t/2

Direct Runoff

1 - mhearueysn¥ay SCS (Soil Conservation Service, 1972) UWisam3goLuing

o AUBNIUUIUBILIANATY & Y89 Unit Hydrograph m11laa1n Dimensionless Unit
Hydrograph 282891 SCS (Soil Conservation Service) MUA1IINVEN BalATavinTuaN
N15An® Unit Hydrograph Mafuaasssd@dnuauvansy o du dalvuiniaganuazil

Uspimnavasiunsudmuwandsiufauanslugy

1 ‘I/r "'\II‘

—i— Flowy ratios
—0— Cum. Mazss

a/de

2.5 3 4.5

t/T.

n51uHenUaeUvn 1386 (Dimensionless Unit Hydrograph)
ANLIFNNSTUANEAS UNINYSUNYRTAERNS
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nsuvEnensth
Time Ratios Discharge Ratios Time Ratios Discharge Ratios
t/T,) (9/qp) t/T,) (9/qp)
0.0 0.000 1.6 0.560
0.1 0.030 1.7 0.460
0.2 0.100 1.8 0.390
0.3 0.190 1.9 0.330
0.4 0.310 2.0 0.280
0.5 0.470 2.2 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
1.2 0.930 3.6 0.021
1.3 0.860 3.8 0.015
1.4 0.780 4.0 0.011
1.5 0.680 5.0 0.000

131 mieuayinEdU SCS (Soil Conservation Service) Wdan3gaLisn

|
>
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® dnTNsTUAsAUTEt (infiltration) Tuegiuunanesatveds NddyAeviin
VoI fail

AU SasnnsTuni (e /v.)
Aunilen 0.1-0.5
AuTauluAumilen 0.5-1.0
AuslUAUAZNDU 1.0-2.0
Ausulunie 2.0-3.0
AUNTIEY 3.0-10.0

dmfumngruafiusn Shmsfurrgudonudunnuasdnsinsduazanaadedunndeld
u 9 usilunmseenuuuielisnsnsduasiidmiumgsurnalng (Major Storm)

uAmosBy 1 dnadensfuasiuvesi 1y fvnequin AnuanBesosiiuiigumnd
AT LAEATILLesAY sy

ofls tilufmdedui vavududuiivsaduduimuainoondedfiandeainnisda i
fif90eusati1 (Depression) wagiiidnsagnudulsl llsl w3 vieulii(detention) Fududiutios
warlifuthlauuiu

° mmﬁnﬁqNugeqﬂﬁ'mi'm'am(Rainfall - Duration) mil#inniseuAmituan

nsmleEn-tanat-seulinniadivesdmindiddasnts dasegndlugudnaang azldmuium
thrlugean () Tuusagriena (wu) Mnduihmildluideunsmuansaruduiussenineudn

Wruiutg denegawandlugy

¥ dla
runauhdu@s. ) idaluesne a.svee
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nnanhaugean(ua.)Adaluasna seu 251 a.3vaeq
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a

a
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Feutnelugad s

40
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491 (hr)

o ulnmasanaudnireunuvnaiuf (Areal Rainfall Reduction Factor) 113
theeudnieufiguldannsmaanudn-diena muduneudreunldldfuiuilunnuunelngas
yliengaiunninduaie mnelonaiiluaganvinedsaquituiiouianine q duilenatios
é’fﬁﬁ?um'ﬁﬁ'}ﬁi'}ﬂmuﬁﬂﬁmulﬂ%ﬁwL?JuazG’TaaﬁLLWﬂmai’@mLﬁaammmmmﬁﬂmaaﬁmma?{aé’m%’u
fufini 9 addlndidssiuanudussidmsulssmdlnedudsldldinsfmunsmuranesan
arudntrumurefiuiailunsinyalivesiaussmaiiAnuliuga 1wy andugionnia
anigoisni (Hershfiled, 1961) Aeiegauanslusy
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rungndy. aailans

>

nauMTITBuaziauLasi maduimnssuminginsi 3-10 AMEIMINTTUAIENT UnTInedeinunsmans



Alen1sdTIReenkuulATINSIRIL LT auSn UL N3BONKUUTIEaLLEEN
nsuninensi

L1aALaRsA tazuda (Leclerc and schaake, 1972) loauaaun1sd1nsuALIamIAILIA
LDSANANUANUNUAUIUIANUT F9Td
ARF =1—exp(-1. 1t°25)+exp( 1.1t°% -0.01 A)

dlo ARF = wilAwmedanmnudninuusuaunaiud
t. = Y8109 ()
A = Nundmbeodumsialud

ASH T MNTEAL ua_,sé'nﬂms‘luaa\mﬂ'tumﬁ'\
antayasiifiszduinvicuuasm unwunafu

fusAsHaasEasuasudl

[ ﬁ"l‘lﬁﬂﬂ‘iﬂﬂﬂﬂ"l‘ilﬁﬂﬂlﬂ:ﬂ"ﬁﬂﬂ ]

, g : , 1 1
flaarlyenirTudnia Tiflaontiedrtusmia
) i)
syusnlayaszdinihuaz dsramwiuillasonts
Winaigogaainadin vissdi@dariaaAa

fiofl=au
r
Tamnivnszdnuss Jiaswiindasimesva
famimsivagoga @ygasu’® Manning uas
Asavilnisifiado9sie Slope Area
38 Gumbel uaz Log
Pearson Type III

. MddRsinisivagoaa’lal
DEAWUUBNAsEamdnd

- IL-?
Fusaunrdrantreduiusg % 4 ,:%)
farnrnagogaludin ﬂ\\i AT

_——?-‘b
i

(2.3) 5% Manning (JuismuaUsinanisinavesdin Tngodendnnisniva
mansvosgudadiih Anisinauvuasinane (Uniform Flowjlaedntihdauainidosuayd
fufiviidnnsiidussszmefioniiome Bildideideya sudngth wagseduingsan dsldanns
drgavluauiy wangdmsudnifiisudauiuou 1wy aassdnir vieszutet glasdde gas

Manning figiail
1/2

Vo= (1/nR7 s
Q = AV
R = AP
S = H/L
do v o= anwiduadevesnisiva (u/Awi)
S = AMUAATUVDY energy gradient (1./41.)

>
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= Seflvarans (u.)

- iuinthdevesi (ms.a)

ANNeTIEUUeULUEn (1)

= AuUsrAvSeuvgussvesindudia finsednedns
= 9nslua (au.u./Aud)

O =Z © »
I}

Mnguetedu sndetiiluadeeanuiimiiauebiudsuuamuszes g
S = anumaduvawiosh Wensluauuy Uniform Flow
S = H/L
de  H = mamwaqszﬁufwé’wﬁwz:\;ﬂ (11.)
L = swezmuuuahlnassaing 2 gatu ()
Aduuszansanungussvasindulia "n"

Snwarvasdiin Andudszans

AADsdwn

AABIAUYA 0.025

AABIYIUYA 0.040

ADUNIM 0.013

1d 0.014

wan 0.012
AvisssuvRUURUSIU

Nussunsdlifinsinuas Sudte 0.025-0.033

Nussunsainsauas it 0.030-0.040

MliiZousivhluanAen 0.033-0.045

MldSouTiussaniAen Tuitvuaz nsaniu 0.035-0.050

TIyfonuliy weedn ﬁejuﬁwhuﬁﬁulﬁsﬁwumﬂu 0.075-0.150
ﬁ'nf'nsssm'lﬁuunum

Nuiitingan #iu Audouthadnies lfisuite 0.030-0.050

iy waziudevlng (Boulder ognly 0.040-0.070

|
>
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(2.4) 33 Slope Area LHuiSnsduwinUiinatihuesgsan lngldtayanianenin
3998111 Fenslnaluginsssund anudiwesinsdsunlataslinsiluauszaynng n1s
AUAALUAEAT Manning aJ1ﬁwmmmﬂ%mmﬁmaqqaqmmé’wﬁwﬁiiuma il

° ﬁﬂs%aé’nwmzmqmamwaeé"rfnLLa:gﬂﬁﬂ'é’lﬁq DUNUBY 3 WA UNYIAT
1 Feemliidesnin 75 whwssruEnvedth wastsmugginanvedsEiuTEuie

oe

[

dhmsmninssiuthduniiedlddesnia Velocity Head (V'/2¢) washitiosnin 0.15 wns

o futayasziuthludniiissdugegn ddundldvioanmaaeunurnidiu

o fvuarduUsEAnEANIYTYsEYasEItin degTeandealuitnisvien n
'3%‘m’5ﬁ’1mmﬂ%mmﬁmaqqaagvﬂwsﬁ% Slope Area ﬁqmmiﬁwmm‘lmaﬁmimwaamﬂ%aiumaﬁw
Fanuguinedns Inserdendnnisaingas Manning feil
(1/mAR™? 57

91ngns Manning Q

WK = (1/nAR”
wldQ = ks’
Y8715 i0) | R, 1 PR
=S==soco - cfrictional siope_ | by hs + eddy losses
Ry up Energy Gradieny ¥
hy down
. %ﬁ— i
d up Flow ‘
_B e d down
i % —l—
| Datum. Z down
}
]
5 "l

ansadisugasdmsuAnamiUunaninuegianlagds Slope Area lanswialuil
1/2

Q = KyS¢
l’ﬁa KW = (Kups‘(reamXKdownstream)1/2
hy = avi/2g

doa = SK/AAEK /AEA)
Ah, = hyp _thdown y y y
Ah = SgAUUIPURLEUN - SEAULIAUTINEUN
dle Ahy fldnuan, he = Ah + 0.54h,
dlo Ahy fidnau, he = Ah + Ah,
wag S = hy/l

>
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Iﬂa‘ﬁl K = Conveyance factor
Kw= Weighted conveyance factor
A = fudimihdeveni (15.3)
R = Seflyarans (u.)
V = arwuadevesi (1w
h,= Velocity head (1.)
a = @A Velocity head
h¢ = Friction loss (4.)
L. = eugmdniniamuuunlfeeausardia.)
L, = AN IARAILLAAS YDA AT 9(3.)
St = Frictional slope (4./4.)
N = dudseAndanuuguszvesdni
AindsvosdulsyAnianuugusyresdtilag U.S. Soil Conservation Service léimua
FBmseuns Sl
- AuUAAT Basic ny
- fsuedn n, AmsuanungrssresiaduiaviernuliisuiFeuvesin
- MNUAAT N, a‘fm%’umimﬁ'aw,l,ﬂawmmLLazgﬁéwﬁuaqgﬁﬁmﬁwﬁw
- fasumen n, dAmsuasinundudnii iy nlsl deuss @
- fSwunAn ns dmduiiauardulsntulugni
- SmuaAn ng dmduAuAnlAsresath
mé’fmﬂizﬁwémﬁmq“uizﬁuaqé’wﬁw sy U.S. Soil Conservation Service)
A1 n, @115V Basic n

At (Hudu 0.010
gt Wuiiu 0.015
Adnh Wunsimasiden  0.014
At Wunsaaneny 0.028

A N, ansuANN ISV sUVRIRIFUNE
HSU 0.000
ADUTNLTEU 0.005
CRIVAURERN 0.010
w35 (WiFev) 0.020

M n; dmFunmsiUasuntasunn LLazgﬁéwﬁuaagﬁﬁﬂé’wﬁw
Wasuulaadntos 0.000
\WazuuUaats 0.005
\WasuuUaaun 0.010 83 0.015

A ne dmsudsinundugih wu vieulst sanlst vae
Taig 0.000

>
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ANTOONUUUTIEALLDYN

fivloy 0.010
ANoaNAIT 0.030
313110 0.060
A ns dmsuitvuazduliiizulugii
fivloy 0.005 3 0.010
HuUuna 0.010 94 0.025
Junweas 0.025 99 0.050
u1nALAEN 0.050 94 0.100
AN N EMUANLARTABIENN
Lm/Ls Ne
1.0-1.2 0.00
1.2-1.5 0.15n,
11nA71 1.5 0.30 n,
dlo L, = AmEMvRsEt I LA
L = AnuemuesdmininmuuyIngg
Ne = Ni+Ny+ N3+ Ng+Ns
N = N+ Ny+ N3+ Ng+ Ns+ Ng

913 WNIANFUUTZENS n AIUNNENTNAL AITAIAUAAT N NEIURSE) VD
sUdRAIN &arn n vesdusneludufeiulddndudedidingu sudadni Unieens

wUadunangdiusiadl
- @ urBsaunndesy

[y

€

‘Uﬁi’ﬁ (Low Flow Channel)

f
- duvesdiinisinefdiiviania (Left Over Bank)
- dwvesdniilaunitdl
- ehusuaaé’wf%é‘m Finuuils (Secondary Channel)
2) inausin1seenUUUMITUgNNANg1vaslaseEieiaas1
FaRasannisdenmsauldmiuldoanuuu Tassassdasniidesdndunislugasia
nsneaslassadimdn Wy meduihdeuveneadrssenszunethuiodisthdu dutlestuthviay

voneada uiu Judesidudimiudsnsiuegivsseznaildlunisneasislasinisuazasoudi

oe 2o

N
FiThiwiuds (Right Over Bank)

=

Taniuy fsadun1s 210 Elementary Engineering Hydrology, M.J. DEODHAR
Risk = 100-100(1-1/T,)°

\le Risk = Arundesiiazifngvndvganindiseudildeenuuu(T,)
T = mseudfildoanuuu uaz d = SzezIa1neass
STYBLIANDEATN 13 29 31
Aseudildeanuuu 20 U 40 U 60 U
Audssiiazifngnndogeninanseudildesnuuy 5% 4.94 % 4.92 %
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3.2 N159nLUUlATIES19N 9 U

1) wnsgunall nmseenuuvastiulunumnassunsufoRuimnssuseninsUsemnad
Sual 3wl
e American Concrete Institute (ACI)
e United States Department of the Interior, Bureau of Reclamation (USBR)
e United States Department of Army Corps of Engineer
e American Association of States Highway Officials (AASHTO)
e American Society for Testing of Materials (ASTM)
e American Institute of Steel Construction (AISC)
e American Water Works Association (AWWA)
e Thai Industrial Standards (TIS)
e Japanese Industrial Standards (JIS)

2) dermunuazansuiivesiag dviunisesniuueiasneuninasumanlneniluay
BnfiaN1nIgIUTRIAINTIUANIULKIUTEIALNE WAL United States Standard (ACI-Code 318-71)
N6 “ Allowable Working Stress Design” %38 ACI-318-77, 1977 (Ultimate Strength)

(1) Aaun3n (Concrete) AnunlindsdnUszdevesnaunialiasumandmsu
91ASVaManIiA fc'= 140 NN./m5.94. LagdmueIIABUNIAE LAYt A TYAMAnSTiAn
fc' = 175 nn/n3.au. vieuenainszylilunuuifuegiedu e fo' = Ao usenausvduvosuns
ADUNINFUNTINTFUDNLNATE I VLNAEURIUAUENANS 15 Leufiluns g9 30 lufilums 7ilo1gnisa
28 u

(2) wianisuAaun3n (Reinforced steel) AaiaudRveawndniasudonduluniy
UINTFIUVD 1oN.24-2527 dmsuinandedes (Deformed Bars) wag wen. 20-2527 dmsuwmannay
(Round Bars) viheussiaiesliivoandniaiunsuninaedondulumud

dmfumdnnaudu SR24 = 1,200 nn./ms. e

dmsuimdndodostu SD30 = 1,500 nn./n.au.

Tugdausisnnudangu (Modulus of Elasticity)= 2.04 x 10° An./5.a.

(3) wianlasea31a (Structural Steel)
wanlassadslufidnuieds fanfldlunisiuiuussgssuretn uiudain

1 (intake Gate) Azunsafuany 179nn5s Tulnds 1n3eeniiu wagdug nseenuuvazfianan
AuALTRnUIAsgILS Nl

o WANIATIASNFUNTIA ANUIRTHIU WON.116-2529

o v3UTOUT (Bronze) Huldidu Gate seat MuLIATFIU ASTM Designation :

[%
o

U5

9
ANNL

q

B22-85
o WANUKY (Steel Plate) AuNRS§IU ASTM Designation : A-246

>
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o wianl3adu (Stainless Steel) MuLM3FIU ASTM Designation : ASTM 276-
86a, ASTM A 167-86 types 304 and 316 W fuadnyonuiussuisuarudutosoutuiinm

o LVANUAD (Cast Iron) AUNINTZIU ASTM Designation : A 48-83, Class 30

o adnindeafililusutssgiundnude s17gnnse Tulads ezunsaduans
(Trash rack) LLazﬁuﬂ MNAUMTFIU ASTM Designation A 307086a

o Vowmanilivinan 517 wartulads wa% Wuvievdia Standard black pipe
PIUNIATEIU 10N.276-2521 Uszuandl 2 n1sdseneavliifidenianuavdefinnsanlivemdney
Fngdnnamnasgu uen 277-2521 Useiand 2 lunisusenouiduan 1 vietuleds Tnelddesie
Ty

3) ussiinsideanas dwiuemsialutu asfosansafiazduhmiinussmnldosis
Uaendy divinmand 1iun dmdnussnnasd dmdnusimnas dwdnduiiiatusendnnis
fea¥1a uonanissdusediuiu wssiuth finsevivieanasdndae

(1) dwiinussynasii (Dead Loads) tutinuaslassadiaes 1y sedernns iu
e M&3AT §1UTIN MADAIULATDIFUA IR ‘131‘1/1‘13%55‘1@ﬂmﬁ%ﬁmlé’mﬂﬂmauﬁ’amaﬁaﬂ

il
o ABUNIALASULUAN 2,400 NA./aU.Al.
o ABUNINAIY 2,300 nn./avu.l.
e LMAN 7,850 AN/aU.4.
o i 1,000 nN/AUAL.
o AU 1,600 nn./au.al.
o AUUADALUY 1,900 nn./aua.
o AuUASALLLBLMRIE12,150  nns/aul.
o Huauih 1,700 nn./au.y.
2) ﬁwﬁnmmn'«ai (Live Loads) Us¥nausie
e Surcharge for Wall 900 NN./A3.4.(UL.NBIAUES 0.60 41.)

e Operating Platform with Stop log 750 NN./H15.4.

Operating Platform without Stop log 500 nNnN./M5.4.
e Live Load on Floor 300 nn./NT.4.

(3) ussrusudnsiinssindanuneiufu (Retaining Wall or Slope Wall)
TUNSEDNLUUNANTAURY 19U AunsiuRutazdufin suiufosmauinvesusssusudiedionans
WABISU

o USIFURLLUU Active munefaussiuvesiuiingsiisentdetunetuiunisg
Frutnaudvhlimuneiupuadoufioonluanfuaundaiiung useruiuiinsziidentdasunsas
anasfiaztosauiamasiisiuiunils fdsdinmsiadouddniunumdsiunafasimans ussdudides

1am o YARUAANITHINATY T8N ULSIPULUY Active (O, )

>
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Oha = Ka ey
Twilo K, = &uUssAvdvasussiufiuuuu Active
O = WIAUAUAUTNUUU Active, An.
o, = uwsuRnluwusia, nn.

o USITURLLUY Passive nuneie wsssusudnsvesiuiinssidentndunsdu
Auliiedumumsiadouiivesiung usssuRvazinTuiiazios auieAnsisiuiunils Sdsiinng
LﬂﬁauﬁaﬁﬂﬁuﬁWUﬁﬁwﬁwLLWqﬁ%gmsﬁu uanany Mussiuiiannige u 9aAuAnfanats enin
WSIFIUAU Passive (Opp)

o, =K, 0,

Tuile K, = FUUsAVBUBIUTITURULUU Passive
Opp = WIIUAUAUTIUUY Passive, NN.
o, = ussuAuluwuais, nn.

(@) usedurh (Uplift Water Pressure) ussiutniinssvinolaseadne anunsomle
Tngldudnnianszaroussiudssuanumion (Tiangular distribution) Senszshlufianisdaandufia
RN CEXGERN

dnsulassadiiogluiwiolassaduiilisusvinanniilifuasfoussasdn
(Uplift) w3a Vertical Component nswviselassadisazinfuussiumeinet (Taill Water
Pressure) LLazﬂ'amLﬁwﬁumummmmamam% (Hydraulic Gradient) sewinefath (Headwater)
wagiieth Tunsdiilpnudiiudvesaaarmand (Hydraulic Gradient) aunAliifudunssszning
Headwater W@ Tail water

(5) ws9avef (Buoyance Force) 91A136NNY LUU onssutuasviodni dadl
dovinegnely Wefidvhueimamard asdesnsndeunsaesdade dafu asdosdnedenl
osihimtninnniussassfilaemueliisnsdnnnulasnioannnii vewiiu 1.3

(6) us9au (Wind Load)

o AvSIanUsTINA 160 nu/Auiielifuamssezini(Free Board)
o ANIEIANUSEAN 80 nu /. ileldRnmszesiuthgn

4) 1@aYININYD91AS (Stability of Structures)

(1)  nsArvIuaudasnnetlasnnainni1snanain (Safety  against
Overturning)

WnaIANUaRASuE IS UAIU Overturning HA9i
e Overturning Safety Factor (O.S.F) tnawinulaonfieiiasainnsnanadi
A ONTIEAIUVDINUNUANNTZYI IANEN AT

Moment_Resisting
OS.F =

Moment_Overturning

>
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Y v

Taetinaminualasail

dmsunsalun@ OS.F=x15
TunsalfiAnnaifosanusuulmiie OS.F >1.2
o losnEUUNIEnATY DransRAeUldIINMIsBssUd N IIENS
finszyiuugunueseimslasiaing Jsazsdosegaeluvilsluamvestinatsesauninswesgiu
el
o1nsfuvamaniingniuliiaeuloa iesanussiulunissiusesinis
wianil duannsansuegldfinazusadonmu (friction) MAnTusenisRadudavesormsiuiiuiu
fisesiunians warAusadoamuiasmldannuaguasnidminvesemstudulsrdnivoass
Foanu “C” auendaanail

- Auuda C = 0.80
- Fuslsewsio usadutu C = 0.70
- MNAUREURIARUAIAAUNTIA C = 0.50 - 0.60
- MNFUREURIADUATANUNTIY C = 0.40-0.50
- wihdudEvesmpunIAdUAUmLen C = 0.30 - 0.40
- AUUTEILULY — UTunang C = 0.25-0.40

- AUUTEIDDU — AURZNDU C = 0.20-0.30
(2) MIALIUANUUADANYILBINNAINNTSIADURAD (Safety against Sliding)

\nasiANUasniesuliesnannn1siaeusiivedenas muulalae
(V —U)tan ¢'+ AC’
H

Safety ..Factor (FSS ) =

£

WnesiANUasndeivualanail
FSS>15 dwdunsdiundldfnnaiiiosanuiuiulm
FSS>12 dwsunsafianuariosanusuulm
(3) m'imu'ammwﬂaaﬂmLuaamnm'smmm (Safety against Settlement)
GlummmLmumr;hamalﬁmmmﬂﬁmmmuu mmmmqaqwgmmmvmaa
flagni1Allowable Bearing Stress ﬁuamwgmmauuamlm Iuﬂﬁiﬁmﬁmml,l,i\‘iﬂﬂqﬁqw (Maximum
Compression Stress) ﬁgmmﬁiﬂﬂ"ﬁqm

o (L))

q = LLSx‘iﬂﬂﬁx‘iﬁﬂ%%’mmﬁl (mu/mm)

Vo= mmﬂmimﬂsvmmmmm ()

e = 53azwaq@uaﬂmwamaqam (1.)

L = annuenivesgiuiey (u)

g. = Allowable Bearing Stress U89AugIUIIN (FL/M5.41.)

WS © ARFDANUNTINEY 1 WS

>
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Suggested allowable bearing values for footings of structures appurtenant to small dams

Condition, Average standard penetration values| Alowable
Materal relative densty, in fine-grained soils bearing
or relative consistency|Effective overburden] Number of | pressure,
pressure, Ib/in2 blows per foot tons/ft2
Massive igneous, metamorphic, Sound 60
or sedimentaion hard rock (minor cracks allowed)
Hard laminated rock Sound 40
such as shte or schist (minor cracks allowed)
Intensely weathered bedrock of any kind 10
except shale(shale is treated as clay)
Gravel(GW, GP, GM, GC) 4to6
Clay 3to5
0 4 5
Loose 20 12 @)
40 17
_ 0 4to 8
Cohesionless sands(SW, SP) Medium 20 12 to 24 1to?2
40 17 to 40
0 8
Dense 20 24 2to4
40 40
Soft 4 0.25
Saturated 1sand, sitts, and Mediuim 4to 10 0.50
clys(SM, SC, ML, CL, MH, CH) Stiff 11to 20 1.00
Hard 20 1.50
1 Values are for foundations that are almost or completely saturated during the construction period. Bering values can be
iincreased by one-third if the foundation is relatively dry, provided that the criteria on figure 6-34 for “no treatment
¢ Requires compaction

5) @ngsnINURIAUAY (Slope stabilities)

(1) nsUINgANAIINAI5AU (Critical case to be considered) N1seRALUULAY
N5IATIERANUTUVDIANAURL LB L AURUITUAIRBNS baLaaY (Slide) U 28¥INN1SIATIZY o

nsangAange Aesalull

o SYUININTNRASAURULAZIasasa vy (FeluAuiin)

o SYUINWAULN

o U lusnafuivselumastanseiutineg1ansEITuRU

(2) LEAYSATNVDIAUAY

nseenuwuUAUAtaAzdoanesnmlunnsdl  Iaefia1sunainagnsduay
Uaansesiigairwinls n1sinuadl Minimum Allowable Factor of Safety dmsunsfisingg as

& @

MAUARILNLI ALEAIIUNIT
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LAALNUNANTUUTEANTANUUADANYVDIEHDYTNINAURY

Min. Allowable F.S
Operating Condition - .
Static Seismic
Fufuifisasaasalmin 1.25 1.00
FuURULAUANULALT 1.50 1.25
seaUtnlue 1S 0PaBIaRaIE 19T IALE? 1.25 1.00

6) N1599NLUUIATIAS19ABUNIALESULUAN
6.1) NNSANNUATLELUNIIVDIAANLETY
(1) srazvosnannaninieuuuiu Enduluaiwazlussninsduvawnaniasuluy

U 1 1 ¥ 1 s a 5 A l I Idl
AU) QSG]@QI@JLL@‘Uﬂ’J’]‘UU’]ﬂLﬁUN’M@MEJﬂﬁ’N“U@QL%ﬁﬂLﬁiﬂJ‘u‘uﬂ N3 lg LV]’]‘U@\T‘U‘U’]@IM@QV]E‘!WU@QZJ’J&

PYNUNID 2.5 LUURLUAT
(2) wanEsuenlunlIsalukuiuraaIvannindslnazuasnifedazaosliuauy

! l ! ¥ ! s 5 Gl l ! ! Gl
N 15 LmﬁuawmmLaumu@uaﬂmwaqmé‘auwaa 15 Lmﬁuawuwﬂmyqﬂﬁuaamaiuwm‘uma a4

LGURLUAT
(3) WANESUIZADINUNINRIABUNTH Tnednszazaindineuninfelunanniy
wnewst ail
o nadmdnaiuiuie Sliuanddueddulinemsaianasaumun
o natimdnaiy 2 du srersevinRuninisinounindidatunuulitosnis
2.5 wuluns wagidnduiuSeillild 7.5 wuuns uenanuanslifuegnedu
o WiAnifiey (Dowel Bars) dosdlvwinuazagludiunusnuuuy nowdiluing
Uaesmumiliagdiomimeensueneslii
o Tuvnriineuninddliudsiwiuilvinsznunseiiieuivaremaniineundndsl
Sunsvieiy
6.2) mstesiuwaniasulagauunvesaunin (Concrete Covering)
(1) ﬁm%*umé‘ﬂLﬁ%ﬂ‘ugmimLLazaqﬁmmidauﬁﬁﬁySm FanvaenaunInasiuiy
Taenss agdosimumvierussninsinasuninfidndudulitesniy 6 wuRiuns dmiuaounin
duiilononuuuuds asgnuan du videdudatuiu uasmdniasuduivunduinugudnatataud
15 fadiunstuly desflaunusieviulsidenndt 4 wufiues woedldndnaduaundnndi 15
fiaduwns aaun deulivesndt 3 wuRwns
2) dmsuieeundaililddudatuiulnonsmdegnuandy AnumnunYesreunIng
sievuvdnasilusuiufedsivind 2 wuiiwns luuiuliuwazrdsdadliuint 3 wuiiuns Tu
a1 Tuusluiiuuuunineunindfiszestoriseminmsliiiu 75 wufiues asdosfineuninumin
wsulaiuendt 2 wuRuns

(3) dwmdumantasninasinsamaniasnifedlulal @AeIlAUNUIYRIARUNTA

vievinganaaduileeiudusnulidesnii 3 wuRwunsvwse 1% WinrasunaiIaTINneulvggn

>
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6.3) NSNINUALIIBAWTYIVEIABUNTA (Bond and Anchorage requirement)
(1) TueABNIAITTULTIAA T NANLASUSULTIAIVUIUAURINSUKTIDANUIELTIE A

nuNTUARINULIIAANNENFALA°) TAn1aInaun1s919a19
Vv

2 o id

= v % 4:4' 1 [y a U I a d v 4
PRI UTINNANADIINTIN9U 19N TLAUVDINA NLESUNSNAL U8 Ll LAY Emla

u=

Fhofunihdemingminfiveutesiisosiuvidogndandniuussisiugelutisduguasriefigadandy
(2) mheusEnniag u Aidnanude (1) awfesiAufuuaildl i snviu
wssBamhslumanduusedamselumaniunseieduiaussdanuiesiidaimdosnin 0.8 vasaiil
poulviiu SeaglifosAndmbhousidaniissuinainuseie
o dmsumansuusaiaUszLaniandososnuunsgiu ASTM A305

omanuu 2294/Sc uselulAu 25 nn./as.a.
D

omanduuenwitlaanwanuu 323vS. wisaluiiiu 35 nn./ms.au.
D

o dmsuANFULSIRIUTZIMANT SRR ULINTEIU ASTM A 408
@
OLANUU 0.556,/S,

olanduusnmioannanuy 0.795,/S,
o dMmsuandodossunsasn 1.72,/s. Wsokiiu 28 nn./n3.au.

o dmsumaniduingeu niowssdanuiediseuly Tildinduasmiaves
Al i miumantesen mummsgiu ASTM A305 usdiedliilAu 11 nn./ng.a.
6.4) wsadounazusananuesivauls
(1) M8usaReu
o vithousadoudddnusammusdussformsaouninasumanlienumdsd
Y
" bd
iuﬂWiﬁwuamaaﬂLLUUIﬁﬁadwwﬂaaLmlﬁauqaqmﬁmﬁiwz d 9nYeuveITisessu
(EJﬂﬁumuﬂgﬁifwLLazﬂwu?Jusdaaguﬂ) fiail WAnsmnaduinnusidnuassasuinanissnn L
Besduinanussdnvetesrornsifianudnllainauetudilise
o dmumugU | w30 T WilY b’ unu b luaunis
o MiBLsUERY Ve MAnTulusimunaundadlifivanasuduusadeussdasl
AU 0.29\/§ fiszer d 91nveUTeTiTessy

Vv

£

(2) widniasusunsudou

o oninthdnveamingndsiinmaldainiuwnuvedesdeaslimdsil
VXS

Y, xd

>
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o AVSUMANADIN TIUTLNDUME IRANLAULASIMSDVAULEUNANIAITUIUIUAY

Tneiiszoerinanfisessuminnu auuneNneed
VXS

A =—2>
Y f, xsina
(3) nauanUIAUd IS UIANLES LS UL S Ra Y

o 2 Nafidodldnaniaiunssdourrdosdnsyeziosvaamanaiuliliinaiuiu
d v 1 & a 1 a U [ U a d
ELLazmwmaLLsQLaaumumw 0.795,/S. szozispsazfadliivieiuiu n

o o Medigosldivansuusadou Hefinidnveandnasusnanazdadides
"1 0.0015 weaidled bs Favnldanuannmesnunfevesfinmuuarssesdsuninaiuiuusudou
ARDALNUAIULIIVDIBIABIATS
6.5) m'il,a'%umﬁné’qumummﬂ%uuﬂaaazuvim'i (Temperature steel)
uaﬂmﬂmmwmmam suaﬂmummmalﬂu av”LsuamaumsuummaaLaimwamu
mmﬂaauuﬂaaammm Lﬂailfaummvmvwaaﬂuwuwmmmwm (envu wenyw) ﬁuaaﬂaummw
JedouasIEn widhauuvesituiivtdrvasreunInunnd 40 wuRwas szAnuRivtdei
@S UmENINALMLNLTES 40 lwuRlLas ity
NNRAANLESY, Ast =  0.0025bt
o laiaTumdndudeld Wuhugudnas 12 fadiuns @ 030 wWes Agn
o WiEnEBTwRTagna1eus
o AaunIafifisossovialiiiu 10 was Wasundn 0.30% veamtidnasunin
o AauN3ATidseureviaiy 10 wes WiaSuwan 0.40% vesnidnaouninman

GER
o inLRH 2 Fuilegnanauds
o suiildfinduiu szezsossorisldiiy 10 wes WaSumwan 0.20% vesmiisn
ABUNIA
o Fuifniu szezsodenisldiiu 10 wes Thasuman 0.10% voantdn
ABUNIA

6.6) Mssawiania3u (Hook and Bend of Reinforcement Bars)
o 31AsgIUNS9 Tunnsgumsseasliterimundadeluil
o M3seATINNAN druiiivdeanmaseazdeslitoonin 4 whussduingudnas
vouvaniasy uarUanefivdesodlitosnin 6.5 wufuns
o M348 90 83 dndfimdeinnisseazdedlitesndi 12 wih veudusiu
AUINAVBAMANLETY
o dmsumdngnia (Stirrup) wazindnuaenuvintiu s3e 90 83 wALANIE 135
09 dhuiimdsannnsseazsiodhitiosnit 6 wihweadurinugudnars udfedliosnit 6.5
LYUALUAT

>
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o Fatlunsnisee Yaflveaniseenmsgiu (Taduluvesnisie) aedoslitosndini
Tlilumsnsthedns ondumdnfiflounadusiugudnans 22 fadwns Sewuiadusiugudnas 34
fioAums uidmumdn Structural Grade waw Intermediate Grade winiu $afinissotiosiianay
Winfiu 2.5 Wveadurugugnan

NN59BWAN
wWurugudnaamaniEs $Adin159e
9, 10, 12, 15 2.5d
16, 19, 20, 22, 25 3.0d
28 4.0d

e MssausnWiionnIAsEIY NsemEngnRIwasManUaon agdedisaiinise
silulsitesnimilavimesduigudnas mssedmiumaniaiudug axdesdisainisse sululsl
foonindiiszyly enssomdnasvhliAnemudugeiiyase fufusailvesnissoassiadlintone
iietosrunsunniinuasnaunin mseynvdinazdonihuuunsindy

7 mMsganuuUiuwiuiy

mLquamvmawmwwmmmamauaammu 20 93, dndiureInunuIaTveslay
unsuvuiiagiutunuenugsiifinduanidunng 1 was Tidudu 10 su. funsdudenlds
gl 6 3. Awgaiu 6 1. enaeenuuuliidu Counterfort unuiilelilassadroudaussuas
iffouaSumdnraedu anuntegruvesiunsiufunuy Counterfort aziidnaanuyszan 0.6-0.7
WiNT09ANEIVDIAIUNG AIUNUIVBIFIUABUNTARAZAINUIYRlAUA WISz HlATU TN 1/12
WeInNLEIR U ATuMUITBsa Counterfort wagnsdaszevnavassa Counterfort Juagiu
mMInaassinsrery daduinanfimsazniduasfomiunsmsaaeunsiung uagiuAmLousd
Avualine

8)  N1IPNLUUNILNIFIUIIN AU
SunsanailBifioannsinaduveniaenldorns uasiitetostunmsipdeusivesenns
wazyhlef Transition Saaudaussniy AUWNIa199geg USLIMUAUEAYBY Transition ¥8981ANT
garmans funsarsiiosnuuuiunsundmasumaninemlvazivuinuazdadiununsadueg
1oy
YUakazARd UV ILNIgIUTIN LAY

AruBnvasi AUANYDINUNIAS ATUNUIVDIN LN
(u.) (u.) (u.)
0.00 - 1.00 0.60 0.15
1.01 - 2.00 0.75 0.20
2.01 -3.00 1.50 0.40
3.01 - 4.00 2.00 0.50

>
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Tupsdifeanuuumunsarnduduiia (Steel sheet Pile) asiosmilsfisdnuauzvasiugiu
31N ANURIUTIVRLTIMEN N1srenlnman 01gn1sTdu nstesiunisdnnseu sauviaeiilada
usIAnegnsEyhredumanse

9) N13PANKUUTDLABVDIDIAIIABUNIA IUBIANS (Joints in Structures)
opsreunsAiinueung wielduitufivuialngviseasiididianeusngg
919LAANTMIAM (Settlement) M3aLAanTUEUR (Deflection) Alsiiviniu Sufudosrimualsid
sovsardutiaduneumueusnduwasingay Swdinvessessofinanensuuseantdidu 3 i
)

£ ¥
a =2 = 1

(1) sewsiawiianisiaadne (Construction joints) N1srivunsossavini 3R iU
Usinamaunsafiesldinluusaztrinauvessessofianunsamldlussazinanilifuszezinainis
wiasvasnounin uazmsimunlvisessesgasshunisiluudiadesiign uenaintmdniaiu
Aaun3slutTinuseusaazderaitestuly (Lidauineenainiu)

(2) sewsiaiNasunsiUABULUAIgaMY (Expansion and Contraction Joints)

dwdulusuralseniutiu fvuslildsseziisseninesesseusazaasliiiu 10
w3 (esmnaruenvssvanduluismaingn 10 was Seazmniilidossinudn) uazmnzaudy
SYUYINIIRIABUNIANSITOsAE 1 WURIAT Warosseviniuaninsansesseliien1sioad ansed
WANLESUATITRURADILHDIRRYINBBNIINTU

(3 nswenya (Fillets) mswonyuilselomilutloatunisifinyes Strength n3otoan
AULATEA (stress) a;m’?il,ﬁmﬂmm,ﬂ%mqqqm YUIAYDINTNBNYLTAINAETuvelATIATILAL

NINeNYUNFIUTINAUNeEUZUAR LA

be

YUINVDINTITNDNYN
YumnIwanyu () ANgavBsiUNaVTa U (1.)
50x5.0 -
75x75 0.00 - 2.50
10.0 x 10.0 2.50 - 3.00
15.0 x 15.0 11nna1 3.00

(wonyuenvazldduludedd dudunadelunseenwuueans)

|
>
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ATUNSHEINTUN

10) wu2AANISBRNLUUDIAUSEZNAUIASINTS

v
o

dunauN1T41TIRRaNLLILINIAZIRE A

v

y , -  N\g
Cmﬂlﬂﬂﬂ?iﬂﬁi’]’iﬂﬂﬂizmﬂLLﬂz/‘

v
[ﬁlﬁ")’ﬂﬂ'ﬂﬂ"iﬂ'ﬂlﬂﬂ i WA, 3TAU, TR UARY, uunAY

nIvadaLdaya

NO $

diudpediayaanmgiidszmaliignsiasnin

NO .
asAdsznaulasaasng

IR ATATIAENS L

aaAlsznaulasanig J‘

/ J5uuf ;

A
PN PRtV EX T NPT X RIIRADUAINGN NO
s v v o 'S v ﬁ'L d” % #
15l lAmudngLszaasaas AAY LUAUNILANAY
a o v
MegaziBenesAlsTneLreslnea’a
d” v
aesiumuuuLNInggIY
AIVAFBLAIINGN NO R
>

v

v
Analiging

a o v :/J
MeeazipanasAlsnaulaseas1edy

v

o o = Ly P o o
AANLLLINEaZIRLANAdT LTz NaLAYE A7UTYLLL wuusialy

o a

wuunease(ulau JURRAINENY/AINTIN) HILFLATILL
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3.3 msaamwumﬂﬁﬁa"u(Weir)
1) dnguszasfuazineaizaIn1s(Purpose and Description)
AehauRe erasivimthiAusnwas i fuisudsslond aunsossunetndiuiu
Tduiudurheasludwiheils Tnevhlunseenuwuurlioinduasdosiiansanlimnzauiudneas

a

aiszina annsalinuldonsiivszasam lnedaieains Aduiunmsuazingesnuiiigauay
fidhdy e Hesanusaszuistihuosgegaiieanuuuldedrsasnde lideliAnaudemerod
9113 luniseanuuudetnduazfinnsanisgusnanisldeu dumisidsilianuuaensoded
o1ansluynnsdl Wilusswrideatussnevdaneataudnatauasldo
2) miLﬁanﬁﬁ%w’%an'}iﬂizqnﬁw(Site Selection or Application)

inurlulunsdendidedoyssandldedndugifed

(1) esflanumnzaunsiiuvamans iloannansznuiiunisneadiamienisld
Usglovtinagilsioly

(2) azfosamnsnlivstlovinnunasildosnaiiuszansnm

(3) MsfeadItoIAIMTEUR UIUU(Wet Crossing) WieUszudnAreadsuazannse
T Humednyasléae dosiasanmmumnzauiudused

o anmgivszmamaiuiirurienamdntos Wudnindnguaziiu Sanustuns
fuwannlaunduadiasm Bntuldun
o SnwnzduRuUInuideats maduiuifianutussudusuaranmnsofunu
nsfnzvesnszuaiilén wu Aumien Aumisndunna naaeuuazgnda Wudu T du
Pufiiaensds 1wy nsuazegneunseasBen udy
3)  danansanluniseanuuu(Design Consideration)

fofarsanlumsoonuuudicad

(1) aunsnsruisiinuiuesgaannIseeniuunInuenn e fisyduiitmuald

(2 ﬁzjﬁmaqmaﬁwa”u%é{aqmmzamﬁ’w‘hmeﬁf??qLLazé’ﬂwngﬁﬂimm WATEIUVDY
o1 sfesiiimiinifissnefiarannsafunisassduilesainussenvenit (Uplift Pressure)

(3 wniitmusmsinsailiilssszanuvesermsduganinfildululd dieussndn
AR

(@) msfuvdglasvensanunigiihduniefudsmeshelfidulesuiniofa
Ummsinfusnuasesiungnaudian(Retarding Basin or Sediment Trap) vilwazaanlunisyn
fonawznamsediasniiudhe sesdith Tnglinsznudedasie

(5) HoarmungUuUTBseIMIAANENEIIY (Stilling Basin)ilmszaufuanimansiva
waziiusvina

6) oonuuullasiunisinwizanmisinatiuiuresnssuaiuinugadeudessving
pImsAAENE I ULaE A LAY

(7) PONUUUANMLLIUIIVUNILVDI01ATTIIgNABININNENIYINTT Inedilsdenisldian
Tuistiuflansnsauszndamneaislduniian

>
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¥ v
o o o o a

(8) sRudunmsthdusinuauuyes Wet Crossing limsganirszduivigavasdtniu
2.00 u. el lnausaiull ausmensfiugiduwinethaudeme

(9) siuihgeaneeaniuLTDs Wet Crossing lalmasaeninsefudumstihdusunuuin
1.20 4.

(10) nsdlitdeantsszuneldmnindu Wet Crossing Iifinvioasafunsuazlosiunis
fagnziivsnalateveduineiilneldiuses vuiavesiuiosdedddliaenadetuaiuiia
nszuaiiluasenainyie faeviedumilotasvindestilduiudsen ilelaunnveidlodiosniaiiu
{l’uWLLazL"?Jmmuﬂszg]Lﬁ'aﬁaamsizmaﬁw

4) nseRNUUUMIATUTamans(Hydraulic Design)
4.1) nMseonuuurhethduluuduNL(Ogee Weir)
retdunin Ogee fhanmsusznaude 3 @l
. 5‘14N1&J‘1§15u (Overflow Crest of Weir)
o dausTUIEtIMIesaeiuLn (Trough)ﬁamé‘mL%amﬁaﬁudwamwé’muﬁwﬁw
(Terminal Structure) vnthitsyunethludsdimuineneTagsiu Terminal Structure
o dauaandaiuiinedn (Terminal Structure) lnasialuasiinassin auuuy
UIMI51UVY U.S.B.R Stilling Basin
(1) Mmsoonuuuduretidu(Overflow Crest of Weir)
Snunire1A3aeisUinauuy Ogee Weir Ssfinnusnifissmeiazsyuietimann

geanfioaniuy BeanansaAuInAteTIvesduretauladell
3

Q=0.5522C,LH?
Q Usunavasueedy, aua./Aund
C, = Adulszansnisszunetudunsnuy Ogee
L

'
=

b

= ANYNMFUNY, U.
H. = Total Head, 4.

e

AduUsEans C, azdsuudadlumudnsidsening P ifle P AeAiugeuesa
H

e

Hnga1NiunIedndn faguan Design of Small Dams

>
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——————————————————————————————————————————————————
4.0
//’—
/
3.8
UC
% 3.6 /
3
2 / i h,
g / H.
9
© 34 -
3]
My 7
g
i
/ Q-=CL H3/2
32/ ~_ o o
3.0
0 0.5 1.0 1.5 2.0 2.5 3.0
VALUES OF L
HO
Discharge Coefficient for Vertical - faced Ogee Crest
1.1
/
//
/
2 1.0 — =
EaEE
o 1
o) - ‘
S H; ha
|
Q |
5 — - N
o 0.9 "
— |
F
< 1
& p}
|
o7
0.8 HEEEREEE
0 0.2 0.4 0.6 0.8 1.0 2 1.4

1
RATIO OF HEAD ON CREST TO DESIGN HEAD = %

Coefficient of Discharge for Other than the Design Head
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(1.1) 3U319v83 Ogee Weir MvuadnusUuInsgIudeas 89a1u1safuingusna
¥94 Ogee Crest 9naun1shImnllil

Yo [ X
H 0 H 0
o y = 3%8% co-ordinate MULAU Y, 4.
X = 92y% co-ordinate MULLAU X, 4.
H, = Total Design Head,luns
Kuazn = duussAvsduiussu o

H 0
h, = szfuriunilere

Fruviereasusosiuh (Trough) Aiflkuadaaniuuuagudnatsdunng siwmii
anendsnuilvatushsaanliiviefismefiigfiunrunialusenilwinalunisienld Tned
de3 Ogee Crest Mudagfnumilonn sedudurheogfissduifiuin uasiisusrmihdanislnaves
tiusudmdsuiiui armniisvesseszuisinguvanawmiussogsinaaindsnemifusung
w89 Control Section n3luavesiilu Trough svusliidudnuas Subcritical Flow Siu3anamed

MmN e sERULhTigasie Aaennmen Trough aglfinasivesauna
Wa991U (Conservation of Energy) @3 Bernoulli’s Theory (Design of Small Dam, 1987 %11 383)
Syaunsrelud

AZ +d, +hv, =d, +hv, + Ah,

Weo  AZ = Nafnewesiiufseninegai 1 uay 2, u
d;,d, = AnudnveahluknfAmIn 1uay 2 Uy, u.
2 2
v v o o
hv,,hv, = - wag —=auany, 4.
29 29

Ah, Friction Loss $¥1399a7 1 uae 2, 4.
g o A 4 =
ViV, = ASIUIgedl 1 wag 2, 1./Au0i
~2
g 9.81 31./3U¥
Tnesailvissauinlu Trough gendnserudurelaliunnndy 30 wWesiwudvesseau

Yuvitedure (Flood Surcharge)

|
>
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-
£3
L
[
] :
- 9? 1o | ,Origin and opex of crest
2@{91"’10:2 E : X - .,L.,I_______..x_______..._..]
L — +
[ Vs T '
| '
N
Upsfreum: foce-—- -~
i
¢ . -
(A) ELEMENTS OF NAPPE-SHAPED GREST PROFILES
-y h
. Fl
0 0.04 008 iz 016 0.20
056 I T | 056
] - | 1
| S S — S S— 33
——
T3 = S et S
052 i ‘““h——_ﬁhﬁ_.ﬁ_ﬁ_ﬁ 052 .
- ““‘-‘"h--"“— R
. T vertical and 113 — ——— g
R S SN N (R SN S S——— — - - I
0.48 : -~ 048
[,
B i LB ."'*“':'.J]ES OF K I§ )
-[ | i: - 1
044 ' . 1 044 .
1.88 188
— __.__Ver;,-cm —
184 E— — —— 184
“---"“-—-.._, 1:3
S — -+ =
80 P 0
) ~ S""pr'”g. 1.8
\1\“%5_’2&1!0“ L
| 2 horizontol 1o 3 yertical — =]
" —23 B
(C) VALUES QF n - |
172 ! | 172
0 0.04 0.08 N olz 016 020

Hy

m3sanwuulAsduehe dla P < 0.5 H, (wiufi 1/2)
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h
] 0.04 0.08 H .1
I e | N N S D B

T
- i } o.28
#H i — .L Apex of crest---
I L k- -
026 i N Upstreom foce-. : 026
! . |
2 g ol locoed o mwmachin 8 i
024 ”'ﬂnf. , ‘\'f? arcs b ond cd U 02e
| Srgr jo— o it
IR S e - —1 "'f?;_ K x‘1£
Lt i —1 LOCATION OF CENTER FOR R, 1
o.22 . 4 { + 0.22
S S e o S S R T B B O U f I . .
: - N
-ttt 11+ — ~J Tt
0.20 = 5 ~] P 0.20
S e 2 s SSEBSAN ——t
R N I N P —] N f
[ __ ] (d) VALUES OF x¢ | T~ b
02— T ] ] o~ o
- ] I NS NN
[~ e 0y 7]
——
|2
o
- 41
00 ‘.__,f / 4 030
—got =7 r
[ R
. . 1L _
028 - - ——t 0.25
,.1_./“.__ 0 J SN N R
f LTl For varticer Lo Lo L T ] j 1 1
.20 T } 0.20
X I ——e : —t =
| i ot A I T
RS T} - (f)VALUES OF R, AND R,
S Y for 4 Lot J—. DR A . P SN A—
o8 /—-"’ t 0.8
e fe e b I [N I O R N
1 1 s :
o Go4 0.08 [N 012 [ .20
L]

MseanuLUUlASEURNY 1B P < 0.5 H, (Weuf 2/2)
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——————————— 2. TSBHg ————— ==~ -3
e _— 0.147 Hg
e e 0.284 Hg~, ™ TTTTTLB40Hg— -~ - - - -
o v‘- <=-1,230 Hg-—->

<

|

|

| i
QSB3HFL-0.217THg -L0.029 H, |
I

1

!

1
1
1
1
1
1
1
]
1
_...\*Ld;.. i -77,-+O 18T Hg !
| e w0 I
P " B S .
: x ! : ! i
_____ ' i I H
S R,=0.235H; ' i H
———————— 1 1 !
0.0B2 H;- ! ! H
___________ ! ! '
] 1 !
5=0.825H ' i :
1 1}
I
| L
______________ : i -1
1 =
0154 Hz- -/ (== ! -
”
,/ Poom
; ! v
s ! 1
- - ! 1:
/// // I i
| -~ : \
//1‘_ ! i
7 =-0.880 H ;- —>" I i
| H
- | 1
- 1 i
1 }
.Y
-
-
/// B
//
“\/
AGEB H------ ] -
_ 6 - Y-.--R;, =12.000 H
- | -7
- —+
-
-
e

MseanuuUlAsdure Wa P = 0.5 H,

(1.2) Anuerduretndy (Effective Length of Weir) Aauenidusiorinduily
Tunsesnuuuazgnanausasiosanmese(Pier) ddldgnslunisesnuuy USBR, “ Design of
Small Dam ” ynanuemldnuvesdurdhedduldsed

L =L, —2(NK, +K,)H,

Wo L = enugnuszavinavesduleiiduiioninnese

L, = Aue T avesduredudeddlinunuuesmelosis
N =  {7uunlonais (Pier)

K, = ava.nsmensiesainmee

K, = avansrendiiominiunsunis

a

He = mmqwaqﬁwmﬁaﬁ’umaﬁwé’u (Total Head)
M K, Sanvdsuuladiunadnuazvente fe
o FUTMUAYITEYADLE
o ANUNUIVDINBLUD

e Head Nl¥panwuU

>
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o ausinsluavesnszuaiilusestni
A1 Kp annosiagusneneg Uszaadldded
o snoseidudmasauLuieal 0.1 vesmumuvemete K, =
0.02
o medaidugUlfsnu K, = 0.01
o matauvan K, = 0.00

o Fmatedmdsuliaugy K, = 0.10

1 N o

A1 K, vesmateriumsiundeguinsingg dsdl
o Aunswhymandufiamensina K, = 0.20
o vyuRNUsiauyulAs Seilliteendt 0.15H,,K, = 0.10
uazlaiannndl 0.50H, (e 0.15H, <r <0.50H,)
o yumayBlAwUMESANLINNI1 0.50H,,r > 0.50H,),K, = 0.00

wagiwnavtvigandssiuiiamainlvalidunnndy 45 agen

(2) MmseenuuUturhe fiuhsusnasumiothasimihitesiunisiaeny
yosuaztiuszaymansiuvesiaesldting aumnvesiuinesumiethasieumumeriiog
Wanusaasumanuazyinauldayan Tneluasiiauwuilidesni 20 wufwas furhe
Usnasuie uenainsstlasiunisinwizveniuasiiiussesnninstuvesinaesldtonds
FoadumuLsIiuTIg R ese funnsesnuuuiuredueinasdosiinumuwazimiin
\esweTiavduusssuesilagldane

(3) N199NUUUDIANTAAIEWAIU(Energy Dissipater) mmiﬁwfw
(Terminal Structure) WupnAsiieenuuUipaaENE U sanALEweINsELELNRauAiny
syungluginere Wunstestunsimenedenainegsinis ANBUVUINTFINVEY US.BR.
Stilling Basin(Engineering Monograph No.25)

[

495709 Hydraulic Jump Tugnsinileguamasuinugi disail

D 1
e Llaier)7 o1
D, 2
lwile D, = enudnuesneudn Jump, u.
D, = AMuanuesdIudin Jump, 4.
F, = @1 Froude number= _ Vi
V9.D;
V, = enudwesiineuda Jump, .

') ] v a2
9RTUIRINLILTNEN = 9.81 1./3U
0.1V, + D,), wns

(@)
1l

Min. Freeboard

>
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ANHENIVBIBIATARNENAINUAEEUTUSTUAY Froude Number wazaudinveas Jump fegulagen
Minimurn Tail Water Depths Tunsividuanluiesufjifins dnunldluniseanuuulile desasne
AsmlAuduiuSsewineseRufuUSInanRating Curve)suaqmaﬁwﬁwamaﬁwé’uﬁammwamam‘
(4) miasflenqumwauwuss“mﬂes“ﬂunuﬂsmmm(Ratmg Curve)°U’eN
mahiereiidu waaﬂLmeamﬂiwvwmmmauwuﬁivmwivmuﬂ‘uﬂimmmﬁuaqmqmma
We $e3EN96199 WU TBnsannsuiuis wagdinag Slope Area Wudiu ilewSsuifisuansedu
dndaiin Hydraulic Jump fusisssutiilumaigie Stilling Basin(a1n Rating Curve) fiusunaui
Uswanas 20% - 100% vesUTinaihuesasgaiioanuuy Tasarszdutirlunnaiving Stilling Basin
tfudesgensgdutimdaia Hydraulic Jump ag1stion 5-10%
(5) ns@vnLuy Cutoff Wall & Obstruction Wall
e N15ATUIAUAT Weighted Creep Ratio @1u15aldisves Lane Tu “ U.SBR.
Design of Small Dam” ﬁ\‘i‘ﬁ
o AEmvewnaAuldes

Cutoff Wall 9zisdnaslaiuee 1H9v119n15T3uvBIUaentaNUN oAy

U

Jostumsianiandiafuldgiusnuaalvaluiuiila mnudnves Cutoff Wall 9ssiesdnwefiagyi

I
v

T9A Weighted Creep Ratio fAauinaainininuaiaziiaUosdiuirduanuiutuniulaenss(Short
Path) Aasinvualy Cutoff Wall vineiuldtiesnin 1.2 witwesanuanwues Cutoff Wall

Weighted Creep Ratio = Total Weighted Length of Path / Difference Head
1ne Weighted Length of Path Tunuafsldiinduszezasednlunnsuldies 1/3

UDITLHLAI
€ unuSssunn Sy
===
& u'lafia
LT oAz vy
'I:in ' ’ Hﬁ-h“‘_“"u
,.r-LI'Tf) \‘?\i
L
. 1 IR YL e e TR
1 —:-- —_— e — T —_—— — —— —— —* — hz
—1— = —hﬁ&—r
: ki | T '
% |
L]

ANV AUN R BN
Weighted Creep Distance = L;/3 + 2Lp +2h; + 2h, + 2t
Weighted Creep Ratio = {L/3 + 2Lp +2h; + 2h, + 2t/H

>
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Wo t = AURLIVEINLY, U.
L, = ANEVDINUNUTAULN, 4.
Lp = ANNYVRATUTS, 4.

H = ﬂ’J’]ﬂJLL(?]ﬂG]IN‘U@ﬁ%ﬁUﬁ’]ﬁ'mmﬁaﬁ’]LLa851141;11'1813’], 4.

o ausTIveILALLe1S
Cutoff Wall agilsdnidludnayene ievaenisiuvesiaendrsineuas
Jostumsianiondeiuirsevaninalufuihld aunises Cutoff Wall asfesnianafiagyin
1¥dn Weighted Creep Ratio dArmunasififvunuaziiiedesiuindudnriuaududidaense
(Short Path) Aasrmuali Cutoff Wall irsiulsilosndn 1.2 winwesauninewes Cutoff Wall
Weighted Creep Ratio = Total Weighted Length of Path / Difference Head
1ny Weighted Length of Path TdinAuszezasy

I= :' ~—— & Usis.,
| I
i > : |
! ; _ : i :
ALENVBIAUN 9173
Weighted Creep Distance = 4/cos6, + 2|4 + |, + (5/cos6,
Weighted Creep Ratio = 4/cose, + 24 + 1, + l3/cose,i/H
A1 Lane’s Weighted Creep Ratio d13ufAuUszLangmge ﬁasﬁiﬁnmﬁlé}’maﬁwé’u
Base Material Lane’s Weighted Creep Ratio
(Cw)
Very Fine Sand of Silt(ns1wazldunuinuInfunznow) 8.5
Fine Sand (M3wazLden) 7.0
Medium Sand (M51eng1UUIUNa) 6.0
Coarse Sand (N5 1U%g1V) 5.0
Fine Gravel (N39nazLdun) 4.0
Medium Gravel (n§3nurguUIUNAN4) 3.5
Coarse Gravel Including Cobbles (n53n%81U) 3.0

Boulders with some Cobbles and Gravel (iulvigiiinsinunsnes) 2.5
Soft Clay (Aulnilengau) 3.0

>
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Medium Clay Ruwileiudaunans) 2.0
Hard Clay Ruwienuds) 1.8
Very Hard Clay or Hardpan (fuuilenudennuenuniu) 1.6

o MmNV Iadunulsiannisiay Safe Exit Gradient @a111301435
mU1ensivaresn(Flow Nets) 3nnvguiiugiunisivareduiiiuAumse “Darcy’s law” fiaguin
ARk IuAINaInguRUL Laminar  aztludadiuduaiiuaintusaniansuie

Q
7 ﬂ Hup

“Hydraulic gradient”

Hoown 7 @

Q

— Q
—» Soil

—
—

AT aTUVDIUN MR IR UL VI9R Y
ANULSIVBINT AT LU

INNYURINT 0 v

| AH

AUAINYRITEAUL (hydraulic gradient) =

AH = awsnsdndsewianiiothuasinesh
L = ;rwevesvisiuluwunilue
S Voo
wa v = ki

o k Lﬁummw?ﬁqme@mamﬁaﬁuaqauﬁiﬁﬂfﬂwawmﬁamfw Hydraulic conductivity
w38 Permeability W3o13en31 “Apnudusi” sfaldwihedy sudeiuit (cm/sec)
MnENSTULE RIS AR Frveuidiuwindu A isvaviuSunanisina
panatazidu
q = vA = kiA

Wsensandinsiansaemzsnan q fllanuen db USunanihasdu

dh
=k— A
i dL

Weodh [ Juanuduveadudndunvdeiduiingn s duniaifiansan
dL
fingvasin (Hydraulic Heads) M8 WasILiIANAUD9YITEAUL LA A LA

 PTNTNANNARANSven T ART NS Inave stk uAY

>
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Ah = Hup- Hoown
wagsnsN1sildsunUasesdndsiaesyaznislua 13an11 “Hydraulic gradient” %38 ANAIAYA
FEns Fainiu

= <
L S
LLS\‘iﬁﬁléfgmiﬁﬂLaﬁa (Average Seepage Pressure per Unit Volume)

P, =iy,

Safe exit gradient for different types of soils

Type of material Safe exit gradient i
Shingle 1/4 - 1/5
Coarse sand 1/5-1/6
Fine sand 176 - 1/7

manenslnavesimie Flow nets WunisinsdimuSmashdurwiviisinisina
Huwuu 2 37 waztfunslwauwuu Steady State Tneanunsaidou Flow nets wanammaiiugestingy
Yagldenens Usenoudae Flow lines Sadudumaduresiduiu fiwaulisin duvouiani
dFurnlalladedurlow line WWunils avidendewdu Flow lines Tuansuiumil Tnsusasiduaz
gutuduiiiunlaeUssanauas Equipotential lines Ja.dududifusadusedu(Pressure head)
UduFlow lines Wit Sisiunulisnin axidenBeudu Equipotential lines Tusnsunumils 1éu
vauwaiiilwahuaglnasenainiu dewlu Equipotential line 1dumils AauauURAlNIzY09 Flow
nets finsnsuagdldsed

- Flow line @z Equipotential line 9zAnfuduyuain

- sUnssiiAna N Flow Net anidudvdudndalasyszanaie Sfwuisddudunss
wsadulAsaranusaussyunadlinelulaefiduseuduiaynmuld

~laifinslnavesihdundesa Flow line faths Flow line awdadllisniu

- Lifimswuniunisdaiuveadu Equipotential line

- UUIEU Equipotential line 1@ula a;mma’l’uﬁ?mwﬁﬂéﬁ%mﬁ’u

~ msanfinduesthszainadu Equipotential line Al 9 zdAnviiukae

)

1381217 Equipotential space”
- USunaudiilvasendng Flow line gla 9 agdidnyiniu wazdosuosmanssniniy
13831 “Flow channel”

|
>
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ATUNSHEINTUN

Front

——
T ED m

o Pl T

20

Flow net under weir

MsAMMEsINMsTuTetEusuosfuhvinuansald Flow net uazaunnsves
Darcy Tngfansandianuntiie 1 wes veamdhdafidnan sl
q = k Ah.(N/N)
dlo q = hsnsFuvenirdutiestuthvig, aus/Aud/,
k = AAnuFuthwesiy, Uaedund
Ah = mnuuansawessEsuthduuenuardluvesiuiiostuthvia, u.
Nf = The number of flow channels

Nd = The number of equipotential drops

o N3AWIUNILTIRULANUDIATH I8N UsegTzuneiilazilaunadiuay
Safe Exit Gradient @1u15al4 Khosla’s Theory Wagnann15v89n1918n151av89u(Flow Nets)

>
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AATIEIRONRUUAINETIVBY Cutoff Wall Talaan15Usu Flow Nets Adudouliilu Stream lines
wag Equipotential lines Ailddudau(khosla’s Flow NetWuresu wagldisn1siisundt Khosla’s
Method of independent variable taglunisiasgimussiulaiueinisuag Exit Gradient 1o

& Ehad e e e iy
e b s Lot e Feppodd g
L W T 5 _ h: i
TR \ € Wi {D.
é Stream lines o e 1=+
i ‘ :-.
Equipotential ;
lines .
e s A
\
Field
Fig: Khosla’s Flow Net

TngnpsUsunwsanulanueIn1saIntadunadl
o USuwnnansgnuan Cutoff Wall (Correction for the Mutual interference of Piles, )

C—19 {‘2[.:1+DJ
b b

dlo b’ = syezsasywing Cutoff Wall, 4.
D = mudnwas Cutoff Wall ifie1sannanszny, u.
d = Anudnves Cutoff Wall ﬁgﬂwamwu, .
b = mma’nﬁuﬁy’wm, 4.

o USUBNRaNIENUANUNUIYa9fiu (Correction for the thickness of floor)

>
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o USuuANansenuINANaInLE Ui (Correction for the slope of the floor)

Slope (H: V) Correction Factor
1:1 11.2
2:1 6.5
3:1 4.5
4:1 33
5:1 28
6:1 25
7:1 23
g:1 2.0

Exit Gradient (Gg) d@wsuiiueni(b) wazAuan Cutoff Wall (d) uaiananng

_H 1
E- —— X ——
d nJ1
dl 2
il x=71+“19+“
o =b/d -

H = Maximum Seepage Head

>
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Khosla's Pressure Curves Plate 11-1(a)
b :
ay=  Sheet pile not at end Values of |/ =d/b
100 T“:IE' wy= l:f- g =/ Mess™ 25 o - 22 08
e S R & fEEd =
i b i HHHH 1
L [ -:-;“| o o/ Tleos™ (1) L I,
. - \ i
90':5 To find g fer any walue of sand bise rato by'b, L —— 5"“'Ipl"r"'"“’ : o g
-n-h rend ghg for base rabio [1=by/h) for thal value of = T e 1T 1 -
mnmn and sublract frem 100 L P | | - il
Thiss by Tor by /hal:d gndl =ak,a100-de 0 &z
AT for by/balel and stek,i000-29-1570-0% “ 5 1 i
e L - 1 e
B0 Ta gel g for wmiues of b/b less than 04 T I T
Y read g for base ratioi=b/bland subtract = : e 1 40 %
\ fram 100 Depressad ficer | = . 5
Thus. gy for byfba0d and ok W.L u
» b, vI00-chy for byt 806 and sk = = 50 o
n #1004k Be 55:2 H - e @
=
7OERE & by Wy 1ead ?_J -+ i {f:_ T
: = M " SN
:;?. A=% e =1/ Theas™ Glall J
o .3 S0/ Mces™ (A=l ~=L1%E
L xed 332 & o ah ZE 0
u @ &, #e,= l10-9g o= =1L
s iy $o,= 1008y ¢ 74
sol -ﬁ g oy = i00-B' (Depressed foar)
.“.J'.‘I. 3 Ty: IIH-I-’:.:?E =gy)e3f=l (Depressed floar
X 1
e § &= :
E m 11 ‘- TT ':-‘-'1_;‘3-:_ 50
t‘T i-".;lil- 1 —
't - BB . l'.. = i %10
> L - | LT
¢ Bl S
5 40 e HH 40
: : ‘ S ]
: o i - - et o 3.5 =
g H a = T ":-rll =
z = 5 g ofx
306 = ¥, 250430 |
r LA L
s R seed &
: : ST TR S B
3 : = X SRR e b
zﬂ = 1 { ;‘ o - - r ».’\, I - E = 20 Ti
. an HE S TH SEEESNACUERCYR AL "
el 1 =
T + Y 5‘-
- 1 : I X . 4
m: 143 — L H - u » M. |. hr__ JI.I n
mELOY = ] T iy o
=t - - == . . e .
 atalig H = = =
H+ i T =
[Lfwe0 B 1 | LT - ]
0 Q- 02 T03 04 05 06 o7 o8 o9 10

b1
Ratis B ——

Khosla’s pressure Curves

(6) ANuviNTBMHL U UTNETUTet (Thickness of Apron) §anasnis
t = (@/3){(h-h)/(Y=yw)¥Yw

Wa t = AUNUNURIM LN LAULENLe Taenin 0.25 4.

Ve = UINUNTDIADUNIAVDILHUAUU, Fi/au.al.

nauNFITeUaginIwani medyImnssumingnsi

h = ANULANANUBITEAULIALALBULALINEU, L.

a

h, = Head Loss tasnnmslvavesirinuduiuldgmusneinsauiiganiiatsa, .
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Yo = dwiinuasth su/aual,
4/3 = Factor of Safety
(7) msheszianuiiuasuasiaseadisonans(Stability of Structure) N3
ATIVFDULANYININTBIDIANTLATIASILTU
o ATIIUAIINNITNENATI(Overturning)
F.S = Momentgesisting/Momentoyertuming = 2

o AWLUAsIINNITEOUlAA(S IdiINg)

FS = CIF/SF = 15
dlo TR, = wavamusslunuafs
TF, = WaTIMLIIluLLIIU
C = duUsvdvdusadeamududareunsaiufumies = 0.30)

o ANITUAIINNTANYIUVDIDIANI(Bearing)
P (EW/LX1+6e/L) uay P = (EW/L)(1-6e/L)
e P WIINAYEIIAN SN RRUTIUTIIVSeMINUTTYNTIAUADS

5995UMDNLIUILAIINYT, AU/AT.L

W= ws95uluwuafg, fu
L = A2Me1951U31091A13, 4.
e = FTULNINANUIENTAIAAUINANAINY1IVEIFILDIANT, 4.

nsaduRugeu ilinuldlauisasessuiminvesornismenuvarmansla 819 wu
eundy Usspsyuneiasvioasn 1Uusu feanwuuseddandusuinmdnunuiu

>
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.
.---Chute block ' - A T
: uve: Dloeks, End sill-""7 7~ -
7 £ : .&
A =Lractiona’ sp_az:u o P &
== w— Afox. Foorh wiorh=a, o &
= =

~
! TTe-Spoce=2.5 w
(@) L =

“svi eptional
= o pa
<

. ,-Top surface o1 5* slope

X

FROUDE NUMBER

T
1
T /,/ T
P 2 P
& /
- °
P prd
/
x T L7 -/ =
> - [,
g AT e
<
= I - <1 4 =
- I *4’/ -~ ‘-—f*%(vwaﬂ-i) =2
T =
- e
’/ I"
A A
=
3 /r 3
P
et el B) MINIMUM _TAILWATER DEPTHS
T ] | | ] | T
2 - ] | M 1 | | &
4 "
s
- = suls
- | /f -
/’ S
A (C) LENGTH _OF JUMP
o 1 —
e 2 3 - !‘

FROUDE NUMBER

Stilling Basin Characteristics for Froude Number Between 2.5 and 4.5

I ————
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/

a2 End silb=
K _-~-Baffle blocks ;
I3

.-Chute blocks

(A) TYPE III BASIN DIMENSIONS

FROUDE NUMBER
] I

4 ] i — (1 8
2 + 2e
L ¥ //
2
5 ¥
20 20
AL
; EREDZ 1.
| e : > P4 gk = H(ViTario) T &
&8s - s : 8l
= a =
12 > 2
. ] . —
[ ] - - [ 3
L~ (B MINIMUM TAILWATER DEPTHS + S
] Y S R W N I T N N | S -
| I O O O O A A
4 v -
-
g - i o
S Baffie block height hy-~ e ) T ; e
5 FT L End sill height hg <21y : 5
S s e+ =2
HEERN ‘
|1 (CYHEIGHT OF B8AFFLE BLOCKS AND END SILL
o HEEREERDEEEENEEEREES o
3 — 3
[ A T T T ELTTI LT L1
- -1 - - 1. | _ _ E 1 3 -
-k T T 1| woiencTH OF ‘uni‘ahjf ' S0 50 G s
2 ] "1 1 ?‘fz g N O A 17
- L ] ] 10 4 18 ({2

FROUDE NUMBER
Stilling Basin Characteristics for Froude Number Between Above 4.5

Where Incoming Velocity Does Not Exceed 50 Feet per Second
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Dentatea sil!.\

. Chute biocks-, 0.02 de ”“: ]""

a
o o @
0—5/0;75" =2/

g oo

(A) TYPE II BASIN DIMENSIONS

FROUDE NUMBER

4 ] ] 10 12 4 |6 8
| | B
[ 1 P
74 //’V 24
. A
P
— ,/
20 1/ 20
N iding .
= SP oA 1 =
o s ~.Z2 _ 1 T
|5 '\S’Sq// . z (ViZer-) &l
~
= P z
- / P
12 // 12
//// 11
peld
L~
#
& - ,/// ]
1 i | .
A (B) MINIMUM TAILWATER DEPTHS 1
- 1 [ R ]
4 l | l i ! l || rs
5
5 — T : I
-+ 4ot T T ,,,} T T
= = T : 11 .
5 4
-~ - 4 ’/ —— 4 —_— o — S— L -
=4 . |
i 5 1
1 (C)LENGTH OF JUMP| | | [ T
' N O s
34 ] 8 10 12 14 16 18

FROUDE NUMBER

Stilling Basin Characteristics for Froude Number Above 4.5
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(8) N13BANWULYIHBLTaN(Transition)
Juduvasermsfildredeunisindrenmsvalsznunieldnedeuniaiii
vuaiufiniidalaivindu uiesusrmindailimioutu lunsdfldaaidouniaifueians
yaUsymutuazdedinetidedeuniloth (nlet Transition) wazdassdeideuvieth (Outlet
Transition) uifidunssedommeiudindetuarlidieidonfioduie auszasdvenisld
Predeufiiiedeinsanauiiutulunsinavesiiiuituiinddaillwhfuvioldmilousy
Tnglihieadestundai
wuugseLdeu (Type of Transition) wuseanléiu 3 wuu
o Y2ssaiTauUUYBUTAS (Streamline - Warped Transition) tJuuuuiifigusng
AdosnuLunduUNTIMaTeat (Streamlines) Tunnitgadslsinaauifivavamaniduin (Good
Hydraulic Property) Lﬁmmiq@ﬁmzé’uﬁwﬁaa (Minimum Head Loss) wagiinnistudauveinis
Inatiesfiandie Jamnedaglitueasmualngfikiuuiianisuunn udureunduands
amvesTiseldonavUdsuuUaiauduunfsaunseitsluiniuatamuesnawe et 3eliaany
gaenluUN1SNATINNDANAIT
o YresDLTouLUUTIUNS (Straight - Warped Transition) Husuudidaudasun
MnuuuLsnLielireaahetusinuansivssamansar bifinuangdmiuemsvuelnguay
YUINNAN
o FasseLdeunUUANnd LT sdDaTY (Broken Back or Dog Leg Transition) Tu
WUUTLE TR URA AT BB Ea A T AU S AT U TR UL UUTOURSY WHV9aIR
Fruthsiuidudestimouie aeudridiuainasfiindudiuanaiavesmsiuazneuuu iy
wnds uaniRmsvamansneltlduaziduuuiineainahomsnzdmivemsvatsenusuiaidn
wazoransluszuvdninily
(8.1) N1sRNLUUNISYaAIENS (Hydraulic Design of Transition)
m'ﬁﬁmummmmmaaéﬁaaﬁaL%amzﬁmuﬂ%umé’wymﬁLﬁﬂmmé’uﬁaﬁwqaqﬂ
pfuaaduing Sehifuunausnansestiseidentiy (auuAlifuuy @ nasinistmuadives

e
e
4

o lunsalififuenasluguasdeanisauandiniavamansifianlildyy
0 = 275 e dmdurassedendumioth, 6 = 22.5 pe dmduraedenuTneL

o lunsdififuenmasivauddosnsandiioadneeald 6 = 25 e dmsui
Fsseidoudumiiothuazineniily

o lunsd@ifdue1Asidnuazonm sty ninisaiingae (Check) 81ald @ = 30
097 dnusiedoudumiloth

>
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nIIMINEING
CL.
1
1
I
1
1 I—: \—3
wuaunsegy
. |
sUsin 1 - 1 JUsin 2 - 2 sUfin 3 - 3

JrssivivaunuuvaulAs (Streamline - warped transition)

wlauasegy
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L

Y

sUsin 1 - 1 sUsin 2 - 2 sUAn 3 -3

YaeraLTauLUUYaUNTS ( Straight — warped transition)
uananildmsuiiuremsistedesuuuaadudisaestunmsimualidanu
anduliiiAu 1:6 iedestumsimmnenisiuieth Budeusiezdssfugiuineiliiauen
Wieanawiiy
(8.2) ﬂ’]i‘W]ﬂ’]igzyJLﬁﬁlizﬁUﬁ’lﬁﬁi’mﬂ’NﬁiaL‘TJ'EJSJ nseenuuuietielinslwaveni
siutsdeideudululnesuiisuiasiinnisdsssduintesianmstmualivevuuresdonia
(Opening) maammsagﬂisﬁ"wﬂdwszﬁuﬁaﬁﬂﬁﬁaaﬂdw 3 ih dwsursedeudumienh
druveuuwvestindaveormsiutireidousurieilinaslidniisesu
Anduae uwighasdesdisziumninssiuinhasdosniilhiiu 1/6 wh vesaudnvestendaves
p1AsgFasi AN s deszaui Tnendnnisveanislvagiinirslnenseuiu (Sudden
Enlargement) unun1svnennsaadeseauifiagndnsely
Ansgadsseiuinasmildangns
(Vlz _sz)
T
Twdloh, = mmiq@ﬁmzﬁuﬁw, 3.
V.V, = anuweshituaeiaeswestisdeidey, u./Aui

K = duusgansteglannensislunih 3-96

wlaumsesy

>

nauNFITeUaginIwani medyImnssumingnsi 3-49 ANZIAINTIUATENT UMTINERENUATAERS



Alen1sdTIReenkuulATINSIRIL LT auSn UL N3BONKUUTIEaLLEEN
nsuninensi

cL ol

sUsin 1 - 1 JUsin 2 - 2 sUfn 3 -3

F9AvLYaULUUAIAAIUYN98093U (Broken back or dog leg transition)

(8.3) M3ysanuUUTaLTauLUUvaUlA
e LUIANNEN Transition L ilumanedaaving fu
o f111uA side slope lunnaPmumunelalaefendnit Juiasum slope fu
e g uarmaduieilidos qasu slope

1 2H 2 o = d! 1 5 Yay 1
o A1 hy 210 h, =X Tngfwialufieianatsninuen deantiuliandn
Y19e9lUldu Reverse Parabolic curve U94ATIWLIN

Vi = V3
e WA Vy 3@ h, = K| 2X—2

2.9
ein A, a0 A, =2
X X =
VX
U X
e 1A dya1n dy =d,—hy +I'A
- X
wie  dy =dy—hy _E'A

daudn A dumldann
Ay =(H+d()-d,
A =do —(H +dy)
Rise w30 Fall Wipnwiedilugiedrh « Ju” ude « ag «
d, +F, +A—-d; —F;
L

» d,+F, -A-d, —-F,
we S = L

e P Hy 90 H, =d,+F +A, —xS,

=d,+F,—A, —xS,

e 71771 slope S, 91N S

nw  H,

X.rise

>
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e F M F =H, —d,
. A,
o WA Wy, a0 Wy, 4.
X
o WA W, 910 W, =W, -S.S,.d,,(S.S, Aee slope Afvual?)
oA W, a0 W, =W, +SS.d,
oAl W, 9 W, =W, +2S5S,H
mAwnee wiand thluldlumsnedunamrarninuayldduay uazihandiduanls
1U plot Ale Streamline Warped Transition fisoanns
(8.4) n1svanuuulaseadne (Structural Design of Transition) Tun1sAIUIIAY
1AS9A5 191099 U LIRS TaAuETetwaladute fieanndnuavanainy
wuwasreunImdusyers T dwdinmsmuasivasudadu 2 wan
0 WUUTOULALLAZUBUATY (Streamline Warped and  Straight-Warped Transition)
o N3difivaseun e Usadenlinnthavesnuuultatadudtauaziudu
pounIATuRiunaon Tasdniaaduitaduaiuiu (Cantilever Beam) #ifuusadurasiu digy
Fudnaaned

P, zl.}/.hz.K—a_
2 Cos j

2 -

K —_ Cos (P+1])

cos® j(1+ M)Z
COS j
Twile P, = ussdufusieruenvestisiodon 1 wes u Alandy
y= vminvestudu Alansu/gnuraduns
h= enugwssanmuinadu wes
¢ = uunswnvesiulu osm
j= yudsmnuninwesainsudnady sam
K, = fnsil
Aveduasiiinfuaindudeinanuss P, fudmihaeuninvesainsudiedu
duussaauliAity P,
dmsvarunulfaniminvesaiadudreiidesniaisuuaruniwe siudy
dhwninus (Distribution Load) finssvilditudy TnefidveduausiiiAnainarnsudsannseyii
vouitusaesdniinil
o n3difimnunheesiutisodeniuniunnduoradunalifosuanumn
wazdaumdnasuiifunniull Snlsuwendiusaunainatndudieaesdis uazsald
funsoguuiuAuiimurumeiasfuussiuhliiu (Uplft Pressure) 18 drumdnlldmaniady
Wlesunsiasunasenmgdl (Temperature steel) Wissegnaiien dmsuainsutnedngalaininiin
Tduandunudu (Cantilever Beam) usdhgannliaadutmnsa (Buttress) nialaiiimaswasn

>
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(Counterfort) Tnsfuussiuvasiunazimindgiaindudiaes wazdostmunanuniwesgiuiu
arngudnslinefiarfuniunisndnuane (Overturning) wazn1sideuda (Sliding) Tawanaasld
Aungans (Cutoff) medla
0 Lmummé’msﬁwaaa%u (Brocken Back Transition)

nsoenuuuaaduislAnusiuRuUnAnugnsmianamansvosiuiingeyin
awztsidurunsiapaviniy drunsmalumudiietuludsiduundsisdosAnusasuiu
wazivtinnavesanfui st unsdsRedsauoduiutul A uR s funang 1 udnuuilsl
Jouusnituivaaduinaenfumszsdutisedeuildiueimsaundn Selanuniresiiulsl
1NN

ARaY

v 8"

€ - - - - -3

S

PROFILE

MTeaNUUUT AL TaNLUUTRUTAS
(9) nsaanuuutiiadastunisfiniens foonuuudoseenuuulianumivesindu sub-
Critical Flow tiemueumslvasesilsineliiianstaensanivheds TnaonsiFesfiudeaindis
anlumaiei
NISANUUATUIAUDIRULTBY (Riprap) LLﬁdwmmLéwaqmzLLaﬁwazgﬂaﬂaﬂULLﬁaé’w
gsTnenh wifdienafindruneiias fawzieeansld dlddesinuavunavesiudediin
Wieaneiiagdunumsimengiu emuvestuiuseddmsdesnd 1.5 WihwesvuIalafigaves
foufiu suavesiiudemléaingnsves USBR. il

>
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d_=0.041v2
Toen d_ = wuInvediy, i
< Y iy . ¥ -
Vo= anusmes inuineun, 9.3
Funlidu Riprap foedAIAua198unIEsEnINg 2.65 09 2.70
BNANT UMdwaraswd (Mavis and Laushey) dalalraunisdmsunmunsuinaesiiuiie
1398l
vy
0.5(dy) (5-1)
AMuSwesthe e, u./Au7

2
=

Fop

o)

< <
TR

d; = LHURIAUENAUDINDURAL, B,
S = ANUANTUNIZVIRUUTEUE 2.65
Yunavesiudeeildasdoannninfinildain 2 dun1st1edy dIUnSIMUAANNE1IVeT
FuFoedusinotlinstosnin 4 wh vesmudnveindsainnisiie Jump(d,) @UAMNYIIVD
Fusvadumiotldemsdesniiaudnvesidumietuslitosni 5 wes

4.2) msaamwummsmeﬁm"whuauu(Wet Crossing)

Wet Crossing wionsiruauy Ussneudisenasunauuiineadnwanmnai
sssumiudrannsaliinlnaundudululd Gulhesudndsunimyunandaiondt indian Type
vierhedunuu Sudusuuuuiineatrdudevlulsumaduiie annsolvisosudvuadnduld du
dhefienunissznn 23 wes aadesiumidethegsgnin 111 S 1:2 avauBeadiuiien
0g3EMig 12 B 1:6 wazaaBesiuinsnssdurheuszana 1:8 (felvisaudviesomnanisinuns
$ule) n1seRNLUL Wet Crossing Tidfaiiaselui

(1) msfnmsamslvavesidusuouu Maunsdsd

o Lﬁ'aﬁwﬁwsJaguis‘ﬁﬂdwﬁumaﬁﬁumuauu(ﬁee Flow)

Q = 0667CLh (2gh)"°
de @ = Ymanhlnathure@u.sseiuil)
C = dussBvsUimaniiudiefieogsening 0.60 84 0.70
L = anugmduiie(uns)
h = mwdnvesiwiedurhe(uns)

o larhiheagganidumaihdusnuauu(Submerged Flow)
Q = CLh-Ah/3)29An)"

Ah = ﬂ’]’]llLL%ﬂﬁ?ﬂ%@ﬂi%ﬁUﬁ’]ﬁ’mmﬁaLLﬁ%ﬁ’]Eﬁj’]“U@\‘iN’]EJ(LZJGﬁ)

FUIuNI Affux

>
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(2) szzifiodu(Freeboard) ililnuuAanistsademennaduvesinain sefy
fasasvesnuuuuilimsganssiuihaeaelsitdosndt 0.60 .

(3) AT TveEISATMH U UTIUTY A9 Weighted Creep Ratio @11138
147809 Lane Tu “ US.B.R. Design of Small Dam” Wuifiafunisesnuuurienigu

(@) 91A13@a18NAI91U(Stilling Basin) n1sUesiunisialgzaunenie e1aldeals
ganendanuwuushegvienisliudia

(5) DRTINTINAVDIUNNIUVIDADADUUAIUINRNALNNT
0.5
Q = 0.65A(2gAh)
Wo A = NUNNUIGAYIa(AISI0UAT)

Ah = ANUWANANIYDITEAULINULALDLAZYINEUNYDB(LUAT)

>
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AsAAMMA Critical Depth Wlonsluaidu Free Flow waamsthgudmdeueans4anis
QT/eAC = 1
A/Te = Q7AC
Ad/Tc = ch/g
dlo T = Aunisiati Critical Depth(Top Width), wng

Hydraulic jump Tunstingudmasuansuy (Funisvesqa 4 egrou jump wazqn 5 oEguds jump)
r*+(2.5t+1)P+(1.5t+1)(t+ 1) +(0. 58+ (t-3Fr,?) (t+1))r-3Fr,’(t+1)* = 0
dar=YyY,
t= b/mY4

Fra = Va/(gY4)°?
m = a19L.8dN195097Y

b = anunienunIstiBottom Width), Luns
Yo, Y5 = ANWANUINLN 4 (agnou jump) wazqna 5 (881ad jump)

3.4 msaamwuﬂiz@szmﬂﬁﬁ(Regulator)
1) dnguszasfuazinuazaIn13(Purpose and Description)
ﬂivmvmafﬁa omsivimihiiufnuasfuddnituiisuuss levdvienaianeses &
ﬂszm‘mLfduLLmeumWiamuImmaiuﬂwsﬂaUﬂwaivmumua‘divma amwmﬂ%amuﬂsvmlﬂm

Y
v
v

ineule miaaﬂLL‘U‘U%‘vlmaamiwmlmaumulmLmauma Iﬂamlﬂmiaaml,wﬂivm Ut
gfpsiasantinaunduivanuuegivssing amnsaldnuldednfivss@nsan lnedineasng f
fufunisuazingsinvimigauazidfny fe é\’aammsmzmmfmaqqqqmﬁaaﬂquléfasm
Uaonite lineliAnmundemededieoins luniseenuuulsegszuietaginnsandsdnvaznis
T sundsfidsiilinruasnfodediorasluynnsd dilusenisnoadauasnendsdeate
udnadauagldau
2) miLﬁanﬁé&w’%an'}iﬂizqnﬁw(Site Selection or Application)
naurlulunsideniideeUssgndldusenszunethilded
lianansadeadsheihduld Sudufedifuuszgaruisthiifianoasagetu e
aﬂwaﬂsz‘vmmﬂ‘fjﬁymﬂfwhmﬁuﬁé’mmﬁaﬁwaqmms
() nsdifinseglunansansndn/maeimdn desanansamuaussduimiUssauagiiu
Wrnaesanesoymahsesldegnaiuszansam
(3) 2fosusmatanmsuanitldodramanyay
3)  danarsanluniseanuuu(Design Consideration)
Fofinrsanlunseonuuuiisil
(1) mmimzmaﬂ%mmﬁmaqqqqmmﬂaaﬂwamé’mqwﬂ%wmﬁizﬁuﬁﬁmumﬁ

>
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() é’ﬂwmzﬁuaqﬂiz@izmaﬁwzéfaqmmzauﬁw‘hLmu'qﬁ&?qLLazﬁﬂwmzqﬁﬂismﬁ way
ahusuaamf-méfaqﬁﬁmﬁﬂLﬁmwaﬁ%mmméfmmsaasﬁmﬁaqmﬂLLiqaﬂmaﬂﬁw(Upliﬁ Pressure)

(3) nadifliUszgszuretiinuelvg aedesveneunlnilvifeieny Weldtuuomes
Tnfhdmsuda-Unuses

@ wniitwusnsinsaililssszanuevesermsduganifidululd dieussndn
AR

(5) HoarmungUuUUTBseIMIAANENEIIIY (Stilling Basin)lmszauiuanimansiva
waziiusvina

6) oonuuullosiunisinwizanmsinatuiuresnssuaiuinugadeudessving
1T IENAILLATS LAY

(7) PONUUUANMLLIUIIMUNILVDI01A1TIIgNABININNENIYINTT Inedilsdenisldian
Tuistiuflansnsauszndamneasnslduniian

4)  N1T9RARUUNIAUYarMAAs(Hydraulic Design)

Usepsznnethiiosdusznoundn 1dun daudestumsimmnsduniioiuazduiet
daufutindalnlet Transition) laseaf1esndn(Main Structure) wazduszutsitesn(Outlet
Transition) WazeeAUTENOUTDY 19U UTTUY WaztaTeantu iy fuandusy
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NNSAUIUBNLUUAUTAAERSTN AT M UARIRe UL
4.1) Ysanaumslvavesnsinuusegssunegedn nsdlinuSunauiueasaniieanuuy deosen

uulseud(Fully Gate Opening) Ineldeaunsves aaeu(2526) AsaunIs
2.\1/2

Q = CA(2gAN/(1-C°As /AL ))
o
A = dudtvidnmsinantiuseg = Geduinieth - sefussiivseg xanunsssaxd oy
Usen)
As = fufinihdnmsluavineysss = (Geduinet - sedussdiuseg) xamun sl

v 12 v
o = o [y o

Ah = sauidwmileun — seAuuvingin
C = duusvavsmsivansaideauuiui = 0.85
4.2) 1Fsmzumilwaﬂaaﬁﬂaaﬂiﬁﬂsz@mume(Sluice Gate) nsadlUAUIUUNSE U (Partially
Gate Opening) Mslvavasiniinlg 2 nsdine mﬂwasuaqﬁwaamﬁlé’mw@mumaLLUU Free Flow(3g6iu
ihdureliiadomslnauaznisinaveniaenliussguiunsauuy Submerged Flow(seduyindnu
viesasienslvia) Ingldnsmives Swamee(1992) Tiuszendannns e Henry(1950) fagu

s

j/ UnENY
T S Sp—— _ W iroyioyietit oo s o
g -Ivﬁﬁq vl 2 vir2g 7/ 2
* WINZNA ¥ / Varg
'_ = ' .
| v J 1w 2
3% Y /
Y, ! Y
Y o e
" B o . rLoW
w CWivp W ' ! WYz -
' !
AT PR W/ W\

mMslvaaealduseauIunsuL Free Flow  mslvasenldUsenuiunsawuy Submerged Flow

(1) MslvaveshasaumUseguILATIuuy Free Flow USinanilvaduinlaanaunis
1/2
Q = CA(2gYy)

de Q = Usunauhlvaseaumuuses, auu/Aui
Cy = dudszdnsnslyauuu Free Flow uandlugy vise

= 061 1{(Y1—W)/(Y1+15W)}Q072

L = enundnauses), o,

w = szegilauiulseg, u.

A = ﬁuﬁmﬂwaié’muﬂiz@, P53, = wl
Y, = evugeesidumiinuiudses, u

>

nauNFITeUaginIwani medyImnssumingnsi 3-61 ANZIAINTIUATENT UMTINERENUATAERS



Alen1sdTIReenkuulATINSIRIL LT auSn UL N3BONKUUTIEaLLEEN
nsuninensi

0.6

Free Ol.;rflow

o e a7
/ :

05 -~ e

i
[
/

]

o

//
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' 7,
NS HA
. -

— Submefged Outflpw

e (i —]
b b
=
o] ———m‘...__
=~
m-—-m_____

(2) MslvavesthaoaUsERUILRTUUY Submerged Flow Ustnasiviaduanilfann
aunng
Q= CAgYy)
Cy = duuszAvisnisivawuu Submerged Flow wansluguvse

, 0.072

Yy, —Ww 070
0611 ——— | (y,—v,)
y, T15w )
B y \ 072 ofo 1
0.32 (}.B1y3[—3| —y, —|—(y1—y3}|ﬂ'mj-
w ./
Cc = 0611
Y, = evwgeesdoeigalugaiiuiuuiulses, v = CW
Y; = anudnuesifuyieudn, u.

4.3) ﬂ%mzum'i‘lvimjaeﬁ'laaﬂlﬁﬂsx@muiﬁe(Radial %39 Tainter Gate) nsUUAUIY
vnsdu(Partially Gate Opening) Mslwavestiinld 2 nsdife ﬂwﬂwasuamf'laaﬂiﬁﬂizﬂmuiﬁa
WUU Free Flow(szduidnuinglifinadonisina)uaznisinavetinaoaliuszguiuldouy
submerged Flow(szutiduiesinasionsiua) 1neld Discharge Algorithms wes Buyalski(1983) s
sU

>
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nsUNSneInTn
Gate arm
Upstream
depth \] Downstream

depth

[ —Z

\ HU
HD~

Datum-_ 1 e
/- 60 GAXCO=CC % 60 ==

A7 7 _j///f TN t{ 7 //__»(,,__ T —rr
Gate opening ' j Gate sill Horizontal invert

Gate lip horizontal angle Gate lip seal design

mslavesnasaliuseguILlAdu Free Flow Uag Submerged Flow

(1) mﬂwasuaﬂﬁwaammuﬂiz@LLUU Free Flow USinanilwadualdanauns
Q = CA(2gH)”
de @ = Unanhluasesuuszung, aus. /A
Cy %30 FCDA = &ulsyAnsnsiviauuu Free Flow a1 Discharge Algorithms

GW = Anundnyses, u.

GO = szeziUauuuses, .

A Nuinslualdun, sa. = GW.GO

HU mmqwaqﬁwé’mwﬁwmwiz@, .

(2) mslvavesuaenuulseguuu Submerged Flow Usinasinvadnualaainaunis
Q = CA2gHY)
Cy 50 SCDA = duusz@nonislviawuu Submerged Flow 310 Discharge Algorithms

|
>
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Free Flow Algorithms Submerged Flow Algorithms
Eccentricity, FE: Directrix, D:
AFE = {0.00212(1+31.2(RAD/PH-1.60)?)}/240.901  ADA = 1/(11.98RAD/PH-26.7)
BFE = {0.00212(1+187.7(RAD/PH-1.635)*)}"%0.079 ADB = -0.276/(RAD/PH)+0.62

FE = AFE-BFE.GO/PH AD = 1/(ADA.GO/PH+ADB)
Directrix, FD: BDA = 0.025RAD/PH-2.711
AFD = 0.788-{0.04(1+89.2(RAD/PH-1.619)%)}!/? BDB = -0.33RAD/PH+0.071
BFD = 0.0534RAD/PH+0.0457 BD = BDA.GO/PH+BDB
FD = 0.472-{BFD(1-(GO/PH-AFD)?)}"/? DR = AD.HD/PH+BD
Focal Distance, FX1: D = (1/DR)***
IF GO/PH < 0.277, FX1 = 1.94GO/PH-0.377 Eccentricity, E:
IF GO/PH > 0.277, FX1 = 0.18GO/PH+0.111 AEA = -0.019RAD/PH+0.06
FXV = HU/PH-FX1 AEB = 0.0052RAD/PH+0.996
Focal Distance, FY1: AE = 1/(AEA.GO/PH+AEB)
FY1 = 0.309-0.192GO/PH BEK = -0.293RAD/PH+0.32
Free Coefficient of Discharge, FCDA: BE = BEK+{0.255(1+1.4286(GO/PH-0.44)%}2
FCDA = {FEX(FD+FXV)2-FXV2}2+FY1 ER = AE.D+BE
E = {In(ER/D)}"?
Vector, V1:

V1 = E.D/(1+E)
Focal Distance, FY:

AFA = -0.158/(RAD/PH)+0.038

AFB = 0.115.RAD/PH+0.29

AF = AFA.GO/PH+AFB

BFA = 0.0445/(RAD/PH)-0.321

BFB = -0.092/(RAD/PH)+0.155

BF = BFA/(GO/PH)+BFB

FY = BF-AF.HD/PH

IF FY < 0.0, FY = 0.0 and FX = 0.0

IF FY > 0.0, FX = (V1*+FY?)¥2v1

VX = HU/PH-(V1+HD/PH+FX)

Submerged Coefficient of Discharge, SCDA:
SCDA = {E%(D+VX)*VX3}2+FY

4.4) N159BNLUVBNANSEANENEIY [WULienfunseonuuUieidy

4.5) mia%'qqanmwé’uﬁuéizWi'}Qizé’uﬁ’uﬂ%mmﬁwawwﬁqﬁwﬂi:@izma
feanuuudasindunsduieatumssenuuuseidu

4.6) AUENVBIDIANSHAZIHLRUTIUY mmsﬁm%amam‘ﬁsﬁﬁmLﬁamwﬁaﬁwmaaq
dndvinannisiafuvoniluiu fataniendanuldituenaslumesuined (Piping) vl ity
e ndulnssdaeneliinaudemeseens n3eIwIA Weighted Creep Ratio @131501433
294 Lane Tu “ U.S.B.R. Design of Small Dam” Wuienfunsesnuwuureiidy

4.7) Anavnva AL URuT @i (Thickness of Apron) Wuiieafunisesniuy
Anenigu

4.8) N1SAMUATUIA ALY IIRATAMUNUIVDITURUZES Fruvietduieafunis
9NLUUFNETAY drunieniiudssumiotyidu 3 wihwesrrudnvesidumiem

4.9) MAaszRautunwedasiEd19e1a1s WURETUNSoRNLUURNETEY

>
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3.5 NMs0BNLUUNASSEUNETNEU(Spillway)
1) InquszasAuazaneaiza1mI(Purpose and Description)
p1TsEUIEduRe o1esTivimiifissunsthdAuasludainedh Wedeatulallvisesy
ihiugafuseduivneanmudusunnesonmmdnyioeimsusenouredasinis iy s1afiuih
yugaiy/daiufulsafienseyinsuarituy WHusu Tasrtlunisesnuuuennsssuistnduasdes
farsaniiunrauiudneaue glivsematazdnvaugnesdivafinvesiugiusn annsaldaula
ogailuszansaw laedlneatns Adndumsuaziigsinumenfigauasiddny fe desanansa
szvethussgeaniieanuuuldogsaonss lideliAnanuidsmesedoias aaesszuneiiuay
SrnAunmataeny Tunsesnuuueimsssuisinduasinnsandeguinenisiiou dudsised
Timaendfosesoinstunnnsd flussriadeatauasnevdaneataudnatauarldo
2) miLﬁaﬂﬁﬁgw%amiﬂizqnmﬂl%'(Site Selection or Application)
nausilulumadeniidieuszgndldenmsszuiethduiised
(1) nsdonguiv/lssanvemisssuisihdudounuzauiuinuue gisemauas
dnwazynssalimatiaresiugiun ieUsendamneaing
(2) ﬂimwmaasvmwimmmuaqmawaaﬂLL‘U‘uam foaRansanliuszgasuieiuudy
yasrLIetduTie ielinnsuivsdanisimanniuseanEnm
3) °1J’ejwmizu’ﬂumi’e)’e)ﬂLLU‘U(Design Consideration)
fofarsanlumsoonuuudissd
(1) aunsnsruisyiinuiuesaEaannIseenkuunInuenn e fisydufitmual
(2) wiavesornsihduasdoumnyausumumiaicg ANy AHUTEINALAZAUFINIIN
ahusuaqmmiﬁaqﬁﬁmﬁﬂLﬁmwa‘ﬁ'%mmmﬁmmsaasn?hLﬁaqmﬂLLiqaﬂmaﬂfw(Upliﬁ Pressure)
(3) fidmesomssruietduasinnumngaunisiuranmans oanmansenudiy
nsnea¥efiaziidely
@ wniitwusasinsailiilssszanuvesermsduganifildululd deussndn
AR
(5) omsavmAlgenzaniduaasreuninaiuman azfmualinsoguuiu
vietuiuiitanuudusiannsniudminermslagliianismynd
(6) HoarmungUuUUTBseIMIAANENEII (Stilling Basin)lmsnzauiuaninansiva
waziiusvina
(7) Adnveniiilwalusiam(Chute)uazeanasaanendsau(Stilling Basin) avdoll
Inatnumunsiufumudng
(8) masssTUIBveteIMsITUIEtaY FosllauslnanefiasSudasinmsinadiszune
ponuazmsagliideuserudniniu Tngliinnuaonadesnaundulusudni uarlifarnanisiva
flagreliAnmatnesuinngadnvesnassuisiuagdtnfld
9 #oseenuuudleafunisimerzainnisivatiuliuvesnssuatiiuinagaideuse
SEIIDIATAENEHIULALARBITFUIENN ARDITEUIBTAUA LR

>
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(10) FoseenuuuAugALa RuIPABAAT I MIARBIST UL AL uANEN 3L H oMM
wazmsITRvesanAuafuanasnetgnsltin fsnsmnuuasniveglunnsinivun
(11) ApsoonuuuANLLILTIMUNIUYDIDAslignaewundnIwIns Tneeisdenisly
Sagluviostuiianunsauszndaneaiisliundian
4) AMIPRNLUUNINAUYaAans(Hydraulic Design)

) [

91NN NIEUIBAUIINE L AUTNd oAU sENaUTEATY 5 daunil

R aaltia (Approach Channel)
o #18118u (Overflow Crest of Spillway)
o druszvIstmiosam (Chute) Tnuwazdunei U nudeadouretudiuan
W& Teth (Terminal Structure) vhwthiiszunedrlgsgdnduinedoulassu Terminal
Structure
o druaANdsIuYngn (Terminal Structure) neialuasdivanesiin Tudesfuay
finnsanelin U.S.BR Stilling Basin Liuudmnuanisiatzdsnssdgiusndiuda Usingiiuiu
wlaftegiuninfianald erafiansanoenuuuiduviiadus 1wy Flip bucket wag plunge pool LHugu
o MsszurstiasdiuAy (Tail Channel) viwthiiszunsiidean Terminal
Structure Tusdinfuinedou n1seenuuuasfmusliiiniea (Cross Section) ilugufivas
aravy Tnglvin1slvavestinduuuy Sub-critical Flow 10 Terminal Structure (Huwiin Stilling
Basin sedfutiilu Tail Channel agfosgemafiazmunulilinugsves Jump Tu Basin iAuninszdu
1l Tail Channel I8lunnaansvesUSmaniiszuns
(1) durhethdu(Overflow Crest of Spillway) dnwre1A15ziFUTIMUY Ogee
Weir fafianusifismefiazszuisthussasaaiioanuuuld SsanunsadmunndnunrressUinuas
AuETvesEY Spillway fredsn1swuieiunsesnuuureiidy
(2) nseenuuUaIAIENEBNN(Chute Channel) ennsdndssihildnuns fusehil
fa9Ns193UEY (Trough) avdesiirnuanaduinnidend s1am nnslwalusreiiduuuy super -
critical Flow nidninasflunisesnuuusiam fqausvasdiiagsuthuagssusasgineth Tnslidan
11w duiian uwiluvmeidortudosersuliinstminanndeaiaduteulussesdlidy
Sunsrerenmafinenesogiusnideu vndnvarpivssmaiidmosnandauduinn uagdoaiuih
Huiiufmumudenistaenefanusoanausnvessanld lnsnisesnuuuliaesanidaiy
dielvitilau (Deflector or Flip Bucket) Fatagnsassluonimaaendsnulnednlusifnouiiazan
diosthsssumalaglafinnsfinens
(2.1) 9 Control Section LHudunisflagimungaisusuresaudnveaiily
Chute Tngqnilaginunnisiuisuulasanngnisivavestinlu Chute a7n Sub-critical Flow 18y
Critical Flow é’aﬁ?um5ﬁmammmm§ﬂﬁuaqﬁwﬁqﬂﬁazﬁmammﬂ

2 /3
d. =(q/9

12 '
o a

e d. = AUANUNYA Control Section (Critical Depth), u.

q

>
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q = Usinashitlnasiudusnesennnuenn 1 4.
= Q/L (au.a/Aun/a.)
Q = Usuashitlwarinu Chute (aua/Aunil)
L = @unin Chute (1)
¢ = Savnsaflesnnussliudiedan = 9.81 w4t

Wedwinman de (critical Depth) 3ngailawdlnzinluilugasusiuly

MsfmMmANLEnTeinfigarnennaanmLe1 Chute daly
(2.2) n1sAuaee Flow Profile Tugssnainazld Direct Step Method annasnng
luntisde Open Channel ¥4 Henderson, F.M(1996) fagudneans Fai
_ (Ez — El)
(So - Sf )

Wa  AX = 5¥gESEUINYINnRalusIam

2
. e V d' CY) v 1 5
E,,E, = Specific Energy (y+2—)mﬂmLLazmaﬁuaamwu
g

S, = ANUAIATUTDINUIINN
S, = Friction slope a@gsgninevivingvasaetiy = Su t 50
2
S¢Sy, = (V.")* 971 manning Formula
4
R3
(2.3) n1sAulAIAI(Convex Curvature) lansalfiiu Chute 1Uasuaia

Slope TuAMLANLENNITAS

2 J—
Y:X.tan00+(x (tan 6, tanHoJ

2.L,
uay | - {(tan 0, - tan 6,).2(d + h,)cos * 00}
K

do L = sewmdluwunsuangadidaiegedugalds

0, = sufiiiu Chute fruwdethweddsifusuiuowem

6, = sufiilu Chute funetmedddshiuumuidussm

d+h, = Specific Head Tosthinafigariinlds
K =  Acceleration Factor @iflsiiAu 0.5 wielalliiiAn Negative

Pressure NNUSI4Y)
(2.4) n1sA1uIULAINeIY (Concave Curvature) 9EAIUIUNINEATIUTIUNNY
7

Y

Chute wasunlasmnuduainuintuitey Sesilasazdaaunnieesnanagladliinnsesunnu
Wesnnusaigaveshlvageiuly Salildmnlansl

" 2
R_20V  Eg o 24V
P P
e R = Smilvesgavadlas, e

>
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) H 3 =

= gnn1sivaven, Wn /Awi/e

< H ~
AULTIVBIUT, NA/AUM
= ANuanves, e

o a4 v s 2

= AusunitulAs, Jous/vn

av o v o =~ v a4 cw s 2
Ingunasaiianulaiivinzataziussiuniulasszana 1,000 Yaus/va

U O < o
I

(Design of Small Dams i1 387)
(2.5) Transition ¥8331911 NM5LUAEUMUAIANINNTI9YDY Chute AEABIATUAN

IAnAdugslugsiuauas (Convergent) wazdadlviinisvauinszans lngaiauenaonaanuniig

u1geen (Divergent) yadosuuamnaudna1avossilaiumwes Chute IgdesiyuliiiAuA i muali

£

194

a = yuﬁmﬁfﬁwLLquumﬂ@uéﬂma, ONGA
g = dnsnseanusaliiugns = 9.81 uAuit
Vo= anwduedslu Transition, 1./3un7
= 05(V, +V,)
d = muaneaseniily Chute, 4.
_ 05(d,+d,)

Transition Y895191

(2.6) szezaNUUI( Freeboard) ¥89 Chute S¥8LLRBNUUIVDINTIN LN
Chute mMwaadlaain Design Of Small Dam %1 385 #9dl
1
Freeboard = 2.0+0.025V (d)?, ¥

= 1
N3 = 0.61+0.037V(d)?3, 4.

SEaLLaNUL, .

< 5 4:4' -
ANt lvawady, u./Au
ANuAnLRaYYa g, U.

Lﬁa Freeboard
V

d

>
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(3) NM5BONKUUDIAITEANENENIY 81A5T8U(Terminal  StructurelJuonansdl
penuUUiaaendIwiSeanaEmenssua ﬁauﬁ%szmaﬁaaqﬁé’wﬁmﬁm Wun1steeiu
nsimeeAemiveenns

(3.1)NTUBBNWUUAULUUNINTFIUVBY US.B.R.  Stilling Basin(Engineering
Monograph No.25) sudunsiuiisafunisesnuuurhedy
(3.2)nsleanuuutly Free Flip Bucket wag Plunge Pool 911 Design of Small
Dam 11 385
fAllva9 Bucket

2dv?
R =
p
Weo R = Salfanves Bucket, ft.
= AUaNYesIlL Chute nawda Bucket
@ %,’ 1 =
V o= Anusweainly Chute naudd Bucket

i o o . X Ib
P = Normal Dynamic Pressure nsen1Many Bucket 31,000?

uag R lutiondn 5d (Design of Small Dams) w1 387) Angle of Lip 6 < 30°

Trajectory flow from bucket
X 2

Yoo [K[4(d +n,)cos 7 o}

6 = the angle of lip with the horizontal
K = a factor = 0.90
If Y=0
X = 2K(d+h,)sin26
Plunge Pool Depth
970 Design of Small Dams %11 402
D = 132H 0.225q0.54

dlo D = the ultimate scour depth below tail water level, ft.
H = the elevation drop from reservoir to tail water, ft.
q = the unit discharge, ft*/sec./ ft.

@) n1seenwuuiitedasiunisinene detoenuuulininuiivestindy Sub-Critical
Flow iilemuaunisivavestiiouasdiniu waghinelfAnnistamzusinugaussau ulfd
anuifesnszuaiazgnanasiiudafesemsinetuisoaindanuneiisiamdniitostu
Msfmenzinee1nsld Geestvunvnavesiusosiilanefiazdumiunisiaengls aunvesiiu
AMUEILAEALTUNTR T LALE sl ueaTunseenuuUretidy

>
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3.6 N5PBNUUUVUIUTZUNY(Gate)
1) dnguszasfuazinuazaIn13(Purpose and Description)

UsEUIERe asdUsznaufivinihiimusudamslivavesivihuoiasvamans ol
Sarnislvauagszdutmiuiussusdulymuanudesnisvesnsuimsianis nevly
anwazvasuuszuIgaz unuuuIunsi(Sluice Gate)wazuuuuiulaa(Radial or Tainter Gate) 113
sonuuufssansaltaldedisiiussdniam Tnefidineaine adudunisuaztigesnuisiiiian
uazdiddnie FesanunsnsvuietinussgeaniioonuuulfesnsUasnde lneliinaudemesiodn
01A13 faruasndorosoiaslunnnad flusswideatuazaevdnoadaudiaiauasly
U

2) miLﬁaﬂﬁgx‘iw’%aﬂ'}iﬂizqnm‘w(Site Selection or Application)

wnailulunsussendlduiussuiedaal
(1) @unsnannansenuandaynnimhuiuiaumiletveserasiadusg1ed

v '
o |

(2 awnsnaruauszduLdumiodnienisldusslevdanuvdeinlfosied
Uszansnm
3)  danarsanluniseanuuu(Design Consideration)
FoRansanluniseenuuuised
(1) mmsmzmw‘%mwfwuaqqqqmﬂﬂaaﬂqumaé’mqwﬂ%wmﬁizé’uﬁﬁmumﬁ
(2) FUAVDIVIUTLUIEALADIRULHUAUDIANTVAAEASUAN
4) N159DNLUVUIUIEUNY
nseenuuUTsAUsTnauTid R
4.1)Uﬁuﬂsz@m§nme (Vertical Gate) ATUINMIVUINADUIY danasiazuan Self
Lubricating Tagusaideusnsuiuluudazdne thusudouiininanunmuuinvesdeuiuuay

Q‘Uﬂiiﬁmmqm Hertz Formula for Line Contact

Pe
B,R

P =0.418

F9p Hertz’s Contact Stress azgoalaiinen Allowable Contact Stress

100 H,

v

ATUINVUIAVDIYBIUIY WHUTBISURBUIY (Wheel truck) Wagm1use9suanuIy

(Wheel rail) A1ugn3 Andre’s Formula

Pe = 0.2813 p|3|—Cc
Egly b

Pa

Tneiian P. < 40 kg

cm
p, - 0499 p [Esl,
Z, E.b

Tneiian P. <1200 kg
cm ?

>
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yhmssuanAnimintsavesiuusrusldeeniuuluuda nefhininee
USuasveamanmilen wilinuae wawazmanndilSatuwiniu 7850 Alansu/gnuieriums.

thwiingnsfutniwieriugnn 1.00 wes = 15 Alansu

delswiinfmuavesuussuisudnsdeaietmiingUnsnidun wu adninden
Uswanas 5% vastiminuty

Aunmusiaidesnnnsidouvesdeuusuinanugns

u,d
(u, + 22 )p
Fy = —2
d
2 v
ANUIUMILSSEIALTEDI91N 819 U5
F, = u,PbZ L

AN ienllauiu (Opening Load) 1ieuw19u1n Capacity 1A384n 311l

De
=D

Fo = i+ F, +F ke
Mnduimunuuaeion iusiagniou
4.2) \3nanruuiuseune (Gate Hoist) tn3esniuuiuszuisazfeseanwuulilis
anunsavimihirruguasiauresuuszusliamsale Tnauazassedunsidauulilang
#99n15 LAT0anSuuIussUeiFoaiianutund s muniudean nundeunaznsldaud
Uszansnnd Teudne

4.3) sz‘uua'eﬁqé’euaxqﬂnsaﬁm’%aqn"ﬁw (Hoisting System and Power Supply)
insesnuuusyeRdesausala Un vszungldsheidstuanueimesliiiuazaiunsald
ussruda Yalddhoedosn il wddntsznoudugnflomafisuidsivanifesuomosinan
dteanarninandu 2 fu uazsndunanduiaraduduiiosgniiuaia (Orum Gear) Wyuiadon
219 (Wire Rope) daaneBadnegiuyumuszuns lumsdadauiuszuis Tunseeseiuuiuszuie
Blusidunidlag lunsmsdadinaziiusndmiuvegauazasseduuussunslifidumsieans Tng
yLusnaginnslitugailomaniouainosild

Tunsdlfilfussrumpuedon udieidslinuussunsumumdsiuseimeslniiaes

nhuthedesdinalndmivinsordssuimomosiwihiugmAssnavsuuargunsailovalide

4.4) 53838NUIUTZUNY 1AT0INTIUUIUTEUDIEFDIIAINAILNTOINUILTZUIBIN
fumisiiuszuielaain auutuszuigannsadaduilind Sifeuileszerenlunsdiionuiu
WU (Dogging) Lﬁalaﬂ%mw'%aLﬁamiszj'amﬁwqqmmzm8151’51’3&1

3.7 NBBNKUUTFUUNTZINETN
1) dnguszasAuazineaizaIn1s(Purpose and Description)

sruuNsEIEth anefls e fidnasduiiorthanuasilgiuiisouss o/ aui
wnzlanlfifisaneduanudenisiivesiiv auwwaiufiinizdgn uasaswiunaifiedeanis
sruunszetagiveszuuln 1iun szuuvioduh Sahanedeudinmelfuseiu uazszuuile 1Hun

>
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ivwﬂaaadaﬂfw Fuhaviedeuiilagedoussltue lufidazndnisanyssuunszaneindenans
i FeUszneudemaosdh uas mmsmummﬂivmwmm mumﬁmLwaiwmmmaamlﬂmm
ﬂaawwmmammlﬂmwwwavﬂaﬂwmmqmmmmwmaqmi Wihvuinvesnassdsingy gn
aaﬂLLUUI%mmzamwmmaquwazﬂqﬂ
2) miLﬁaﬂﬁﬁg\‘iw’%aﬂ'}iﬂizqnm‘w(Site Selection or Application)
i llumsUssndldisad
(1) wnzaufuiuisuUssloninionsldans aunsalivsslovdanunaaildosd
Uszansnm
2 fUsmnanhduuiismediniunnudonis
(3) aunmihvesuvasiwzautuianssunisld
3)  danarsanluniseaniuu(Design Consideration)
FoRansanluniseenuuuised
(1) @unsanszaneinldediehig
2) fiomsmumpnilitiinauuarsed
(3) flormsszuiethduiuesnaniuilldedniiussavsnm
@ nsdiduriousssiu deswenuuulilasndsatn Water Hammer
4) NN5EBNLUUSIUUNSZANELN
a.1) deyadmiuniseanuuy luiiiiazndniuanedeyaiidniuiensoonuuussuy
nsvateth edeyaniogliviu dudeyadowuildlunsieseidesniuueafinyifinduried
miouduilainseiliuda feenuuuindudedidoyasiiag MAsideswnldusznoulunis
NATEUNAD

—~

o unufigivsama liun wiufuansseiudunugauesinduluiufiveuislasenis
wazuIulnALAYS LLamsh,l,mqﬁé?qﬁamml,aziwazL%&Jmm6] Tud aun 81t o1msthudeu uay
Arteadadun Aifiog snasdwlldemaunganiunu 1wy 1:10,000 dmureuulTzuUNIEILh
fraiiuillasenis uaz 1:4,000 dm¥UauDeNLUUAAB AL

o iRy "LuﬂimwLmaammummummmu Tuduszfomanuiumis figauas
Snwagronhaudeiiduhaulsuaam e assifvih vieanidauih sedutigean-sian uas
seuildenmsdeduld udsUmnanifiannso Ul

o anukesnsivesiuii feanuuufemsuieimauaudesninivesiiui
dmsuldlunissnuuinvesnassdsinsedanir iielfaaesdei vedsiudazansfiuai
wngan annsodsiliunfiuisulsslendldifismesuaudens

4.2) MsManuassuunszanein wind iy lunismainssuunszaned Afe Fesneea
Tirnosrsegluwniiashlitlnassnaneaedlugiufimeugnuierassiiivuadnnitldazan
tufifte azfemmeeulinasmeglunnfsdsfugeiianlundaiiinaosfuiiasey adagyild
ulnutuogifudnuaznivssmavesiudl Fsenautsoonldidu 2 Snumedeitu fgude

o Bihadfisussnitadan Snvagiuinggndsinaesiiumenesianuaiam

Y
@

MLV WTOHNAMIN M TRgATINas deu wunaesiazdladaanzlunuiuiidurey

>
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dudadureuuwresuinaiinudstmualiduiuisni ei’mLLmﬂaaa%aguﬂﬂamﬂmaﬁws?faagujma
nanannuilatiy Jusgiusyiuiildnmvesfinuuasanuaameuenveseaesidentd

o Unaufisuniidlug uneaesdsiluiiuiifiduiisiunidng azdosogluuuaia
sefuiiuiigaamuioriulunsdusn wiunsdfasnsegluwnduiundnvesiui Fovinliaaosda
Faanfuuuadureuniu nsdshannsavilévisaoslinaes

sUuamdnuurlivsemealy

>
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4.3) NM130aNUUUARBLEINN ARBIEINREABIlILN karFUS Wz auTeliau1Tads
TPPUUSUUARIUA N15RNRUUARBIAILITUNISAIUATLIN YSadnduYRIRaaIdstinlRa LT

TamuyUSuininivue

v v
o o 1 [y 1 o a 1%

o daudnvasnassdiln JUdnvIluasesdstududareinaetditNIvhes

v '

frsaniied
o amfailunaes (water surface slope in canal)
o 3UARYI4VBIAREY (cross section of canal) Fausznaume
« ANNNTI9TDINUAADY (bed width of canal = b)
. mudnvesilunaes (depth of water in canal = d)
. izazﬁuﬁﬁ(free board)
- a1ARAIAARY (side slopes of canal = S9) TnevilurasinnreunIald 1:1 &
1:1.5

« AUAADY (embankments)

« LUAAABAY (right-of-way)

>
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=
-

C’_l)”-

e S e

CUT SECTION

T T S0
[ ]
I
]

" - V_‘

FILL SECTION
T AL

Typical concrete lining canal

/-u

sUdnmlUmanidein

U
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: \
@ a o v a ol

o madenldmaRathlurass arndah (Judsddyuasidnsnadiazrinlmilnald
6o ussltuwedlan lifiainia theglillna Sraininhdstuiesdsvaussu §18e1ufay
Saluadnas muundlunisesnuuunassdeinazivualinisinavesinlunasaduuuvasiiaue
(Uniform flow) ufie anfupad (So) YuLAUaARIN (Sy) HATVUIUNUAIPLAUNG U (S) K58

So = Sw = S¢ psU

S
®

: : -\ v/
s T e O 1" yi=Y2
V1 IZg : e Sf : ) @
e | Vr2g
| SW Z — Y
| |
| |
Vi i i , —\ Avi Vet
: Flow : 2 \V2=Y1 /
e i @
i I So Bed E L
| |
2o |z S.= Sy = S
&4 . —._._ Datum 4_v

sUwansnsialuanaua(Uniform flow)

uen9nil Jadeiifinadentsidenaining Ae anmgivszina n1sdenaieAniififina
mmsﬁfumnmhmmaﬂmaaﬁuﬁ%ﬁﬂﬁizﬁuﬁﬂuﬂaaadqgmguisi"mdﬁzﬁuﬁuau Junaliliaunse
dahlyruiuisulsslovdldegnwigs winismuslainiathsiunitanuaiavesituiiniuun
Are sEAuAuARDIdTroggan s iuRLAUAINN Sdufesufuiienoainsnass vilsidoade
ANNBAS19HN
il Turaeslisndudesdidientunasnnast axduluunineuudrsivluunemeudld 1wy
noudunasdldaininth 1:8,000 meunatsraesld¥ainiati 1:10,000 wazmoulaisaassldainian
1:12,000 WUHALY ustraunsavnldudrasidaeianilunasdniortunaonaans
namléi nmadenldaninilusasslifingnusiuiuou feludous
- aeituRURILLIRaeE
. SnvaruazUSinamemenauiilnaniuih
- Snwniziorumuuuinassiinayianluly nsdleonuuuilunassdiu
« AaYNHiaveIRaNLUY

o MINTUFUARYINSYRIRaREN dadiuguinvnsvesnaesdfyfanisdei
Usznause

« AUNINVBINUAGDY (D)

>
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« ANUANYRIN UMDY (d)

. AARAIAABY (SS)

muni1svesiunaes (b) wazaAudnveiiluaaes (d) Sauddyuinuaziioaty
hydraulic properties 783pans M3idonldnunirsvasiunass (b) waraudnvssiiluaass (d)
dmsuUsinash (Q) ANATaY thy ansnsadenlemanedna

0 NT9RALUUIUANUBIAADY MNUHUTINLIsEIUN STt HOBNWUUILNTIVVUIA
yasiuiifuiinveurasraesduinusazats Weonsuarudosmsiivesiiui avlidn Usinanhiiges
adlurassusazansazfuils lunseenuuugdinumeasnassdaituazdosduindninives
ilunans (V) rou Weerdasifiveniguiudefisusnunwosaaesiitilvaru (A) fagld
Usnahilnalueaes () thifie

Q=AV

Sasndwenilunsssdiruduiusivaniamluraes feziuldain Manning’s formula
Gslu aa. 1889 wetsladuiwmilsio Robert Manning #Anansitu Serounléddniuunivats ny
fisUaunisfsil
V= 1/n R2/3 Sf1/2

We Vo = dwnsuSwadsvestinlunisinde Wy wesAuid
= roughness coefficient @u3annalii1 “The Manning’s n”
= hydraulic radius 194 Luns

= AP
A= defisudarnevesmahdaiii vaiudu wes’
P = wetted perimeter Wy ums
S¢ = slope of energy grade line

0 NTRNLUUARBIAIAABUNIA(Concrete Lining Channel Design) N1588NLUUAADY
A491A19ABUNTANLSUAINAITRANTUIFALEDNNLNGR VLA LAZANUAINTUT BN ANB LN eI
lvusuaresnkuuluarulanlesseziioay (Freeboard) fvnunzay US. Bureau of

Reclamation L@ususlilassesioauannaunis

Fo=qky

We F, =  Sveuwiedu (Freeboard) , tums
y = ANNANYes), A

duUseansiinnagsening 0.8 dwsudsunaniuszanu 0.5 auu.sedui
war 1.4 dwsulSunaniuszann 85 auufeiund

k

>
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&1 Central Board of Irrigation and Power v83Usgineduie (Raju, 1983) wugihlwly seus
DAY AIS18ALLDEALLASN
SYULLHDAUMMUNTEY

Usinauh (uar/Aund) <15 1.5 94 85 > 85
srezioay (Wns) 0.50 0.75 0.90

0 MIBBNUUUAABIAY (Erodible Channel Design) 33n1seanuuuiifienldiuusznauge

(1) Fusadou (Tractive Force) mshazgniamzdussdwifiagrlioymaiadoud
fAnnnnussiunsiedoud usiiinanmsluavesiuueniuavainadsiniteondn usadeu 3
A9 Shear Stress ¥09n15lMALUUTIVEIU usstlavwiniuduwesimdnifinssitlufiemenisiva

anfiANLaatuT YN Se dtinvesilutisnuen L iy VAL o
A wWihiufuiivehdansiva dsiudumesiminininseyilufienianislawiniu VL ALS(Y,, WU
dmdnsimzeah) Wenslraduwuusubey ussiswinfuusadouiinseinasmduveudon(P)
&aths Unit Shear Stress (T,) Beuannnsiasd

T, = 7YALSS/PL = YRS,

nsnsyanefvesusideunasnduvoudenliatinate fulane(1955) dUsyana
AndmsunengURivasuan i ldwsdl

Ftoain - To = YRS, Y30 V,,yS, dlomathnisann

fiarmnas : Tc = 0.76 YRS, N38WIU 0.76 Y,yS, dlamshntsunn

Shear Stress Tifanriasinsidoufiinaniizmgais 3end1 Critical Stress (T) 1

=

wPUREuININURITANTaad1 Beagluguued Internal Friction Angles %38 Angle of Repose Waw
AURTuYIngnaulull mAlia1ngue1eEne A1 Reduction Factor @ Critical Stress Ainseyinuy

ANANAS mamlé’mﬂaums
sin 2 6
K= 11—
sin 2 (I)

LULDEIVDIAAARS
@ = yuInternal Friction ﬁuaqaymﬂwga Angles of Repose

e 0

|
>
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Angle of repose. , deqrees with horizontal

( b/ 12)

Permissible unit tractive force

40

36

34 -

32

22

0.1

0.05

0.01 .

AFPRNLUUTIEALLBEA

Particle size (inches)

Angles of Repose U84 Non-cohesive Materials

High content of fine
sediment in the woter

Low content of fine
sediment in the woter =

Canals in coarse,
noncohesive material

size 25% larger

Cleor woter

P | A T NP | L P

| I

0. 0.5 I 5 10 50

Average particle diometer ( mm)

Permissible Shear Stress 989 Non-cohesive Materials
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1.0
Sandy clays {(sand <50%)
Heavy clayey soils
0.5 |
Clays
—_ L Lecn clayey soils
N-o-a
G
S~
=
(O]
(8]
—
[e]
W= 0.
(]
2
)
(8]
m r
=] 005 L
s
C
-]
S s ]
SN
55 & z5 8
28 S Lo a |
OO] - 1. A Lt

05 1 2 I 4 5
Voids ratio

Permissible Shear Stress 9949 Cohesive Materials

(2) Tenudigeaniivausuld (Permissible Velocity) nsaanuuunstgUdmaeuea
wy  feenuuudesdonanumaduiuineimnzausuasilienuaaiBewnudnsemshiaoy
fundluyniteulvfuanssoaziBeslunsng

mmmmLﬁsmé’mﬁwwaqmaﬁwﬁmamauéfm%’uﬁ’a@sm 9

Ve AUANALDYIA UL
Rock Nearly vertical

Stiff clay %:1to 1:1

Firm soil 1:1

Loose sandy soil 2:1

Sandy loam 3:1

>
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Maximum Permissible Velocities WagmduyseivounennuususeUasiansing ¢

Clear water Water transporting colloidal silts

Meterials N v T, v T, Y% T, Y% T,
ft/s) (/i) (/) (vm)) /9 (/i) (M9 (N/m)

Fine sand, non-colloidal 0020 150 0027 0457 1.29 250 0075 0762 359
Sandy loam, non-colloidal 9020 175 0037 0533 177 250 0075 0762 359
Silt loam, non-colloidal 0020 200 0048 0610 230 300 011 0914 527

Alluvial silts, non-colloidal 0020 200 0048 0610 2.30 350 015 107 7.8

Ordinary firm loam 0020 250 0075 0762 3.59 350 015 107 7.8
Volcanic ash 0020 250 0075 0762 359 350 015 107 7.8
Stiff clay, very colloidal 0.025 375 0260 1.140 12.40 500 046 152  22.00
Alluvial silts, colloidal 0025 375 0260 1140 1240 500 046 152  22.00
Shales and hardpans 0025 600 0670 1830 3210 600 067 183 3210
Fine gravel 0020 250 0075 0762 359 500 032 152 1530

Graded loam to cobbles

0.030 375 0380 1.140 18.20 5.00 0.66 1.52  31.60
when noncolloidal
Graded silts to cobbles

when colloidal

Coarse gravel noncolloidal 0025 400 0300 1220 14.40 600 067 183 3210

0.030 4.00 0430 1.220 20.60 5.50 0.80 1.68  38.30

Cobbles and shingles 0.035 500 0910 1520 43.60 550 110 168 52.70

4.4) M3vpNUUUARBIATABUNIALEIIMANFURY (U Shape) Aassdsinnounimaia
wiEingUigy (U Shape) iuanassaussmuiilédndesiinguuuunis lussuuratssmuseduliun
fusvavsnmlunsdidenihgs Wesnninsgudeiideninnisi@uvesitios msaduaassds
ihasunIniasumdngusigd vild 2 38 Ao asndefsafieluraesdailnemasuninasluuuy o
fifeadns (Cast in Place) Winavwaafsslinewdurious (Precast Units) Al wdaSeiluusenau
fu w anuiineasne n1sadresnshaeunislagld Precast Units ifofiogusznisvilsfaiiionmou
Tathgnrzdonuvulaienaysings fie ‘wammiaammuiwLaaﬁmﬁummmiumLmiwmuwaah
LLaaliJLUastauwmm MIDBNLUUARBIANABUNIALaTIMANTUR YU Shape) annsaidentsl
rresvagldidluAuauasAunufegsiiuandlugy

>
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FILL SECTION

LAnIFIBE19ARDETN Ada. sUsgiineglufugrusnidufiuyauazfivay
N1300NLUUNATUTAFAIERNT (Hydraulic Design) nsluavesiilunassdainneunia
isumangUsay a”qummwmﬂ‘waqumammﬂ (Open Channel Flow) Tun19eanuuuazaag
nsuUsinanifidesdiou wddshuamuuanthinuesnaedei museasBeaseluil
o NMsFnauTnidavesrasuiensusisimsdnilagauns

Q=AYV
dlo Q@ = Swvnisiva, avaAud
A - fudweinsiva, msa.
Vo - awdaedeveanisiva, u/Aund
o AUIUMVUINARDY
A=Db-d
do A = iudwesnislva, u.
b = ANUAINUDINDIARBY, L.
d = Avwanveun, u.
& nldvuinvesaneiud iomsnasusnanTlvaresininngasues Manning
i :1_ R2/3 . gl2
n
gl Vo= euuedsvesnisive, u/Aund

>
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nsneadAsasdnirunInESImEn  mstmualilsesronsuniamnazezliiAu 8
wms wlenRasuruenafuiiguRubber Water stop)
4.5) n1seeNLULYiDgath
Hoanuuudesmuiviinannudoamstvesiiuil dwsulilunisdnauemes
viedsihneliussdiu ieliviodaniudararefouafivnnzay aunsduiliuiiuiyusylosdld
issweifunnudesnistunounsseniuulsznaude
o Auniiuiinihdavomiodsh Wensudmsnisdsilngauns
Q=A.V

We Q= 9951158, au.u/Aund
[ ' 2
A = fuivesnisvafiuve, asy. =
¥ 1 4 , 4
D = Laum’]ﬂuﬂﬂa’]\‘iﬂqsﬂuwa’ 3.
v = anuduedsvesnisivaluvie, 4./Au7(1.5 u.Aud - 2.4 1./Aud)

o AwIANNGYFenSuluduiavissyuy
o MIagydevian(Major Loss) Ingaunsves Darcy - Weisbach

he= fLV7/2gD
2 2 5
Sf= hf/L = 8fQ /(TC gD )

We  he = msgeydevan, a.
Av3ef = wilAwmesvesmudeaniuain Moody Diagram
L = ANuenIvie, u.

g = dnsnsuilesnusefgavedlan, 9.81 u./Aunii2
Q = davnsiva, aua/Aund

D = WurhAudnanwviedn, asal.
o NMIgaydenian(Major Loss) lagean1sves Hazen — Williams

SI Units: V = 0.849CR” s>

1.85 1.85_4.87

S¢=10.7Q " /AC "D )
U.S. Customary Units:

Vo= 1.318CR Vs>
Sf _ 4.73Q1A85/(C1A85D4A87)
We C = duUsgdvsanuvivsead Hazen — Williams

o Mm3geysdenan(Major Loss) lagaunnsuas Manning
dwduilvadiurie R = Saflvarnans = 0/4 avld
SI Units: V = (0.397/n)D°s:"
S¢ = 10.3n°Q°/(D
U.S. Customary Units:
V = (0.590/n)D

16/3

)

2/3_1/2
S

>
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S = 4.66n°Q° /D)

Lﬁa n = é’uﬂizﬁwémwmgmwm Manning
o NM3geydeseaiMinor Loss)
K\/Z/Zg
dle  h, nsgedesey, u.
K = &uszaviduesmsgnyde
° ﬁ’lmma’lmaﬁ’laﬁ'%(Hydraulic Grade Line), HGL
HGL = (Msasydevan+msgeydeseay/l

>
3
Il

" Transitional Zone Rough Turbulent Zone
0-03 tov )
038 ] —[ X -‘.L_‘L- ‘\ | i T 0-01
0-036 9% MY RN S { f L 0:008
0-034 __Re N . L 1] | | BB '
\ < u [. f
_/4 5\ N == ] ]
0-032 TN 0-006
0-030 \ ! \ I~ N J !
Laminar flow N TN ! i f 0-004
0028 - 1 S S B E -
N \| []] 2z
0-026 ‘: . ™ I"T\ HN J J 2
- L 2
5 0024 \\\\\ < i A\l ! —-— 0002 B
g NN AN :
& 0022 = NI g
o NN N~ A l _} &
2 | T 2
g 0020 — wEE 0-001 £
& o SRR LT IR EEE S
7)Yy N 6 A S I i I r NS NA I--::_x.%;t_‘g‘ ‘I—é 1T 00006 =
T~ Tl
0016 '—‘ — 11 H— ~~.;EL-:.:___ T \Jr { 0-0004
0-014 | | N T
J . 0-0002
Smooth pipes | ""-::t*:“""“- | ~
0-012 s - 0-0001
— Tt L 3
0:010 __I,JJ_.JH,_J_._H_,__._QT.;MT: [ d %______,__ 0-00005
0-00 HR= =171 0-00001
- 2 3 4 567891 2 3 4567891 2 3 4 567891 2 3 4567891 2 34
10° 10 107 10° iy

vD

v

Reynolds number Re =

Moody Diagram
e AUIUAN Water Hammer
Water Hammer inanmsiauazlnuseau@natinviseunsdiny) mssunuuay
VEALATORE UL 18
O ANUSIPAUAILAU
12 2 .
c =1,425/(1+BD/Et)  (4,660/(1+BD/Et)  wuIweINgw)
< = ) ~ ~
e ¢ = ANUSINAULTIIY, WATAWT (W/3un9)
%)I 8Q U
B = Bulk Modulus 9891, 2.07 x 10 Nlansu/ms1ung
(300,000 Uaun/m151907)
D = wurihaudnanmeluvie, fafwns (i)
E = Modulus of Elasticity ve, Alansu/msnauns
(Uaun/an51917)
t = ANURUIURIVI, Uaaluss (U7)

>
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O AUAY Water Hammer
P
e P

cV/10g (cV/2.31g Miedingy)
ANUAY Water Hammer, Alansi/msnausiuns
(Wous/maii)
Vo= arundhiiuussvgean, wasAund (We/Auni)
= Snssadesanusiisganedan, 9.81 wms/Aundi’
(32.290/Auit)
. ﬁwuam%uqmmwmaaﬁa
WSS EAURIioUuAaYaY = Water Hammer + Pressure Head
Imld Factor of Safety = 1.5
o nuinIRTuATUTsTe eI UTENaUTesITUUYad
pIMIIEUBIMA Ass o Audsivieduldserinuileviedsthnoasnsdumad)
pIMIIEUERENDU Aekt o sussivialduldmaeviesumisiivioagihan(ilevie
dnineaiaengUassafiuromies)

Uszgiaduni finss au siumiaSuduresvieansvian viemeses ieanewosuas
Munavdaafifimsieaiawiousn
mmaﬂaﬁmfw/amﬂéasﬁw Finga o s‘hwﬂqﬁﬁszﬁuqqmdwﬁuﬁwaugml,azmmsﬂ
nsrethldogaiiusyAvsam
4.6) m3sanuuUIATasguL
msdndenldieiesguindmiunuanizasiuegfulfaufussun(System Head Curve)
uazAadnuuzvaaaTasguin(Pump Performance Curve)inazidnlduielsl
o MFAATIERAIIIFBINIANNZIVDINTTGULILATUSINAILNTBS58UL(System Head
Discharge Requirementiviaideniildafiuszuy (System Head Curve) dmduiniasguiiniiguiiian
QmilslugBnaamils (Free Surface) Wouaunisldsil
H, =AZ +H; +H,
%39 H, = AZ +CQ°?

do C=Ke+ K, = 2(fL/2gdA” + K /2gA’)
Static Head = AZ = sedutigegaduas — szfuinshandiuge
magapdevan(Major Lossluriadstin = hy = fLV/2gD
sgaudesedMinor Lossasgunsal = hy, = KV*/2g

Head i’mauﬂ?aﬂqufw H, = Static Head + h¢ + hy,

>
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Heud

Friction and

minor losses

Static lift

Flow

v

anwauzniluvaslAufuszuu( System Head Curve)

o M3fadoniedosguiniivmngantuléafiuszuy (System Head Curve) La3asguin
dnllvgiudrziiusyuuiednsnisinavenindudie munsisunlasesnudosnisivie
mawdsuuasessyiuiiluveguvdoveds iensidsuudasnisgaydeanauiiavde Minor
Losses LiloAudnneuuas mmuﬁﬁmﬂaﬁaﬁaﬂ%m?aqquﬁmmst%'aamsiaLstumuﬁu o
foamsussduiigeilfiedosguimansieiosnsesuynsuiiu

Tunmsesnuuuuazdndonaiosguindesnuuuiiondaideniadosguimaisdfonin
USHENAnvaIe91Y L‘wa%lmmiaqquummmaaﬂLL‘UU(Deggn Point) InafugaLAussuu(Operating
Point) wagtiwhliansaiuszvuiliussavsamgean silidsevdaaldaneglumaifuszuunaon
PNATAUTLUUAIFY

160
140 - !
A 609
-___'_-_‘—\-—u_,
120 T 10%| 80% Svstem
— Yo%
= 859
= 100 2
2 C _>\ :
o 80 \———————— o
2 :
3 i
s 60 | 15/ -
a '
= NPSH NPSH
g - pipegl T S R ] it
H I A —
______-..-—-P'-"E
20 5 ————-—'-",""'
1
0 \ 4

0 100 200 300 400 500 600 700 800 900
Capacity (gpm)

4393UBINBNES = HP = QH/273e €m

de Q= Swrmsguih, au:u/ﬁmim
H = Head S2989A30%UL, X,
e, = UssdvEnmueamsesguul
e, = UszAvEnwueawewnes

>
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e N15AUIUNY Net Positive Suction Head Available (NPSH,) ﬂméjﬂwmzﬁuaﬂméaﬂqu
ihflmnzaudefussuundanzdosliiin Cavitation Tnsfiiedesguiuiloiin Cavitation du
119931797 Suction Pressure ana azﬁﬂﬁtﬁmmmLﬁa‘msmﬂmsﬁ’mﬂﬁau&hLﬂéaqquﬁmazmuﬁlu
q Suagyiligadnuaurresaiosgu(Pump Performance) Ussavsnmanassely wmziReatu
foulAn Cavitation azifinnlasainiaAty %"qﬁwﬁmﬂﬁazﬁﬂﬁ@mﬁwmmaqLﬂ%laqquﬁmizﬁw%mw
anauURgiY

anuduiidesnsnadiuriegaueaaiasguiniiedesfunisiin Cavitation Fun
Net Positive Suction Head Required (NPSH,) gﬂmmléﬂﬂEJ‘VTWmwwaaum%aﬂquﬁ?@ump Test)
Tun1sepnuuuIATosguiItueonuUUIzfosdIuIUMIAT Net  Positive  Suction  Head
Available(NPSH,) Faanfilaaz@osinnit NPSH. taue
dnsueiesguiniiguinnuudsiiiifiddutaoinidFree Surface) Huauanen
NPSH, 1]
o ilafiais Pump agsnaia
NPSH, =H,-H_,+Z,-H;
o ilofiads Pump agwitiofia

NPSH, =H,-H, -Z,—H,

ija H, = mmﬁumimmmﬁaﬂ (Minimum Absolute Barometric Pressure Head)
Ha = mﬁmulamamm (Absolute Vapor Pressure) ﬁuaqmwamwmaaam
Z, = mmLmﬂmﬁvmwmuﬂuuaammvmﬁuaﬂmwaﬂmﬁuaqLﬂsaqaum
He = mmamaammmmﬂmav Minor Losses iuwammaqmsaqaum
mmﬁumimmﬂmqﬂmsm"h/iLﬂummqwaammmummgqmq 9
S¥AU (1.590.) 0 200 400 800 1000 1500 2000 3000
AR (3.) 10.33|  10.20 9.85 9.33 9.17 8.64 8.12 7.16
amudulotduiifigaumgiions
oamgdl (°0) 0 10 20 30 40 60 80 100
AR (3.) 0.06 0.13 0.24 0.43 0.75 2.03 4.83 10.30

3.8 MsgenuuUBIMsTIAUTh
1) InquszasAuazaneaiza1ms(Purpose and Description)
p1Astsduife enensvamansTvinihiiniuausnainisiva seduiuagfiennanisiua
vosuluszuunszaten ielhdulumuaudosnisvosnsuimsdansih mseenuuudes
anunsaldaldegreiiuszansam fadeains Aridunsuasihgesnwamiian
2) miLﬁaﬂﬁﬁgw%amiﬂizqnmﬂl%'(Site Selection or Application)
i lulumsUssendldisad

>
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(1) annsavhlinsuimsdanisilussuunssaetauysauasdussansom . anua
nsgnuandminraseauldiueded

(2) annsomueuUinani ssduthluszuunsyed Wensldvsslendlfegad
Usednann

3) %’aﬂmimﬂumsaamwu(Design Consideration)

fofarsanlumsoonuuudissd

(1) annsonszeilugiuiisulsslend/Aufneugnldedrsgndesmurindioansuas
Tutsnanfimunzas

[

(2) annsanszareinlugiunsudselevd/mulmnzdgnliegnamfuaz usssy 1

aonndestudnvazivsTmaLasiRsvesiiuNfuUs ol
4) MsgenuuUaIA SR
4.1) mM3eanuuUaIMIMIsFutd(inlet Structures)
(1) NMPBNUUUBIATTAIUAN
mspenuuuaAsmuALsfuidTlSuwuusheduas(Sharp Crested Weir)

finauwinisoonuuudll

o thewuulafiviulsey

o theduey Wursuuuvanness Auaniinasiivadueuheldauns

1.5
Q = 1.84LH
o tNoFunevuRuay AuaUSua et s uEelgaunng

1.5
Q = 1.71LH

o theduny fuausinaiivadurudneldauns
o - Lt
C = 2.0-2.2 lnguszanu

e Q= dnsmslna, auaAund
L = Anundegvisvesdunieg, u.
H= anugevasnilodue, a.
o ehawuuiviudsen  nsesnuuuwlteandu 2 n3dl fie
o nedlonumadtiiiviuseiuth(Sluice Case) nsuaamUTinunsivaldges
Q = CLH2gah+h)”

dlo C = dulsvavdnisiva dedauuiusesuii
Le = Anunneansveslsee, u.
H = mmﬁmaqﬁwmﬁaﬂiz@, 3.
Ah = mamaﬁuaqwﬁuﬁwmﬁauazﬁwﬂi::@ A

h, = Velocity Head viiuses), 4.

>
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o NIAHNUIUUNEAIU(Partial Gate Opening Case) m'ﬁﬁwmmmﬂ%mmmﬂwmﬁa
el dusasy (Submerged Flow) l4amns
Q = CLH{2gAR "
o €= dudsyAvdnisiue Wenslvariiuuszgidu Submerged Flow
H, = wamaﬁuaﬁzé’uﬁwé’mﬁwaﬁwﬁUﬁiﬂﬂiz@, 1.

msfmUinamsivadlerinednidudass (Free Flow)ldans
Q = CoLG 29 AN}
duuszdvdnisiva ienslnaruszgdu Free Flow
syuslUnuiulseg), u.

dle cd
Go

o vieaanduih
o Suslinisinavesinfusuulraduvie (Full Flow)

e Conveyance Loss 7 Inlet = 0.4Ah, 4.
. mmqwaqfwiwmﬂmqLﬁﬁwiaasmﬁaa = 1.5Ah, weilitieenin = 0.08 4.
o AUSIIEAIVIElAY = 1.5 /AT
e Friction Loss luvia@muinan he = LS
dlo L = anuenvie, u.
s = (vin?)
R
e Divergence Loss 91 Outlet = 0.7A h, a3
o SuUsyAviSAuYIUsE Manning’s n = 0.014
e Total Head Loss, H = 0.4Ah, , hs + 0.7Ah, (4.)
(2) MIPONLUVBIAITHANEWSINY [WUaTunseenuUUHetngy
(3) AMUBTIVBIEAMTHASMHLRLAUT n1sAuamAn Weighted Creep Ratio 7
TA1ATaAud199IANTAINTalEI5Ues Lane Tu “ U.S.B.R. Design of Small Dam” Lauifenfiu
150eNUUUHNETNEY
(@) MIMUATUIALAZAUENIVETAZE [WuFeaTunsenuuUHetndy

|
>
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4.2) NM139aNLUUaIATULAULY/21A159AUdsN

(1) msesnuuLtiaszLBtInARasdwi vioszuneihdnaassdsindueinisi
Suhngrdndnaaesdai taerly uneassdaingseguududugy insganansadiazde
Tunfiuingdgnldagmn Snvagremeszuistiunaassd agfuoiasiifiuiuszuisaiueu
nslvagasii %aviaazmaﬂfwmﬂﬂaaadqﬁwzgﬂfﬁ’muﬂﬁaw%mmﬁwu,azmmiqﬁyt,?iaﬁaﬂfw (Head
Loss) #1¢ etiiluntsdmnasldansdsdl

Q=AxV,
Hoo12x Ve  nixvixl,y
29 R%
(2) 21mssatnaseaadLazatAsUateAaad lunseenuuueAIssainna

ﬂaaqu,azmmsﬂmaﬂaawawmsqmaaﬂﬂ%’uﬂqqzﬁ’ﬁwﬁmmwL“‘ﬂumﬂmw‘uLﬁaaﬁumauwﬂsg@
szveTuuduneunin aildesnninguizasdvesmseenuuusioenislinassiiviinisyaaen v
wihfiduadouuwdafudnihdsedililusunauds uazdessuietmannaniiufiguimeuuly
qeplu FetuTseenuuuermsdathnatsaswuazoraslarsraesiidnuus Duaiiouronuulsey
szreTIULduAunIe dwsuUinareenuuueAIEinsINAATIgsaRTinaeiviing
yaaenannsaiulsifieliliAnaundsmeunnasiiviinisynaon

(3) Farm Turn out / Constant Head Orifice 9153 Usznauferiade
uardrulsenaufiagvhuiinfiiu Constant Head Orificedsfinruanansolunisuiuyianaiilva
siulduenusioans denanstmualiiasslunaesralsendlustasumimhenioussua
300 13

(4) Division box iupiasansiauselesilivimiilassd

o \Huemsdmii Check lodauuteadasmeridumilofsefugmmotias

Al
o Wummsdniinauesvide Farm inlet
o WHuemsulsindnguesvide Farm inlet 110097 1 nssonuelaiiu 3
N1380n

o ldifluormsuinn (Drop) Naasgauiiliuinin

=< o

(5) Farm Inlet {uo1assudndUasunlaenssaingun Faivualidvunainug
30 n3/Aud

(% (%
| o

(6) Ditch Inlet 91139181191NAAIUN LUapdaiatesey Usenaumeyiedng

Y

WiouUsent

(7) Entrance Culvert in Ditch / in Drain Lﬁaqmﬂ@eiqm@izmam%muu“[u
seifuldun (Farm Road) iissilaiien axdudniudesdaatamedaiuisndmdsiilifony anunse
rasnlilnediterimuniil il

o fuuelngmoiagliiniulilneiin Head Loss fosflan aunseiisena
auuladlud Loss
o Favhiuiiauandielifiau 2 uwasannsndwgldreniaus

>
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4.3) 91581
p1ssathitmualy 2 Uuuu mutuinvesdaamsiva e
o Usmahunnnd 2.5 ava /A {uiuu Open Check AuAulag Path Weir
o USmauhilsiiAiu 2.5 aua/Aund Wuuuu Duckbill Weir
(1) 21mssatuuy Open Check annsdntuuuiiaslduiumdnnse (Vertical Slide
Gate) 1UuuuGIAU aaadreuuasiiniunnounie (Wing Wall) szﬁwﬁqﬁwLLwaagﬁszﬁufﬂ%mi
498 (Full Supply Level, F.S.L) SNau9in15AUIMNEaNIUY NYarans Feseluil
o AuSweuhTvar oL axfadliiiu 150 wasAuil
e Head Loss through check = 0.5Ah,
dle Ah, = Aruuane1eves Velocity Head idesunusaziinassiumilorh
wihetluuns (Litesnin 0.03 was)
o etlosiuldliilnady Wing Wall luthenandsimuund sxeenuuulagly
Snsnsluavesisutesui = 1.1 wimaqé’mwmﬂ%aqqqmﬁlmaaqdqfw
o Usunanhiiveuldluadiuiiune Wing Wall w3 side Wall fvunlfiviiu
0.25 WiNUegNIIN5MaeeNwUY tneAUINAINGNS
Q _ CLH1A5
Q = dhvnslwavestihduiung, ava/Aud
C = 1822
L = AU8ITIMVDIANG, 4.
H mmqwaqﬁwﬁmmmﬁaﬁwLLW&, 1.(0.5 L¥1N09 Freeboard)
o AMUEIVEIEIANTIRIINTIUINEsd T Junaseiutiiedn sxdesenaniy
Length of Jump TiAntudlefinsldilnarugesuuuuy Partial Flow
(2) mmié'ﬂﬁ'uwu Duckbill Weir 91A158a1 14U Duckbill Weir 1dua1anssn
dilmdnnsvesrenaiiunldluniseenuuunuizdmiunsaifiusunaninlnaduldunnidn
sUuuureseI s liuduiunsreuningadiotndn asmenaifieliiideduudduto

Iﬂﬂi‘ﬁqmmﬂ FAOQ lIrrigation and Drainage Paper 26/2 “Small Hydraulic Structure”

1.5
crt

)

Q=m X W, x(2Xg" xH
dlo Q = Ysinmtheiu Duckbill Weir, au.a1./Aund
m = dulszdndvesnsivatudunie
= 036 Amsudusheviayuuud et
= 0.32 dmivdurevilayuain

W = anuniedudie 1 9eq, 4.

n = UIUWEY

W, = AL avesduEe (NW), 41,
¢ = msnsewsilifugag = 9.81 u.Aui’

Hoyt = Head vasdwniladunne, 4.

>
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Free Board | F

*

Labyrinth Wall =
™ r- 4
|"_ 85— Ii.
\ Le—%
P
Floor Slab ——F . ] ;
| |
r":—H = Dpor Dy Ho Ty
Radius, R ° b -1
Cutoff Wall Ty b
1 or Sheet Pile
Upstream wn‘mﬂ By ELEVATION

WALL DETAIL
Mot to Scale

Spillway Width
W= n*"W
n = No. Cycles
(2 Cycles are shown)

PLAN

sulansduUsEnauAeveshedundn(Labyrinth Weir)

pIsSAta 2 SUkUL iy oratldafuenmsien (Check Drop) wiievieneaniw/ve
aonda ilesnseaviduniiod Juneufiazuseslsilnatiugeinslu uenanernssatin
2 sUnuudedu faflennrsdatnguuun Open Check flaanuuulildfuriessureuatsaassdn 1
sULUY 138071 Check Inlet Tasfinauslunssiuineenuuudurasans il
o emSeshilvasudesuiu lifu 1.5 u Aud
o AuNYBItaIUBL s RETIgR B(min) azdesliteyndi
B(min) = D+0.16 (a.)
de D = vnadurugudnansvio (u)

>
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4.4) miaanqumm'i'izmﬂﬁﬁgmauméﬁﬁﬁsaiuma
Lﬁaﬂ%mmﬁluﬂaaqaﬁﬂfwaaﬂdﬁﬂ'waaaﬂﬁ'aaﬂLL‘U‘Ul"i %aawL‘T;Jumammﬂmﬁmumfwﬁ
HAnan mawwmwmniuww mﬂimmwmummmmammmmmLﬁ&ﬂﬁ&iﬁﬂﬂﬂaaaaquwlm L
Tunsdifihlvedudufunaos (Overtopping) m“l,w,ﬂﬂmiﬂwmvLLavwﬂwﬂaaqmmLaama e
ﬂamuﬂmmmﬂan 91ANTTLUNTNAMNIESUYRDY mﬂaamﬁuu Wioszunethduivoanan
Aaesdunuenani Fonliiduemsszuetesnaneasaiionsgenusilunsdiionnssinas
unlszgaual Svannsoliernssruieiuuy Wasteway Tumout with Baffled Outlet

Original ground surface

Y T Gate Lift
et | )

gﬂéfﬂmm'iizmﬂﬁﬁqmauméﬁﬁﬁﬁiiuma
WUU Waste Way Turnout with Baffled Outlet

(1) N50BNRUUNIAUBAFIEAT (Hydraulic Design) penuuuamstiunuuin
Tnatnurula wileudu Side Channel Spillway %38 Slphon Spillway mmmumﬂmaaammav
Tnadhuduormsdiluluesuih Tneunfiormsuiidasfsannfuuueaedi dufivhlwadrasu
%maammuqqmﬁwumﬂﬂmlmuaamw 0.2 Nn viaiflonnuvasnfueiafinnsaiinsses
Freebord %ulﬁmmaquﬁﬂizmmmz?umﬁ”am AL TIVOIEUSEUNETN AILIRINALNNS

Q=184H"

We Q = YSuahneedlvluativiedad, av.u./Aund
L. = enugmvesdusui, o
H = evwgweshiseslilvatiudueimssui, .

vietuihdnihandienasssuiedl lngunfseiintdinguinay aunnveviodssad

1
o o

ngifismefiaziniilvatiudueasasgmaisssunildanuiinuiiesnuuull wunvesvion
lgannauns

Q=AV
Uunnhiveulilnadviedsd, ava A

b

®
> O
TRT

ﬁuﬁwﬁwﬁmaqﬂadqﬁm M54,

A weniilualusie, 1./Aui

T D?

4

gl A= ﬁuﬁwﬁwﬁmaqﬂadqﬁm M54,
D= wiugudnansviesuih, u.

<
I

>
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Baffled Outlet aggnoonuuumadofmuavas USBR (1978) iglvinluasenan
ﬂaaaeiqﬁuwLﬁﬂﬂwsq@Lﬁawﬁquu dietlasunsiimansuTiauine

(2) A1seanuuulaseasne (Structural Design) n1seenuwuulaseasisaziduliny
mmgmmsaaﬂLL‘U‘UIﬂNa%fNLLazﬂauﬂ%Laéumﬁﬂﬁ"ﬂlﬂ LWLDUAU Side Channel Spillway %30
Siphon Spillway w8 1A15aivunidnnit nseenwuvazueneandudiug fe 1) dufiviu
91350 (Side Channel Spillway) 2) viosuih (Pipe) Wag 3) Baffled Outlet

4.5) e1Asi¥e(Transition)

nseRNLUUNITAmanivateIAsLden (Transition) Sdunou il

(1) MsfmuamLENYBIT eI TEN %ﬁmuwﬁumﬁwguﬁﬁmmﬂLé’uﬁaﬁwqqqm
finfuanadnudng Sevhaufuuuausnansestiseientiy (auuldifuuy 0) inasinistvuned
vo O Tl

o lunsdifiduenanslvg wazdesnsaaandinisvamansmiaalild 6 - 27%

dusursdaonduuiew 0 = 221 dwuSuriedeldeusiuyineiin
2

o lunsdifidueransing widosnsandnneads e19asld 0 = 25 ° dnsusis
Fsreidoudumiiothuazineiile
o lunsaififuensidnuazermsiuiminiisaingae(checkionaagld 0 = 30 °
dmsu Wssedensumioth
Yonanidmduiiure e denuuuaaguinsde sy msimualiiauaiadu
Tifu 1 : 6 ledestunsiamienisduinein Budousiiasisesiugiuinedildianue
\esnawintiu
(2) mammsgadeseiuifiiuisteidon mssenuuuiiietaelinisinavesinku
PassordeudululnesuiFeu uaziianisgyideseduindesiian asfinusliveuuuvedede
(Opening) maammaagﬂisﬁ"wﬂdwszﬁuﬁﬂﬁﬁaaﬂdw 3 dmdutssedendunieth druveuuuves
Foaidnvotermssutisadeusiurieinllasldmniiseduininas uidhazdesilszdudinia

JEAURIUAEADWINTIAY 1 Winveenudnvestedlnennans aghesfiuAINsagdeseau
6

Taeudnnnsvesnislvagiininalasngsiuiiu (Sudden enlargement) wnun1smiAN
msgdsssiuinfagndnely
Ansanydesyiuiaemldangns
h, = KM =V)
29
Tudlo h, = mmiq@ﬁmzﬁuﬁw, 1.
V, hag V, = ﬂT]ﬂJL%T‘U@x‘i‘ﬁlﬁﬁﬂm81/15\‘186\‘1606\‘1‘33\‘191'6L%EJ%J, 1./3U79
K = dulseavisdegléanasnednagng

>
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dudssansnldmanmsgydeseauinlumeiudiuuusngg

- o duuszvs K

YUNVDIVINADLYDAU -~ 2 w3

wided UEPY

wuuveuldsgsUindmasuiiun 0.1 0.2
wuueUASIgUAmALLRU 0.2 0.3
WUUYBUATY (Vauaswenyy) gvie 0.3 0.4
wuvAesdugUindindeniudi 0.3 0.5
wuvaasiugie 0.4 0.7
wuulnguamasudnsaviedmanyiiuinggudnnay 0.1 0.2

4.6) 91A15VI9ADANUY
TunsesnuuuieasnauuilinasilunsfuaeenuuunTarmans fuwell
(1) fmunlinisiwavesindunuulnafiuvie (Full Flow) wazld Transition #
Feusafunaanfuluy Broken Back Type dmdunsaliidasnisdainiiosnssuiminveasnay
svuslforassatndunuy Duckbill Weir 1158 Open Check
(2) Conveyance Loss 7l Inlet Transition = 0.4Ah, w1,
(3 mmmmqqqmﬁ Inlet wag Outlet Transition = 1 : 4 (¢4 : 570)

(4) AnugevenvihndInmaiviestwtey = 1.5Ah, walideendt = 0.08 w.
(5) M Sagegaluvislaiiin = 1.5 1./Awd

)
)
)
(6) Friction Loss TuviaA1uiasann hy = LS,
dlo L = augnvie, u.

2,2
S = (vin©)
R4/3

Dlvergence Loss #1 Outlet Transition = 0.7A h, LUAT
UﬂJﬂizﬁ%ﬁﬂﬂﬂJ“Ui“Ui“’ Manning’s n = 0.014

1
=

d
sedUiue1AIST Inlet = imuuﬂﬁﬂumiqqqm, (F.S.L)-(Pipe opening+1.5Ah,)
)

v

SueY ‘wmﬁw (Freeboard) S28LNULNIUBI9IANSILN N A9l

v

szgewug cutoff S2erNULNUBIARDN cutoff
szgriuTTisunaUINYe = 1.20 WinvessrevTiuinvesnassdi cutoff

(1 Dmuanvesiwhumietnvienisesn(Outlet Submergence)

=1 (Depth of outlet opening), 4
2

(12vwnaLdurnuaudnawisliidnndi 0.60 u.
(13)ANUANLATANUNUIVBY cutoff T NuAIwaEndlunIT19919819
(14)Total Head Loss, H = 0.4Ah, , he + 0.7AN, (4.)

>
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NANIVUAAITUNUILAZAMUANVDY cutoff LTDIAINANUANVDIUN

AMuBnva i Cutoff wall
Cutoff(d), . AMUANBYNNIDY, L. AMUKRUIRENNUBY, U
founan 0.90 0.1 0.2
0.91-1.80 0.2 0.3
1.81-3.00 0.3 0.4
11N 3.00 0.3 0.5

4.7) msviedstndun(Farm Turnout)
N5EENLUUNTARARSYBIIATiadun (Turnout) Tidumeusad
(1) sunsteiifeulfludagtuliinandnnii 0.30 1. uarlunismmuavunavietuld
ans weil
V?  (v2n?L)
Ho = (Ke+1) EJFR“T
Tudlo  H, = SySURMIRIR T LaYTeviodat U, .
Fulszansvesnislwasudre

Ke =

= 0.78
@ sg 1 a

= nuSInsewaunluvie, u./AU

N = duUseandveInnuvIusevedive
= 0.017

L = AU813989719, 4.

R = Sellvarans, u.

2) iesnnussiurenilueiiliinntn waziluvovunidn Sedenldvionauvde
@59 (Precast Concrete Pipe) 30lutnauniiaaliviswodivanoadiuudideias

(3) ANUYNVDIRINBIAATUIURIAINEIUFUNUSVBIAUAINNRIAUARBY AIIUEN
vowieiiliuazainndsvasinas e

@ lumsénnassiuiinvielddeiaiiouisssuinlurassweadusyduiitnisiva

WeeaTantaveaUsunauinfuiwazsesumulurauuUTR IR TERURINdIna 1 ldee
2

A1 1.5 S wia Vo iduau$inszuainluve Budsusindieia1senun (Check Stucture) Tu
g

Aapswey Ssardnsysuinduilunasadundn

(5) filanevieriadeuazfesdiunaninge (Head Wall) uwazitu (Apron) uaz
p1vvdansssiudasiunsinwigmuanusndu

6) msnsredouinasnenslianaiousysuiminetmsuddiuieninudn
(Freeboard) wavietiusslunsdiirnuenlinedesldreasi(Collar) fe

(7) wihvievzdosdiviudeduih Fsenvanduuiumdnidou (Slide sate) nielddnih
(Stop Log) Alg

>
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4.8) PTaANE IR
91A15AANEN LTI ILUUNTENUImpact) LTue1AsTsintfianauus e
nszuathilasananvieliiualy deufhinazlvadidaassdsimiedisasssumiinlieusa
vosthinasulifasniernanudsmeuneaesdaivied ninssued
(1) Juoesaandanuveniflaiduegfuseduiduiied(Tail-waten)
(2 anurvesiluvietusgfuaugaitiszninsseduigaanniivefusedy
Uanerie uagannaivestheaniinvledosliitiu 15 u./Auit WedesiuldldiAnaudsmoun
91A13
(3 ndsnmeshazguydslududnminiledianvierssuuiunounin Baffle) 7
£1ANTAANEILYDIN
(@) dlerhlyaru Baffle udmdsuresiazgydelufunislvaiy (Eddy Current)
U4
(5) Uaeviedhinlnaiingenanst uuiadosegluszuusnaindieinadily
ysdumilotegnatos 3 whueaduriguinansvese Weliiamanisinavestidaaintuuny
Baffle LazuoUANUBINY Baffle ApellszAuwinfuseauiasvie
(6) wiupounInFosdiaruudug aunsaiuussnzvesiiilnasenanviolfoeis
Uasndty wazamsanndsnuesidesiundlsidon LﬁagﬂLLsaﬂimeﬂ*‘uaaﬁﬁmaﬁa
(7) FeainsiSesiiulug (Riprap) Uuiu wazuuaiadudenaesdin wied1sne
Uinheoinaiftetostunisinzresnszuai Srenadiienuiias foufiuiuuaadsyssun
1/20 ¥94AIUNTNVBIBIAT APINETIVDINTTIEALITBENTIANNT19T8991ATT AL T8I RN
Litleendn 1/6 vaarnuninewese1nns
wletoafunsimmzineth Safesesnuuulivinzay uazaonadasiudnumenisld
e ngfiansand
o sziuthiisedufiuin
o @unsadenldmuiieanuuu Tneda cate ladifiud
oehalsfid agdosvinnisnmaaeudnumzmslénu iy nisszurethanidu Tneagl
yhenudemesoeinsaaendsnuiioonuuulitu Ao agfinnsand
o sufutfl 80% ﬁuaqmmmma'qﬁw
o Jn cate il
nsidenvinvetemsaaendNuarinNsaINAMEINTELAT uazUSIn
PandNUanevie
iV < 15 1./Au (50 We/Aui)
Q < 11.33 au.u./Au (400 au.Wn/3ui)
W@onld Impact-Type Energy D|55|pater mmJuasmauLaaﬂ% hydraullc Jump
Stilling Basin 1agl Impact-Type Stilling Basin mmiﬁuumummmam&J‘waaamsuaam ANYUTVD
p1msuAnsiasUtedn AilvasenunainviedsiiiuennismuauyIuia (Control House) 19

>
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anudaulilannsatmenzormssuretlamunldldsiin Impact Type Basin inszd3unay
ihillnasuiiaes uarenmssiintazdnisyaiution suvsarteadssendamszduoians
YUIALEN

TngauufizUsnses Jet finsooniifufivindndudivdsndnianiie D masiuanm
vngUseiidnuae il

v =(2gh)1/2
A o Qm
\
D = %A
T vV = avwdanssuaindiluadn Basin 1./Au < 15 1./Auil
h = wasswesssdutmivierusysuifivaeve, u.

Qn = USuauhlvanuviegeaniissduingedn, au.a./Aund
A = NuNnLGAve, M.,
D = anudnurluadn Basin, u.

F, = Froude Number = V/(gD)l/2 Fadtpalaiiin 9
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] _.1
——
3
== e ¥y T
(B ': :"" s
" e ;
Wi in LT
% o 11 1 M : 3
& Il 3 =
= 4l 1F H
7.4' <3 = | 15
1 o P BN | 1
i 1. 4]
ey 4 s
PLAN
———— g ——
- - --

SEGTION Sasdins
H = 3% (W) d = % (w)
L= %MW e = %3 (w)
a = Y% (w) t = %z (W), suggested minimum
b = % (w) Ryprop stone size diameter = Y (W),
c = ¥ (w)

STILLING BASIN DESIGN

10 I T
. }
s 4 - —- Al JM' x
” ._ L SN . ] (/+ I . .
. ’ S R P L RN
! t =] > ¥ .
2 f 3 l S
. - ?— - = —-i_‘ —.:_.I—_|
}_.__ _/ —+ \._."f-.._..'..__(
a o o] x o J i ;
o B _—T_ | i i 3 Sl L
— 1 f !
=z 3 x 3 e e
! '= Py
» I N N N M I L]
Nto of w/o = 358, F = 0,910 |+ 1 . ¢ N
f i 1 : i E [ :
I : 3 2 i :
2 L_.....__-_..._.u...._____. —- NS __t_. __'f..._ + + t t - bt
: S B ! i :
T IR R N .'
O I 3 R - g .
o — Satisfactory Hydroulic Performance
X = Unsatisfoctory Hydroulic Perfor-moncg L
| 4 1
! i : ! : ' [
A . g i i i 1 ) e
[ 2 ] 3 - s €6 7 8 9 10
FROUDE NUMBER V//3D
DESIGN WIDTH OF BASIN
"w" is the inside width of the basin.

“D" represents the depth of flow entering the basin
and i1s the square root of the flow area.
‘v" is the velocity of the incoming flow.

21AsaagNasUUITEansEuNn(Impact-Type Stilling Basin)
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4.9) nseenuLULYioasnauLMTGadnaeL
(1) nasiivuatutnnaTiuvieasndwmasudosiinunufurie A uULLAE
fruansimunzan smunanuiilurolaiiu 1.50 m/s. etlostunisinens Aurundwviedesl
toendn 90 w1, druAuanWitY Transition Tty 1 : 4 d2un15nsEaneees Wheel Load Tuiy
Formunlunisesnwuurieasnddsuinduluy single barrel %158 double barrel Ay

FNAMDa Indao

04w 0.4% 04 0. 4%
&’ 4° a*

% 10353,

-
IR
3.38 W@
4
i 3.02 .
= -+ > e
N13N32918U83 WHEEL LOAD
107 Clear anee
e
Load Lame width
ﬂ
@ ©f =1 |gom
H 20 - 44 S,OUIU It 32,000 1b.
H15-44 6,000 b, 24,000 1b.
H10-44. 40001k, 16,000 1b. -0 50" |20
0. 2% IO.B"J\J
‘ W = Total weight of truck and load
——| W } 0.4 AT AASHTO Truck Loading
& —or Width of each pear_tire equals 1inch per
ten  Total weight of loaded truck
O.I_I 0.4 - _\&_ _____
P

VITTT N =2 T T T TN T

1.75H 1.75

I B vy i Crosy - socifomn

Single Concentrated Load
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d=1

PR

2F

175 TAH + d) .
/ ]\ - N\
| L ¥ ¥ ¥ : L ¥ ¥ ¥

H =

175H+4d 1 LIZH ‘
|
................................ :
Elevation | Crass - section
Double Concentrated Loads
JBNIUN

e When H < 2 ft. Loads shall be treated as concentrated loads applied
directly to the conduit.

e Where H > 10 ft. Wheel loads may be neglected.

e When H > 3 ft. neglect effect of impact from moving wheel loads.

e When H < 3 ft. add 20 percent to wheel loads for impact effect.

e In unusual cases determine pressures from Boussinesq equations or other
more precise methods.

(2) MseNLUUDIASTIBABROUURTAREWEEN 1naein1seenkUUTuneTazLen
penfiudo il

(1) anudnvesRuiiunasiessseslitesnd 2 We (Ussuna 60 lwufiumg)

(2) saieuield ASSHTO Standard Ywiihwesdesa dnsuaun H20 - 40
uazussnadlosnimiinuessausiniu Wananiminnavesdendsiquieandusudindey
aa%’aﬁﬁmmanﬁuaqé’m 1.75 wihwosmudn) wasinasidiudused

o eumuwosAuiundsliiiu 2 e IAminiinnadesnlnenssgiavielaslsl
souluny 45 oee

o PumUWEsRLUVAWELAY 10 v lifesRaimiinnauesdosaia

o AnuVuwesAUTund e liiAY 3 Wa dosfinusanszunn (mpact Load)
\lesansaiidamssviodnl

AMuBUvBAUTUMEWR( W - §9) wseNTZUNN (% Yasmlinnn)
0-0831-0 30
1-1892-0 20
2-19892-11 10
faust 3 — 0 Tuly 0
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=

(3) Ananensailuiolifiiasusdfuiundsdoanumnunuiduese
(@) Tunsdilivieideslinearaarliviod veauunivdesnnidudld Tusgiu
anmninitlnaniiu wazdinasinde menenilininnawesislndiissfuruaauniwesnass
Fredontuviotaylinadmsuramaniae dwlugulassaidildndnnsinszilasiadiam
TUUALAL LI EaURBNUN LAsNINANLESUANUUS NN NIINToRARUUABLNSALESLwanAR U
Mieasnauu (Road Crossing) LJue1A1SAANIY (Crossing structure) 8nailn
viklunsdifuneassinriuauwing lulassnss Ssihaisazmuudravdeanoadnsganiinismns
vio Tunsdifisasnisinaunagldiduomaey drdnsimslnatiesazlivienay vieasnauusiaiugd
Rewisedaan wieunnifl wdususinaidilwasiu
FBNTAUARTGE) fvduvioaanouuvitevioasnauunatin §uil
e Maximum Velocity neluvie = 1.50 1./3u
e Total Head Loss H =0.4Ah, +h; +0.7Ah, w.

e h; =S;.L, = Friction Head Loss

V?n®
T
R3

L = AUEIVBWIDVIIVILN, 3.

S

= Energy Slope

e Minimum Inlet Submergence = 1.5h, ualitioanin 0.08 w.
1
e Maximum Outlet Submergence = E(Diameter of Outlet Opening)

e Maximum Conveyance Angle = 27.5°lag Maximum Divergence Angle =

22.5°
e Cut off Depth and Thickness at Transition AIUTATRUADIAITNAUILALDIATT
NAanTEAU

FANUUAFINTUNITDDNLUUATULATIESTS

o Annsdinlaifiilusie

o AUANvRIRUaNTUNS T Uazdedliteunit 60 wuRluns dwsu Farm
Road waylitasnin 90 wu. dwisu Traffic Road
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3.9 NMIDINLUUNNATUSTUMATIA
dmsuiunstufusiaudunss (Rigid Walls) Sudunineunimasuman nstisvesiiunad
fosun inamnisiasanluniseenuuuseazdendsil
o 23AUTENBULATIATIAVBIAUNG 817U §1U (Base) Wiaiufiu (Stem) FzAoAY
wiusafigameronisiununsadounarlnsuddafiAnanfunietutinusmmnaun
o lnsvadavasiuniazsosasnsosionisndnatn (Overturning)
o lnsvadvasiunsasdoslasnsosonisauloa (Sliding)
o fagidugrusnseudunaagdosiiddannnediayliviliiAnn1sindeufivi (Shearing
Failure) neldimtinussmniingzsh
o MINIAMVBIMUNI NANUTAFIVBIFIWTINNElALIARY
1) MuwsAuAUgUAIg (U - Shape Retaining Wall)  fusfufugusig siwiehidunila
983 Chute Tnefiivaudnstunsiuiisdosirsananmdanaraiilienasiiusansesieineg Taun
uswuRdutneeras usaduhiuteenans ussudliiuenans (Uplift Pressure) iusiu fagu
Fr9as nseenwuvansiintzdecdaundusafivaneiiorfuuseineg reu dmsurn
prsnovsimumduamadosdulasd
(1) e masmnsiuAuIzdoanuliitaenin 0.25 Wns
(2) U uAuTRukare s uwe g livi i szeg e andn
LESuNANIAYRsNIN 0.10 LA
2) MuwsiuAurdaniunedy (Cantilever Retaining Wall) funsfiu (Cantilever) az@as
frnuvuniigiusgiadosinfu 12,5 lwufiluns denugs 100 wuflung aufegs 200 wuRlLnS
AU UegsTiaIviiAY 20 wuRAS uazIisBn 6.25 WwuRlLAg dvSunnugIveILs
ATLUANTVBINUNIAINTIZINTY 240 LYURUNT wazarfeImMIEsumanaosiuetansiiusanszvinangg
T¥ur usesuAusuinens ussuhdudisenns usasuilduennns (Uplift Pressure) Wudiu

¥ ¥
& oMLY

T T

e ] o Surchargs

AR1RA2R1N!

WT rE
L |

o2 \
e, A

|1':F L | TJl

x
-‘—-—a—h—
—-
=" A e
5

usensevifilinasaiunenuAugUAag
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| |
e
; : Surcharge
i Ii ¥ i
S TRED B Ew R 2 x
+ ' I i i '\
| I i S ¢
| " il ; !
| i s i AR
| i1y i1 i )
| 11 sder 1 3y
Ha R ws | 3
1 1 I 1 A1
e R i \
5 r* ] i Wbt
B H2 AR [
i 11 WT | e Bl sf
1 S oS W (1 58 | S - S S ik
1 1 f'.' 1 i I
; 11 ' AR AN
I T o n v
He i e G -_-\\\
o | i NN
b P o 1 PR e el e
R e el ‘, -_.:' ks —— - l ) | ¢ . A
Tt ] : — wa ! fws | e \e-22
I ¢ : ar i e, g Y
L3 J T2 I L2
L1

wsansevhiifinasaiuneduiuedanuneduy
3) AMUWINUALIUALBES (Slope Wall) Aunwsiuausiinges (Slope Wall) n1seontuy
ADINATUNANYININVDIAMNA LD BIVDIAUAL (Slope stability) L@unDUAIINIIUIDDNRUY
TnssaseneunIniESmanauusInseieneg finsevidenians touwd wsaduRududnaenns usei
drdudneenans usesutilgiuenans (Uplift Pressure) Wugiu
(1) wsefinszvinsianiung (Earth Pressure on Backfill Walls) Tuniseenwuuainsiu
Au 1wy AwneuRularduia SuJufemIruInveaLsIRUAUY19vDIRU (Lateral Pressure on
Backfill Wall) flo1m1sazdiossu Tnvaunsanteussdupusudisoandu 2 Ussan e
o USITURUFUTIMUU Active WneBa usefuvasAuTinssiisentdafunatuAun
Frudne ud vldmunsiuiuedeuiivanlunniuaundafiung usesupuiinszysenilaiunsay
anasfiaztosaudsmasiisiuiunis Srdsfinnsiedouiidn Auaundarunsiesiaany wsssuiites
ﬁqﬂ f ARUAANITHINGIE 138NT UIIPUAUTIWUY Active (Ohy)
0 =K, 0,

LIIAUAUAUTNLUU Active, Dlansy

&
©
= 2
Il Il

4 = SUUTZANDSUDILTIAUAULUY Active
wssruAuluLufg, Alansy
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o LSITURWAUTALUY Passive suneda wissuduisvasiufinszsentndumg
fupu iedumunsiedeuivesfiung usssuRuasinTufiaviey audamasfisiuiunis 18
mawndeusEndudunihiumefasyatuauimans  Aussduiinnilan o geRwiaiimans
eI USITUALATNY Passive (0

o =K, -0,

ludle o, = usaRUAUMUTIUY Passive, Alansy
K, = duusz@vduaausanuaunuy Passive
Oy = wsenuaulukuing, dlansy

o LSNAIANMIUIBINWINGAUAY (Wall friction) TUATANAUNSINLNINI DLUBUN LAY

Tlidumunfazinntnvesfusundssnasasuluidususufazyin i Anadis ddsaniusening

a

UAUNNIAS BLYDUTU WALHLIIANSVDILTIAUAUNNTLYINADALNINI DLW T UL TAeLDE9yin

I
[y Y v v a

g
wufudusRnfuimThvesiunazeeu Yudesanviiudunainduimihvesiunaviseiaul

\59N91 YA TUFIANIUYDIA NG (Angle of wall friction) fsgU

(n) lunsdl Active (@) lunadh Passive

UNVDIUTUTIANIUVDIA NS

Tunsdifiussiuiuiinssvirarunaduiuu Active wsadndaeiifiensaun waglunsd
Aduuu Passive awilimnsdiuly

dwsuiuvieilifanudountu § agidegsening 17° fs 30° Wioonaaunfin
pg38ning 1/2¢4 89 3/4¢ dle ¢ Ao yudsanIunely (Angle of Internal Friction) w3y
AUNTUABLLIIADU (Angle of Shearing Resistance)

The Code of Practice "Earth Retaining Structures” lauuzina1 & d@msuniung
wiae19e 17 fAamneng
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LEASAT & F1SUNULNeTLNF9e)

YUAVDINTLNG )
ADUNTAN3DDY 20°
Wawdnausetnsunu 30°
I < ' (0]

Wuwanliau 15

ddo o d

2) qugmmnmwmumu Tunsmusssupugudned mﬁamwgwmﬂ
o NEVRIIAU (Rankine's Theory) finsanusafinszyideroudu (Soil element)
TuiulnsaunAliussdusudimesiufinssideiunsiuiu wiedeutuiullaruduiuddoussiu
yrshs nuvesussiu v lilunsdlfidumdssunstufuniodoudunnis uasRavweshu
Fundruneiodeuduunsu dniusdiimmuiatousudsamusyninsiufufunsiufunie
dou
o nquiianvosgasuy (Coulomb's Wedge Theory) finsanusefinszsinviomnanu
(Soil mass) LLa‘“i‘ULL‘U‘U“UENﬂ’]iW\‘WlmEJ"U@\‘iﬂu%”L‘UUS‘IJa@J Taediseunun1snaans wazdusansgyinseu
AvAuTiRmaned wqwg]amaﬂﬂaauu dnlnglilunsdifidnumdsiuniuiudodeuliduwuniuas
Atwesiuiundaunasedouliiduunsy fufuddimmuilaviousadenmussringmuiu
funsduRuwidedou
(3) NSMUSITURULUY Active vasnu sdadilifinnudouuiy
e 3u04 Rankine (Auatnty) lunsaligrundeiunsfupuduwunis uavseiuin
Pudundaunsfuiudusnantuduhty g fag

=a
///&%
B
~

H/3 B

T ——————»|

P= KYH

A101301MIAMS I Active (P,) l9annmngufjues Rankine Assialuil

P =K, y-H

“ C0s B —+/cos® B —cos®
LD K, =cos fx P P ¢
cos B ++/cos? B —cos? ¢

£
a

WAZKII Active (P,) aunsanilasadl
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1 2
Py=5Ky 7 H
nszvindugu g Auwunsuiissey H/3 a1nveuanvesmumiiuiu yugaainduly
vy gasiniu ¢
o 35Auves Coulomb (Frduliegluwuisu) Tunsdiidmumadsmunadiuiulaidu
WWIAY wazszAuAusuna s um AUl dul sy

(g\b
&

S
A

B
anasamALseauU Active (P, ) ldainngujves Rankine asstaluil
P=KgH aunsieé

oS 3 —+/cos’® 3 — cos?
K, =cosf- p p ¢

COS 3 ++/C0S* B —COS” ¢
de 60 = yusEviduvdsiunsdufwihiuuunmy eem
S = JUVDIMTAFIANIUVDINIUNG ,B9F7
B = YUTENINAIAVDIIRUAUNSIN WA AUAUYINAURITIU 89017
¢ = yudsanungluveaRueUnaIn e IUAY 89
uaz Active thrust (P, ) Saaznssshidusmiudussanndufiunsiuiu yuastueg furiinues
AN LazdlAtpenin ¢
Afildannaunisves Coulomb ranaamdawifuan K, filéainaunisves Rankine e
K, 0= 90 uaz =p

\ _ 2 _ 2

Tude Ka:cosﬁ-cosﬁ \/C0S® S —COs” ¢
cos 3 ++/cos? 3 — cos? ¢

1—s!n¢=900

1+sing

g o0=0

[
wazamaudy K, =

nauNFITeUaginIwani medyImnssumingnsi 3-110 ANFIAINTINATENS UMINEIRENUATAIENS



Alen1sdTIReenkuulATINSIRIL LT auSn UL N3BONKUUTIEaLLEEN
nsuninensi

vieenamAn Active thrust (P,) danaunisvesuss lnsedenquiauvesnaont
Faoluid

Hesnnidefudundaiunstufuimans Aaziianisiedoulnaluausyuiy
Wnaneuaz Auveshufiazindoud

Aouflaziianany AuvesRudseginioszuruimatsazegluaniizaunasmousasieg
3 us9 fagy

LS9R9 &) NIN5ZYINFDANVDIAY

W = U wmilnvedaudu = W ABC x p, dlansu
P, = Wsemwainmuwsdudu, Alandy
R = usildnauuuszuiuiavany, Alansy

ansamen P, l9nguanuimenvoass
(4) MIUTIFURULUY Passive vasauvdiailifiauidauuiy
e 33904 Rankine (@rAua1aty) Tunsdfidundsiunsfufudunnis uarseduin
Audundsiunadunantuduguinty £ fuuwnsu aunsonusedu Passive Tdannmaui
299 Rankine il
P,=K,-7-H

GL‘UL‘fI‘Ia K, =cos - cos 3 —+/cos’ B —cos’ ¢

C0S 3 ++/c0s° B —CoS” ¢
e 993 Coulomb (Faulsiogluuuns) lunsaiiduvdsiunstumilifuuuams
wazsgauRRuauraaiwndliuwwasu mwﬁuﬁmm £ TURIITIU @HNSONILIIAU Passive I

1NN ufves Coulomb Figil
P,=K,-7-H

o sin?(@ -
lwile K, = ©-9) ;

NPT, sin(6 +¢)-sin(¢ - 3)
sin@-sin(6+5) 1- sin(0+6)-sin(0 - )
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AMUNUNEVDIFYANWAIRNY LHuAeAUTUNTILTIAU Active %3991998WIALTY Passive
(P,) ldangunanewndeuveduss Ingenfevguiauvesiu fagy

TEWILARAU

(¥) FUVABREUTDIULTS /

MIMASS Passive (P,) ldanguvanewmasuvasuss lngandennufjauvesiu

2 9ATaNaNy AuvesiuaziAfounTu (Yntin) uazusedngy Anseidefinvesiu

W = usadlesanmavesiuluan
C, = WsudenuvuvesRUMILSEUUR AN
= € X ANUEMYRITTUAADY
C, = WIFALUUIZINNUNILAZAU
= C, X AUYTIANLUUIMUNIATUNGT
R, = usilmey Passive nszvinduyy ¢ Auidudsonvesssuiuindey
Tnansgyivuuy
P = usd Passive nagvinfiunm & fuidudsannvesiunslnenseyhduun

p
W, C, uag C, awnsodmnumle @i R, way P, $9AN19Y09MUILTY Aatu

annsallsugUaNemMasYeIusIlaRsFUT 24 (1) uaglsd Passive (p) agmldaingy

(5) ussdiuth (Water Pressure)
wsaiuiinsgsidelassadieanunsanildlasldndnnis n1anszaieusefusy
anien (Triangular distribution) Sensgviluiemsisaniuiinveslassadne dmfulassadiieg
Tuih vielpssadeiilesudnsnaandldiueziinusiasss (Uplift) w3o Vertical Component
nsgshiigrurestaseaine ussaoefiduanldan Hydrostatic Pressure ussapedfigalas 7

nauNFITeUaginIwani medyImnssumingnsi 3-112 ANFIAINTINATENS UMINEIRENUATAIENS



Alen1sdTIReenkuulATINSIRIL LT auSn UL N3BONKUUTIEaLLEEN

ATUNSHEINTUN

nszyrelassadtaziiuLsaiumeieth (Tail Water Pressure) wazAes iuTunuainya
fans (Hydraulic Gradient) sgminawai (Headwater) waziei (Tail Water) Tuns@i
ANUdNTUSTRIaInarans (Hydraulic Gradient) auuflmUuidunsesewing Headwater uag Tail
Water

: _{’ wet i
i
A
| H
A\
We2 Wed
=2
i "y - .
e
h1. I ____F&_.n__‘ L I | \j Y
4 2 (J' v
a
I g | L4 B
b v -
' v Toe
Pwiy, i
c d
- - -
] Pz,

NIAAMUYNEUIRLARLIIRULNITUADA Sheet Pile WBRILIITUNF MY
Uplift Pressure wagdlmnunuiuiuresfuazanidunnunuiiuuvesmudendmanun

2.10 §/au.y.

Vet =
7, = 10dwauy.
Voo = 2.80 fU/AUL.

& @

namusssuRuldnsdingumaaiundliduwunia ldanaunispaeuy Al

Twdle

wUasdminussynuuiunadunugauyavediu fail

P, =K,7:H
_ sin?(0-¢)
PN sin(d +¢)-sin(¢— 5)
sin H-SIn(9+5 1- Sin(9+5)-sin(9—,3)

[

ANUGIENYaVRIRUNUMTNUTIVN RO

h, - a9
}/Sat

Wesnyu 1 P, nsgviruwnisuiawiniy 6 +¢-90°
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[

AUUTZNBUVBILTIANULUITIULAE UL LA 9T
P, = Cos(5+¢$-90°)

a

. H (H +3hs)
P N(S+¢—90°) — . "I
cosin(s + ¢ ) ( hs)

o ¥ Ao = 1 o A 0 o do o ¥
wsaduhfifumades= - Uplift figi- aamenamunsdoudisuussdah
P, uanusauluiuisiu P, sind

P, uanussuluiuing P, cosd

ensavdauNsaulaa WeoAsaziaouloaiaziAinlsureIRuAungIusINLaY
KEY 994011397839 P,

1 . i .
g P, = E-;/SM-HZ-Kp (A1 H Aisunus P, =0)
o K, =tan’ 45+ ¢
2
= dmidnussnn viseanusuiuuian (Fu/mns.)

= WSIRUAUAIUTINIUENIE Active KI5aLIIAIUANNAIWNSAURL(FU/avu.4.)

q
Pa
P, = uswiuiuiudisaniy Active Tulus (fuw/au)
P, = LIIAUAUAIUTN9ENIT Active TuLuIRg (Fu/au..)

= AuduRunaIus wisusaiuRuauingluanz Passive nsevinluun 6 Auidu

e}

=]

AIRINVBINLNILALNTLYINANUUY (FL/au.u.)

P, = ussuihiifunades (Fu/aval)

v = wsedui sy Fuw/ava)

P, = wseruiluunie (fu/aus)

h, = AUEIVBIUTIAUAULUY Active 3INFIWTINAUNG (41.)
h, = mmqaamdaﬁuaqaummfmﬁfﬂmﬁqﬂ ()
t,t, = AIUNUIUBIN NG (3.)

W W, W, = didnlaseasne (Sl

K, = dulszAnivesnmusuiududndduanioe Active

K, = dulsedvSvasausufuduinsluanne Passive
Vo = mbevinauty (u/av)

7, = whemind (fu/avy.)

PUIYUINUNADUNTH (FL/aU.4.)

Veon =

H = anugewesiiung ()

6 = YUTENINAUNRINUNATUAUIAURITIU
S = JUVDIUTUFIANIUYBINUNG
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HUTENINAIARIATUNAI AN

=
[

yudeanuAgluveIRUATUNA AN UFY

ASS
1l

3.10 M3ganuwUUIMIUENAY
1) NMF9BALUUNINTIN
(1) m3vonuuutiila FusuladszneudedniiGont gnis gnueu wazayniiula taeld
finsimunszssgnisiasgnuoudmiuoinsviama i
e sz8zgnee li1nnd1 020 wms dmsuilegendouas 019 wes dmiuenais
GRAPTIE
o szozgnuey laitiosndn 0.22 wns dmiuiwnends uag 0.24 was dm3ueins
GRAPTIE
(2) agnupwAudIN IEaNNAIIKaEITN1TAIUINEBNLUUAUNANNITVBIATNIUNIA
sl minvesiiaeniu (Dead Load) ungtiniinusmmnuuagniu (Live Load) 9an5aad
vumadeniay Tnedessmunlhduauegiedte (Simple Beam) maszuinsmedeutinineeg
il
o tviinuesfiazwiu (Dead Load) Fsldvunaunirannsgiuliitosndt 2.00 u.
aravAensluduarLsadoufiAntuaintmiingan
(3) avwmmm'%'amfim TindninaeiuazIsn1sA I NLUUInuAE NIUT DB UALAY
umuﬂusswmi (Live Load) due Usznaue
. m‘wuﬂsuaqLﬂiaqmmuavaamumm (Drivers and Drums) azfnuatuaIndnsids
gn (Lifting Capaoty) ﬁuaamiaqmmum
o nthussnuesuuszUIsTuegfurIAveIUILTEUY
2) masanuuutiilaasassvdetilaashe
Sulasaszvietulantivhe Wuemsiliifedudunsasiluase vienassdsimin
i LiensnTRdeulazguat TN IIe I TVEeaAnAIYBInARwT ATy annsaneaislsvans
sUuuv 1w tulafiure Tulefiuges viotulnneuninaduimin Vadmuanumangautuanmgi
Uszinenaznisldanu
(1) tnausinnseanuuutiula nseenuuuazlifagiinmusieaninuinden sULUUYBIFIL
snazimualitiesdenasanislufugiusnaudnuazvosiu iieanusiunaudauss uazlign
nszuathiaeneAugiusn dlngiulaansuuiugiusn dndnvesiulauastdminussmnazgn
dwaaa%uﬁu%mm ﬁaﬁ?uﬁluﬂma'%mmﬁﬂavﬁmimméumﬁﬂLﬁa%’umuﬂﬁauuﬂaaammﬁlmﬁ?u

’1\‘1g]%@x‘iU‘lJlﬂiViWﬂ’]iﬂJ’W\’]ﬂJﬂ’J’]ﬁJL‘VT&I’]"’ﬁﬂJ wuuaaﬂuamwmmmmwamaq Iﬂ&m’ﬂ‘ﬂ wysgn

éfqaguiizmw 0.19-0.20 u. WazT¥EranUaUBYI¥Ning 0.22-0.24 1. saseeelugy
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———_ v szduthwlladiurng i EZZNN

\ — Auela I_IT qnen
\ J_FF'_E finlaag
an

uansUulaasaszusatulaamdine
Taevily Sulsazgnesnuuuliiamuniie 1.00 u. uazlimudadu uazvuinidio
muudeuse fedeene emnuudusidduazrhnisesnuuulasadnouninasumanvecule
Tudnuaizialu Tneuszunaanumunaesdila (D) 990 D = L/20 dle L {Jupnuemvedula

J2YYADUITHEADUNIAVIUMAN (C) 5.00 ¥3l. ANMUIUsz@vEna (d) = D - ¢
} T
— N\ \ 4 seAuThmiledunne y7%NN

\ e Fuele |—|

ATUNSHEINTUN

=S
ATUEIR

Jularauninasumanasdse Wsenthae
(2) Jumaunnsesnwuudila Nseenuuy ds1eazidundid
etmiininsshiutulavszneudeimdnusnasuasiminussnasivestuls
eimnuAluuigaLuuAutinie Tngldmudnuduiudnsuusinaana
*HTADUANUNUIUTZANTHA
e MInUTINmEANES I N dumdnEsunuen e mdniasuius g duman
LUV
oynUulaldingdn RB 9 mm. iaSumnay
(3) Julaasaszuuuiiiandy
AsfiuaudssauaditutulnneunsaEs I nasase s eamte dmSunasd
fupugrusnlifenuduacudouss awnsaililaensléiandusuimdnvestula uaziaduany
wiausslifumas Inefiosdosiiansaneanosnmuesnassiude Tnefanduduazdresuimdnues
Tulpwazdrodumunisdeulnavewmas muenivesanduazfosiarsalimuizauaundnnig
aaﬂLLUULfmL%M%JufmﬁﬂmuLLmLmuLLaszrﬁm%’uLLiaé’ué’mﬁﬁNﬁqgﬂ
——— v szduiwmtladurne

\ — Aulel

LRty

JularaunInasuinanwiounuLa Iy
LESUAINULTILTIVDINAS

WnLARRURAERINNRAY

PIALAT TN
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3.11 N15PRNWUUALAY

1) dnguszenAuazaneazatas(Purpose and Description)

fuRufte oeduszneuniavesszuueatutivian/magidsmanannnanisinuns v
ihfiruausgdutvhy fanamsivatesiwiafiosnsedufuinvosunas/misdudomanan
yansneng ileliufirueuity Auftndvenssy fufigraminssy Aufinuasnssy fufgud
otfendovdoiiuiineadne iusu Yasasuaingnnsefidisevdfiooniuu(r) uazduluesdusenoy
voendyaTresguruniedniunsguainuiveslassniaiaun oynsuasituumaa el
dulumuanufesnsvesnsuivmisdanisih nseenuuudesanunsaldaulfedediussaniam &
Adunsuaziigesne

2) miLﬁanﬁﬁ%w’%an'}iﬂizqnﬁw(ﬁte Selection or Application)

gl lunsussandlddssd

(1) fufinafismediniunisieains seozduniovuinBermananiudaunasin
dlensszuneiivaintaningnnfouaziadosnmuesduiuniends vilinisuinisdanisind
Usgdnsnm

2 iz‘umzmafwﬁgqmsﬂ,uLLazmauaﬂﬁuﬁmmmﬁﬁﬂszﬁw%mw dloantymiviands
ﬁgqmﬂNuﬁm(maiuﬁuﬁmuqm)uazqwﬂﬁa(uaﬂﬁuﬁmmu)

(3) desdiszuutlosiunstaensvotaindesfuiuiuiifosiuussenzannslnage
pannlutiafingnnfomeusniiuiimuguvieduiidossuaduiiinanussauidussansnin lagld
oy fviiAnlaesssumdviolasaiunnsiiinegiuanugunssvesnsiniezudennuddnyves
fuiruau iWeantlamnistaziionanelifnnnuidssmeafiosnnosdufiunium

3)  danasanluniseanuuu (Design Consideration)

fofarsanlumsoonuuudissd

(1) mmsﬂaﬂmmL?iawaaﬁuﬁmmumﬂizﬁuﬁwaquﬂﬁaﬁmsauﬂﬁaaﬂLL‘UU Jud
EOUTUVDIYUTULAZH LATUNANTENUAINLATING

(2) TeudennRefUaN B gIUTEWALAEANLMINEAUNIUTaAEnTYaIN1T g
vantraingnnfenionduilinanusan

(3) fAdudunsuaziigeinu sudanmansonnansfulagnsadsueyiosiud
fossuinvausaly

4) N5PBNLUUAURY

a.1) doyafisndulumsiesgiiefiosnmesdiufiu Usenouse

(1) JUfemesduRufisaniuusazAaNTRveRUT I Roa1sdufy

(2) Foyaduuginameans 1¥ud nansnzdmetuiuuinaiiazieane uazun
wthdamasd i

(3) doyaduvamans 1¥un enuswesnszumiuasseiuisinae-gean

1.2) mAwisussilmadn  ielilunsiinszimAiaiosnmvesiufuuazaianas
(Fufuegiunas) dduinmsiieneiisndusdedamiifniuguanifvesiuuaznssiuun
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YlAvoIAU WFaunsETaUTTuIULUUTesAnM TIUALS WielraunsaifenaaanTfivesiulas
wihdnfvngauldlunsiieseiliegamunzay
MIATITAEDgsNMUBIAUAL(Safety of Factor, F) 19 35989 Swedish

Circle(Fellenius) Solution : Circle Arc Surface

F = {c"L+ tand"Z(Wcosa-u, D}/ ZWsina
\le L, = ATMETIINAYeA failure Surface
W = dhfnwes Slices
( = A8 IUVBY Slices
Uy = Static Pore Water Pressure
o = UUAALBBIVBIFIU Slice NTLIAULWITIU
C way ¢ = Shear Strength parameters Tutnonwes

Effective Stress

1azA5v04 Bishop Semi-rigorous Solution : Circular Arc Surface

1 sec a
F=——"=2X [c'b +W(1—ru)tan¢']
2W sina 1+ (tanatan ¢') / F
dle " = Pore Pressure Ratio = u,/(yz) =u,b/W

AUNINVBY Slice

FumeumsinyeiatesnmuosduRuiiaed

(1) WeugUdafupuiidosnsinszsiaiosnm ﬁmumr,m%uﬁugmsmLLazﬁé’ﬂ‘wmz
ANV NANLIVIAATATUOIUAMLLILAY X Uy Y

(2) fium Potential  Failure Surface 1Judiuvesisnay lasfigagudnany
Coordinatesinge)iu

(3) wisandufunile Failure Surface tHu Slices Tuwwids Wioldlunsdmaniy

O
1l

=

Fumeustaly

(@) AwIuen Safety of Factor, F@iuaunisaenandiedusieanuaudavedian
(Material Properties) Vllﬂmﬂmi‘maa\‘il,l,a”m Pore Water Pressure %30 Hydrostatic Water Pressure
msuamumurravsmwﬂﬁmmvaummsmwwmsamswvvr Woruumusweswaz Slice 71 Failure
Surface

(5) VimsAIIMIAT Safety of Factor mude (4) @11su Failure Surfaces ﬁﬁﬂ‘ﬂ
Audnanwinafunaneqn Llemnen Safety of Factor AifiAtiaeaa(Minimum Safety of Factor)

FBmsrualuda(s) wiema Minimum Safety of Factor az@adldiiatlunis Trial 1nn
Frfudernunadlumsegimanatissnmanuainresiuiuiinsdinsienesiineg foonuuy
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annsoldlusunsud S agUitetieanstazalun Tl einsnsdiumuUasndeiangn 1wy KU
Slope, G-Slope, Slope W 438 SB-Slope Dudu
3.12 mssenuuuileuliesiumas
1) dnguszasduazdnunizain1s(Purpose and Description)

\Woutleafundsio ssAusznouvilsasszuuiesiunisineznamiesaniuszvutesiu
thwia vhmthiieuaulaldiAanstaeneads ilelvifufieauauitu fufinndvenssy fufigusui
ogondiy 1udu ﬂaaﬂﬂﬂﬂﬁﬂ‘fjwﬁma\‘iv\l\‘i%ﬂ”ﬂaii/il,ﬂﬂﬂimLE‘!EJ%WEJELH“U?G]LLa‘“VliWEJE‘m“ZJaﬂNVl’eJEJ’mﬁEJ
Jumdsani masenuuuesanansaldanildogaiiussavsam Seduiunisuagiigesdnueh

2) m'il,aanwmmamiﬂizqnm‘im(&te Selection or Application)

il lunsussandlddasd

(1) fufinfadissmedmiunisteadns emssznietvantaaiagnnds vilfns
Uimsdansihilussavaam

2) flszuussreimdnieudiiieame Lﬁaamﬂ@wwfwﬁam%’qwﬁqLﬁ'?iaummluﬁmﬂmsﬂu
fufinuan fiorafananszyuiuadesnmveandoulesiunis

3)  danarsanluniseaniuu(Design Consideration)

fofarsanlumsoonuuudissd

(1) annsatlestunsimenzeasldegniiuszansnim fmefaniiAamusssunavie
Tssadensiituegfuarguussresdgmmstneznas Wuilsousuvesgursunaslésy
HANTENUAINIATINIG

(2) danudennnoIiUaNYUEAIUTHNA ANYLLVBIYUVULALANILINZAUNATLYA
AansueINIsivanaIningnnge

(3) fAdidunsuaziigssnue sudaeuassansnsiusaznisndareriesiud
fAossulinvausioly

4) seenuuuldaulasiunas
4.1) Feyandulumsienesiidensuuuuinasguidoutiesiunds Usznause
(1) medrmaanmiilluinuiuiineats @nmedaazs i)
(2) doyaduiginamans Tiun nanisingdrseduinuinaiiaetoatns uagaue
wthdamasd i
(3) Foyaduzamans 1iud Araweanszuat Anuainduresionn sdut
fnan-aean LaruuARaURIRENOUT e
(@) Foyaduemudemsvesusulumslifiufizusdafiofansamassugeingg suds
foyanmsdsgnainsiossuvasslnauinasuma
(5) Foyaseianieasisuinaiuilasms
4.2) mAwnwisussilmada  efadenguuvuideuteafundifinnumuizauuazdl
iosnmvasanands Inglumsiisgiaesesnmatrseudeyaiunasnaansfimaimnssuvieings
Suuseshu ilelilumsdinssimanaiiosnmanuainvesanands fafudvhnsiinsgidsnd
wdesdimmiifetunuauiRvesiulazmsduunviavesdiu W%famﬁgamamaﬂizLﬁugmwuﬁma%
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FansIald elianunsaidenquantfivesiunazniidailmnzausldlunisiesziildodis
WraN MIATERatesnMeIaRaingdneszsng anunsesndunisidduientunis
Anmesiaadui Tnefifeuusihifisduseelud

(1) Aengimanaiesnmvesasiuiifesdidminnseitusdavifuimdnussn
vlUliAy 1 fudemsnaans

@ AeseilunsalsziuinanasedresnaRapid Drawdown)

(3 AeneimAnaiosmeImNaInTeaIRAsATsUTUUTIaRALAL Tnenns
UfuanAanumadundsnuiulsaudaliiiu 1:25 Grorluund : sseglunuiuey) Wedaden
sUu@euloafundefivnzas

@) '3Lﬂiwzﬁmml,aﬁaimwsuaaammﬁqLﬁuLLazawmmﬁaﬁﬂ%’uﬂqﬂmamﬂﬁummﬁum
YoIAAMAILEN LHu NMaFeeiiu mamenianidu idusiu

4.3) msoonuuUdouiiuFemieiiuii

(1) Anamunvesius s ofuiaGize of Riprap) 1AgAUIMNMITUINARZUD %Y
Bendefiufisivmnalvgjminferay 50 9nauTYes ConnDOT Drainage Manual(2002)

:

LEFT FLOODPLAIN E s

|( A)’(E_UAMH,EL) RIGHT FLOODPLAIN
Bro— L% |

RIGHT BANK

Definition Sketch; Channel Flow Distribution

3 05 15
Dsy = 0.00594CV,y /daye K

0o Dy = IUINAAENANUDIRUSTEISBRUNY, L.
Vo = evmiduadslunadiven, u./Auil
dave =A0ANRASTUIUEN, 4.

C = CslssCpsn
Co = wilmmasusumiasarnaninanul
1.5
= (SF/1.2)

Coe = wAMBSUSUANLLBINNAE MWL VDR B915 DTAUNS
1.5
= 2.12/(55'1)
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Se = AL IR SR US s ofiuT = 2.65
Com = winmesUSuALnmIndainunesiiPier or Abutment)
- 3.38 nsdlilasAmunanai
- 1.00 nsallaiffAsAmumenailutisdniiifionsan
= Bank angle correction term = {1—(sin20/sin2¢ )12
= yuamnuaeduvewdndouldesiunseviiduuuiy
¢ = sumrnhvesiiudsmiediufienssyiiuunnsiy, 0w

A1319UseIIUuAN (Stability Factor, SF)

,; I a 3 ,; | 1 =l Y @ 3 v v v 3 ,; a
mslraveniduiuususey aniwdudimsasolaadniosSrtianulay/mmniiedd dan > 10-1.2
30) Lufladunnnsenu svigwaduafionafstsditesnioliitn

mMslatidnuasildsuslasuursaluresly TaseuiuiunasGatanuldyanuniiEgul den | 121 - 16
5139 10 - 30) TAAU(SINDIIINNISHUS B)INNSENUUIUNAN

msalldnuazidsullaseed 19957 yuldsanides(Salinnuldyenuniteiul et < 10) 161 - 2.0
a = a A - =
fiaduuinmafusennenuaaeana(AINgRaLUTaIM 0.30-0.61 Wwns) nMslvaliany
Yuthu funuanmslvadiuernnsinuing densnasuqiionafetesiuanuiuasdn

45 0.04 0.06 0.08 0.1 02 03 04 06 0810 (m)
I I T
— Crushed Large Rock
"
@
g8 ol —m"
g'ﬁ — Very Angular
ko Very Rounded
G O
2q
[y
=
< a5
ol L 1 vl

0.1 02 03 04 06 08 1.0 20 3.0 40 (ft)

Mean Stone Size (D)
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YUINAALTAULT LT DTAUTS

No. Riprap Class Rock Size1 Rock Size2 Percent of Riprap

(m.) (kg.) Smaller than
0.40 91 100

1 Facing 0.29 34 50
0.12 2.3 10
0.55 227 100

2 Light 0.40 91 50
0.12 2.3 10
0.68 454 100

3 0.23 Metric Ton 0.55 227 50
0.29 34 10
0.87 907 100

4 0.45 Metric Ton 0.68 454 50
0.55 227 5
1.10 1814 100

5 0.91 Metric Ton 0.87 907 50
0.68 454 5
1.37 3629 100

6 1.81 Metric Ton 1.10 1814 50
0.87 907 5

L Assuming a specific gravity of 2.65
2 Based on AASHTO specifications for Highway Bridges(1983)

2) AU URLSwReRuTa(Layer Thickness) ldanideuludelul
2.1) ferlaitiosnin Dy, vosiuSsmIoRunis
(2.2) Talsidasnin 1.5 winved Ds, YpRuT R eRAuis
(23) fimldtesnii 0.30 WAS
2.4) maamundildands (2.1) 8 (2.3) madiudn 50 % AU slEn i
aulduiuouveniwesaue TWegMY
(25) mAnuvuTldands (2.1) 1 (2.3) msiiudn 0.15 - 0.30 was ooy
Hostupaslisuusinashaneiunay Tanaesth
(3) AummeLAnvesiussaEeiuisna Toe voaioulioiunas
drog = 1.74(Dsp)
ilo droe = PANvRsiUS SRS M Toe, 4.
Dsy = suumﬂavﬂmwaqﬁwﬁaw‘%aﬁuﬁa 3.
@) AsimusmAveIuRaTTUSIU(Filter Layer) ) Delldunuledunsizi
(Geotextiledsldprumunduiiui s eRuSsafiuiuiownduiusosiu
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3.13 Mseanuuugiiviciuaduandou
1) Aaquszasd(Purpose) ionaukudanisiiuiifuaniuiitunuinisvesyuu Tagl
auddnludesinanfiiedoutu msliaos gunionin msasmuuazmsguasnu Wusu nieu
seldauduiudtussnisiuiifaddfuanmituifurioanmituilassou dilafsanmindon
wavpitlygviesdu
2) Uadviidesiianan Usznause
(1) {ldaesuaziuililunsdunlifuilasinis

o Uszanaunltuanuiiaulavesanunangidunldlasinig
o Usznnaszezianlunisldiunvesidnnldiunlasanig

(2 ANANITOLUNNTTOISURINTTUVDINUT

[

(3) Masvasipsdulunsauasne

)
)
(@) anmaiiussinelagionnie
(5) anmdaen Tamsssauasviusvioaiu

3)  WWIAANITINNHELATINTG mi’JNLLNu%QJﬂﬂ?iﬁﬁﬁﬁﬂ%ﬂ?ﬂﬂﬂﬁﬁﬂsﬁu%ﬁﬂG]‘S‘u AITHOY
aonndastunginssunisliaiefiasiindy Faagldannsiesgidnumsvenauild lnodeadly
amuddnluFesinegfifedasis nisliaes qunienin maswmuuazmsguasne dnvueiinves
duasszarfosasaauemauludesineg ldegramnzan danudiusvesusavitufiniseyil
amuduiusiuegamnzaudstusas gy fufiindeutuiiufieantdsnie dansstudofiansan
sunsldituiiiienanssuluaiuansisaglnensnunuuisdnnsldinuZoning fimanzausunis
&uas(Circulation) 2zdlostunstaudsszninafanssy awnsalddnenmussiinuldegaduiivas
Preligldidnguaiazdrnvedasanisléid deaduiunaumioanuneiiiosvesdldaos viegunsaid
ey nseenuuUesanInsesiuauldvnngy teinneianma ynfe vieaniuniniisdan
yanauazdeny mdadsdnvararmdudiuivesiidwnindeunuudeunans fanuduius
sgraiuiifirldfuanniiuiifuvieanmituilasseu Wudu

(1) wnauinsimunsluiufisssufnly

1

o NUTIBTTUNR LiNaSNwMINeNIsITUMRlUNUNintegnaonll 1oy Nunlidnvaeinu
dney Wunauliliasannsssuand 1Oudu
o NuUNAIUNANFIUNIUTETRMANT LYW NUNABIAIUTNY1081993999 NuaaIusnw

aunstUselewd Ludy

17 ' '
=~ 1 =)

o NUTLNBNITHALN 19U HUTEN13UTNMTNULBRIMTT audfnrodeoans WWusu
o NuAionsldUsElevdlufanssuiiiay 1y Nulliven1sA1 WuNgaUsesvuafeeg

[

Hungldvinnsinensuazuednd Jusu
(2) WMATANNSINIRILATINTS

o LUIANNAANANYBILATINIS(Main Conceptual of Project)
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o amdnwaldeinislueunaniiaziintulunmsiveslasinisnselunsasdiufiui
Tneilidevnifussdeui(themeluasiiqasjsmans(purpose) 1wy nihillfaesuazuinis mansewiin
AOANNLINGDN FUVITEAMLAYAIINN NMTTANITUATNITRASIK

o ondnwaimesnenniidesnislueuian wu n1sldasuazionssy fuszuunIg

a3 euantnenssunazdsnoasns Wudu

17 '
=~ =

o LWIANMUAALANIEEIUNUA(ZoNing Concepts) Ltu WuNaunilassnsiaduiug

[
=

as1say WiensidfeuaznisdeusunieaiufanssuilildiAntuduysedr arsaziaun
wnAUAATIMEA KAz MmN walvesiuTiduilvidaay WWudu
o mMsadaununiinanaminiinisldassuaziauuiniuAn(Functional Diagram and
Conceptual  Plan) Tnen1331e3unsedassdrng iursnaugusosdn 13ondn “unugiisy
o1 (Bubble Diagram) %39 “LLNuQﬁ%ﬁﬁmﬁﬁaaammqﬂuﬂa” (Ideal Function Diagram) W@
fiangunesitindaaduisiuiifieliiAnauduius(Site Related) iioiauaninsamveanisld
aaaashqﬁszwﬁluﬁuﬁiﬂmmi@veraLL Function Diagram)
o mudnvosnuinifiliass
- enadlassiiugiuesnisldaesesnedinuuuny
- wmauinauaziiuildacs Tnersnaugunoshannsovlfidunmdilassves
nseonUULldmudadiuiidasmsuazansnsdenlesnsrurudyasie
- mafinwuumiaden TaensnesUuuunansuneniinnegfu 2-3 dnuue e
Wisuifieuded-teide ileidonuumisiiniign
o Fahauupivihiildaesnuonuad
- afaunupiuanmihilfaosnugeuaiuunszaudaiesunesiienaien
- aunugiuanaihilldaosmugauaRuuieiud ienansauduiusiiiusie
1nTu 3enmsnafaduiii “A19INNILLIALAR " (Conceptual Plan)
A uduiidesfinnsandnlunisaaununisuresth 1Wun aun(Size) nafmundins
(Site Location) whansdn&u(Proportion) wazn15dgyas(Circulation)

4) ‘ﬁug’mﬂlaﬂﬂﬁﬂﬂﬁiaaﬂLLUU(Design Principal) Tn15W919u1n193099AUTZN D UUDIRT
9AlATIAee laln
o LUUBIUATAUNTININ(Aesthetic)
° mi’ﬁﬂa\‘iﬁﬂizﬂaULLaz'gﬂV}N(Form Composition)
o TanuarjUluUTRLIAnUTENOULTIN NTLHoNaAUsENOY
o N1FINDIAUIZTNBUVBIVSLIANSpatial Composition)
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5) %#ann1slun15IneeRUszNau Usenauniy

o ddu(Order) nspanuuUTiasngnae nM3dnszideunienisdadifunisidnda
ALAY AL nsiaeafifianudeidesazidladne ‘1715\‘11‘14LLUU'gﬂauuﬂmi(Symmetry) WAy
9auIInI(Asymmetry) i?ﬂﬂgﬂﬂﬁiﬁﬂaﬂﬁﬂizﬂaumﬂﬂa&JWQL‘fJUﬂa"Mﬁau(Mass Collection) wyu a0
Hnssas Judu

e @nNN(Unity) Lunisnaundularauduiusvetasrusenaulnesiy wandaanis
anuduniafion wWuanudidyi vunn 3519 @ Arduda TneiinaingatduDominance) v
psAUsEnEUNdNYIeNguveteAUsEnauTithawls Wasuyuuesuazthanemandivilsldedndivils
A1591(Repetition) Tasesfdsznauiimiiouiuniendrondetu andanauuazamuaudfy N3

I
[y Y

WwouletaAUsznau(interconnection) MatnvatglviduiusA fuM1aN1EANLAZYULDINIVUIA
JUSN Auaziiiduda lonnmvesTaniiunssaiUnity of Tree) Magaivaduanuaulaluusazusiiu
A59ANUTHIU ANUIEnaUIe N1sweluweatAUsENaULAY AN DUBY

o FomzRhythm) Wunsdnesruszneuifiansanidados 1a1(Time) waznsadoud
(Movement) uanseanlul3a9189n159MAIMNA F99919 LUVLHLIDIFUNTS T1T9UazIIANT
Wasuulas Uszaunsaliildiuanesduszneuvesuinailifaanudsyivlaiadouiisiiues
aum3 Tne1ina1nn3an(Repetition) veeeiUsznay WliAnmunisiisauazdnsnnuivestosing
i $2 s Hudy madenvdemsduAsuAlternation) asanuuandisludameiiatniaue
viomsaduiuAsutan TuSesuunn fduda U3 3 wudeileafioananunionnnisd A
nsafutn(nversion) iuMsWABLLasE Iz TRINTIRRIAUsENBULIUATIF UGN Lieaienm
aulaanizau msaavau(Gradation) Ingldvunm U & uaginduda Nadumavasuuvauuud
a1y nanlumties aueluglumauinan dosulumdun

6) awUsEnauvesupliaatdnenssu(Landscape Elements) Usznausie

e JUNTITBIKUAU(LANd Form) SUnssvasusuRudududdnyesniseanuuuiiud
iludenumnevesnsliiud susuureInsssUIet mmansalunssuiminve s uR uLa
sUsasiuiiiNSpaceftanfniu n1sadrauasusuUssunsswasukuRultAni el dusslon]
nuiiviEdamsariala 3 sUluu Ae

o mastaCut) wanzgdwuiuiduidwiue Lifdnenmlunsliiuivionsenms
Jaaonmafudufiiniumudesnisoenaniiuiifulfeurieeglugunseildnuld

o manu(Fil) wanedmsuiuiifufiduiidy didnenmlunslifuivienseans 3a
mstAuINUdunuiu Weliuioglusunssiiannsoldonuld

o MIfnkaaN(Cut & Fil) mmzé’m%’uﬁuﬁLﬁuﬁﬁgﬂmwaaumﬁmﬂuﬁwqu Ualay
dudu Fefimadauarnaluuioamuiilivnzausunsldou

e th(Water) LﬁumaqmmamﬁmﬂﬁsmmJaqamuzLLazé’ﬂwmzmqmamwlﬂmmgﬂmq
vosunassosiuld msthiunldlumssenuuuniesdtssneuesnugiandaonssy fnaneisuae
JULUY 1o
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o Mnulussiusznovlumsesnuuumisnenm (Elements of Visual Desien) Use
noume Li(Line) 3Unsa(Form) wasuazd(Lighting and Color) Haduia(Texture)

o mmu§AnfuriinamesiiSense of Quantity) Ustnamestiannsaiiuanuidn u
aruasy uBslngrionuiiding i Wudu SntalSnafiuinnesranusatisanmufouliiy
U3tallaesould

o tfunsiadeulaWater as Movement) thilslnnuidnasuis asfiuazrounany

YV A

dahvavilidninisidiouii(Movemnent) aulva(Flow)siaiiles HouraEwazTINTIN U YN

Y
1 kY

dnnuaveau udu

o duansrnumneuasdudydnualWater as Allusion and Symbol) nseuati waiii
1579 shalrumnefianedu tanunsadrsenuanuaulaliiunuile ddieadrednvasians
(Characteristic) vosituil

o astiuazyon(Pools and Ponds) aiz‘ﬁuﬁaLma'aﬁwgﬂwmimﬂaim Turnedivotde
uwidaihililyusdassnussaed fdnvasdnidevdondoulmilies annsouansnmagiiou A
A NALTEINA N TALARIATINANAN WaTESREREF U dIe Vs azastin ansalddu
aerUsznaus el

o fNanssalil(Planting) n1sepnuuunIsttNenssaldi(Planting  Design) Tun1521979

Usznause

o msldfanssaludeaniinenssuArchitecture Uses) 1w nsadsiiuiiusinaning
(Creating Space) MsUnadsiagfivuaiAnweduley(Screening and Directing Views)

o msldfirmssnludemnueu(iesthetic Uses) 1t iugauu(Providing Accents) 1
VUR(Size) wag3unIAForm) i’JZJ‘Vlz\‘iE‘i\‘iLﬁ%ﬂJmm\‘ﬁﬂﬁﬁUaWmiﬂﬁ%aam‘f]G]EJﬂiiﬂJ(Complementing the
House or Architecture)

o mslfiemssanieruauaningfionna(Climate Control Uses) 1t n15loisaia
(Providing Shade) n15UatNas(Screening Wind) nsUssuiFimeiazadan(Directing and Channeling
Wind)

o mM3ldnynssalunimnssuEngneering Uses) 18U NMIAIUANNITRING18VDIFU
(Controlling Erosion) nsAauANn15&eyas(Directing Circulation) ﬂ’JUﬂ@JLLa\‘iazﬁau(Screening Glare)

o mslfmmssasiietestudssiilifeantsivoice Screening)
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3.14 m’iaanuwﬂyuw‘,ﬁqﬁqﬁﬁuma
1) dnquszeasA(Purpose) Lﬁaaamwuﬁm%’umiay%’m& ﬁuvjﬁwﬁwﬁﬁmwﬁ fiuszneuseg
szuuiinefidudouComplex Ecosyster) Wevun sUnvulazANaIndu %uagﬁué’ﬂwmma
nenmvesiiufiginindug InslangogaaUnuiuasssesnaveanaimiviagiuuysluma
Snwnrvesduinuazggna
2) faMarsanlunisesnuuu(Design Consideration) 8111555uMAYNUTAsEUIET
LLasmﬂaumﬂﬁuﬁejuﬁwaﬂﬂﬁmaaaﬂ Huuvasiduyuresuruiaydn 'ﬁ’suﬂu’uﬂmmdaﬁagjmﬁa
vosfisuardniih Ussamvesdminsssuei Gedwuneentd 2 Ussndsdl
o dhiliienusuasdiveniuararnrdadunsin fu ldrosinmstnez(Threshold

Channel)

Example of a Threshold Channel with Bedrock
Location: Furnace Branch, Wayne County, Tennessee (2010)

o ahilituas WunmsihninisiaenziviewiinazainnasAlluvial Channel)

B .o | Vil B 7] D alh{ BF FT o ~ A
= NGRS - PR YT S

. - - :g;t_f:
Example of an Alluvial Channel
Location: Sulphur Branch, Overton County, Tennessee (2010)

3)  UWIAANTIBBNLUY N15BBNLUUINBNUNAINSTTUIArBIAladeanIngs-gnning
s5alingn anmgiuszima Ayunaquuarnsldnauluiungu lneduldlassasaniadmnssuni
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g*dquaamﬂé’aqﬁ’ummébaﬁusuaqwuuﬁnﬁ(“Soft" Engineering Treatment) 11ANIUWIAANTS
senuuvluedniiiulilassadramisimnssuifisduvuiuaudausafissedrafea“Hard”
Engineering Treatment) wazAsudsiivzasiasesiusznauresditinsssumiNatural Stream
Function)id1dty iieliAnaunanissssumiluditihesatuas nseenuuuituydiisssuenaia
wdpsanuiinuagneulugii Wuudsilegordevesdnith Warandauagiionififausiung
wiauss fadeaiinisfnnuuazUspfiunansiiuydniessoides awisadinanisussfiuly
Uszgnaldlunsiiungrihduseluld auuuifnues EW. Lane fiausuugsuuuunisiluydiin
(Conceptual Model) #ianunsalfifundesiloludsyiiiunisidsunlauodniisssusid 1y
Uananii(Flow) mmmm%’u(Slope)LLaWU%mmmvﬂau(Sediment Load) tJudu mei’waaaﬁ%f{fﬂﬁ’u
Tudeves “Lane’s Balance” sawuaaﬂumwgﬂmEJml‘lJ‘mLLiﬁLaau‘mmﬂmﬂmil,ﬂaauwuaquﬂumm
waugafuauLusmosiiumaiuazUiinaungnoulud filisdhauna ianstaezyie
anaznou Uszneuse 4 fudsildlunsuszidude

o UTunaumznauluin, Q(Sediment Discharge)
o UIARENBUALNIINAAY, Dso(Median Grain Size of Bed Material)

e U3unaudn, Q(Dominant Discharge)
o AMUAINTUVDITOIUIAN NIDAMUAINTUVDUAUNS 19U, S(Bottom or Energy Slope)

NGHRRPEHIRED Q, x D5y ® QX S

Januduiusues Lane wandliifiuinginasssnsanmaugasgldidosuusia 4 siliaunis
Hansauga Srdudsimdsiladsuudasluegnadifoddn snhasfenansenilasfanstas
viennaznauluagnsdaiasauninduusdunasuiuiaudigannzaunadnads segradu ns
Wauamuanduresgszuietvedlasinisieadtenuy vlsiuiiiuivessssunedfisdu 1A
Uhinahvilugszueidstuidliiieaamybiaugs Ranistaengiiaanduasiiesgszuiei v

Wianuanduveaszuiginanategsaiiosaunitanuaadulyagiliiinanizaunadnass
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4)  doyadoinns n1suydninssIumATY Heanuuudessiusiudayandndudeil
O ANINNIINITAINVDIAIUT LU ANETI(Length) AUAIATU(Slope)ias AINUAR
LAE(Sinuosity) LuRY

NORMAL FLOW

BEGIN RIFFLE
|
5
0
| B
@
m
9
g
w
o
T
m

BEGIN RIFFLE

RIFFLE

LONGITUDINAL PROFILE POOL

Computing Stream Slope for a Pool and Riffle Stream Structure  [PooL|

STRAIGHT LINE DISTANCE

______ DISTANCE MEASURED
ALONG STREAM OR
CHANNEL

DISTANCE FROM "A'

TO 'B' ALONG STREAM

STRAIGHT LINE DISTANCE

FROM 'A' TO ‘B
Sinuosity Ratio llustrated

SINUODSITY RATIO =

I ————
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L Meander wavelength

N Meander are length

W Average width at bankiull discharge
hit g Meander amplitude

Re  Radius of curvaiure

=] Arce angle

Meander Characteristics Defined
Reference: USDA, NRCS, NEH Part 654 (2007)

3

=

uﬁlﬁﬁ’lﬁmméﬂﬁﬂﬂaqﬁu(Existing Channel Cross Sections)
Ué’fﬂmumasuaaé"]ﬁwﬂmﬁ’u(Existing Channel Profile)
svsuthinelasens(Tail Water Conditions)
AsfuAseIain(Channel Stability)
ﬁ%ﬂﬂﬂﬁju%umﬁlﬁ(Existing Riparian Vegetable)

CaNl

S OO OO

mﬁm?&ﬁz“uawWﬁﬁ’l(HydrauUc Roughness)

5) NEiN1Sa8NLUY msaaﬂLLUULﬁaﬁuvjﬁwﬁwﬁiimwa WU N15YARBNVLIYAIIUATI
warauan nsiusnilugid msteadremedndemanaanisnisineas (Judu Sinainns
ponuuUaganeqagUldsil

e vandsanieilnansznusediiesfi@a(Minimizing or Avoiding Impacts to

q

Streams)

O 28NLUUANUNTIAERINTUIAIUIAAIANSVDINIT IS PALAINUANLALIADAARDINU
anmiagtulazUSunaninesnuwuu

]/

| B

=]

e
ol

% High Shear Stress Zone

Shear Stresses in Channel Bend
Reference: USDOT, FHWA, HEC-15 (1988)
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Trnax YWdS
Toend = Kb'.l:max
-0.082(Rc/B)
Ky = 2.36e

. o ¥ 2
Maximum Shear Stress ¥94a1U7, Wb/ft
. o sg 4:{' ¥ 2
Toena = Maximum Shear Stress vasa1unlas, lb/ft
Ko, = @1USuliiuaas Shear Stress Nlasin

Vo =t = 624 l/ft

,_
=20
©
A

3

X

I

d = anudnvesih, W

B = aruneewionh e

S = mmmm%’umﬁ'aﬁuaﬂﬁaﬂﬁwﬁa Energy Slope
R. = Seiivnsldni, e

o sUuuvradlassadeilFlunisitugdidesiiauasnadostuaudiiuressyuy
Tnanogluanmilagiu

o lensiluydrindniunisudnaa desdelfiAnninunainvateniadanin
(Biologically Diverse System)

0 muiﬁmaamwawavmaﬂ%naﬂwwma86]mwLmuimLmeﬂwmmmawaqamm
ausiuas Rnsuangumgivenit Tulindionu emnsuasilogordevesdnd ananuiaves
nszuathiinelmisaudemelugaimanuasfivansomslufu

o eenuUuIESIANLTILIIvesAIRRANDesign Revetments)maaé’wﬁwﬁﬁmj

TANGENT POINT
—— TANGENT POINT

T = .
X A, 7 <IN
},fg ’/ i p" \\\ R
S N T : Y
& 4 T - L
/ // i //(' R ) \\\ \\<>\
N6 S / N EERNERN
yd "\’/’/ s AN \\ \\ AN
/ yd / A / "// \\._. '\ \4 \
oy // . ~, \ \
A ) %
‘// /,/ // \‘ Y \
" , \\ N
//;/ //'/// 4 ™ \\\ ™ \\\
S ,
LS N\ h
s /‘,/ \\ .\\
7 AN

Longitudinal Extent of Revetment at a Channel Bend
Reference: Adapted from USDOT, FHWA, HEC-11 (1989)
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v '
o a

o awnsnanUiinunzneu Wuundsiiegendovesdaitldaianduasiosihiidenna
funsudanss
ansnanainimesnszuailuganiatvannled
ausafuiniiedundshdunuuesgumy dniuasiinlugguials
sl giedusamanivesditigiunasfleanuuuegnsauysel
Uszanumseenuuuilungiisssumnilfaenadostuszuuinauasnansenusu
Aawndouiionafindu

S OO

<

T =

o LiosdudeasuSullasunuiaiuinfsiunisagesnia(limitations on  Stream

Relocations)

6) ij’umaumﬁmsﬂzﬁ%’agaLﬁamsaamwu UsENaUMgTUNDUAIL
(1) AIUIUNIAIAUAALAYI(SiNUOSIty)

Sin = Ld.'m.'

1

Ly —.
\\\
| LY -
VALLEY LENGTH
END —
. _—BEGIN PROJECT “al
R " PROJECT i
e il o | b T
' ,-‘1,-'" -~ A G Sy A A W
o e TN TR [_ "'\‘5\‘.\‘ '} R = 4 W
(i J WOW )N TR W
M | \ gl =0 \ s .
= \'\\ iJ/J {:IJ )) \// fé’/
- Y Ny
\
\ L ohan

STREAM CHANNEL
(THALWEG) LENGTH

Measuring Valley and Stream Length for Sinuosity Computation
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nIIMINEING
(2) IfmilvasnnunniAgl(Meandering reach) MANSALRRY adaALALANER
END
PROJECT
\
e
/77N
/i \n\
I".'

BEGIN
PROJECT

-

Measuring Radius of Curvature for a Meandering Reach
1AS(Arc Angle) MANSANLAY E9AALAZAIER
END

(3) AnTANvD
PROJECT
AN
— BEGIN N
/' PROJECT TN
;‘rf il ‘\\-'\.1'\,
I i I| .‘.\-‘ "‘-\.
/ = 7=85°"= N !
- — g=1 Gua—'ﬂv_ ! Iy 40! W
/f .f“—,-'é"f-'-?"'\ f e r S — fa I o — [ — ¥y 14
R " P I & o S i = \ — 1/ L
T2\ WO RN T s
L =400 ) \ < T S AEF ) T g=rse \
/| ) W S TN &
RN OO ST T A
N CNE=0=60Y ) ~-6=85
— Y /e kg W T e
0=40° o - \::_,”E;é? 6=60
0=85°
Measuring Radius of Arc Angles for a Meandering Reach
END
PROJECT
™,
— BEGIN
/" PROJECT A
/ I .-'/-{;_ ‘\‘\-\\':\-\
rd T— - | f Mo
/ 230" - " \'\-'-_\"\-I
/7gﬁ\h fi-~\\\ = f:f w
l{'-:},\ ‘--" //'f.;’;f“ = S, 'f"- —_—— r"”"“" \'
’.';_..f_ \\\._._7_ s L _\ {_\_\ N \\\\\\\ “ | /, = ___—___-:_:/,.» \_"‘
e Vi Ry
II\:' N
210" ™

~ 208 .
Measuring Radius of Meander Wavelength for a Meandering Reach

ANYIFINTSUAENS UAINGNSUNYRTANERNS
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(@) JasadunanneilasArc Length) mASASLRaY dIdnlassan

-

'_ Méﬂa;suring Radius of Arc Length for a Meandering Reach

(5) InsmilvesannuninvesnuAnAg(Meander Amplitude) MAnsmiliade gegn

LLazmqm
END
PROJECT
; BEGIN
/' PROJECT P
! 7 e RN
/ N - '-.‘,\'.
k; fi | 2B Vi
NG ™ T T -,
/) e RAY \ g \?S:\ N r‘;_ — v -.\l
b LR B o i)
2wty ¥ NER A A
PO~ TR
iy [ B
ry I
i i)

Measuring Radius of Meander Amplitude for a Meandering Reach

7) N1599NWUY KRanLUUABIrLTunsIdulAgIiun1seenwuuaasiiy Tia1u13asy
Unahuanfiseudiioonuuuld mngaufunenmuesiuiiuazveuiunvosdin Tasviinsg
dsrvanmgilusene drnfuiiiosihuazuunas uasthaanmeaeuiuniinnesiauiiunses
aandsnusUnuuildosnuuuliednsseunsy enuiusnalalifinnuiuag deafinuinsnis
Joatunsinzuazn1swanalevesainnasieuinsnisiliaianuUasade(Factor of Safety)7
wngas Wy MssnwdulsiinieBandsinsdaudsiuldifeamimiindiagvililaudy) Ugnity
fugliftedandafindy sonwuulaemaiSesiulngvioldlassaisneunimaiuman Husu

8) fpg1IMIDaNLUY MIsanuuuiloiud sssw ATl flasadhonslmnsuia
sUwuuaeandestumudBuresszuuinaluiagtuuagieliiAneuvainraienisianmiy
Tnehlufluvuinesgudiedostunistamnzanainndsiiliaunsodumussadouvesimannls
Al
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Vegetated Riprap along Stream Bank Live Willow Cuttings

LONGITUDINAL STONE TOE MAY BE COMBINED WITH
QTHER TECHNIQUES SUCH AS SPUR DIKES.

KEY INTO
STABLE STREAM BANK
BANK
LONGITUDINAL STONE TOE
Longitudinal Stone Toe Typical Longitudinal Stone Toe Alignment

VEGETATED MECHANICALLY STABILIZED EARTH (MSE) WALLS
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looking downstream - March 2004

Growth of root wads along bank two years after
installation. Brushwood protection can
2P just be seen between root wad growth — 2006

- Bank protection using root vwads

7 Weave live willow spiling around stakes
and drive live willow stakes behind (Figure 4.1.3)

Figure 4.1.17

PROFILE OF SPILING REVETMENT 10 Upper slope seeded

0.5m 0.8m

5 Toe boards (fig. 4.1.2) —}

8 Back fill to spiling.
Incorporate geotextile

Low summer
water level

6 Back fill toe boards.
Incorporate geotextile

4 Drive stakes to line and level

2 Drive stakes to line and level.

1 Excavate to new bed level
at bend in river

Willow mattress revetment
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Selected live crack and white willow poles, 0.05m — 0.Tm diameter,

were then laid horizontally all along the face of the fill and Figure 4.2.1
pressed into it. Finally the free ends of the netting were drawn Ny PROFILE OF SPILING REVETMENT
tightly over the poles and secured to stakes driven well back ] !

in the fill. Due to the shortage of willow locally, up to 30%

- A gf __ Standard trees
non-regenerative sycamore was incorporated succeed willow
intermittently. The netting was stapled to the (optional)

poles to create a structurally integral unit.

. 7Comp|e!7eﬁl4andseed .
3 Complete fill 3 with clay with a low maintenance grass mix
in front face, cut to profile

5 Pull netting over face

6 Cover mattress with soil and strain tight with

twist wires to stakes
at 0.6m centres
4 Place willow poles - Gaps 0.1m max
0.8m wide ledge 0.8m
8 Plant pallets secured
Low summer \
water level 0.15m 0.5m
Varies
1 Excavate below
existing bed level,
place rock layer
2 Position netting over fill1. p %,
Design bed Place fill 2 over, with stone = Z
ign in front face 2 =
,,,,, L,,,,, Py go':
Willow mattress revetment
P Existing vegetation - isti i Figure 4.7.1
AR l:(,“,#\a 3R SECTION SHOWING TYPICAL
£y
WINH oY e

X . k : BANK AND WASHOUT PROFILE
e p— ‘ Jo

Existing baqwnrkm be remaoved
and stockpiled for use as badkfill
inareas of washout

Bank revetment using low steel sheet piling and coir rolls

Figure 4.9.1
(CROSS-SECTION OF BRUSHWOOD MATTRESS DESIGN
Accreted

Brushwoed
mattress infill hed poiie

Thickness of mattress to suit depth
of erosion along the bank
varying from 0 to 1.2m

Netting locked
into toe of structure

V
/ V
0(AOD) ‘ {
y LeToR,
0.25m AOD —== y gy f,%
o W “
Hardwood posts rangin%1 >~
\f Existin from 1.5m to 3m in lengt ‘,J ‘5
' ped okl Posts driven 1.5m Pl v
into bank L

Brushwood mattress bank stabilisation on a tidal river
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Once brushwood mattress installation is Seven years post-restoration the structure
complete, rock netting is secured to the has continued to retain sediments and
posts to prevent wash out - 2005 has been stabilised further by vegetation

9) Msfusamuuavasiuges fusnalfuuenvesditinsssunafianfenng 9w
LARWSaLEDU(Shear Stress, rbend)ﬁmﬁamﬂmﬂuamaaﬁmmﬂLﬁuﬂ’hﬁﬁum?ﬁlﬁmz%’u%’ MbAmnang
Fannz(Erosion)kayAAuiuAeIaInaaSlope StabiLity)amaaLLamﬁwaaﬁwﬁwzﬂ’wmaaﬂu
ﬁqm AMsERNLUUBAINIMULIATBIuS BILaESRTduALUaDAfuT89a1ARAT Lo
ﬂaﬂﬁ’uﬁaﬁuvjﬁwﬁwﬁumaﬁiﬁqé’huuaﬂﬁqﬁmma‘]"wflu wazannsasudunslaad

0 AFILIMIANILANT0TITURS Ao UVDIAUNAY

Permissible Shear Stress Ta3funas, N/m” (b/ft) = 0.047(Yso1-Yw)Dso

e 0.047 = Shield’s parameter
Yo = Specific Weight of Sail, N/m’ (lb/ft)
Y, = Specific Weight of Water, 9810 N/m’ (62.4 lb/ft)
Dsy = mean soil size, m (ft)

o Tunsdid Toend sumsﬁl,ﬁmfmmﬂﬁmqmiw Permissible Shear Stress vasAumAIuaz
FoonuuudioansldiuSeuRiprap)losiumsinienznas a1ansafuIsmuuIn Mean riprap size
el

Dso of Riprap = FS.Tpena/{0.047(S.Ggiope -1)}
o S.Ggqone = Specific Gravity of Stone = 2.65
FS Factor of Safety, AU 1 %5011NAN

o MTiAIzimanunuIiussanazanudnfiudeafiudou Suialdduieatunis
gonuuudeutieaiunda sy ConnDOT Drainage Manual(2002)

ANENRAUTBINBUILAIIIULEN = 10B
ANNENRAUSEMRIaNNlAIULen = 1.5B
o MFATIFMAMSasIduANUasnfvetaInnds mwaldruisrtuniseenuuy
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4. NSIIYULUUIIDAZLDYN
nsdnhuuuditeniseatns iuduneusenniifeenuuuldfansansenuuusisasiBeatoans
w@iTeuSonudd NazduuuTIwazsen1sUsEnauLuuaA il udniunisideunuuldy
auysal lnevinseunuuaslubuudeyasudsiagiivsemeaiiy Fududuneunsieunuuan
Smnssuiagld fddudunsunisifeunuuuazuansuuy Tnonensenmudnynzva9lAsInTg
Saeluil
4.1 Uszamlasemswauasin
1) Tassnssnafiuin wuuwauiisdosdounuuiieliussnounisnoadeiisied
(1) wnuiiiluazansdiy
o Folasanis svalasensuazanufidslasenig
o wauiluaninRnse
o uNUTiLansARalATINS Tneuanslunuui 1:50,000 V94NTULHLTANINS
SENT LAEAUAUTARITATINSAAAT
o a13U%y Uginunelavkuy
2) dnvarlasiniswasdermuaieiuwuuulay

dnwstoardgyanuasinggnidluwuunau

1 ' 1
aNa o

a
0
o Anvurlasanmssiafuih
o unTmluanIFTEiy Anuuariiuiintves v
o YormuaRsiunuuUay
(3) wansETIAIUTEINA
0 LANITILALILAYBINIABNIBY
o ununansusiideomyandngiunislasenis
(@) wansigdTRRULAENTAdUAMANTRAY
0 WHUMLARIMUVLUALIBN ORI EN IR
0o fmwLLamwaﬂﬁﬁﬁaa%uﬁu(Boring Log)
0 AT NUANINANTNAFDUAMANURAY

[y

(5) WNuTLARIUIATTan
o unufluansfifoundstan
o dgdnual
0 PNTNMAAIHANTVIAFBUAMANTRTULTLY
o MINUANINANTNAADUTANDLY 19U A T18UAzaN3s A

6) unuienly

>
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o UMM

WU Base Line Wagnins1983i199104Uayad1519

WulwAudnaaunuley 81A15sEUIgIauLAre1A1sUIAUIN

Uit inseavanefiauas Unduanidayalaasingg

n133ngUkuuAITliiAn1enisluavesinandreluvinvseainuuasais nsivua
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(7) ulauuayrsudnanuguanatumu

¢

O
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o

¢

O

WAL UALLAALAUTUAINES VUINFILTDY
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e
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(9) wlauuazIUinnueIYeIeIANTITUIEUIAY

o

wlANeIAITTEUIETAULAAUEUTUAIINGS UIAFIBIATT TEAUANLEILAL
IUALLDUARINS
JURRMINETIVEIBIAITTEUIETIAY LAAIAILMUNTEAUAINUDI01ANTHAL TEAURAY

Ayl

—

JUAR U818 kansdndiusuavtdenmeq vadlaseasng

¥ o U

PomwvuaednuTaniiauily WUy Gabion Mattress uag Geotextile “1a159uIYTs

ARG

(10) wanuaz3UAnALe19090 1A UIAUEN

¢

wlaue1ATUIAULI WARUEUTUAINGS UIAFIBIATT TEAUANNEILAL
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Plieanldanntasinavaitiu WwislviufuinauluasauisasutvunlaunTu s d1nsunu

LY [y PN

YszLnnenidnuazaazfuranznaunsawazauie iz dutuiidunsiensefuuite

BRI

FOUARDUUNVUIAINEY (Large Sheep foot Rollers)

>
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5  sa6naee1d (Wheel Loader) Msidanailn au1akagduiusafiniagaunsofinaunie
#ubildmnuuunamdesnistumeljiinuisadnuunelvgdesduwinnulafnirsadnauindnmans
Aukazuadndldsadnduuuniulumldielunisings widlddwiudesasinliiinnisse

AoEVIaAaYIR(Bottom Neck) Maudn viliAldgnelunsdnasduduniu

sadnassne (Wheel Loader)

Hadefimsiasanlumsidenvuiauazsiinvessadnliun
(1) msdenvinsndnuazsunavenjiiisasniuasfesduiusiumnnuinifisuiuld
fosnagyiliurunalnaiuldldfndeiiuant
(2 swavestifisadnadesdiiusiuauaessnusmn Suaunsivesnisinasioamed
fumnuanansavessaiiusnle
(3) anugelunsinazfemingay
@) enuedekazAUUasaislun i
ANLATNNTAVBITOANA DN
J0ANABYNTWIA 120 U39 @unsafuuasAnay iy uay n31ele 560 au.u.feiu
6) 5UIINWMYINY (Dump Truck) shmihilunisindeudnetaguargunsaflununoaiis
wu Tusmiusadnlumaedeudiedulumluiilngs wiedndesanuildlunisvioun vieldlu
nsvutanuldlunsneains iWusasudamiunsuuiiedees wu fiu fiu nae viegunsaineadns
Judiu fiszuvsnimuuvlensedaduldviosnszuy finszuenlensedniiinunings lagaluld
sausTNNIYIY 10 a(fuindeu 2 wan) uIAAINY 10 aUN. TUIAIATEEUSRIL 170 — 320

w39g Usednsamlunisviienu 35 - 55 gnuiadwas/dluaudiessesmeliiiu 1 Alawns)

|
>
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SOUTTNAWMYING (Dump Truck)

AINUANNTOVBITOUTINNNTY
FOUTTNNVUIA 300 439801 W 2 AU TEeEN1e 1 NU.aNsavude Au M3 il nTIn

16 1,200 au.asofu insiuausn 1 #u ynq szegnafifindu 1 nu. ieansveznainissonas

7) saussnnih Water Truck) iusafldlunisliansduduinlunsuadauiu sudeu
wazauouy Tsmirlumagides WeldliAaduluseninsnussmnAwihausasldlusmugllna
uslan

8) sausINNYUIA 4-6 fu axldlunisdndestan dmvduidAyvessausinnaz
Usznoudng \n3esudtiosliiniesudfiva ssuvdeveniddlaeiluazldadmduuuuiasulien
soufsfuuusssum sruuusnasdunuuingu Ineldautevdodusuuiusnauiiuanledets

9)  sawasutiudn) iWuedesdofisniulumssiuearuazain daunnaglddmiunisen
\ndoudreTanuaraunsaiineg senin iRy sawnsu@uiwiled 3 wuu Aesadunzau sausYn
Lavsndosns Felldnwaznsldnuiiuandaiueenly

10) 1desguin WuaTesnaivimihfifsmdanliuivesvan delivenalnasiussuy
via 91n9anislugadnganilildnuamnudeanis ndsnuiiuniulvsuveanariu enaldan
wiessud uowmasfluih ussauviendaruundsdug lutligiueiesguinfinisfauinaznin
pondinevianesia wardimsdendounndstueenty dnssuuniedosguiroonidundulneda
wmdnmslavdnnimilafuiiugiu iliAnnsusndssnnedesguintunansiuy dnvarreinis

a

U A guinseninneaine guiiensinwasiarguiuAlamdendd FeuTunadilunisgu

FUDHAUVUIAVIDLAZVUIALATDIIUA

Y

|
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5.2 N15AALAIBIINTNANDEA1ITUAY

1) MsdaLAsensnaneasanuRudmsulaTinsausnYluual

AM5UsEINUIIATLATIANG

318019 U 893119 8931019 NP
\3esdns 97U 97U
(#309) /1 o’ /Su/nde9)
1309 An 7 9./
1303305 90 N YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 2 150 2,100 YATa+Aug
o SauNsAMBSAURLUIUBUlldozer Tractor) 285 WS4t 2 200 2,800 wiad ki
o saUnnAsiu (Motor Grader) 125 usesi 1 350 2,450 800,000 3°
o saundemEnTMULUUUEzLTIou (Vibrate Sheep Foot Wheel Rollers) 2 150 2,100
1303303 90 YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 4 150 4,200 YATa+Aug
o SauNsAMBSAURTUIUBUlldozer Tractor) 285 WS4t 3 200 4,200 wiard+ gy lal
o saUnnAsiu (Motor Grader) 125 usesi 2 350 4,900 4i141,500,000
o snumﬁamﬁﬂmmLLwﬁuazLﬁau (Vibrate Sheep Foot Wheel Rollers) a4 150 4,200 3.13
1303305 90 A YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 5 150 5,250 YATa+Aug
0 SoUNIAMBIAUREUU(BUlldozer Tractor) 285 W91 il 200 5,600 a7 AU
o saUnnAsiu (Motor Grader) 125 usesin 2 350 4,900 1,500,000 3°
o snumﬁamﬁﬂmmLLwﬁuazLﬁau (Vibrate Sheep Foot Wheel Rollers) 5 150 5,250
; ”
2) NMIIALATOINNINANDAT I TUAUA NS ULATINTARIUILVE SN
318019 U 893119 893119 NP
\3esdns 97U 97U
(#309) (/1 o /Suindes)
\eizeq) fim 7 /5
1303305 90 N YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 1 150 1,050 YATa+Auge
o SauNsAMBIAURLUIUBUlldozer Tractor) 285 WS4 1 200 1,400 wiard+ g lal
o saUnnAsiAu (Motor Grader) 125 usesi 1 350 2,450 4y 200,000
o mumﬁamﬁﬂmmLLwﬁuazLﬁau (Vibrate Sheep Foot Wheel Rollers) 1 150 1,050 3.13
1303303 Y0 YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 2 150 2,100 yATa+Auge
O SAUNIAWBSAUREYIU (Bulldozer Tractor) 285 WS4t 2 200 2,800 wiard+ g lal
o saUnnAsRAU (Motor Grader) 125 usesi 1 350 2,450 4y 350,000
o snumﬁamﬁﬂmmLLwﬁuazLﬁau (Vibrate Sheep Foot Wheel Rollers) 2 150 2,100 3.13
1303305 90 A YSunausudu
o 30%n(Excavator Back-Hoe) 200 u3ash 3 150 3,150 YATa+Auge
0 SOUNIAMBIAUNEUTU (Bulldozer Tractor) 285 W59 2 200 2,800 Wad-+u
o sathenasAy (Motor Grader) 125 w59 2 350 4,900 WAUAN
o snumﬁamﬁﬂmmLLwﬁuazLﬁau (Vibrate Sheep Foot Wheel Rollers) 3 150 3,150 350,000 113
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1asomsd1sIRaanuuy
s1azdaadaasny

¥

finxsieandaauuy
wssguitdtuiasoms

gnEsaandan
ANNEmYsalay faanuin/daviuuy
YES
) Ufinlso/annuuut
snlsanasimiasams J<
I
_ \
msfuIavLiNaL ] [ msiruaTIANFUN L/ Mibe ]
t AnnavsAdun /bl
x amvdninasimsisaflu
dnavmBnaeuaiy S e gl A wodh 3 dnzasou
MANIMINTSH Uak mMsA nssvnorndld g1
Wauluidvuasiauu ssdufonda/dunang 1.9vudadas9ou
falssvinu
y < 2. IUAAFIIUNY
Binaeniuarsadslsznau :3“'“:1““"'“3
amglunngsse (€ Tésasuviu/mbe I(— AAAAUENATS
sinevusnnfilasoms
| dmnumdr |

Factor F
W
1ssianissiald
[ fuapunTTzinol ] a0 TAsnTS
T laTens

>
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5.3 msvszanaBinuiaguasnadeaine Tguszasiudndsed
(1) Wusaisenda/miesadmanyinfidalanumanzaumiaduimnssuuagfuns
GNY
2 Wunailndissiuanaudusiduiemainlunariiviins@nyisiniian
(3) Wusaieglunnsinnsgiu
uwiasdayanisdnumeiiddnydfeolud
- fudn g Gl dludunatsuayluviosiu
- {UTENaUNT9in9Y WU wnaeTan Jlrusnsmuvuds v1av
- NFENTNNINYE
- dInUATRLKIYA
mslesgideyaiiuguvessnan itelilunsdummamseiog Ussianvaasian (Cost
Iterns) Tidfey I
- A Jatn)
- ANIIU
- Aaesing gunsaliniesilo
- ANYUEa
- ANNNE
- A1l
mMsUszanusmmneaiardaimunssuiiseniukarause louvemessnisn
Fupoudsil
(1) 59U5wsIATan FUA1 wazLTIUUTEIIAoUYRINTULATYTAINITNIEYE NTENTI
v faudiFuasvhmsin fussanunmagiensiunliiesauasdvisaeieg eas
Wnlglunisyssanasien
(2)  AFOUTIARBUUIY EIMTUTIA1TNOATI9E19Y nUszaunsallusuanuuy
Wenfuiiiiahluuds Inefiansanaulasinsdnuasieniuremtheauna Tnsemglasenisi
Waneadauduadalu 1-2 Vi
(3)  drsnsantag susnusuifildogdagtunazsmussmuiiielusiomaisluian
fufilasanis dmsvruiifudnuasiortureddasns meilfieusuuideyasasomiaelu (1)
way (2) Wigndeswazdutlagiu
(@) dleldsSennuuiFeuiesuds fAnUsinauLazsEMsIA9zNeALUUTIDazIEEn
ponuduminany sunassumMIAeysinany niufeshununuasnmdesfiuiuuss
wilvangealude (3) wAnsimaAineasialasinissialy

5.4 29AUSENOUVBIANNDHS199D9lATINTS
29AUSENBUVDIAINDES19VDLATINITUSENOUAIEATLTNY 3 @ Ao
(1) AFagdeafraduifanfiundmdnuazarvudaianneaiisanunasndnisaaui
RGN

>
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2)  fduiiung (Operating Cost) Wuaildnevesuiilfiaiasdnsnalunisiu

(3)  edwaenis iy aende Ml wagms

nsdlnuviesmsUszanausmATanReais fesdnndyadiiuse

AYagneadafiunasndn: s1antagioaiisiundandn 1wy fu gnis n3an iy e Yu-
s uazman 1Wudu arldmunanisasusaYesnnznNIINNTABUTIAMIBTIANTINITIVNNS
Uszmalagnessefusa nsuiasygansmded senfagithuildiuanaivszfiulism

AMEAALRNY
Avudsdanneaine vinvessaussynldvudsiannaasialdnuud asu. (S1uazBuaniy
ieiediniaviinsaueSguuUnT 11 W5.0506/6579 aaTui 19 Juraw 2555) drudnsiAvudeian

roafsldnuinpsguiivingnussnsimun
Adfiums: Adudunig liun dldarsvenndssdnsnalunisdiiiuau Uszneuse
aldnglunmsdeniaiesing thifudenas thifumdedu Aizednw deuuen adramiineudy
\nFesdnana AnsmegluglvesailitieiniesdnsdetaluuazAndnanssa
A8 1IEN1T ALY Aenlbe fls wazan®: Ardruaens Anudunnu aenide
fls warad (swavBuamunilvdediinauidnsauyiguuns 71 us. 0506/6579 asfuil 19
fiunau 2555 uagdnafanisdonsznsnanisnda sufige 7 na 0421.5/3836 asiuil 5 flunau 2555
Tildvdninasinisdunmmanans TnsAnsiuegluzuves Factor Tesuunmudnumzaudsil
- UNPATINBIAS
- MUABATIN
- Pufea¥ Az INLLaT oA
- ufeaTNYaUTENIU
(1) Argems: Usenausme
o lfieluiunoudouuunaruszninga Wy Auuy AdUsziuges AdUsedy
FoyeynYudu
o alddredninamuauny Wy anddiinnuauy andrtuinidmiii Augidiaen
\nsesdnsna (usdu
o AenaANTALNEGY FUgINNg
o AMUANIUADadY Wy Asn Athifudemds ddrminautusn dAgeu
Ungasnwnse Amdseiude Judu
o FNyAAINTALY WU FINT TmUANNL Taedesna wasleu aua udy
o Aldsredriinnulng wu Andddnem mdadmihitgsns meummug @i
ymans usu
(2) AenuRuNIL: useidguraInTensensaas wu Jagdulddniiesay 0.5 vaen
ougns Ensudevseiusviesar 025 vinfumeudemeidesfuiifionUszfufoasdes
SURnvouLes WAsUszanudesas 0.25)
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(3 aende: lidasnenidodusueaiug (MLR) vessurnsnydlne $1in Hundnlne
dfnanutdaenssuund (Junmhsauiuiaveulunsdseniasasaenidonazusznianis
Wasuuwasinsenidessnriduyssun

(@) Quannth: aussdsuddnuensguunsisenisian wu Jagduiteliiiuiesas
15 (mMuszideudinuieniguun3dnelieniseas w.ea. 2535)

(5) mls: Tmum1379 Factor F vaeusiazau

(6) M@ AnnByaruiindniFosas 7 vesmaunoaiig

5.5 MIAMUINAIUAUN UGBV
NNSANUINANUALY LAY ILADINIIUANIUAUYUNBY FallT18aziBunN1SARANTUNAN

il
(1) uAuYn AnA1yn+ArudslUTINNBY SeazneuudtlneUssuIn (AINA1T9AIVUED)
(2) uAUFRY AN ANSOUNTALAB SEARUN ST I+ AURS ARUAFALE?
(3) ALY ANTIANTERWATYUES (AumS1eATLE)+ AN EELAZUASH
(@) augnia AnrnTegnia+amuds (Mumsrvuda+Andsuasuasngnia

(5) ueeundn fiude uazfiuFesswn Anmandotaniiu Yu vsie+auds (1
SLULNMUATIANVUEAD)+ ALY

(6) UMAN ARTIANATOIMEN+AULET (AUSYEYNSlURNS 1A TUED)+ AL 1Y

(7) uiudoideilo AnsIATeRy A UHAINER+AIYUET (AUASIIATUET)+ALSINY
ulgnme)n AANuNIg
Nudnietan AnsiATananunasHEn-+Auuds (raesneeuud)

5.6 NIATMUIUAINUNDETIN
nsfumAuieadaiindnnusicl
(1) udamn: deswnamasuusmsilassnisudailumen Factor F 19316013
199 AUUsTANOLADAdrAYTETINY AURaS I IE oYU e WAEY Wi Eeidh
luenudunusionihedusnudemiesl
AN = AN9TUAWYURDVUIEY X Factor F
N15UsE NI IAUARATIINIAEENTIAFE N IEANAUUTINUNULAY I8N ka3 59U
Aulssdiunnaiems aldilurnunoainaislasans
(2) udavies: Wefummanusmusionie udliindedlddelunisasasinsde 5%
wazAmaanutan 1% Aanmznuiiinamegeutan) Wudanudemiedl
AUABVUIEY = AUAUYUABYIEY X (A195195RAD 5% + Anadauian 1%)

5.7 mM33avinUsydannasaine (Bill of Quantities)
TutumeurasnisUssanummeineadns dmns/fdemgiiedousazduagsiutui
MsneALUUTIazBuaLfiausnUITuuTan (Materials) wazussa1u (Labour) senundusienisiile
v Bill of Quantities (BOQ) susnsguTasnsuminenst Tnsdavdnuumnansufifvesma

>
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swms Bsimunlilussifovddnuieniguuniindionisitan we. 2535 uasiudlufiaiu uas
UsgnAn1sfmuasImNanawensynsaamsads liietduuuvnanisufdRauussanasamneaing
Tassnnsiigndes awszideunazdoimunvomiasiens msimuatuunesusneg Tidadons
LIATFIUYBINTLYTHEINTIN

5.8 NIAUIUTLHLLIAINTTADHTS

nMsdnsreriatneaidlasiniseying duuasimuiunani fuduussianay
Yausemu fosddlnnuendieresnisioainsitu iedianisieat guassavesiuiineadndly
nsardesianuazgunsal guassalunisinsuveainiesingna 1udu) Tannuaiuisaves
\3esdnsna Srunuynvesiaiesdnsnaidedly qoruiliiuguassalunisioairauagszezinanily
aonAdosfusyinanseysiinniuvesdinauUszanuiuggmaiivazausionisieaiialums
Ujtanagldnatiuiedudygriugfuindddine 36 ieuanifeunaiay deeglutiaiou
unsau-nasveand nedduihggiuduguassalunisieains lnslamzegdanuneainsisios
sndiuntsludt wu Usegsruneth shethdu swdseiudesiunisiaiszads sugaaondii s
wagnuesth i) msdunmszernmtoaiasmmuaunuludonusussesinainiouns
feasne uidelisiuszesiamaaeuTanuasyeae

DHTINITVINIUVDILINIUADTU

318013 FUIUAUNUABYR M M NP
3 v 3 o
/AWy /iy
NUABUNTALASUMAN 15 0.5 7.5
UABUNIAAIAARDY 15 0.25 3.75
NUAUAS 10 4 40
UNYIR 10 10 3/Aw/du 100 31./9u

1) svozainisnoaidlasinseysnsitusundsi Ussianeusauseniu
(1) 1A303d03 Y9 N. USanauanudugyn laiAu 800,000 AU,
JEEIaINeasie = Max{(uAuYn/2,100) %38 (1UAUN/2,100+41UABUNTH/T.5)}
+ Ui/40 + 15 Ju
(2) A3eadns Y v, USnasmuAuye lsiAu 1,500,000 au.,
JEEIaINease = Max{(uAuYA/4,200) %38 (1UAUNI/E,200+41UABUNTH/T.5)}
+ 9UW/40 + 15 Ju
(3) \ATeadns ¥n A. UsinasuAuge 1iundt 1,500,000 AU,
JPEEIAINeaTIe = Max{(UAuYR/5,250) %38 (1UAUNI/5,250+41UABUNTH/T.5)}
+ UWt/40 + 15 Ju
e szegiantunisneaievedlasinisuszana 1 Y
2) szppmnaneadulasimefaLIwen Ussanausadssvnu
(1) indesdng ga n. UsinamuiuyniieAugamaifiug Taidu 200,000 au.
JEEIaINeaine = Max{(uAuYn/1,050) %38 (1uAUN/1,050) %138 (11U

>
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ABUNIA/15)} + 91uAW/A0 + 15 u
(2) 1ATesdng Y 9. UssnausuiuyaiieHAugama i Ay 350,000 au.
JEEIaINeaine = Max{(uAuYn/2,100) %38 (1UAUNI/2,100) %170 (11U
ABUNTH/30)} + 91UAW/A0 + 30 Ju
(3) 1ATesdns n A, UsnaufugedisAugausan+ fiug Aund 350,000 AU,
JEEIaINeasie = Max{(uAuYe/3,150) %38 (1uAUN/3,150) %130 (11U
ABUNTH/30)} + 91UAW/A0 + 30 Ju
(@) szuudaieaey/vie)
JreEiIaneaiie = Max{(uAuYn/1,050) %38 (1uAUNa/1,400) %130 (11U
ABUNSH/15)} + 91Uv18/100 + 15 u
vinems nsaildszegnansnoaianniuly aunsaanszeziaildlnenisifiuyn
iASesdns(uivyataruRunL S e UUYATBIALNU(STUABLNSR)

5.9 LUININITUUINU

nsudsoneildfindninusinesmietanu Sunsiuegifusiuvuuazszinnadasing
wiagnamlpedavliineandonduielud

o eeadsluniaznnanu Tnevnluudyarnuusiasnnmsazegiiuszann 1-2 duum
yEennniniu wasiiarnanunsinoanysranunnmuay 1-5% islusnilusnaugaieds
Sudenfiunsneasnalasinisudaase

o mMautanInau deadndsdsdfunagdunauvesnisieainresesdusznouediaznig
Buddy msgasiilinindntununnnuasandefuduneunisdeatne wagliviliiudig
Uszauymiumadniluuiarnnnu ilesheenafnguassalussnitsmsneais ity snuideu
tlpafunas miL%&Jmmmuma@'ué’wé’uﬁaLLﬁ%umauawuﬁWiaagﬁﬂizLWﬁ NuYAUANTIAY UnURY
uadauuy uysuleduasea swfiufonieuFes vumaiu usafusnuazaudug i
Redos 1Jusdu

o Material on Site luunslassnisonasndudesinisduweutagdeuinisdeasne dedy
navhmsulsnnauealiyarvesnnutufios 70% vesyar1nmuiukagdn 30% szl
Hunmmumesiunounisnoadng

o mhefifmusluuiazanny Sududesdinmaenadosiudnuuzvessuneainiauazns
Awouiu 1y Nudeadstuiuanundauiy Uiinueuluseaudunussydu aua. udiler
mMadsunanunmsneaisiuiuonundn Ineialuszy dussduivhnsdeadnauazaueniuga
@39 szlunsmseseuUiinanisasiluaunueadifuusdug ivililiaenndesiuuiinamui
Auadu ava. Judu

o nduneaine Pinsimuananuissiiaiessesiansneasiviaenndesiu

o

anmaasiiunfvinsieadiuwazsuuuuinease el sudnaunsavihauld Wy muteads
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\Wouteafumeils enasesiilefiaggnia/drnaniiannsavhnsieainsliuazggnia/disnandifes
weavinnsneasne usiu
fadfvunnnnudesiieudlaiediy dunouuwaziBnisdeatns Ssazstlinnsimun
nnnulfaenndesiusunoains MlsgsudsaunsaviausasdnFuldmuonnauildimunly
Tnenaifunanuiintdudoslivilnnmulanamunddgiuisitunsldliddesnniaguasse
T OnRusnnnudus fmdesglalls
dnfanunashlddaimdnnasinasgumssunsanalasnsiauwe

YINTUNSNYINTUT Usenaumetlaninall

) ANWUTIIU VOULUAIIULAZNITAIUIUUTUIIIU
2)  MENNMIINITAUIUTIANUAUN UABNIY

) N1SAUIN Factor F
) ANSANUISTEELIAINISABASNS

gazBuaiuiufnelianrannaeiannsgIUNITALIAITIAINANSLATINI TNRILILIARS
11 YaensunineIngih
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NIANYIN 1)

AN -NNINY LD
U 9 9 9

%4

n7'5%1ﬂ?mmﬁvﬁmagﬂ?mmﬁmmgaqm
Yad 25 zjmi")



dayagn-annInguazn1snuSiahviuazUinaulueegedavas 25 gui

1) quianaziu
(1) d@nmwgiienne
mmamaﬁuaaamumiaﬂmmﬂwmmﬂ%ﬂimaﬂi ¢N1U USENaUMIeTauan ﬁwﬁ’iyﬁa

qm%qmmmﬁ ﬂ'J']ﬂJ‘UUﬁlIWV]ﬁ mmmammwu LATERTINITIELNEY
anmniien1ANdAY YU

Yoyanfiemedidiny e PNdeA15 18T Aselinde
qmmﬁmmﬂ R BRG] 299 -199 258
AT UELTNS Woesidud 98.8 — 70.5 90.3
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