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saaaiall 3l gall alasinl A Lol YY)

Aalad) Jlsa s Ay sadlly 45500 alaadly Mlaadlls culilal)

& gtil)

ayilly e Lally o5l

3) glusa>U)

(g5 indly e a1y dpulyuly Ayl

&\)ﬁ(\ Olasa

o=baN L sasea) S5 £ 15Y)

O O 0O 0O o o o o o

Sustainability solutions 4elxiwy/! Jsls (2-5-4-2
Ayl (55al) Ha33N1 O
Lmadall 5l 518l
25eY) 4855 gall 45U
dgall pulall (PhaY) anaiall ddUall clagall
slall e ol cilalaay!
Rl gyl il il il (Banslly LV ¢ 13y Al

O O O O O

Flow through porous 4saluall hilugll JMA (e (383l (5-2

media
Olay ae zoxie abue Judid (e Jaw g :Porous media dabuall il gl
o (eeball Jass gl ) Apabisall salad) yiiniy (ae 0.5 (o il alsall ans) 52ns
Lslls Hsaall dndall dsabuead) Jalu ) Al (e (2] 8) s o (5 sinti 3ala
plaal) (Jia) T shsall Ay gl (gl ilihias Adsall oliall cilisha (Jia)
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o) Jie Gl e (ya 3 S gal) Apalusal) Jalas V1 Alial (1o 5 (il il
claalydl

i e o) AS0lSe (ailiad sae 2230505 dalusal) Jalus ) il
.porosity diwluadl e
53 (il alsall Jassgll Auals a5 permeability 2l ff daleud) o
sl Jin e ol
.strength iDLl e

1 O aslial ey Jalge Bac aaSad Apaluall Jailugll DA (e )

Al 486 =ul< 1Y) (Incompressible flow laall Jial) e 380l o
(8 Jis el ppen o gl 3 elp) A3l p

e Cagylall il 1) cnlill gaxill Gaasy :Steady flow culll Eaxill e
Loiallg depudl a5 G0 jplaes CDlalaal gl) g pey 5 Y Lo dkais
Jia) transient e i unsteady fiwe e Gl s Yy Astsy
Lo il 3l 2-2 Aalaal) i - (turbulent flow o jlaiadl) saxil)
il e saxill 3-2 daleal) s

av
(E)xoyozo = 0 for steady flow (2-2)
av
(E)xoyozo # 0 for unsteady flow (2-3)
depdl 4xie = V
ol = t
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aailad lls 1Y) ol 3aul) Gasy :Uniform flow odaidd) gaxl) e
o WS caall sladl 3 i Ll die b LS A ddaal gl
52542 ilalad) &lld

(‘;—Z)to = 0 for uniform flow (24)
s
(a—V) # 0 for non — uniform flow (2.5)
ds to .

One-, two— and three— alay) LD, 40l dulal) clasll o
:dimensional flows

Jeg cone—dimensional flow x| Lfatai Gl Jdss 84 0
e Gl Jia) Gl Gl olatY i patisall deyud) juaie
6-2 Wlaall e e WS (s

axie (4sS ctwo-dimensional flow slay) U5 sl 3 O
b Gl gyl (JBal Jan o) cathaa) e Als deyud
T2 Al e (e LS o(ply s el

g1l J<I s Three-dimensional flow ) (6 sl 0
05525 Aaluall (AL Ao pull daie ity Cia o gpd 3
8-2 Wl Lo e LS cale S Nina

V = f(x, t) (one—dimensional flow) (2-6)
V =f(x,y, 1) (two—dimensional flow) (2.7)
V =Af(x,y, z ) (three—dimensional flow) (2-8)
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G@dally Darcy s 053 (6-2
<N alaall (s (linear flow law Jasd) 38l )5l ¢ gy Aalea ) ala 5308
Coat Aalea 58 ol 58 Agalisall ol g1 8 Lgbansily ilsall (305 i 3
G Bay oy 0sl8 Jigs (372 S8 i) abue Jauy e Jilull i
Lid e )y 058 Aaslms ued) Gl jan (& Ly A sal) olaall (311
O sy oyl (68 ans 3l o Jadll (3l

Ldsal) olual) dida Jals iaid) 333l Jare ol deyudl @

oladl ol s Adais ) sl bl ) e il Clgll laugsia e

downstream jLall

el I & lie Vg ag pdil) (1-6-2

unsaturated flow auiall e sixilly Saturated flow auliall sasil)

transient flow a1l saxilly Steady—state 4wl Al

sl Ay Adgall sliadl il & B3l

aquitards duilaial e 5 aquifers dualaiall (ulSall 8 @l
heterogeneous (,lis sl homogeneous  uilaie laus & @l
anisotropic _alsall culie o isOtropic alsall Laus & Gl
granular mediadyuall kiluglly Haaall 8 @l

Lleadd LE e Bl

oilaie Jilall e 3axh (oA abusall Lol

GL.; sl .10

Sl goluia Jilul) 38y .11

oy ey g abosall Jausgll ae iy gl 8 Bl Jeliy ¥ .12

o o U b r L=
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Datum

g.uJ\J 3.3)93 (3—2) JS..J;

e el Apelise A DA e oLl 335 o) wyas (<5 Henri Darcy cu
Ol oyl ) (S AT Janl 8 clelandy Bl sgee e G dilidl)
9-2 Ailadll o e WS ol

= — KA (Ah/AL) (2.9)

Cua

adadl) = Q
3yaall Lilite K Jiay A sl dalia gall ¢ )1 403l Jalaa el i = K
@V Jidl (ailad 5 salall e IS e aaing 5 Agebisd) Lilugll e i) e

Ay ) Ao gl Ao e o s (3-2) Jyin MeDS
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LSl gl Al gall daugia af :(3-2) Jooa

A 4,85 ¢ Aleagal

1 0.1 Gravels _aall
10-3 410 -2 Sands JW)l
10-5 4110 -4 Silts Ll
10-9 0 -7 Clays (k)

Llaa) apal) pdatall dabie = A
Al e oiihad o 8Ll =AL
onthail) cpila o Jaisall 3,8 =Ah

(4-2) IS b ek L) (3 8l Jana (p 3B

Monlinear

Linear

Ap
Lial) 589 3l Jama o ABDladl 1(4-2) JS&
.10-2 Continuity Equation i) ,ciuy) dales (e

Q=Av=A/V; (2-10)
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o ®
o

Gl Jaa = Q

Janssll el pdaiall Aalioe Jlea) = A
el dalue = Ay

u)n.\n Z.C).u= Vg

el deyu = Vp
172 Aabad) 58 A e

vs = Vp (A/AV) (2-11)
122 sl iy (L) dassl) Jslas cpuiladl S Cpeia

Vs = Vp (AL/A\L) = vp (V1/Wv) (2-12)

™

HGEELN

ENPENIE AT
void volume g,ldl aaall = Vy
Vy/Vr =n (2-13)

»

HASTCN

soil porosity 4.yl 4ulue =n
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.14_2 ;UJLLAX‘ C:L\:i GJL'.'JLU

Vs = Vp/n (2-14)

HGITEN
=l Ae ) specific discharge sasdl Gaxl) Jici Ally cwjlrdeju =V
(Darcy velocity

.ualiall head haaall olail 3 caaai v ol ) el Gl Adle (-)
ylsally Aagiyal) 3y peaall eyl (ga Adlida gy Aege o ) LEY) jaa
el Gilesyadl L dapl Glus e Ll yda (8255 40058l o Lall cliyia cilS 1) Alasl)

¥ o lenld dital) (e oS5 chia

<Al g 4l (Sayg <MACTOSCOPIC CONCEPL (5jenn aseia sa anall ay)dill
eyl Glasg 4l dasal) (gaal)

Seepage Velocity ciyuill 4c yus (pui)d (2-6-2

el abiall JalS je sy (il O Ui LY daans de & el e
alusdll ey cilad DA (ge Laih sy adlgl) 8 Gl o e LAl A
.(5-2 Js& ,kal) interconnected pore channels 4 sl
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A LI daliad)

plusall g il Al 2(5-2) Js&

Sl G5 ke A O Jloll e daws o aplad DA e gy sl
Lall (358 (30 adaie Aalisa ol Aomlans ebiyle ity obusall Jausgll 3
Adbosally ol A3 e g e anlity 4l G (8 ¢ glasall s l) 8k (o
Ol e el (S (Bl 8 L) L) slsall Jansgl) Al e slaiall

15-2 dlad) & el il e Lualyy ol

_ kA(Pb — Pa)
= L

Q (2.15)

AtEN

A S e e (3l = Q

e e ¢ gabiaal) Jasll dalew = K

e e () gl dalus = A

DSl ¢ calisall Jasgl) 3y oy il & (380l = P — Pg
Al QIS cilall Aag3l =
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(o)) g dgaa (3-6-2

@l (< dua f Re >10 (Reynold’s Number s #83) daailly (1

S LU 3580k 3 ygladd) dabid) & Ja) s WS cturbulent Gylacas

extremely fine—grained culuwall 3005 dlge DA e oLl Boah Cua (2
.(colloidal clay s sl (pall)

A
Range of x _
Applicability , Darcy's Law
Specific X Turbulent Flow
Jischarge, | l Re > 100
q |
| I
I | Re<10
| (tana=1/K
| | >
1.0 10

Hydraulic Gradient, dh/ol

Slsue) Jual) g R 3 1(6-2) g
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Reynolds number, R.3

102 10! | 10 10* 10°
\ I I I T I I
Linear Monlinear
. . | Turbulent
laminar laminar |
Darcy's law
valid

Specific discharge, v

Hydraulic gradient, dh/dl

Adgall oluall (3335 N alaa (7-2

Y anay gl ddlaie Y (¢lall Bale) A o ill didaia (ge A sall olual) (385
Jaxall alall 8 cgiall () asall (B Cpiall G e Jare sl Cum las Al
ost [ e d (Jlon o Ldeall oldll Clida (e 3=l A sal) sliall (33201 o2 d sl
olall (B8 Jara ddimyy LS L ol 98 o Adoall oluall (300 Coay adiay
Dsdaall o Ll cle bl aas) DA (e i ) sal Adee e 4 sal)
o (o Ll Jam) Slspased) bl of caandl iy (colalisall Jlsil 5358 (5205
2 Las ¢ alise Jans e AN oW Jilsudl ABS e Jalaal) 4yl pain) dlabes
(UDLY Alalae) @8l A dlialis Alalee die
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Recharge Area Perched
Potentiometric P
Aquifer
Surface

Dis_charge

Water Table

Unconfined Aquifer
Confining Layer

Confined Aquifer

Ldgall lERY :(8-2) Jes

Recharge
area
Piezometric surface Water  (—
Ground table
surface Flowing Deep well
ﬁﬁﬁﬁﬁ fc]] well
N
______________ __Y__ _Water
= Table |

Unconfined
aquifer

Impermeable
strata !

Con.fmlng stratum
- .v_ L¥d y X x X X

% Conﬁnedaqu;fer ¥

Sipanall g5 ganall Adgal) slal) cilisds :(9-2) Js&
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Perched Potentiometric
Aquifer

Surface Recharge Area

Water Table

Unconfined |
Aquifer

Confining Layer

ConfinedAquifer

)

L ddgall sluall £(10-2) Js

el (0B e Adoal) oliall (5B sla ) ASNE gha Aol (gliLE) (1-7-2

L."U‘J\" OJ.'IE %) K.AQJ\ Dl,,hd‘ éé.\ (11_2) JS.&

a8l ALSH gie (ymshie a0 ABS gl (a3 b i) of asleddl (e

~5: %) = 5, (0%) = 5. G¥) = 0 (2.16)
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A7-2 Aslad) Ky 5 Ky 5 Ky leadtiin gl V3V Vg Jaiid
w8 5) + (0 5) +5lz) =0 @)
K= Ky= K, = K o (agidls p culil) andl
2 P Pn_ g (2.18)
V2h = 0 called Laplace equation (2-19)

Transient Saturated Flow lall audiall dail) (2-7-2

—5: (%) = 55 (%) — 5, (%) = 5 (o) (2.20)

=2 Aabaall sass A5 ae allaiiulg N g p B uad Jh A sl gag
Ss=g(0t+nB)21

Ss = pg(a + NB) (2-21)
:adaadla
a4 eall oLl dauda compressibility ddalecail = o
‘;LA\ Ls.‘n 4..\5)4 = B

22-2 Abaall g il
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) +5 (0 5) + S o05) =55 e

Ldoat) olual) (3045 i alaal Jola (3-7-2

) Lagee bl — dagead) JSLEA (e il 23ad s e 330l Jpandl (Say
Sle ssiny Gasall BN SIS 1) saaall agall ag i Aallaal dnae (e (ks
adadind (Sar Sf) Bine Al ) Jsmasll (Sad coadll saleY Lasas Loyl
23-2 Alilaal) 8 LS L) Alslae Jansdiy (YAl (o IS 8 CupjES

2 o ot _ (2.23)

242 5oy Aol )

VZh = 0 (2.24a)
aVih = 0 (2.24b)

Transient Saturated Flow lall audiall gduil) (4-7-2

T = Kb s ¢S = Seb o Laaldliy calad¥) paen 8 i K = (bl Tasuail

d (dh d (dh d (dn\ _ Sson
dx (6x) +0y (ay) + az (az) T Kot (2.25)
9°h . 9%h  3%h Sg 0h

azt 92T T Ko (2.26)
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Steady State Flow to Well i) 1) 58l Al 384 (5-7-2

QT = Kb il of aliil ey bl gaen 8 s K = (aalsily Lyl
272 Aslaall iy (X,y) Adaiil) wie il ) Gl Jana =

(2.27)

B o silE (1-2) Jia
ALK 28 el Abom gl o 230 5 hme 400 5y gl Al oLl (e
Alas andl Leguany 0 Gl (i (A9 0.2 (5l N 5 canfa 45 s sl
e 48 5 Vi piezometric head 53 (sjiasiull Tl (uld &ly T5ie 900
sball (paSa clon Jangia @ly .common datum s aage o o gl e
pe Gl e glS 5 ad sl ol aSa (e Jaussia il <fia 28 disal
:e S aa cdiffusion Ll ) dispersion ciids agag

Adsal) olad) (S ye 38 Jana (1)

Cifiasl€ 3.5 wls i Y Ldgad) OBl A (e JEEY () anssie ()
.downstream il (5)ma olail &

el sl ol sale

LIl

5m

900

qog® st ©
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:Jadl
oo ol 20 0.2 = N cagyfa 45= K 4S5 uell laa sl selband) (1
e 53 = Py ) il die ggiegsdl bkl cfjie 900=L Loguns,
slall (peSa o Janisia <[5ia 48 = Py 4l Jull vie (g5iag ol Taiual
L€ 5 = B ddsall ol gaSa (ape ansgic i 28= L 285l
On JESY) (10) Jansging cAdsal) obaall (e joo GAAN Jane sslhadll (2
el (pma o) b clfiasl€ 3.5 al Ak ) asall oAl A
Joussia* i sall olial) (e lons Tonsgia = el il dalus (3
Adsall bl (aSa (mye
A = HB = 28m * 5km = 1000 m/km = 14 * 10*m?
Lzl = AVl gl hall) = Sl el) dadl)
lagaiany (o Cpyil) = (A0 Al (g5 g5l
dh (P, — P;) (53 — 48)

— = = = 5.56 x 1073
dL L 900 -
dalaal) e @8 Jane 2a
— _xA (dh)
Q= dL
RUITEN
éé.\ﬂ\ = Q

A2l Al sall ¢oua ol 408 alae = K
Al sl ahidll dalue = A

Ll e b oy diluad) = dL

Ofihatil) ils G Jaisall Gdl = dh

aia) Galias casyn 45 = K 205 pnel oasall Aadl Gl o
oM Sy a 3710*5.56= éﬂ})%\ Juall 62? 10**14 = Gaa)d\
:‘;m\ il e
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Sl Jpall® el chial) A laa® Bl sel) duleasall = Q

- KA (dh)
¢= dL -
= 45 * (14 * 10* m?)(5.56 = 1073)
day
m3
= 35000 —
day
Aaleall o (pplo deps 2a
V=Q/A
syl pdaid) dalise + 380 Jane = ous)hy Aoy 1]
m3
_9: BSOOOdTy: o m
A 14*10*m?2 7 day
Agial) Jalas + 2wy de o= Seepage Velocity cyudll de ju 2a
n
v 025 _ 125 m
sThT 0z T day

a5y e 1.25 = cputll Ao pus ¢ (1a
= (G e)) el srma olatl (oS 4 Adlise pdadl o)
il Ay + Adlisall
T = 3.5%1000m/(1.25m/day) =2800 days (or =
3200/365 = 7.67 years)
coa)Y) at and eday daty oLl of JUall 138 zas

el sild H(1-2) geali
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_2_1 extends JPanel {
public static final String TITLE = "1-2 JULi»";
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public static final String EMPTY_RESULT_TEXT = "<html><b>( Jlssl. a3
il oles piud alihzaldl )</b><br/><br/><br/><br/></html>";
private float K, n, L, P1, P2, B, 1, d;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),

b

JLabel[] labels = {
new JLabel("pso/ 3ie) LuSotgyangll Lidogall):”,
JLabel.RIGHT),
new JLabel("i5sax 1l Jolxe:", JLabel.RIGHT),
new JLabel(" j5s) Legaxy e goSed! ass):", JLabel.RIGHT),
new JlLabel(" 5io) oY1 Sodl wie o beg ol hiall):”,
JLabel.RIGHT),
new JLabel (" 5.) 5Ll ,50dl abe gySieg il hrall):”,
JLabel.RIGHT),
new JLabel(" 5o) dydgxdl olualdl (oaSo daw hweio):",
JLabel.RIGHT),
new JLabel(" 5o) dydgxdl olualdl (oS goye bweio):",
JLabel.RIGHT),
new JLabel(" lLauwie JLE Y1 o) oluw> oglhall dhiidl asxy
3i)):", JLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }

public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[@]) {

K = val;

} else if (owner == textFields[1]) {
n = val;

} else if (owner == textFields[2]) {
L = val;

} else if (owner == textFields[3]) {
P1 = val;

} else if (owner == textFields[4]) {
P2 = val;

} else if (owner == textFields[5]) {
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[l B ==0){

1 = val;
} else if (owner == textFields[6]) {

B = val;
} else if (owner == textFields[7]) {
d = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);

return;

X

if(K==0 || n==0 || L==0 || PL==0 || P2==0 || 1 ==
resultLabel.setText (EMPTY_RESULT_TEXT);
return;

X

float A = 1 * B;

float dhdL = (P1 - P2) / L;

float Q = K * A * dhdL;

float v = Q / A;

float vs = v / n;

String fmtfloat2 = "<b>%.2f</b>";
String fmtfloatd = "<b>%.4f</b>";

String fmtl = "<html>_ s, =01 ghiall i>lws = " + fmtfloat2 +
"ogoae 3"+ "<br/>" +
"oSadgyungdl Juadl = "+ fmtfloatd + "<br/>" +
"adudl Juze = " + fmtfloat2 + " ppo/ /xS "+
"<br/>" +
"owyly deyw = " + fmtfloatd + " s/ "+
"<br/>" +
"Ogwsdl deyw = "+ fmtfloatd + " oo/ 5"
String fmt2 = "iilus ghial syl odg )l "+ fmtfloat2 + " 3
sl some oLzl = Y
String fmt3 = "<br/></html>";
StringBuilder stringBuilder = new StringBuilder();
stringBuilder.append(String.format(fmtli, A, dhdL, Q, v, vs));
if(d !'= 0) {
float T =d / vs;
stringBuilder.append("<br/>");
stringBuilder.append(String.format(fmt2, d));
if(d > 365) {
stringBuilder.append(String.format(fmtfloat2, T /
365));

stringBuilder.append(" alLe");

} else {
stringBuilder.append(String.format(fmtfloat2, T));
stringBuilder.append(" ps2");

}

stringBuilder.append(fmt3);
resultLabel.setText(stringBuilder.toString());
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1

public Example 2 1() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>>¥slraldl aussws JULl 1da: <b>Q
=K*A* [(P1L - P2) /L] <br/> v =Q / A <br/> vs = v / n</b></html>",
JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
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frame.add(new Example 2 _1());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s

Confined Aquifer 5 swasall 48 sall olial) 4ish e as )l 5il8 (22 ) JLio
sia + e 500 dibie Legin Juadiiy ¢ yeill aa Gy (g3l channel sbidll Jass
D el Bac Ll e 32 g Laiy ol 35 gl e el L oludl)
K Jalees jia 10\gSans Janssia dly Lagaai Sl pervious formation aSusal

S D) el e A oyl Jare 20a Ao/ 0.25

River —— 500 = Channel

e sl

b obaad) s5ine gl ¢ 5ia 500 = L gilly Ll oy dildl) rllanal (1
Ligia J3ie 32= hy slall 8 sl (g5iue g lii)) e 35= hy Ll
e/ 5 0.07= K Jelas clpie 10= HiSusal) e Gyl dless

S el e Gl il Jara saslladl) (2

Q @) Aslae LS (Ko (raadly (B pall) el sk e 1 3L (3
st il e
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(hy — hz)l

Q=KA[ -

cCua

sl =Q

4S5 el dabia salle o yla 438 Jalaa=K
lea) ampall plaiall dalise= A

Odady o ddleall =L

S il yie Caandl g i i=h,

00 Aka xie Caad) ¢ lisy=h,

A dalidl Gyny Aslaall b lanall Ja
A=B*H=1m*10m=10 m?

{SATEN
leay) oyl aluiall dalios= A
uarll =B

dad) o gyl =H

ol Sl jially Jalaal) 25
K =0.07m/hr*24 hr/day = 1.68 m/day

&le.qwééq]\qu;(ﬁjw
(hy — hy)
=KA|———
0 [ _

= 1.68 m/day
35m— 32m
* 10 m? l( )

500 m
= 0.01 m3/day/m

e IS asll 8 aaSa e 0.01 (38 (g5l
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5y peanal L sad] obual) Ak e s )10 506 1(2-2) olig
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_2_2 extends JPanel {

public static final String TITLE = "2-2 J&.";

public static final String EMPTY_RESULT_TEXT = "<html><b>( Sbdaedll Jiab 3
Aagill Gl 2l < /b><br/><br/></html>";

private float A, K, hl, h2, L;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),

}s

JLabel[] labels = {
new JLabel("s¥) el ssldl madluall) ;" JLabel.RIGHT),
new JLabel("a¥) el (Aol s fiuagliiyl): ", JLabel.RIGHT),
new JLabel("p8) sldll &bl s e gléiyl) 1", JLabel.RIGHT),
new JLabel("p¥) ASpudll e (ujlaill dlaw langia) : ", JLabel.RIGHT),
new JLabel("ds=e K (4clu/a¥):", JlLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {
L = val;

} else if (owner == textFields[1]) {
hl = val;

} else if (owner == textFields[2]) {
h2 = val;

} else if (owner == textFields[3]) {
A = val * 1;

} else if (owner == textFields[4]) {
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K = val;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(K==0 || A==0 || h1==0 || h2==0 || L == 0) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(hl < h2) {
float tmp = hil;

hl = h2;
h2 = tmp;
X
K *= 24;

float Q = K * A * ((hl1 - h2) / L);
String s = String.format("<html>stdl I seill e Gl Jaes <b>%.2F</b>
(p8/ a5/ 28 238) . <br/><br/></html>", Q);
resultLabel.setText(s);
¥

b

public Example_2_2() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridlLayout(9,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridlLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>alalaall aadi JUdll 12a): <b>Q = K * A *
[(h1 - h2) / L]</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);
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centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);
add(topPane, BorderLayout.NORTH);
add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException |
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_2_2());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

s
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VIt = Q = KA(h/L)

K = (VL) / (Ath)
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JEd LU Jelaa= T
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K = T/H = 0.02/20 = 0.001 m?/s = 0.001*3600*24 = 86.4
m/day
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A Al w35 S sl Lol el Joaad) Cany Dl o3
5l 5l il e e adad sy Lae (55725000 N 3000 (p o

import
import
import
import
import
import
import

javax.
javax.
javax.
javax.
javax.
javax.

swing.*;

swing.border.Border;
swing.event.DocumentEvent;
swing.event.DocumentListener;
swing.text.BadLocationException;
swing.text.Document;

java.awt.*;

public class Example_2_3 extends JPanel {

public static final String TITLE = "3-2 J&";

A

A o (32) zeliy

public static final String EMPTY_RESULT_TEXT = "<html><br/><b>( J&a A
Aol Gl il alladl) < /b><br/><br/><br/></html>" ;
private float Qo, L, D, T, H;

JFormattedTextField[] textFields = {

};

JLabel[] labels = {
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new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),



new JLabel ("4d6/=Se yia) @aAl): ", JLabel.RIGHT),

new JLabel (" ) smally ol Al (mddladl) : " ) JLabel.RIGHT),

new JLabel("_ k) Lull yki):"  JlLabel.RIGHT),

new JLabel ("4i6/ge yia) JEEY) Jaes) : ", JLabel.RIGHT),

new JlLabel (" _ie) 48l obdl 45k 3ec) 1", JLabel.RIGHT),
¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {
Qo = val;

} else if (owner == textFields[1]) {
L = val;

} else if (owner == textFields[2]) {
D = val;

} else if (owner == textFields[3]) {
T =val * 1;

} else if (owner == textFields[4]) {
H = val;

¥

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(Qp==0 || L==0 || D==0 || T==0 || H==20) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;
¥
float Ro = 2 * L;
float ro =D / 2;
float K = (T / H) * 3600 * 24;
float Qd = Qo * 3600 * 24;
int ri;

if(Qd < 500) {

rl = 15;
} else if(Qd >= 400 & Qd < 1000) {
rl = 20;
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} else if(Qd >= 800 && Qd < 2000) {
rl = 25;

} else if(Qd >= 2000 && Qd < 3500) {
rl = 30;

} else if(Qd >= 3000 && Qd < 5000) {
rl = 35;

} else if(Qd >= 4500 && Qd < 7000) {
rl = 40;

} else if(Qd >= 6500 && Qd < 10000) {
rl =

} else {
rl =

¥

double So = (Qo / (2 * Math.PI * T)) * (Math.log((Ro / ro)));
String format = "<html>_ull4ss deaal il = <b>%.2f</b> Jsibr/>" +
"ag/ fe K = <b>%.2f</b> dad" +

"<br/>" +
"o/l Aalil = <b>%.2f</b> am/caSa " 4+
"<br/>" +

"y ok Lol AaliYl o2 <b>%d</b> an" +
"<br/></html>";

String s = String.format(format, So, K, Qd, ril);
resultLabel.setText(s);

b

public Example_2_3() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridlLayout(9,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);

Border border2 = BorderFactory.createEtchedBorder();

topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>daladl axdisy JUdll 1) : <b>So = [Qo / (2
* Pi * T)] * Ln [Ro / ro]</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);
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centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {

try {
UIManager.setLookAndFeel(

UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException |
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_2_3());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

s
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Classification of hydraulic structures by function

Type Purpose Structure

1. Storage To store water Dams, tanks
structures

2. Flow control To regulate the Spillways, outlets,
structures guantity and pass gates,

excess flow valves

3. Flow To determine Weirs, orifices,
measurement discharge flumes
structures

4. Division To divert the main Coffer dams, weirs,
structures course of water canal headwork,

intake works

5. Conveyance

To guide flow from

Open channel,

structures one location to pressure
another conduits, pipes,
canals & sewers
6. Collection To collect water for | Drain inlets,
structures disposal infiltration
galleries, wells
7. Energy To prevent erosion | Stilling basins,
dissipation & structural surge tanks, check
structures damage dams
8. Shore protection | To protect banks Dikes, groins,
structures jetties, revetments
9. River training & To maintain river Levees, cut-offs,
waterway channel & water locks, piers,
stabilization transportation culverts
structures

10. Sediment &
guality control
structures

To control or
remove sediments
& other pollutants

Racks, screens,
traps,
sedimentation
tanks, filters,
sluiceways
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11. Hydraulic To convert energy Pumps, turbines,

machines from one from to rams.
another

945l A8Ual) il o Lual) (580 Ly am A A5yl sliad) Le (]
RE AP ESY

pladin) die lgluaS) (e SN Lhall iyl Jashadll Slagl s (2
Lol ld slaneS lagll

slise Jin elise A Gyl oliall (6yma Jipail 3U8 aladin) 448 ~imy (2
el

f(ALa) iy clalhiad) dlae Jlsad) 138 Jslin) deganall quisidale) (8
de sanall ALlaal) Aypusil) le sanall s (1) Ao ganall Gaiigi aef (Jsaall o
ale¥) daals sy slIS) AladU danadall (Jaus g1 3 genll) dalaial) i (1)

.(2019 cdad (p el e

Question and answer matching
Group (1) Rearranged Group (II)
group (I1)

Hydraulic structure Weirs

Head-works Fluid shockwave

Cross drainage work Sudden
constriction

Storage structure Stagnation point

Flow measurement Siphon

structures

Porous media Gradual
constriction

Venturi meter Disturbs flow
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Orifice plate meter Pitot tube
Pitot tube Darcy
Hydraulic Dam
Nappe
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Venture tube (gl Cisul o

Flow nozzles saxill cilag o

Elbow (3.l e

Pitot tube, Averaging pitot ,LsY! § gl sl e
tune (annubar)

Variable area (Rotameter) 3 il ddhidl @

Wedged meter ;pany) ulia o

V-cone Lyyic o

Mass type (measure il Jalill 382l Jaas s — Al g3 O
mass flow rate directly)

Coriolis (ule)S @
Thermal )= o
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Velocity type dc)ull g5 O

Magnetic wllize o
Ultrasonic (Ll ¢ jsuell Cdg) Adigall G4 Glasadll
(Transit time, Doppler)

Turbine dac o

Vortex alga

Open channel type 44 3iS4l) 3Ll g5 O
Weir jlaa o

Parshall flume JLi)L gae @

Other types gaiglsl 0
Positive displacement d,lsy) 4al5y)

Target alagiu) o

) ld clang (1-2-3
Las W) oS 4l o JonaS 38l (el (S 2Aie) Bang J9 8l (o

Agie) basy JSI (A
Volumetric units duas clasg (I
b artional) Axlal) sl Jilpudl Ay
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o Aarind) Ll clansl) Gl Ay
ft3/hr, m3/hr
(Las o Sle s i) Mass units A<l clasy (<@
f ot Aol Aadlal) Clas llg cApie) Basg JSIABSS Sanll uld oSa
e lufaaS dielu/dh,
Clas gl ey 5 15a) (Aresall) AaShiiall Adlaa) laIL Sa Ll (Ka (2
casall Wy oy el ¢ il eglla z e deadid) da3L)
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Ll g5l (1-3) J<8 o

STREAMLINE PIPE WALL PARABOLA

LAMINAR FLOW LAMINAR FLOW TURBULENT FLOW
UNIFORM NON-UNIFORM
(AXISYMMETRIC) (ASYMMETRIC)

Gl glgdl :(1-3) Jei
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(23 dSa k) s o Jshb e
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Turbulent flow ohaal obal (3-2-3

Sy i Alae hagrday Clegu g Al flsall ASay Sady Coylaadll il
el el e Blal ST sl 8 bl Ao pu Jea 138 05 L Slsde
(33 i )

SIDE VIEW

MAX AVG

qubad) gl :(3-3) Jd

Reynolds number Mg, 28, (4-2-3

Ldlas ) A3UK1 de yull) inertial forces Al ) pasl) (o6 dus ga Jalgi; o8,
(lall (ot Al AliaY (548) viscous forces ajlll sl ) (£l ASya e
Gilide (pn Aslaie 4jliey = lewll bl 485l (ailadll aatl aadiud,
Lcalaaxlly i) gl

o Al gl o dua daaiiadl Salgy A ve asal) Giall Goay
BRI ?EJT die Gyl @8l Gasgg LAl 400G chﬁ S a adhg eaailul)
random Ajlgde Ghls e i e o S jealll of e agly Al

.s,Al flow fluctuations saxs «ullis; vortices <ilalse s eddies

106



gzl sl Plae g 43 adlsall CilSaalin b Radiione Al aal 4 a5y o)
aaa3 (43 JS) LedlSins Ganll) ol Sy 3l Y ey Adliaall fdlsall G
a5yl 85 isall Jalsal) 1-3 Alalaal

Re=— (3.1)
sw 8= Re
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Aoyl = v
kil = D
1l

dagilll dapn =

0 2000 4000

' LAMINAR  TRANSITION ~ TURBULENT
olwall g5l s 1(4-3) Jed

Bernoulli’s law iy C1oald (5-2-3

s - (3lice ol AilSa iyl Jl 8 B Al @l s 56 Caamy
IS FBU golos LA ) Al ie il Allea) &L o e Vs 58
2-3 alaall i polae £

PEI + KEl = PE2 + KE2 (3.2)

Potential Energy auall 48l = PE
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Kinetic Energy a<)all dslkll = KE

Bernoulli’s equation gy {slaa (6-2-3
- SOl Bl 3-3 Aalaally Jgij 58 Coag

2y e paall Basng e A8l = J8 e aaall aa e A8
2 2

HEREEN

pressure energy sl 28 = P1
kinetic energy per unit volume asall aa g e 3 jall Zdla =
potential energy per unit volume aaall 3as 5 e s fll 48U =

Slea) of seday .nozzle dag orifice 4z ye Jilull A< iy o9l 7y
dagll Gla & sasasall ddlall (g5luy dagdll (e upstream Lol lef dslal
&)LJ} o :\:\S‘); dala LA;\ cmjl\ dala d.u;ﬁ PETIN C).&.U L .nozzle throat

oy

Gagil Gla b Jaaal) (=lisily gl

V1,P1

V2>V
P2< P1

Increased Fluid Speed
Decrease Fluid Pressure

g ol Ao ye Jilud) A9a 1(5-3) Js&
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¥ 4oz + 2= constant 3.4
7 t82 + - = constan (3-4)

Venturi meter ) gié (ulia cuulil JDA ¢pe @) Luld (3-3
orifice meter daidl) uldag

(3810 (e alail momentum  adall 3585 A8l 4y peind) S alae Guksi
Aias aaally depudl iluld Jand x5l

Pitot tube Caypaill sl 5 chgidl sl o

orifice meter aaudll .Lias Venturi meter )sid (uléa

venture ) s paldsl jdg PA e @l Jeha e haaca 358 oL S
Ly« a3 (orifice plate meter) ;ali. (bl S (meter
iy 28U {50l andsy ypiilly (3850 ey

Jpsail) ey cilalaid) aaf 2-3 Jsas

Jusadl) cilidey cilalaiall aaf :(2-3) Jgaa
passive regulators, passive flow control L.l hyjgall cilakiia

(s ¢ 24 or autoregulated or pressure—compensated valves
(Aarazall s e laill (i Bls (385 Jane A8l $Dlginly oa)la oSa3
oailad sl me ge ala s lagd) Weirs cllagl (I
Sl Ui ooy i) i) (3 55 ) (333 83l ool 3
«Dlapaal 320 2ag8 L OUBAl dylly sl d8liad oLl S8 4

G ) oty o U8 lagll A 348 day W iy Bale oSl

( Ls_'mi
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Broad—crested weirs dayj=ll ciljagll O
Sharp—crested weirs zalall cilylagdl O
Control notches &aill 385 O
Long crested weirs zgill dligha Sjlagll (<
Duckbill weir Lyl law a0
Slo sl Cnys cclsill dulul oUWl cllas) Escapes (ase (g
(<
Side—channel spillway dwila 318 e
Siphon spillway (s (5ma
Dame distributor ala ¢
G =Sl aadiey lea) Baffle distributor ~ilS ¢55a
(O ool (3 L) el ) Ll

O O O o©

(383 aplatl deaadl) 3362Y) 4 s28) Manual Regulators 4gad) cilaliial)
(el e Jilsud)
oo 10m Aadl (3lalie ) LeDUals olall Jysaly ans)) Gates <l (i
(Ad) ipoall (3labin Fypeill Auimpuall Fnelal labially JSlsg)
Drop-leaf gate ddawie 4lss O
Vertical gate for overflow _awdl e dsec 40y O
Romigin weir ;s sl 0
Underflow gates; sexall (3850l 4u0gac dulsr ¢80 canti Cillg (@

vertical gate for submerged underflow

plaill Laa e Lilay) Hydro-mechanical Regulators cilakiall
Sl o Ldlaty cdagraall adll A callall Q6] soaas dad vie Sulg el
(2350 Laran

(3Ll 3 oLl (s5ise alam) AVIST 45 O

’Advanced Vehicle Identification System
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(lsiilly (alsal) 3 il Cuadl) s5iue adas) AVIO 44y O
Ghlall Jea ol (e oliall Jysatl Lix) diversion structures Jysal) eiliia
(leie calall ) Lealasinl oS S alpall ) ¢ paskaill ol o LaiY) 28
Overflow free—orifice 3 all 4agll j4as O

Gated free-orifice wllall (e 4dl& 45 O

Overflow offtake with orifice— dxuill 3 aSail) ae @il j5las O
control
Proportional diversor il J sl
Proportional diversor with sl 8 aSaill aa il Jsaal)
orifice—control

Overflow offtake with weir— lagll & oSaill ae @0l 5lai O
control

Overflow offtake with gate— Lisll 3 aSaill ae @83l 5la3 O

control

PITOT TUBE iyl o o cigiod) cugadl (§
(Gl olat) (e hfia L G IS5 e sl s Al a8 i) (gl
stagnation 35Syl awa .38l & stagnation pointasS) ddas ¢ biy lee

(L deyudl) 2 dkaaill xie pressure

«differential pressure Ll Jaall 305 ulia g (elul) 8 cigind) Gl
total impact ASU 3l iy static il Jaall @ et sl aihyg
.pressure

=3 dalaall 8 mage LS Bernoulli equation syl dalall Aalaall 4y Sa
5
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P, Py
pPg P8

1 2 'Stagnation Point

Pitot tube cigiy oa quesl :(6-3) Jsi

r= Density
ro —" — V= Velocity
- o p= Pressure

Total pressure | Static pressure

pressure Transducer

Measure difference in total and static pressure
Bernoulli's Equation:

Static pressure + dynamic pressure = total pressure
(p*rx TVZ) = Pt
Solve for Velocity: vz - 2(Pt - ps) -
r

(e 00 015S4) probe Jlse et «(DP Jay) (ulia) pitot cugil) il
L ledind &Ll o (Sl daiia (Sl Jain) deda s 1ophaiua
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dynamic Sseliall Crandl) 30 olaily Jiaie aals ada gl ddanls deaal)
Dl e = ST = Ayl (dawssiall 53l (4a) pitot i) Casail g5y - (head
velocity profile dejpul cala Jaail (lualy) sa3as adlsa (B 52sagall Janiall
Lol i 2y . Spaligal) Taaal) (el Gl diaie o s e Unussie
-(static head <l Cian) ilal) e jia (i WA e static pressure (SLudl
ts Jie low differential pressure (midie JLalii hia jiolais glad) ash
differential pressure Jlaléi bia Jl) Slea pladiul & el dlalae

c S Ja 3yl ) @dall Jygail transmitter

Static taps
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spaced circumference)

Streamlines = —F
. 7

A\

LA A

Stagnation point

Differential manometer

Cigda ‘-Uéj (7—3) Jed
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sl gl (1-3) Ss

Lia .ale 300 opkad sl & ddaial) oluad) £peS (el i) gl aadi
e ale 250 laday Ml Sl laall vie stagnation pressure Sl
OSall Ik deje Cina 0.78 (g5l Adansgial) depudl culS 1) L SLl baaal
L e alll sasg 380 Jaes aa <0.98 sl gl Casal Jalee (S5
L/s

:Jadl
stagnation pressure 35l laia cale 300 = sl jlad rculdand) (1
Cina 0.78 = danssiall el ¢ SLll Tl (e ol 250 iy 4y
0.98=usil) sail Jalas ¢ 38l okl de
L/s dulil) Je plll sasg axl) Jaee rostladdl (2
) 4 centre—line velocity Syall bad dcju aa (3
v=k,/2gh=0.98*V/2%9.81*0.25=2.17 m/s
* Kyl i de = mean velocity of flow iau gl dc i) 2a
e 1.693 = 2.17%0.78 = \giliclias
a)hpaiu) Aalaa e 333 2

1
Q=Av =ZT[(O.3)2*1.693 =0.12m3/s=120L/s

o ginl] gl (1-3) eali g
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_ 3 1 extends JPanel {

public static final String TITLE = "1-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jiab o8
Al Qs 3l) < /b><br/><br/><br/><br/></html>";

private float D, h, vc, k;
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JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
s

JLabel[] labels = {
new JLabel("s) w5l Jki): ", JlLabel.RIGHT),
new JLabel("ae) cSLall bl e 358 M baasalyy) i ", JLabel.RIGHT),
new JLabel (" S,allba de pud Lol das sidll de yull: " ) JLabel.RIGHT),
new Jlabel("<si sl Jabsa: ™, JLabel.RIGHT),

3

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {
D = val;
} else if (owner == textFields[1]) {
h = val;
} else if (owner == textFields[2]) {
vc = val;
} else if (owner == textFields[3]) {
k = val;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(D==0 || h==0 || vc ==0 || k == 0) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

h /= 1000;

double v = k * Math.sqrt((2 * 9.81 * h));
double vmean = vc * v;

double A = 0.25 * Math.PI * D * D;
double Q = A * vmean;
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String fmtfloat2 = "<b>%.2f</b>";
String format = "<html> S, dllbide o = " + fmtfloat2 + "
Lli/ secbr/>" +
"ibhugdlde yull = "+ fmtfloat2 + " A/ icbr/>" +
"Gl Jae = "+ fmtfloat2 + " Al/ceSa jicbr/>"

"<br/></html>";

resultLabel.setText(String.format(format, v, vmean, Q));
s

public Example 3 1() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><¥aleall aadivny JUdl 3a: <b>v = k * Sqrt[2
* g * h] <br/> Q = .25 * Pi * DA2 * v</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
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UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();
}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_3_1());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

s

& gil] o gaif 20l iYL e ] (2-3) Sl
sl Jiais lais 058 Ladie gl gl Aoty sl 8 e ) (sl
ol st LS 125 gl gl Jaag 2o/ ciss LS 120 salal)

pitot tube

Ps = 125kN/nf
VS - 0

Stagnation Point

:Jadl
ool Loy /i sl 120 = galall CasslY) Jiaii Jaiva :cillanall (1
2o/ cisnsl€ 125 = cigll
sl g Aoyl usladll (2
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Ja s dailly Gt 3aal) Coan 1 adadil) (f Cumy A8Uall Aalee 2235 (3

Gl Gl Al stagnation ¢Sl il

P, v? P. v?
— Lty =24 24
Pg 29 Pg 29
Vs =0 dcyudl plas oSl ddasy e
21 =2y = 0 o 8 Sl of Lag
Jal) aal daUal) Uolee Jra Loo 124
Pl vlz _ PS
Pg 29 P8
Alaal 3 Sllaral) (g gy
1207103 vi 125103

+ =
1000*9.81 2%x9.81 1000*9.81

Vi =3.16 M/s deull aasi Leias

& ginl) o guif aoials ¥ 8 de ] (2-3) geali g

import javax.swing.*;

import javax.swing.border.Border;

import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;

import java.awt.*;

public class Example_3 2 extends JPanel {

public static final String TITLE = "2-3 J&";
public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jiab o8

Aol Gl 2l < /b><br/><br/></html>";

private float P1, Ps;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),

¥
JLabel[] labels = {
new JLabel ("@s sia/GisislS) ol g Jdidaaa) ") JLabel.RIGHT),

new JLabel("ae sie/isishS) Cigidd) gl i) : ") JLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

/* Listener to detect changes in text fields */
DocumentListener textFieldDoclListener = new DocumentListener() {
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public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

P1 = val;
} else if (owner == textFields[1]) {
Ps = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(P1 == 0 || Ps == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double v2 = (Ps - P1) / 9.81;
double v = 2 * 9,81 * v2;
v = Math.sqrt(v);

String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>ic »dl = " + fmtfloat2 + " 4/ jcbr/>"

"<br/></html>";

resultLabel.setText(String.format(format, v));
¥

public Example_3_2() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridlLayout(9,1));

JPanel centerPane = new JPanel(new GridlLayout(0,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);
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textFieldsPane.setBorder(border);
centerPane.setBorder(border2);
setBorder(border);

topPane.add(new JLabel("<html>dsladl axdis JEdl 1a: <b>[P1 / (Rho *
G)] + [v*2 / (2 * G)] = [Ps / (Rho * G)]</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_3_2());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);
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aalily A oyad iy (gl Hlall ddadll depully (hysall wie il all by Jadiag
L3l Jare e Jleal) g asiy Al @l dae

A8 all ulies (e
///

iy il b :(12-3) Jed

VORTEX METER 444 dlas (s

Dl daall Bl alies 3 Vortex meters dalsall Lunlie aladiul oSa
clle i slas allan 1) clipdall le JS Waylaal 2y cdlld gy W
de Aalgall Glalae adall Aiaddie (305 Y e VOrtices cilalsall jhed) cas
Aaaall il dually Bl el (onSall @) Wl L me (il (B3N
end [uilgdll Greadiieedl (e el Jiasall Gulall sa slaed) 13a aay cAalall

.users

127
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Sl (3855 e e
V = (f*d)/ st (3.7)

Shedding Frequency sl o)) = f

Diameter of Bluff Body ¢ laall aua ki = d

St =) Vortex Juali; BIUff ava jhad 40 4u0all = Stouhal o3, = St
Stouhal Number (Ratio between Bluff Body Diameter and
(Vortex Interval)

sV dalie = A
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Py = 20 kN/m?
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discharge of 2:15 m?3/s
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Py Pc
Ze+—24+0=0 tog 6.11

2
)&6-11 =Zc \.@_’\Aj

Jie 6.11 Jlaiay Ghall (s5ime Cnd 6yl mde (8 S (e

import
import
import
import
import
import
import

public

O] il b3 5(3-3) eli
javax.swing.*;
javax.swing.border.Border;
javax.swing.event.DocumentEvent;
javax.swing.event.DocumentListener;
javax.swing.text.BadLocationException;
javax.swing.text.Document;
java.awt.*;

class Example_3_3 extends JPanel {

public static final String TITLE = "3-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( Gbbadl Jiaal o8
Aol Qles 23l) < /b><br/><br/></html>";

private float D, Q, Pa, Pb;

JFormattedTextField[] textFields = {

1

new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),

JLabel[] labels = {

1

new JLabel("s) ¢sisd i as lé): " JLabel.RIGHT),

new JLabel "4/ =Sa yia) Gadl Jas): ™, JLabel.RIGHT),

new JLabel("me sie/fisislS) soall baall) ") JLabel.RIGHT),
new JLabel("ai sie/(isishS) cislhaa ki i) : ", JLabel.RIGHT),

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {

public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,

e.getDocument().getLength());

float val = Float.parseFloat(s);

if (owner == textFields[0]) {
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D = val / 1000;
} else if (owner == textFields[1]) {
Q = val;
} else if (owner == textFields[2]) {
Pa = val * 1000;
} else if (owner == textFields[3]) {
Pb = val * 1000;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText (EMPTY_RESULT_TEXT);
return;

}

if(D==0 || Q==0 || Pa==0 || Pb == 0) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double A = (Math.PI * D * D) / 4;

double v = Q / A;

double vg = (v * v) / (2 * 9.81);

double zB = ((Pa - Pb) / (1000 * 9.81)) - vg;

String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>ic .l = " + fmtfloat2 + " Ail/ jicbr/>"
+
"y il Aaill (Saa gl ) ol = " 4 fmtfloat2 + " sicbr/>" +
"adl Gl el gl Y = "+ fmtfloat2 + " ibr/>" +

"<br/></html>";

resultLabel.setText(String.format(format, v, zB, vg));
¥

public Example_3_3() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html> s » dalas arding Jidl lacbr/></html>",
JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
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textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);

Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 3());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s
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(a) Solid weir

critical depth on weirdz = dg

(c) Crump weir

Solid weirs
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Weir design ¢l axeai (4-1-4-3
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weir crest g :
Upstream water level /f E

Glacis

Drop in

E: i waler level
— Hydraulic jump = Downstream water level
f

Upstream cut-off

\— Erosion
protection
Downstream cut-off =

Sagh slial Lilodl) cligal :(18-3) Jsa
Weir terminology ¢l <ilalbhias (5-1-4-3

Water level above weir

height = free board Weir crest
Modes of Failure:

*  Overturning about toe
(resuttant outside).

*  Compression or Crushing

i (actual compressive stress >
Weir body allowable stress)

*  Sliding (net horizontal force
above any plane or atbase) >
frictional resistance.

Weir height
Wing wall
: Riprap
Weir base
000
Silt deposition ~ Heel Toe

Insert sheet piles at upstream and downstream to prevent seepage effect.

gl clallas :(19-3) Jei
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Item

Weir on sandy gravels

Weight of water 10.00 KN/m?
Weight of saturated soil 20.00 KN/m?
Coefficient of neutral pressure 0.50

Mass concrete unit weight 24.00 KN/m?
Discharge over weir 28.125 L/s
Length of weir 22.00 m
Water depth on weir 0.50 m
Angle of internal friction of sandy 35 degrees
gravels

Average particle size 1.00 mm
Weir height 1.5m

Water level above weir 0.50 m
Water level downstream 0.00 m
Sediment level downstream 0.00 m
Crest width 0.50 m
Bottom width 2.00 m

Base height 0.50
Downstream slope (1:0.8) 1.25

Jiitll xie el e Jax 3 duwyl) (558l
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Water Pressure Water level above weir height = free board =0.5 m

Crest width =0.5m
Average force over
height = H1 = yh

Weir height=1.5m

force over
height = H3

Weight of weir

Vertical force = V2

Average force over height
=H2 = Silt Pressure =Py, =
05X Yo X H2 x Ky

Vertical force = V3

i
|

Average force over
height = H4

Base height = 0.5

Bottom width= |2 m

1-sin8 T
Vertical force = V1 River bed rock

Ka = 1+sin©

Uplift Pressure

Factor of safety = 1.5 Fl_ood flows of up tq 20 years return period
Discharge over weir = 28.125 L/s

Jaddll sie jlagh o Jaad Al Ayl o680 :(120-3) Jsi

Water level above weir height = free board = 1.5 m :‘
Crest width (b) i

Hydrostatic Pressure, H1

Total water depth (h)

Distance to toe = V2 V3 H3

Xige = & X total
water depth
=067Tm

H2

H = Depth of silt deposited =

&5 weit height ;

Silt Pressure P, | H2 ‘

Jadil) vie gl e Jaxd i) Aol gl 1(020-3) s

150



Horizontal forces 4y 4sa (1

Water upstream (aall) Ll ol oluall

Gs el (ssie + lagll g lii))) = yh = g @) & 6] baall o o
sl 035 * (Llagd)
The horizontal pressure at the bottom = yh = (Weir height +
water level above weir)*weight of water = P1 = (1.50 +
0.50)*10 = 20 KN/m?
= HIL = (1/2) * (Sbtingyel) biall) glis¥) o 56l bagia an o
Gee Maal * (e & 81 bial) + Jauy) b a8Y) L)
(Al (358 oLl (3ae + 2l g i) (of co )
The average force over the height (hydrostatic pressure) = H1
= (1/2)*(horizontal pressure at the bottom + horizontal pressure
at the top)*total water depth i.e. (weir height + water depth
above crest) = ((20 + 0.00)/2)*(1.50 + 0.50) = 20 KN/m
G5 sl (s5ian + 2l £ i) = Xige = a2l gaea) ) dilsll 2 @
3/ (el
The distance to the toe = Xipe = (weir height + water level above
weir)/3 = (1.50 + 0.50)/3 = 0.67 m
) ALl * i) e sl gl = lagl) gaal Jos ajall 2 o
el )
The moment about the toe of the weir = average force over the
height*distance to the toe = HI1 * Xie= 20*0.67 = 13.4KN.m/m

\ Clockwise
\;;M/ ‘&_)/ Anti-tawafwise

—
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Sediment (silt) upstream a.ial) (l_,,u\) il g )
* el A5l ek Jales * o) gl = g @) 8 &Y) haall aa o
(;Ld\ s — daniall 445 w'j)

The horizontal pressure at the bottom = weir height*coefficient

of neutral soil pressure*(Weight of saturated soil — weight of
water) = P2 = 1.50*0.5%(20 - 10) = 7.5 KN/m?
i) * (a5 33V il Jasgia) = gl N1 e 5l laugia an o
lagd
The average force over the height = (average of minimum and
maximum pressure)*weir height = ((7.5 + 0.00)/2)*1.50 = H2
= 5.63 KN/m
Dl g iyl = andl) ana) ) ddliddl 2 @
The distance to the toe = weir height/3 =1.50/3 = (.50 m
S Alall * gV e 5l hugie = lagll gaal Jom piall n e
pl) gonal
The moment about the toe of the weir = average force over the

height *distance to toe = 5.63*0.50 = 2.8KN.m/m

Water downstream sLall ¢ 2

* el gy oladl 8 el gine — = oY) 3 @Y haall i e

;LQM L')).}

The horizontal pressure at the top = — water level downstream
*weight of water = P3 = - 0.00 *10 = - 0.00 KN/m?
* (e=aily ) il Langia) = g liy) e sl haugia n o
&) (gma olail (8 o Lall (g5iuna
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The average force over the height = (average of minimum and
maximum pressure)* water level downstream = ((- 0.00 + -
0.00)/2)*0.00 = H3 = - 0.00 KN/m

el (pme olad) el ssie = lagl qua) ) ALl 2a @
The distance to the toe = water level downstream/3 = 0.00/3
=0.00 m
) ALl * i) e sl Jangie = lagl) gaal Jom aall 2a o

ol gl

The moment about the toe of the weir = average force over
the height * distance to the toe = - 0.00*0.00 = - 0.00
KN.m/m

Sediment downstream waall gl

* el e slad) (8 Canls )l (gsine — = gl & 8 Lkl 2 e
(Ll (s = Amaiall 5l (33) * o) Ayl Jaia Jalaa
The horizontal pressure at the bottom = — sediment level
downstream* coefficient of neutral soil pressure*(weight
saturated soil — weight water) = — 0.00*0.5%(20 - 10) = P4 =
- 0.00 KN/m?
* (e=aly ) il Langia) = g liny) e sl haugia n o
BYR\ RSP PN [ T P | PN
The average force over the height = (Average of minimum
and maximum pressure)*sediment level downstream = H4 = -
0.00 KN/m
3/ el e oladl 8 calg )l (s5iee = p2il) aal ) diludl) 22
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The distance to the toe = sediment level downstream/3 =

0.00/3 = 0.00 m

SV Al * el e sl lagio = lagl) gua) Jss adall 2n o

il

The moment about the toe of the weir = Average force over

the height*distance to the toe = — 0.00*0.00 = - 0.00

KN.m/m

16.2 =0.00 = 0.00 - 2.8 + 13.4 = 3@| a55e)) Jlaa) 20 @
KN.m / m

Total of horizontal moments = 13.4 + 2.8 - 0.00 - 0.00 =

16.2 KN.m/m

Jaall vie jagh o Jaad 3 Lperipl) s g8

Water Pressure | Water level above weir height = free board = 0.5 m
1 Crest width = 0.5 m
I

Average force over
height = H1 = yh Average force over
| g Weight of weir height = H3
—
Weir height = 1.5 m Vertical force = V2
Average force over height Vertical force = V3 Av'erage force over
=H2 = Silt Pressure Psm = ! height = H4
0.5 % youp X H? X Ka -— ! ] |
Base height = 0.5
K = 1-sin 8 !
1+sin© Bottom width = 2 m
Uplift Pressure Vertical force = V1 River bed rock
Factor of safety = 1.5 Flood flows of up to 20 years return period

Discharge over weir = 28.125 L/s

Jaal die Jlagh o Jaad 3 Aei) g5l :(g20-3) Jd
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Vertical forces 4 agaal) 4ill (2
V1 Base (rectangle 3xB)V] Jivivie
(s Bang Ay pae * oia JS Apabatall daliad) = Longanll 348l) a0 @
Blwpall ABS sy (35 * sac il i) * g W Lame= Ailujall

The vertical force = sectional area of each part*multiplied by
unit weight of concrete = bottom width*base height*mass
concrete unit weight = V1 = 2*(0.5%*24 =24 KN/m

2/ (£ Gae) = pail) gaal ) diledl) 22
The distance to the toe = (bottom width)/2 =2/2=1m =1
m
p ) () Ailasal) * A2 panll 5580 = lagl) na] Jsm iall 2 @
The moment about the toe of the weir = vertical
force*distance to the toe = 24*1 = 24 KN.m/m

Base width/2

Base height=0.5m

Mass concrete unit weight = 24 kN/m? Toe

Base width=2m

V2 rectangle Juaiua
s * (32 g liy) — sl g liy)) * Ll mpe = Lgenll 5l 2 o
Aol Al) A1 3aa

The vertical force = crest width *(weir height — base
height)*mass concrete unit weight= V2 = 0.5%(1.5 - 0.5)*24
=12 KN/m
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axe) + (Al (mje — gl aje) = adill jua) ) dladll 2 @
(2 /&
The distance to the toe = ( bottom width — crest width) +
(crest width/2) = (2 - 0.5) + (0.5/2) = 1.75 m
2l ) ) ALl * L panll 55l = ) pual Jom el 2n @
The moment about the toe of the weir = vertical

force*distance to the toe = 12*1.75 = 21 KN/m = 21 KN.m/m

Crest width=0.5m

Height = weir height - base height
Crest width/2

Mass concrete unit weight = 24 KN/m?

Toe

V3 sloping jaaiall
— ol g ll) * (2] (Rl Gae — gl Gae)) = ageall sl 2n
ANl Bl dll sasg gy ¥ (32l ¢ L))
The vertical force = (( bottom width — crest width)/2)* (weir

height — base height)*mass concrete unit weight = ((2 -
0.50)/2)*(1.50 - 0.5)*24 = V3 =18 KN/m
3/2 * (Al e — gl jax) = 238l ana) ) Al 32 @
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The distance to the toe = (bottom width — crest width)*2/3 =
(2-0.50)*2/3=1m

) aaa) ) Adlal) * D seall 38l = 2l paa) Jsa ajall 22 @
The moment about the toe of the weir = vertical

force*distance to the toe = 18*1 = 18 KN.m/m

Height = weir height - base height
(Bottom widthh: crest width) x 2/3

Mass concrete unit weight = 24 kN/m? i

Toe

Breadth = Bottom width - crest width

Vertical forces (summary) (paile) 4uagand) (5581
VI Base s:x\ifrectangle] ki )
Bansll (5 b s pne * ein JS) Apakiall Aaluall = Lgerl) 34l 2 o
Llpal) A sang s * saclil) g 1) * g ) Gamje = Blojall o
The vertical force = sectional area of each part* multiplied

by unit weight of concrete = bottom width*base
height*mass concrete unit weight = V1 = 2*(.5%24 = 24
KN/m

2/ (2@ pase) = pail) ) ) Adlisdl) 2n e
The distance to the toe = (bottom width)/2 =2/2=1m=
1m
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gl wna) ) Adlesdd) * A 5l = aul) pual) Jon ajell an o
The moment about the toe of the weir = vertical

force*distance to the toe = 24*] =24 KN.m/m

V2 rectangle
sang (s * (s2o 8 gLy — adl g liy)) * Al Gmpe = Al ssil) 2 o
) Ail Al
The vertical force = crest width *(weir height — base
height)*mass concrete unit weight = V2 = 0.5%(1.5 -
0.5)*24 = 12 KN/m
Al Gaye) + (Al e — gl ae) = el pnal ) ddluadl 2a @
2/
The distance to the toe = ( bottom width — crest width) +
(crest width/2) = (2 - 0.5) + (0.5/2) = 1.75 m
gl ) Y sl * Ll 380 = agh gl Jsm il n @
The moment about the toe of the weir = vertical
force*distance to the toe = 12*1.75 = 21 KN/m = 21
KN.m/m

V3 sloping ;s
— Al pliyl) * (2 (Rl pae - gl pae)) = Laseall sl an @
SESI AL jall Basg ¢y)s ¥ (Bac @) g )
The vertical force = ((bottom width — crest width)/2)* (weir
height — base height)*mass concrete unit weight = ((2 -
0.50)/2)*(1.50 - 0.5)*24 = V3 = 18 KN/m
3/2 % (Al jmpe — g lill Gae) = lagd) gaal ) diladll 2 o
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The distance to the toe = (bottom width — crest width)*2/3
= (2 - ().5())*2/3 =1m

sl el ) ) * Ll 558 = Jlagdl sl Jom oiall 3 @
The moment about the toe of the weir = vertical

force*distance to the toe = 18*1 = 18 KN.m/m

Uplift upstream pidl) vic ad)))
sldl s ¥ (2ud) 38 e lall (giie + 2l g i) — = a8l Tk 2 o
The uplift pressure = — (weir height + water level above

weir)*weight of water = P5 = - (1.5 + 0.5)*10 = - 20

2
KN/m
(2 ] (craad) olaily @yl T + eV 2l haiis)) = 55l Jawigio an o
gl paye *
The average force = ((uplift pressure upstream + uplift

pressure downstream)/2)*bottom width
0.00)/2)*2 = =20 KN/m
(3/2) * g&l (e = Jlagl) ) ) ddliall 2a o

The distance to the toe = bottom width*(2/3) = 2*(2/3) =
1.3 m

gl ) Y sl ® 5l Tagia = lagh waa) Jsm il 2 o
The moment about the toe of the weir = average
force*distance to the toe = -20*1.3 = —26KN.m/m

(- 20 + -

Uplift downstream —.ad)) xic &3))
;u‘w}*)@__J\L;)Mbt;j\uﬁ;u\dw_=¢5)“]h N
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The uplift pressure = — water level downstream*weight

water = P6 = — 0.00* 10 = - 0.00 KN/m2
gl pase * cuadl olail ad)l) Jaxia = 48l Lanigie an o
The average force = uplift pressure downstream*bottom
width = Ul = - 0.00*2 = - 0.00 KN/m
3/2 * gl aje = Jlagd) aua) ) diliall aa @
The distance to the toe = bottom width*2/3 =2#2/3 = 1.3
m
gl ) Y sl ® 5l Tagia = lagh waa) Usm il 2 o
The moment about the toe of the weir = average
force*distance to the toe = - (0.00*1.3 = - 0.00 KN/m =

- 0.00 KN.m/m
37 =0.00- + (26-) + 18 +21 + 24 = Lagaall agiall Jaa) 2a o
KN.m / m
Total of vertical moments = 24 + 21+ 18 + (-26) + -0.00
= 37KN.m/m

HHHHH\HHMH... I
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2V =24+12+18

M= =24 + 21+ 18 = 63 KN.m/m

YH=20+5.6

Heel
-ve

M,=13.4 + 2.8 = 16.2 KN.m/m

Jinil) vie gl e Jaxd 3 iyl gl 1(420-3) Jed

Overturning about the toe gl aual Jga DA (3
25 o all e lagl) A 5l (sl puen Aan culS 1Y e
sl oda jelii o cAglaal) Zalil) (o a8l gas) Jon liiyg lagll
sl b o Sae 8 (b s i 2l O
If resultant of all the forces acting in the weir passes
outside, the weir shall rotate and overturn about the toe.
Practically, this condition will not arise because the weir
will fail much earlier by compression.
s Yl dale a gl Jss DAY aie ) Aeoglial) ade Aua @
WU 15 e S1 0585 o angs DY)
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The ratio of resisting moment to the overturning moment
about the toe is the factor of safety against overturning
and it should greater than 1.5 for safety.
il Uiyl dllis . gaay) & cuaall Jea CDEY) ) il G e
PN Yl
Y a5l asanll agiall Ajlia O
(— el wall) DY) g a4 ((+) sl aiadl) LS O

()

Overturning will be looked at around the downstream the
toe of the weir. There are two different ways of looking at
overturning:
a) The vertical compared to the horizontal
moments
b) The stabilizing (positive moment  (+))
compared to the overturning moments
(negative moment(-)).
Slo 33 AL Gl Gl o<y 1 e ST Al (6 o g o
()13 5()31.5 Wi
The ratio should be larger than 1 but for safety reasons

taken as 1.5 for (a) and 1.3for (b)
O o Y 2 all Jlaa) [ Bl piall Jlea) = agall dps @

1.5<0%
a) Ratio of moments = total vertical moment/total
horizontal moments must be > 1.5
payadl daus 2
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Ratio of moments = 37/16.2 = 2.28 about = 2.3
COEY) A e Al Qe
As such. the weir is stable against overturning

since the ratio is larger than 1.5

b) Comparing moments for stabilizing @il a3l 45l
)
Al LpladY) Zpubl 2g5al et
positive vertical moments would exclude the moment of
uplift = 0.00 + 0.00 + 24 + 21 + 18 = 63
gV agie ) Adlaayl Gal anll aual oAbl (OGN ag5e
Negative overturning moments over toe horizontal plus the
moment of uplift = -13.4 - 2.8 + (-26) + 0.00 = 42.2
Lol
Ratio = 63/42.2 =1.49 > 1.3
1.3 e 5ST1.49 0 (DY) s s lagll 8 ¢ g
Thus, the weir is stable against overturning since 1.49 is greater
than 1.3.

Bearing pressure on foundation _uluy) s biall Jaas (4
G el e 0l ey g el Cang ¢ Jlagll i apaa oL o
il ()6 o amg ) and 8 Jaisall gl cuinal sl (ye JagY)
Aisle o b o Jail) aca aud) jand caag cclld L Gla s
5ol e iy 288 ¢4y - pansall Taial) ladll alaadY) Jaiaall 5la 13)
L JSe)
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While designing the weir section it should be so designed
that the resultant should pass through middle 3rd part of
the section to avoid the possible tension on the weir
section. The section should be totally in compression. So,
weir should be checked against the failure by crushing of
its material. If the actual compressive stress may exceed
the allowable stress, the structure material may get
crushed.

IS = Jlagd) gl e Ayl cllaall) JS) = S i) () Alse 20a @

(&8 0s) Bl Al (sl [ (pail) pana) Ao @Y1 cillaall

Determine distance (x) of resultant = X(all vertical
moments over toe — all horizontal moments over toe)/ X
all vertical forces (without uplift)

X=(24+21+18-13.4-2.8-0.00-0.00)/[24 + 12 + 18] =

46.8/54 = 0.87

Q.: Is (x) within the middle 1/3 of the base of the weir body?

Ans.: Yes as (.87 is between 0.66 m and 1.33 m

oy sac il die ol peatl) olga) e o

The vertical combine stress at the base is given by:

= 2[1 + 6*¢/B]

Min/max

[GETEN

-

sl S e Anill 54l (N iAW) = €
e = (B/2) - X, X = XM/ZV, e = eccentricity of the resultant force

from the centre of the base.
saclall 3S5a (e Aianall 38l (g3SHall CalatY) an e
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Find eccentricity of the resultant force from the centre of
the base, e = (1/2*bottom width ) — x = {(1/2)*2} - 0.87
=0.13

Bearing pressure on upstream face (T1)auall 4as Je Jaziall Jaad

e T1 = all verticals/[1000*bottom] - all

2
verticals*e/[1/6*1000* (bottom width) ]

e T1 = 24 + 12 + 18 [[1000*2] - (24 + 12

2
+18)*0.13/[1/6*1000*(2) 1 = 0.027 = 0.011 = 0.016
2

N/m
Bearing pressure on downstream face, T2 uadll 455 Je Larall Jass
e T2 = all verticals/[1000*bottom] + all

2
verticals*e/[1/6*1000* (bottom width) ]

o T2 = 24 + 12 + 18/[1000*2 ] + (24 + 12 +

2
18)*0.13/[1/6*1000*(2) 1 = 0.027 + 0.011 = 0.038

2
N/m

2
» Allowable: Sandy gravels t < 1.00 N/m

Q. Acceptable?

A. Yes since (0.038 is less than 1

Sliding 333 (5

sacli e g o) 8 st ol (558 Adliall L) 558 5lam Lavie BY3Y) Cuaay
csial) 134 2ie 3 shall SV daslia 2l
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Sliding will occur when the net horizontal force above any plane in
the weir or at the base of the weir exceed the frictional resistance
developed at that level.

=il il JelaS BV s Gl dale Gl
Factor of safety against the sliding is measured as Shear Stability
Factor (SSF) and is given by:SSF= (uxxV + Bq)/ZH
Where, u = Coefficient of friction; q = Average shear strength of
the joint. For safety against sliding, SSF should be greater than
3.5. To increase the value of SSF, attempts are always made to
increase the magnitude of q, which is achieved by providing the
stepped foundation, ensuring the better bond between the dam

base and rock foundation etc.

Sandy gravels: ssilu as
[ Sl Ay Ay Jl * e iV (ail saee ) apea = dpll
Y] gl asan
Ratio = all verticals minus uplift*tangent of angle of

internal friction/AII horizontal forces

+ Ratio = (18 + 21.1 + 8.4 — 20-0.00)*tan 35 /[20 +
5.63 +0.00 + 0.00] = 19.2/25.6 = 0.75
* Allowable : sandy gravels ratio > 1.3
Q .Acceptable?
A. No.
e The weir is not safe against sliding effect hence a key
is required
z e 3sas il Ul BYN) 580 ace Gl G
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Method 240 43 Ll
Sandy gravelssails oas
» Ratio = All horizontal forces / All verticals forces minus
uplift = 20+5.03+ 0.00+0.00 /[24+12+18-20-0.00
341=25=0.73
2 e agshae Gl )l (g5l asan [ AEY) (55ll) aren = Auil
» Allowable: Sandy gravels/coarse sand ratio < (0.4
Q. acceptable?
A. No
* As the weir is not safe against the sliding effect a key
trench is required since the ratio is greater than (.73.
aall oY Dl ) (332 35as b (BN DB s Gal Gl 2l Y Bl
0.73 o LS
+ Horizontal force (F) in key trench is: F= (all vertical
minus uplift forces)*ratio — all horizontal forces: F =
(24+12+18-20-0.00)*0.4 - (20+5.03+ 0.00+0.00 )
=13.6 -25.0 = - 11.4 KN/m
» The key trench width (W) should be:

Permissible shear stress (q) in key (mass concrete mix 1:2:4) is

0.25 N/m’
q = (required horizontal force)*load factor/1000*required trench
width
0.25 = (11.4* 10°)*1.7/1000*w
* The load factor is a safety factor taken for the impact

of forces. It is taken as 1.7
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W =77.52 mm = 0.08 m

The key trench depth (D) will be

F = 1/2*T permissible compressive stress*D* 1000
11.4*10° = 1/2#0.25*D* 1000
D=91.2mm=0.091 m

(Gravel : horizontal compressive stress = (.25 N/mmz)

(Sand : horizontal compressive stress = (.10 N/mmz)

e |t can be concluded that only a small key is required

to overcome the sliding tendency

bl olany) e il pia ~Gie (g a3l Y adl 2l oSa

Stresses in concrete 4iluall 3 gy (6
e Load factor = 1.7 uxll Jale

A. compressionkiva

e t = ([all vertical forces-uplift forces]/[1000*bottom
width ] + J[all verticals - uplift forces
*e]/[1/6*1000* (bottom width)"2])*load factor

ot = ([24+12+18-20-0.00[/[1000*2] + ([24+12+18-

20-0.001/[1/6°1000%(2) 1)#0.13 ))*1.7

o t=([34/1000%2] + [4.42)/ £ 1/6%1000%(2))*1.7 -

(0.017 + 0.066)*1.7 = 0.14 N/m
B. Tensile
« t = (all vertical forces-uplift forces/[1000*bottom
width] - all verticals - uplift
forces*e/[1/6*1000* (bottom width)*2])*load factor
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ot = ([24+12+18-20-0.00]/[1000%2] - ([24+12+18-

20-0.001/11/6 *1000%(2)’]) * 0.13))*1.7

et = ( 34/1000°2] - 4.42/[1/6*1000%(2)1)*1.7 -

2
(0.017 - 0.066)*1.7 = = 0.083 N/m
2

Nominal mix 1 : 2 : 3 permissible is 1.00 N/m so tensile stress is
within limit

Nominal mix 1 : 2 : 4 permissible is 0.50 N/m2 so tensile stress is
within limit

Nominal mix 1 : 2.5 : 5 permissible is (.35 N/m2 so tensile stress

is within limit

C. Shear adll

e T = all horizontal forces* Load factor/1000*bottom
width
¢ t=(20+5.03+ 0.00+0.00 )*Load factor/(1000*2) =

2
(25.03/2000 )*1.7= 0.021 N/m

2
Nominal mix 1 : 2 : 3 permissible is 0.05 N/m so tensile stress is
within limit
2
Nominal mix 1 : 2 : 4 permissible is 0.25 N/m so tensile stress is
within limit
2
Nominal mix 1 : 2.5 : 5 permissible is 0.17 N/m so tensile stress
is within limit
e The pipe diameter at the intake chamber is 400 mm
for the intake pipes and 150 mm for the scour pipe.
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This size of pipe is believed to convey the required
discharge to the farmers.

A silt gate is also provided to ensure that the amount
of silt deposited upstream of the weir is minimal.

A concrete mix of 1:2:4 should be used since it’s
within limits of compression and tensile stresses.
Steel reinforcement bars of diameter 16mm are used
and spaced at 200mm centre to centre and are put in
both directions.

A screen is provided at the intake chamber entrance
to filter off any unwanted material that the water may

be carrying.

Bill of quantities <lias!l cilua

Volume of the intakeJ il axa

Weir body = (1/2)*1*(0.5 + 2)*22 + 0.5*2 = 28.8
M3 ol anen

Upper apron = 2#0.2*22 = 8.8 m3slall 3l
Lower apron = 3.5%0.2*22 = 15.4 m’_la.) 3l
Wing walls = (2*8.5%0.3*2) + (4*0.2*0.2*2) =
10.52 M3z Lall glaa

Keys = 0.08*0.091*22*3 = (.48 m’zsladll

Inlet chamber = (0.8*0.2*2*3 + (0.2*2*0.2 = 1.04
m3Jsaal 5ma

Inlet chamber cover = 0.5*0.5*0.1 = 0.025 m?
Jandl da e ol
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« Total volume = 65 M’ Il asall

o Concrete mix is 1:2:44lsal) dklill

«  Unit weight of concrete is 24KN/m? and 10 N make
1 Kg

e Hence total weight of concrete used is =
65*24*10"3/10 = 156,000 Kg asbuall dlaayl 45l
Al

« Cement = 1/7*156,000 = 22,286 Kg/50 = 446
bagsciien!

« Sand = 2/7*65 = 18.6 m>JL,l

« Ballast = 4/7%65 = 37.2 m® 5,5l

Bill of quantities (BoQs) (BoQs) clusll Glua

Description Unit Quantity | Unit Total cost
cost (Kshs)
(Kshs)
1 | Cement Bags | 450 1,250 | 562,500
2 | Sand m?3 18.6 2,800 | 52,080
3 | Ballast m?3 37.2 4,500 | 167,400
4 | Gl pipes
400 mm No. 2 50,000 | 100,000
diameter
150 mm No. 1 25,000 | 25,000
diameter
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5 | Reinforcement

bars

Y10 6m 300 1,000 | 300,000

Y16 6m 150 2,500 | 375,000
6 | Binding wires | Kg 200 300 60,000
7 | Screens (0.5

m by 0.5 m)

Fine screen No. 1 2,500 | 2,500

Coarse screen | No. 1 2,000 | 2,000

Labour Days | 60 1,500 | 90,000
9 | Contingencies | Kshs. | — 30,000 | 30,000
10 | Total cost 1,786,480

Nappe

Ventilation

Weir

Jagd B Gy :(21-3) Js
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Broad crested weir 4edll gl ol logll (9-1-4-3
wie Ciady o g add Ble s cadde Yl golall 2l iy 53 ¢ lagl)
oAl LWL Q sl 38 dagyy cidasad) dawaigh JKBY) ) Al . Gaxl)

gl g i) el aiall (385 ey @A H 2laws¥) g iyl dpilall s

JSA miasy A850S0 3LE 50 Jlad 4Ty Doy (380 b g8 lagll o8 Jullg
4d la, sharp—crested sals 4w @l clagd) e ol (15-3)
052 eV elady) 8 Gl oS (oillal) WK 4 .broad—crested diaye
Ald ) Gty Ohedl Ga sl exndl e @l zall ) gl @)
VIH3 g e 535 IS0 Qi oty ¢ (ylagll (e S .zl (358 NAppe
Cd e L o ilie cSlalaa g oSl

gt e s ((5-3) s
el z6 Al el i 0.9 caand) si )5S Lavie @

tdadl
0.9 = Ciaudl 58 ¢ 50 0.9 = zial) Lapadl Jagll g iyl sibilandl (1
S
gsiall Ganpall Jhagdl se A Jars aslhadl (2
aladl a2l (3
Q =LJg 2\ F3/2
=15 3)

slanall bl JIaah Aslad) e 381 2 (4

2\ 3/2 2\ 3/2 2 3/2
=LJ/g(=) E3/?=1J981 (—) 0.9 +—2>
¢ ‘/E<3> 3 + 29
3/2
Q 5
- =q=1705x(0.9 +—— "
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dany JSI (38al) Aalae eanalt a3 (30 Vo = /1.2 Jg=1.2%v, o W (5

U
e 3/2
=1.705%(09 + —1t
1 * t 288981
3ang IS (383 Jana alag) oS Sl Uadl) glas Al o Leiay
s

q=1.715 m3/s/m

il pae s (5-3) galix
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_3 5 extends JPanel {

public static final String TITLE = "5-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jial o8
Aol Qlus 23l) < /b><br/><br/></html>";

private float H1, h;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),

¥
JLabel[] labels = {

new JLabel(" ) Llelgl,l): ", JLabel.RIGHT),

new JlLabel(" ji«) il Jlef ciaud) @) : ") JLabel.RIGHT),
¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {

try {
Document document = e.getDocument();
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Object owner = document.getProperty("owner");

String s = document.getText(O,
e.getDocument().getLength());

float val = Float.parseFloat(s);

if (owner == textFields[0]) {
h = val;

} else if (owner == textFields[1]) {
H1 = val;

¥

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText (EMPTY_RESULT_TEXT);
return;

}

if(h == @ || H1 == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double g32 = Math.sqrt(9.81) * Math.pow(((double) 2 / 3),
((double) 3 / 2));

double dividend = 2.88 * 9.81;

double i;

for(i = 0.001; i < 10.000; i += 0.001) {
double rhs = g32 * Math.pow((h + ((i * i) / dividend)),
((double) 3 / 2));

if(rhs >= (i - 0.001) & rhs <= (i + 0.001)) {
break;
}
3

if(i < 10.000) {
String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>gae saay I @il Jae = " + fmtfloat2 +
" /Al eSa sicbr/>" +
"<br/></html>";
resultLabel.setText(String.format(format, i));
} else {
resultlLabel.setText("<html>G@E Jae Clua i< /html>");
¥

};

public Example_3_5() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridlLayout(9,1));

JPanel centerPane = new JPanel(new GridlLayout(9,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
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* (2

Border bo

rder2 = BorderFactory.createEtchedBorder();

topPane.setBorder(border);
bottomPane.setBorder(border);
labelsPane.setBorder(border);

textField

sPane.setBorder(border);

centerPane.setBorder(border2);

setBorder

(border);

topPane.add(new JLabel("<html>daladl axdiy JUdll 16 <b>Q = L * Sqrt(g)

/3) A 3/2 *E

for(int i
textF
label
textF
Docum
docum
docum

}

centerPan
centerPan
bottomPan
add(topPa
add(cente

A 3/2</b></html>", JLabel.RIGHT));

= 0; i < textFields.length; i++) {
ields[i].setColumns(10);

sPane.add(labels[i]);
ieldsPane.add(textFields[i]);

ent document = textFields[i].getDocument();
ent.addDocumentListener(textFieldDocListener);
ent.putProperty("owner", textFields[i]);

e.add(textFieldsPane, BorderLayout.CENTER);
e.add(labelsPane, BorderLayout.LINE_END);
e.add(resultLabel);

ne, BorderLayout.NORTH);

rPane, BorderLayout.CENTER);

add(bottomPane, BorderLayout.SOUTH);

X
public static

try {
UIMan

} catch (

e.pri

}

SwingUtil
JFram

frame.
frame.
frame.
frame.

frame
frame

s

void main(String[] args) {

ager.setLookAndFeel (
UIManager.getSystemLookAndFeelClassName());

IllegalAccessException | InstantiationException |

UnsupportedLookAndFeelException | ClassNotFoundException

ntStackTrace();

ities.invokeLater(() -> {

e frame = new JFrame(TITLE);
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
setResizable(false);

add(new Example_3_5());

pack();

.setLocationRelativeTo(null);

.setVisible(true);
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Zsiadl yaspe loa ((6-3) Jla
wae e b e 0.4 4cliy) zadl gage el Sl el el glis) aa
Al el 516 0.54 o)laie (30 5ia 1.8

1.8 = oaall G «p 0.4 = zsial) Gapall Jlagl) £yl llandl
&Pa 0.54 = G Jame ¢ s
zsiall ave Jhed Dkl el ol g i) tslladl)
g ey saay JSU 8l Jaze 2a
q=0.54/1.8 = 0.3 m’/s/m

2
e 1/3 0.32\ /3 .
Vo =Y, = (?> = (9.81) = 0.209m
depud) 2a
V2=%=% = 1,433 m/s
Yo 4af 2a

V2 1.4332
Yo+ g5 =04+0209+

Vo = 0.3/Yo g Ui,¥ls depud) A8e alay) (Say leiay

& e

Yo = 0.705 M iad slay Say LSl dgladll e

(7
(8

9

Cipolletti weir =t sww /s (10-1-4-3
(gasee 4580 1) Lladl chasial) (e Gapn 14 g Coyaiall 4ad Hlagll 5 13
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no end iy «lalal (sa) suppressed  rectangular  weir
il 4wl @il lie) Sa . slie sill A mpe (contractions
Gsaill Caal (o (afilg B (ia ey 2aly Jiliee (33 4l e trapezoidal notch
.(apex angle q / 2 4l 434)5) half V-notches Vs 5 e

Cipolletti (Trapezoidal) weir (<iaic 43d) Sl sas s
Al cailsadl ) lae Lad Qi) lagll 4ndy @
il S el cv—noteh iyl dldaivadl il lagll o 482 JiT @
i paill Cipolletti Weir jlaa ddalaa
Q = 3.367 * b x h3/? (3-9)

-

il g &) jmpe = b

Side Slope 1 horizontal
to 4 vertical

—L—- r/go"\1

Rectangular weir Cipolletti weir 90° Notch weir

_-— L —-

g:\...\l‘gﬁu J‘.\A (22_3) Jé
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Proportional or Sutro weir s_ sl S sl lagl)
el & LS chlagll o1l e g5 6 A 383) e el (S le B)p0m
.10-3

Qoc HP (3-10)

A (38 Caand) 8 e Cansliy G O gl Banll (gslai N e 4 lagd Al
Lus 1l proportional weir jlagl) ews Weir crest lagl)

I T
1 L

o aadl) lagh :(23-3) Js&
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Sharp-crested, not sharp-crested 4adll sols _pé g 4adll 5ala & ylagl) (11-1-4-3
weirs

e Wl o Camy cans&s Al ¢l el saladl Zalad) 2550 < cllagl
& .sharp—crested weir salall 4adll 3 Hlaglh e Crest aadll o J
Ghla g e duadl mllias dsas ate G (gAY Ghlag)) aea i
not sharp—crested, or round—crested, <l 3)3ue j sala el Gy e

.weirs
A5 el el & not sharp—crested zalall e Cljlagll ey & sale
sale Bagls Radas 058503 o V) ¢l (bl Blaal i Ll e aeyl) ey
i) 90 Ay Jin g3,k e 3ale sharp—crested weirs salall ¢ilylagl) c_uu
slaall (ulidl Al S Lasd 30080 Baladl dadll ) lagd) LAaall dalal) ) e

RN

Sharp crested weirs 4adll 5als & jlogl) (12-1-4-3
gl e 1 e lall Ty s il e Al vie sala Zala Laal cilylagll oda
a1l Lempana pyy it cluda 8l spmall L) 6 ale aand

J2 = [+ Al dady 8 o Say e

:sharp crested weir daall salall clylagll e 4 t‘ﬁj A5 aa g
V-notch or triangular ¢  V can J3 e @
Rectangular . e

Trapezoidal or Cipolletti s o i ani @
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—x

- - Front View
Side View
Drawdown
— . "“‘--.L weir crest
— -~ H Q h
—_—
Q
—
P
—_—

Sharp crested weir parameters

goiall dall jlagh) :(24-3) Jsa
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Sharp Crested Weirs dagiall alall c)ylagl)

Head

Sharp crested weirs

gsiall dall jlagh :(25-3) Jsa

tladic gl 1Dla lagll ey

y1
1215 (3.11)

Dlagll 35 kel el Gasll G = Yy

el Jsba = |

LAl N are Gl S (i slaneS lag) aladiud (e

saall ¥ ama (il Chananial 13)

Q=3 Cay/2gbHy" (3-12)
C4=0.611+0.075 (3) (3.13)

w
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o ®
o

r

Dlagd) (e skl Jef A8l Jlea) = HI

1) Dsara Jlagll iy
s=2>0.15 (3.14)

y1

£(S) = |(1- $3/2)["*° (3.15)

Sharp Crested 5ala 448

osera e Jla
c1u3/29

4

H1
Y1

4y; - 8y,

T
H\H
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sera Jba

e

Hy
Vi ]

Weir

Broad-crested weir 4edll saz s Jlagll (13-1-4-3
Lighadll o5& Lty cdddl dad )y :ils sline e 3jle Jubuivall (aggall lagd)
Dl alasiud oSay sland) e 3Sate shal aa g Y LA sy dagiivse dyluY)
sle 3le sl oyl alat’ Jal e Ul (S5 colaall (s 5iuse palaiil ay el
il 8 oyl (bl sl g)l) cilgl 8 (el lagd) Gada 2y celld

.‘)..}a.aaiw.u

Ayl 4 4pd | 480 1 e (gging 4 e Lapyall Ll 53 jlagl) iyt Sy
Lguall peki oy nappe slall aea S Cusy Gl sladl 8 L) 48 Ly
channel of QY gae .JY) o spad dileal JalSIL ASiling jugll
o a1 G ddaugiall Acjully «lagdl ) gasall (a4l 8 @pproach
O «elsedl & nappe s)ladl i &5 13) . velocity of approach ) @) A ju
iy elall Cad il paill culS 1) Lfree discharge s i 4l (sSh lagl)

.drowned 3¢ o submerged seia lag ) J&
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+(THL) Upper

== Detail of the lower nappe

0.11(Hy —A2)

d Lower
nappe

0.25(H; — Az)

19.5 Sharp-crested weir.

UN ROUNDED CREST CYLINDRICAL CREST OGEE CREST
Discharge Formula Discharge Formula Discharge Formula
Q=195 H"? Q=21bwW" Q=23pH"
Conditions: Conditions: Conditions:
z>>H z>XH z>yH

Loy ) clylagll 1980 :(26-3) Jsi

ol g b sl :(27-3) Jea
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aall Ll JalSll iapall Siary cdalavee dad 3 Augh ilite dayall illagl
Gl bysaay flumes g)ladl 1)lae el 508l gl sale axais . S
AL N A ey gl 4jlie Lans AL backwater 555 ol i flumes
5008 il LS colpall Caypuai (pulil Ui gy Sy clagll aadind A8 3
e - AY) hlagly A3lie cuadll sl el cilisine pe ddeliy Jaall o
8 Bl Bae a3 o2y dudly Bale laye e (f floating debris ailell alaall
Bysa o lagd) Alabee LS Koy Aaslal) slaally auall Capeall olie dallas Jlact

tgsdl) alaal dlilas

Q=1.705C4C,bh1® (3.16)

. =
P EL N
-

dﬂﬂ\ d.abu = Cd
depull Jales = Cy

e s o(7-3) Jle
Osy s 4.5 alsh 4ly sharp crested weir sla zyxie jlaa o Caypail) 2aa
0.45 2adll 36 (uladl g layy) o< Cusy cateral contractionsduls cilalss
o 1 Jlagl sill e ¢\ 2 4.5 approach channel CiJyEY) 3L (e .5

:Jadl
0.45 = 2l 34 aladl gl ¢ e 4.5 = Hlagdl Jsh tcbilasal) (1
a1 =l ddie gl@i)ly o 4.5 = QY 8l aje i
Cippeatl 1 lladl (2
Aaladl) aasii (3
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2
Q=1.84 [b-o.m <H+ aV‘"")l

- av? 3/2 av? 3/2
2g 2g) "\ 2g
a\3/2  , 1\ 3/2
Va Va
H+ =) (=
( 2g> <2g>

<&l gl sl /ateral contractions iusla CLalss Gsas lagd dsilly

Q=1.84b

gl Aalaa sl 8 (e g Basgll (golud @ dad (1 SUppressed weir

Sl
Q=1.84bH?3/?
ateal g,_/jf w41 velocity of approrach /idY/ ey Jalais
Gilbeo

Q = 1.84bH3/? = 1.84 % 4.5 x (0.45)3/?2 = 2.5m3/s
Wileall o 38Y) de s 2a

2.5
Va= 15(17045) 383 m/s
ledd) 1o (392 2n
V2 3/2 V2 3/2

0 = 1.84b (H + @) - (5)

= 1.84

[( 0.3832>3/2 (0.3832>3/2]
«4.5(( 045 + -
29 29
= 2.556 m3/s

el o(7-3) geliy
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadlLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example 3 7 extends JPanel {

public static final String TITLE = "7-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jiab o8
Al Qlus )< /b><br/><br/><br/></html>";
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private float b, H, L, lstep;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
s

JLabel[] labels = {
new JLabel(" i) Llaedldgb):", JLabel.RIGHT),
new JLabel(" i) 4l 358 uGall glis ¥I) ", JLabel.RIGHT),
new JLabel(" ) <l &Y 38 a,e): ", JLabel.RIGHT),
new JLabel(" i) Llglldge glii)l): ", JLabel.RIGHT),

s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {
L = val;
} else if (owner == textFields[1]) {
H = val;
} else if (owner == textFields[2]) {
b = val;
} else if (owner == textFields[3]) {
lstep = val;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(L==9 || H==0 || b == 0 || 1step == @) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

double Qa = 1.84 * b * Math.pow(H, ((double) 3 / 2));

double va = Qa / (L * (lstep + H));

double vg = (va * va) / (2 * 9.81);

double Q = 1.84 * b * (Math.pow((H + vg), (double) 3 / 2) -
Math.pow(vg, (double) 3 / 2));
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String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>amll Gl daee 06 ol BV de o dalady = " 4
fmtfloat2 + " 4li/c=Sa jicbr/>" +
"GV Ae 5w = " 4+ fmtfloat2 + " A/ scbr/>" +
"Gl dae = " 4+ fmtfloat2 + " Ail/c=Se yicbr/>" +
"</html>";

resultLabel.setText(String.format(format, Qa, va, Q));
3

public Example 3 7() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>dlslaall aodivy JUall 128 <b>Q = 1.84 * b *
[[H+ ((va~2)/(2*g))] ~3/2-[(van2)/(2*g]"
3/2]</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
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UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();
)2

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_3_7());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

3

Long-crested weirs g_siall 4 oba & jlogll (14-1-4-3
dple clabaie e 8)be Long—crested weirs (sl j) dadl)l dlgha clylagl)
liie & obuall (s5ina B oSaill ) i JSy Lednlai 21y passive regulators
Oaa sl (ggine o Abghall Zadll 3 jlagl) dadlay gl Ay calibiadl) Jygas

JAmae ddus dgaa

:canal
el e 0° (30 ST @" 4y5)5 41 G cdiagonal weir g hill jlagll e
¢ o)
<horse—shoe weir ;Lasll 350n § duckbill weir Ll i jla e
Ay 45 e upta Ayl Ay U JKa Al s,
anll ahatall aa"@" Aygli Hlaglly (galall Hlagll e e sagZ Weir @
a0 90 lasa

Glie Gypai Jigy 4 Gladia) SY) g Jadl liie lan ey g )51 o2 (hy (se
sl 845 2ey . @amount of construction workse Ll Jleel 40y (3laty Lo
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upstream lall el dilidl ¢3a) €l baa SV clindl 12k gate
.reach

Ll Jush agh) glsl :(28-3) Jsa

broad-crested weir 35,3 i s plasiuly iy paill clua 1(8-3) Jls
Sie 2 Jpls el OIS 13 ppmall b Cigpuall (Wl gl gl g
gl Canal ¢ e 0.35 Al e g Nl

Q= 1.6*L*H?

:dad)
S 0.35 = 4al e sla ¢ a2 = Hlagdl Jsb rnbidaadll (1
o palll Clas gl (2
Aalaall (e 00085 (S 35 0 anpe Hlagl) 358 3 (3

3
Q=1.6LH3/2=1.6*2*0.352=0.66 m3/s

Ejjﬂ/uc'y‘)c J/..M ’a/..la.l.w[.! ‘-Q,!J.m.l.// la (8-3) CLAL:_)J
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
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import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;

import java.awt.*;

public class Example_3 8 extends JPanel {

public static final String TITLE = "8-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadll Jaal A8
Aol Qlus 23l) < /b><br/><br/></html>";

private float H, L;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
s

JLabel[] labels = {

new JLabel(" ) Llaedldgh):", JLabel.RIGHT),

new JLabel(" i) 4l 358 uEall glis V) : ", JLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_ TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }

public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

L = val;
} else if (owner == textFields[1]) {
H = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

¥

if(L==90 || H==120) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

3
double Q = 1.6 * L * Math.pow(H, ((double) 3 / 2));
String fmtfloat2 = "<b>%.2f</b>";
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String format = "<html>@ Jxs = " + fmtfloat2 + " i
Ll cmSachr/>" +
"<br/></html>";

resultLabel.setText(String.format(format, Q));
s

public Example_ 3 8() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>dlalaall aodivy JUall 13a: <b>Q = 1.6 * L * H
A 3/2</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

¥
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
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SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 8());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s
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Qact = Ca=+/2gLH?" (3.18)
el A 358 oL g iy = H
Dl g i) = P
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strip Loyl ¢ &)l = dh
Ll (3 B gl = h
Lapyill dalis = L(dh)
Y de e = Vo
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0.62 = Cyaall 38l Jalas
Bl G gl sisllad) (2
Asleall e 3 (358 il 3 (3

2 2
Quet = Cdg,/ZgLH"’/Z = 0.62 *5,/2g * 2 % (0.5)3/2

import
import
import
import
import
import
import

javax.
javax.
javax.
javax.
javax.
javax.

= 1.29m?

hibival (340 (9-3) geelip
swing.*;
swing.border.Border;
swing.event.DocumentEvent;
swing.event.DocumentListener;
swing.text.BadLocationException;
swing.text.Document;

java.awt.*;

public class Example_3_9 extends JPanel {

public static final String TITLE = "9-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( bbadl Jiaab o8
Aol Qles 231l) < /b><br/><br/></html>";

private float Cd, H, L;

JFormattedTextField[] textFields = {

1

new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),
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JLabel[] labels = {
new JlLabel (" ji«) dakiwdl 34l yaye): ", JLabel.RIGHT),
new JlLabel (" sialle) ceudl):" ) JLabel.RIGHT),
new JlLabel ("@al Gixll Jalxa: ") JLabel.RIGHT),

¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {

try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

L = val;
} else if (owner == textFields[1]) {

H = val / 1000; // convert mm to m
} else if (owner == textFields[2]) {

Cd = val;

X

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(L==9 || H==0 || cd == 0) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double Qact = Cd * ((double) 2 / 3) * Math.sqrt(2 * 9.81) * L
* Math.pow(H, ((double) 3 / 2));

String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>G3al G aosll = " + fmtfloat2 + " _is
=Sacbr/>" +
"<br/></html>";
resultLabel.setText(String.format(format, Qact));

s
public Example_3 9() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridlLayout(9,1));
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JPanel centerPane = new JPanel(new GridlLayout(9,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>alaleall sadivy JUall 13a: <b>Qact = Cd *
(2/3) * Sqrt(2 * g) * L * H ~ (3/2)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 9());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s
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8 60
= 5% 06+ V2 %9.81 « tan(=) [0.25/2]

= 0.0146 m3

(10-3) gLy
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_ 3 10 extends JPanel {

public static final String TITLE = "1@-3 Ji";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadll Jiab o8
Al Qlus 23l) < /b><br/><br/></html>";

private float Cd, H, theta;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),
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1

JLabel[] labels = {
new JLabel(" i) &bidl Bill4y53):", JLabel.RIGHT),
new JLabel (" sie) cubiall 3all 348 caeull) ;") JLabel.RIGHT),
new JlLabel ("@al Gixll Jalxa: ") JLabel.RIGHT),

¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {

try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

theta = val;

} else if (owner == textFields[1]) {
H = val;

} else if (owner == textFields[2]) {
Cd = val;

X

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

X

if(theta == @ || H==0 || cd == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double Qact = ((double) 8 / 15) * Cd * Math.sqrt(2 * 9.81) *
Math.tan(Math.toRadians(theta / 2)) * Math.pow(H, (double) 5 / 2);

String fmtfloatd = "<b>%.4f</b>";
String format = "<html>3a G il = " + fmtfloatd + " i
cxScbr/>" +
"<br/></html>";
resultLabel.setText(String.format(format, Qact));
s
public Example 3 _10() {
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super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridlLayout(0,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>dlalaall aadivy JUall 124 <b>Qact = Cd * (8
/ 15) * Sgrt(2 * g) * Tan(theta / 2) * H ~ (5 / 2)</b></html>",
JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

X
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
)

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 10());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);
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import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
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import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_3 11 extends JPanel {

public static final String TITLE = "11-3 Ji";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadl Jaal A8
Al Qlus 23l) < /b><br/><br/></html>";

private float Q, theta;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),

b

JLabel[] labels = {
new JlLabel ( "4/ =S yia) iy paill): ") JLabel.RIGHT),
new JLabel(" i) Jhell4l5): ", JLabel.RIGHT),

s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[@]) {
Q = val;

} else if (owner == textFields[1]) {
theta = val;

X

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}
if(theta == 0 || Q == @) {

resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double h = Math.pow((Q / (1.38 *
Math.tan(Math.toRadians(theta / 2)))), ((double) 2 / 5));

String fmtfloat4 = "<b>%.4f</b>";
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String format = "<html>_hell Gséeball e = " + fmtfloatd + "
HA<br/>" +
"<br/></html>";

resultLabel.setText(String.format(format, h));
s

public Example 3 11() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>dlalaall aodivy JUall 13a: <b>Q = 1.38 *
Tan(theta / 2) * H ~ (5 / 2)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

¥
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
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SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 11());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

}s
X
¥
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import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;
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public class Example_3 12 extends JPanel {

public static final String TITLE = "12-3 Ji";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadl Jaal A8
Al Qs 3l) < /b><br/><br/><br/></html>";

private float Q, Cd, dH;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(), new
JFormattedTextField(),

}s

JLabel[] labels = {
new JLabel("4sG/ i) <w,aill): ", JLabel.RIGHT),
new JlLabel(" jalk) Wil jlia):" ) JLabel.RIGHT),
new JlLabel("&all fosall Jalea: ™, JLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }

public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

Q = val / 1000; // convert L/s to mm/s
} else if (owner == textFields[1]) {

dH = val;
} else if (owner == textFields[2]) {

Cd = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(Q==0 || diH == 0 || cd == @) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}
double h = Math.pow(((Q * 15) / (8 * Cd * Math.sqrt(2 * 9.81)

* 1)), ((double) 2 / 5)) * 1000;
double dQ = ((5 * dH) / (2 * h)) * 1ee;
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String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>Zwedl = " + fmtfloat2 + " _iall<br/>" +
'hﬁﬂ\gilbsﬂ =" + fmtfloat2 + " %% <br/>" +
"<br/></html>";

resultLabel.setText(String.format(format, h, dQ));
s

public Example 3 12() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(90,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><¥aleall aadivn JUdl 3a: <b>Q = (8 / 15) *
Cd * Sgrt(2 * g) * Tan(theta / 2) * H ~ (5 / 2) <br/>dQ/Q = (5 / 2) * (dH
/ H)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

¥
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
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}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 12());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

3

Orifice daqdlls 4addl)l das (3-4-3
13, e Lall LeDA (e (380 alaine JS5 I3y (Blae Jana i) Aa3d s Orifice da gl
sale .weir |yl dsiill o oo (i Glies idl) 813 f Glas Jamall o5 o
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A sliie b Aat e le 6 gate Al Ll sl ey dlian

O 083 any Lass .zplall 38l alawl appurtenances iliale (yeuad sales
claidl) g sl e pst JS e it Lpulul] fgalull i
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4 54l )J:ﬁ Lad sk:'_!/fa 5 dc pun s 2 Q)Jng ‘;U.LA hose fa}k‘)ﬁ e el (g3 \J;\
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e el 3% de g can 2 = d) = el ashjall i bl (1
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ol 0 Aasdll jl alad S I ¢ aill aae pe Aalosall ol Leiay
: el

vid?  [5m/s*2*2 cm
d,= = =1.12cm
\'2) 16 cm

o sdll ybd :(13-3) gelix
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_3 13 extends JPanel {

public static final String TITLE = "13-3 Ji";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jiab o8
Al Qlus 23l) < /b><br/><br/><br/></html>";

private float di, vi, v2;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(), new
JFormattedTextField(),
s

JLabel[] labels = {
new JLabel( ") hladl ashall jlki):" ) JLabel.RIGHT),
new JLabel ("4sli/ jia) ash Al ye clall Gaxide ju): ", JlLabel.RIGHT),
new JLabel("4:5/ sa) 4a sl (e elall z 53 &e yu) 1", JLabel.RIGHT),
¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,

e.getDocument().getLength());
float val = Float.parseFloat(s);
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if (owner == textFields[0]) {

dil = val;

} else if (owner == textFields[1]) {
vl = val;

} else if (owner == textFields[2]) {
v2 = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(dl == 0 || vl == 0 || v2 == 0) {
resultLabel.setText (EMPTY_RESULT_TEXT);
return;

}

double d2 = Math.sqgrt((vl * d1 * d1) / v2);
String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>dasl ,ki = " + fmtfloat2 + " _iicbr/>"

"<br/></html>";
resultLabel.setText(String.format(format, d2));

1

public Example 3 13() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(90,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(@0,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>daladll axdiy JEdll 12a: <b>vl * d1 ~ 2 =
v2 * d2 A 2</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);
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centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException |
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_3_13());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

s
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Flow measurement gs)s cilaidl) (A e (38al (b8 (5-4-3

through orifices and mouthpieces

Small orifice 3 pra st o

Large rectangular orifice 3. il 4a% @

Small orifice & wiwa 43 (1-5-4-3
13 ypm nid) bl od laylad Aat (DS (pe G 3 casnds o3 <D g L Y) IS 13)
fdgin Aalae Aol JSA) (8 miage 8 WS (D >>d

_P

Py, vi vs
—+ —+h=—=+-=40+losses (3-22)
pg 28

pg 28

7z | 2

v
/ Vena contracta
/
o
2 Jet
c

(h >> d) 30 4258 :(34-3) J<&
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Lléi 5 ) 48l (14 -3) Ja
gl Je &a hydrant nozzle @y jsia dasd (e e lall (e jot la 2 A5
GRS gyl it Al g 13) L Y] ae Aa 0 45 Ayl oY) (e il 3
il (2) 5 el depus (1) 2nd cAagdl) o i 15 4 diluse e (2] Lipma
daglie Jarl .NOZZIE Aagdl) (e AEY1 Ailisally Blad) adl) Josi o (Say g i)

v sl
— — — Energyline

—— m—— — —

¥ Vlz!2g
4 P
v X1, 1
8—_—'——"—’X
78 3m
~
b
N
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[ 15 m |
:Jadl
sl (1
il (2

Gililall Bl Sualipy pa3il (3
= 28ledl deyudl Lay ov¥*SinG )l olasy) 3 481N deyul

Jia
ok We
0 - v2sin?0= -2gy,ax a=-g
L
v%sin?0
VYmax— Z—g =3.12m
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Ableal] LS Sas LS
0 = v*sin® - gt,,

v*sin®
t, = o
L858/ ddlusall
X, = V¥cosB*t, = v’sin®0/2g = 6.24m

Llail) lgiSa7 i) L.45Y) délwal/
total horizontal distance traversed by the jet = 2x,=v*sin’8/g
Al dcyudly V*SING (gslss sl olai¥) 8 V AN Aoyl
Sa gl
a=-gg las & (e
0 — v%sin%0 = —29Vmax
o
VYmax = V2sin?0 — 2g = 3.12m
oleal) LUS Koy Lasf
0 = vsind — gt,

B
. v sin6
P g
iy lalay) Say xp 4aas) daliall
v?sin26
Xp = vcos@*tp = T = 6.24m

Sl Lgalady 1 ALK AiLsal
total horizontal distance traversed by the jet

v?sin26
= 2 *Xp = 7
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Large rectangular orifice 5_wS bhine a3 (2-5-4 -3

& s 13) elly aes A0 a0 ol jet Bl e dejull (8 3 Aa gl oy ks
Lelesly datdl) Pa apil) Jea) ch (Bae e b dh yna dalus licY)
aleal) (e salad) (S

2 3/2 1;3/2
Q=73 Cqy/28b(H;"-H;"") (3.23)
- I
C.=0.62 C=1.0 Cc=1.0
Cv=0.98 C¢,=0.98 C¢.=0.8
Ca=0.61 Ca=0.98 Ca=0.8
a. Sharp edged b. Bell mouthed c. Mouthpiece
- - -
Vary
C.=0.5 Cc=1.0 with
Cv=1.0 G=0.75 flare
Ci=05 Ca=0.75 and
d. Borda’s (re-entrant) e. Divergent tube

mouthpieces

GlsN)s orifices claidl) jand Sgagd) Jalaal) (35-3) Jsi

mouthpieces
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1. Orifice with approach b. Orifice in inclined c. Submerged
velocity wall orifice

S Aldioua dath B oY) Ayt 1(036-3) (24
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elall hols 5 ) gpuila :(15-3 ) Jlio

Y L) ity el e cUMeC 1 ojliie Q hy iy (bl ba
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Dldie an Za/isn A4S 180 LYY Caplall b Ll b Llde A0 60 4yl
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:Jadl
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Ayl ilea e (3
discharge, Q = 1m3/s =A;v; =A,v,

Vi=Ter = 3.54m/s
4
1

Vo=t = 14.15m/s
4
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AU Aalae LS (Say ASEAY) 81 Jalai
P v} _ b v3
pg 29 pg 29
Py =170%103 N/m? s | ghaid) _le Lual
P, 170103 (3.54)2 (14.15)2
09 10°%981 1 1962  19.62
Py = 76.2%103 N/m? s
sl g4 of sy momentum equation &8l 358 dlalaa 4US e
@shs bl & Wil S e el iy Y o) o 0
.céql\
AL RS il s 3gon e 35i5al) F sl dliana 35 (ial il
iyl oo JeVls Cpadl olat) 8 Gamse (335 Laag Fy Fy Lt
il sl olail 8 Jidaiilly
PiA; + F, — P,A,cos80 = pQ(V,cos6 — V;)
bl sl olat & Jlaill
0+ F, — P,A;sinf = pQ(V,sinf — 0)
E, = 103 * 1(14.15c0s60 — 3.54) + 7.62 * 10*
* %ﬂ(0.3)25in60 — 17 x 10% %7r(0.6)2

= — 4.2 x10*N (to left)
E, = 103 » 1(14.15sin60) + 7.62 * 10*

1
* Zﬂ(O.S)Zsin6O
= 1.7 * 10* N (upwards)
Slo gl e 35i5all Ry iRy (gall Gld A all SR (g (538 o
& 00 Fy s Fr ofSoall Ll slat¥) & GRS, (g5l atal

R, = —E, = 4.2+ 10*N (to the right)
R, = —F, = — 1.7 * 10* N (downwards)

il o sall dliasa aa
R = ’R,% + R = 4.53 x10*N
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gl Aliasall iy

_ -1 Ry _ (<] . .
0 =tan (—) = 22 to the x — direction

import
import
import
import
import
import
import

public

elall dhals 5 ) gusle (15-3) geali
javax.swing.*;
javax.swing.border.Border;
javax.swing.event.DocumentEvent;
javax.swing.event.DocumentListener;
javax.swing.text.BadLocationException;
javax.swing.text.Document;
java.awt.*;

class Example_3_15 extends JPanel {

public static final String TITLE = "15-3 Ji.";

public static final String EMPTY_RESULT_TEXT = "<html><b>( Glbadl Jiaab o8
Al Qs 23l) < /b><br/><br/><br/><br/><br/><br/><br/></html>";

private float Q, di, d2, theta, P1;

JFormattedTextField[] textFields = {

new JFormattedTextField(), new JFormattedTextField(), new

JFormattedTextField(),

b

new JFormattedTextField(), new JFormattedTextField(),

JLabel[] labels = {

1

new JLabel ("4sl/=Sa yia) GaAl): ", JLabel.RIGHT),

new Jlabel (" ielle) s <Y JLill): ") JLabel.RIGHT),

new JlLabel (" ialle) wisud il Hlilly: " JLabel.RIGHT),

new JLabel("is ) Gyl <l aildy53): ", JLabel.RIGHT),

new JLabel (" e sie/sissiskS) »SYI okl ddacall): " JLabel.RIGHT),

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {

public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,

e.getDocument().getLength());

float val = Float.parseFloat(s);

if (owner == textFields[@]) {
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}

Q = val;
else if (owner
dl = val / 1000
else if (owner
d2 = val / 1000
else if (owner ==
theta = val;
else if (owner ==

textFields[1]) {

H // convert mm to m

textFields[2]) {

5 // convert mm to m

textFields[3]) {

textFields[4]) {

P1 = val * 1000; // convert kN/m2 to N/m2

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText (EMPTY_RESULT_TEXT);

return;
¥
if(Q==0 || d1 == 0 || d2 == @ || theta == @ || P1 == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;
¥
double cosTheta = Math.cos(Math.toRadians(theta));
double sinTheta = Math.sin(Math.toRadians(theta));
double Al = 0.25 * Math.PI * dl1 * di;
double A2 = 0.25 * Math.PI * d2 * d2;
double vl = Q / Al;
double v2 = Q / A2;
double Rhog = 1000 * 9.81;
double g2 = 2 * 9.81;
double P2 = Rhog * ((P1 / Rhog) + (v1 * v1 / g2) - (v2 * v2 /
g2));
double Fx = (1000 * Q * (v2 * cosTheta - v1)) + (P2 * A2 *
cosTheta) - (P1 * Al);
double Fy = (1000 * Q * v2 * sinTheta) + (P2 * A2 *
sinTheta);
double Rx = -Fx;
double Ry = -Fy;

double R = Math.sgrt((Rx * Rx) + (Ry * Ry));
double theta2 = Math.toDegrees(Math.atan2(Ry, Rx));

P2 /= 1000;
Fx /= 1000;
Fy /= 1000;
R /= 1000;

String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>_SY) okl dde yull = " + fmtfloat2 + "
L/ scbr/>" +
" el Gkl Aoyl = M 4 fmtfloat2 + " Al/ jiechr/>" +
el Gkl laall = o+ fmtfloat2 + " i/ sislS

&o<br/>" +
"5 gall Alasal 48aY) A Hall =
"5 gl Aasal Ayl HI A8l =

" + fmtfloat2 + " GissslScbr/>" +
"+ fmtfloat2 + " (FaiskSbr/>" +

"ol e sl dlase = " 4+ fmtfloat2 + " GissslScbr/>" +
"dgl pdlasadl i o= "+ fmtfloat2 + " dauxbr/>" +
"</html>";
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resultLabel.setText(String.format(format, vi, v2, P2, Fx, Fy,
R, theta2));

1

public Example 3 15() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridlLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><¥aleall aadivg JUal 1a: <b>v = Q / A
<br/>[P1 / (Rho * g)] + [(v1 ~ 2) / (2 * g)] = [P2 / (Rho * g)] + [(v2 ~
2) / (2 * g)] <br/>P1 * A1 + Fx - P2 * A2 * Cos(theta) = Rho * Q * [V2 *
Cos(theta) - V1] <br/>@ + Fy - P2 * A2 * Sin(theta) = Rho * Q * [V2 *
sin(theta) - @] <br/>Rx = -Fx, Ry = -Fy <br/>R = Sqrt(Rx ~ 2 + Ry ~ 2)
<br/>theta = Atan(Ry / Rx)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();
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SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 3 15());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);
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Piezometer :
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26-3 Aaral) 40 Sy 4 i) Adalas (0

Q= a;v; = ayv, (3'26)

29-3 52835273 N aledl LS (S & (50
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Discharge, Q= C4a; ’% (3:31)
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Narrow throat produces critical flow
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:Jall

LS 150 = Ll cae 300 = usad¥l k¢l il Jad rcllaeall (1
400 = Gl e Laaall caa 100 = (g5l Slea Gie sl Zof s
Gialls Jaaall G Laliil) Tarall (e 38 ¢ gond) CDA Cind 355 ae
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Gsthally (Gilly Jaaall (p Lalss bk 73 = 2l rcblaed)) (0 (3
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L u_k +ﬁ+0.03 (i-i)

pg 28 pg 2g pg pg
0.97(P-P,) _ (v3-vi)

Pg 2g
kPa = 0.1019744 m water at 4°C, and 1 m 5/ Lo/l s
Hg = 13.595 m water
P, =150 * 103N/m? = 15.29 m of water
P, = =400 mm of mercury = - 0.4*13.6 m of water Lialf

= —5.44 m of water

P,—P,
=15.29 -(=5.44) = 20.73m
A e
2 2
Vz — V1 _ " _
I 0.97¥20.73 =20.11m

Al*vl = A2*V2 @J_bauy/ ADles I
lgas

d) dz 2 1 2 1
= ()v=(g) va=(3) v2=5v:
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Aaleall A Gamagaillig a3 (e

2 2
Vo, — V
212011
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2
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2g 2g '
J2g20.11
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&
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1
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J(17-3) z<lin
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_3_17 extends JPanel {

public static final String TITLE = "17-3 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <bbaall Jaab o3
Al Qs 23l) < /b><br/><br/><br/></html>";

private float di, d2, Q;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(), new
JFormattedTextField(),
3
JLabel[] labels = {
new JLabel (" sielle) bl cunlif aa jL8) :" | JLabel.RIGHT),
new JLabel (" ielle) o=yl ,hd): ", JLabel.RIGHT),
new JlLabel("4sG/ ) @all):", JLabel.RIGHT),
s

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }

public void insertUpdate(DocumentEvent e) { calc(e); }

235



public void calc(DocumentEvent e) {

try {

Document document = e.getDocument();

Object owner = document.getProperty("owner");

String s = document.getText(O,
e.getDocument().getLength());

float val = Float.parseFloat(s);

if

(owner == textFields[0]) {
dl = val / 1e00; // convert mm to m

} else if (owner == textFields[1]) {

d2 = val / 1e00; // convert mm to m

} else if (owner == textFields[2]) {

}

Q = val / 1000; // convert L/m to m3/s

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;
¥
if(Q==0 || d1 == 0 || d2 == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;
¥
double va = Q / (0.25 * Math.PI * di1 * di);
double vb = Q / (0.25 * Math.PI * d2 * d2);
double g2 = 2 * 9.81;
double PaPb = ((vb * vb / g2) - d1 - (va * va / g2));
double h = PaPb + di;
String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>Jds¥l gl de ull = " + fmtfloat2 + "
L/ icbr/>" +
"l il Aoyl = M 4+ fmtfloat2 + " A/ scbr/>" +
"ol s Yl Jany Ladie Jaruall (lie Cil a3 = " 4+ fmtfloat2 + "
Jecbr/>" +
"</html>";
resultLabel.setText(String.format(format, va, vb, h));
¥
¥

public Example_

3.17() {

super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(90,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(@0,1));
JPanel labelsPane = new JPanel(new GridlLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);
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bottomPane.setBorder(border);
labelsPane.setBorder(border);
textFieldsPane.setBorder(border);
centerPane.setBorder(border2);
setBorder(border);

topPane.add(new JLabel("<html>ls »daladll axding JEdl lacbr/></html>",

JLabel.RIGHT));

}

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

public static void main(String[] args) {

try {
UIManager.setLookAndFeel(

UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_3_17());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

s
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import
import
import
import
import
import
import

public

1.1(3449Lu93hL Coand) 288 as Leiag

Al uel) 5588 Sl )Y Excel clily Jsan (I8 (S o3

LS5 el 5 sl ((14) el
javax.swing.*;
javax.swing.border.Border;
javax.swing.event.DocumentEvent;
javax.swing.event.DocumentListener;
javax.swing.text.BadLocationException;
javax.swing.text.Document;
java.awt.*;

class Example_4_1 extends JPanel {

public static final String TITLE = "1-4 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadll Jial o8
Aagill Cles 2l < /b><br/><br/><br/><br/></html>";

private float Q, y1, w;

JFormattedTextField[] textFields = {

b

new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),

JLabel[] labels = {

1

new JLabel (" ie) dibiwdl s yadll ym5e):", JLabel.RIGHT),
new JlLabel( "4/ xSe) oadl e @xll) ;" JLabel.RIGHT),
new JLabel (" _ie) 8l J8 Gl 3ec):", JLabel.RIGHT),

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {

public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,

e.getDocument().getLength());

float val = Float.parseFloat(s);

if (owner == textFields[@]) {
w = val;
} else if (owner == textFields[1]) {
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Q = val;
} else if (owner == textFields[2]) {
yl = val;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

if(w==0 || Q==10 || y1 == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;
X
double A = w * yi1;
double V = Q / A;
double Frl = V / (Math.sqrt((yl * 9.81)));

double tmp = (1 + (8 * Frl * Frl));

double y2 = (y1 / w) * (-1 + Math.sqrt(tmp));

double hL = y1 * (1 - (y2 / y1) + (((Frl * Fr1) / 2) * (1 -
((yl * y1) / (y2 * y2)))));

String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>sjal Js axllde ju = " + fmtfloat2 + "
L/ scbr/>" +

"ol Jelag il = " o+ fmtfloat2 + "<br/>" +
"5l aay 30Nl 3ae = " + fmtfloat2 + " icbr/>" +
"Coull M8 = "+ fmtfloat2 +

"<br/></html>";
resultLabel.setText(String.format(format, V, Frl, y2, hL));
s

public Example_4 1() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><¥aledll axiivg JUdl 13a: <br/><b>Fr = v1 /
[Sgrt(yl * g)] <br/> y2 / y1 = 0.5 [-1 + Sqrt(1 + 8 * Fr ~ 2)] <br/>
hi/yl =1 - (y2 / yl) + [(Fr ~ 2) / 2] * [1 - (y1 / y2) ~ 2]</b></html>",
JLabel.RIGHT));
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for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();
}

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 4 _1());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s
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n ad:(6-4) Jsa

n gdal) Jalea 5alal)

0.020 Fine sand, colloidal 315 ,alls aclill Ja)ll
0.020 Sandy loam, noncolloidal ls,e e ¢ o) Jlika
0.020 Silt loam,noncolloidal s 2 e ¢ okl Jik
0.020 Alluvial Sl e ¢ srpal A
silts,noncolloidal

0.020 Ordinary firm loam ale <uli b
0.020 Volcanic ash &S sl
0.025 Stiff clay, very colloidal 1 52 «la Jlala
0.025 Alluvial silts, colloidal szl ¢ Jyall okl
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0.025 Coarse gravel, (s e (o8all  asll
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A il e ol 4l dalie 2 a6
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v

Adsladdl (e 258 o) 3
0.7

Fr=——= =0.13
Jgy 9.81%3.07
-4 Lkijd‘ggé LS JL:gS” e o g 3Ll C}da\; gngﬂaiﬁ ) ey fﬁ

import
import
import
import
import
import
import

public

javax.
javax.
javax.
javax.
javax.
javax.

java.

class

Sei13

Lileo L gn O gif 3Ll araiat (24 ) zeli p
swing.*;
swing.border.Border;
swing.event.DocumentEvent;
swing.event.DocumentListener;
swing.text.BadLocationException;
swing.text.Document;
awt. *;

Example_4 2 extends JPanel {

public static final String TITLE = "2-4 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <lbadll Jial o8
Al Qlus 23l) < /b><br/><br/><br/><br/><br/><br/></html>";

private float Q, So, n, Z;

JFormattedTextField[] textFields = {

b

new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),

JLabel[] labels = {

}s

new JlLabel ("4s6/=Se yia) iy paill): ", JlLabel.RIGHT),
new JlLabel (" il Jwll: ", JLabel.RIGHT),

new JlLabel("4isiall Jalaa:™ ) JLabel.RIGHT),

new JlLabel (" &V dwll: ", JLabel.RIGHT),

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDocListener = new DocumentListener() {

publ
publ
publ

publ

ic void changedUpdate(DocumentEvent e) { calc(e); }
ic void removeUpdate(DocumentEvent e) { calc(e); }
ic void insertUpdate(DocumentEvent e) { calc(e); }

ic void calc(DocumentEvent e) {

try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,

e.getDocument().getLength());

float val = Float.parseFloat(s);
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if (owner == textFields[0]) {
Q = val;
} else if (owner == textFields[1]) {
So = val;
} else if (owner == textFields[2]) {
n = val;
} else if (owner == textFields[3]) {
Z = val;
}
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(Q==0 || So==0 || n==0 || Z==09) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double Z2 = (2 * Math.sqrt((Z * Z) + 1));

double By = 72 - (2 * Z);

double Ay = By + Z;

double Py = By + Z2;

double Ry = Ay / Py;

double rhs = (n * Q) / (Math.sqrt((So)));

double lhs = Ay * Math.pow(Ry, ((double) 2 / 3));
double y = rhs / lhs;

y = Math.pow(y, ((double) 3 / 8));

double Bo = By * y;

double FB = ©.8 * Math.sqrt(y);

double ytotal = FB + y;

double A = Ay * y * y;

double V = Q / A;

double Fr = V / (Math.sgrt((y * 9.81)));

String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>gli ¥ 5 Geallded = " 4+ fmtfloat2 + "
s<br/>" +
"l jmye = "+ fmtfloat2 + " icbr/>" +
"M Gl = "+ fmtfloat2 + " icbr/>" +
"@aldalee = "+ fmtfloat2 + " @ scbr/>" +
"Gallde yu = " + fmtfloat2 + " 4/ jicbr/>" +
"9 Al = " + fmtfloat2 +
"<br/></html>";
resultLabel.setText(String.format(format, y, Bo, ytotal, A,
vV, Fr));
¥

public Example_4 2() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));
JPanel centerPane = new JPanel(new GridlLayout(0,2));
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JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(0,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><Yaleall aading JUdl I3a: <br/><b>BO = 2 *
y *Sqrt(z A2 +1) - (2*Z *y)<br/>A=[B0+Z*y] *y<br/>Fr=yv
/ [Sqrt(y * g)] <br/> A * R ~ (2/3) = [n * Q] / [CO *
Sqrt(Se)]</b></html>", JLabel.RIGHT));

for(int i

}

textF
label
textF

= 0; i < textFields.length; i++) {
ields[i].setColumns(10);
sPane.add(labels[i]);
ieldsPane.add(textFields[i]);

Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {

UIMan

ager.setLookAndFeel (
UIManager.getSystemLookAndFeelClassName());

} catch (IllegalAccessException | InstantiationException

}

e.pri

UnsupportedLookAndFeelException | ClassNotFoundException

ntStackTrace();

SwingUtilities.invokelLater(() -> {

1)

JFram

frame.
frame.
frame.

frame

frame.
frame.

e frame = new JFrame(TITLE);
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
setResizable(false);

add(new Example 4 2());

-pack();

setLocationRelativeTo(null);

setVisible(true);
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Erodible Channels JSGL ALl &) 3id 5Ll asarai (4-10-1 -4

ety Aaliall Gyhall e anaall Sllia
Permissible velocity method g #sewall deyull 43k O
Tractive force method ,all 5843, 0O

LAl ama yaad (alliy apaaill 8 ¢ aill ALE Lol S sl o B (S 1)
Gl Cagplal aaan yaill AL cufgial) slal JSES Y Gy o) jaaidlly
ol ll Coymie 4 SLEN and aadiig sale L1 (e JE 298 ) Aty zpall (50
S5 g il ol Fauilio 2 Yl a5 el ) o3 el janll ALY

iRl aen (A8 Cilsall

daiial) Gilall Jgae 3(7-4) ds>

slall Jaal salall
Ly (53 9ac Rock sl
1.1 0.5 Stiff clay &) Gl
101 Firm soil alall 45
2. 01 Loose sandy dcalicadll 43la ) 4550
soil
13 01 Sandy loam Lol okl

Erodible Channels L z sassall 4o yull 48 yha - AT <) gl 3Ll avanat (1
(Permissible velocity Method)

G Ao pus 35 Cumy 3L paa B8 (g sanall Ayl Adyla 4 O
e zsamal) e pud) e J8 Bange (383 gyl U menal] gl
aie JSBy Yl Aass i) Aoyl Ll e L zsansall depull G35 O
Mg il Culgas 8
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fle inl lgy mganall deyudl O
Lillgs o
Glasall aaa @
Gl 3ac @
slall il @

W asadl W zoawall cilesud) :(8-4) Joxn

WV deyud) salal)
/e
0.6 Fine sand il JL )\
1.2 Coarse sand iall Ja)l)
Earth 4,1l
0.6 Sandy silt L))l okl
1.1 Silt clay uyll okl
1.8 Clay oLl
Grass-lined (/5 ce Jil &) Cadally dikase i)l
earth (sloes < 5%)
Bermuda grass lagep cuice O
1.8 Sandy silt L)l b
2.4 Silt clay ekl )
Kentucky blue grass (3,1 St cuic O
1.5 Sandy silt L))l okl
2.1 Silt clay oLl cpyl)
Poor rock (usually (ssle dusu)) 8yl eaall
sedimentary)
2.4 Soft sandstone aclll L)l jaall
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1.1 Soft shale aclll il il
6.1 Good (Jsaie cabia 5l (5l (s sale) aall il
rock (usually ingenious or hard

metamorphic)

V e zsasd) depudl (2 lad) Jaall o G aa 5aaal) 3okl dusall (1

(8=4 Jsaally 7-4 Jgaall () «

Gail) dadaiay crinle Ualae o R Cuslhaall Kby sl jladll cacas aaa (2
A = Q/Vigin) Asles (e A dyslladl

P=AR Jld Ladl cual (3

A Gl dalue oS Cun oy Gl Gaey Bo sl g e s (4
Cpmnall S (g5l P Jal Ty 2 5laall & & guunal) Bl dysline

3 sshall 4
A = (B, +zy)y (4-29)
P =B, +2yV1 +z2 (4.30)

freeboard syl dluall duslic ded ozl (5

M) aan sy ansy Jary i (6
s zpamsal) eyl Ak — AT gl 1518 paass (7

5L asera ((3-4) e
o 8RN anll (DIA (e sl s g AP 7.5 385 Jaadl 5 aaia
0.025 (7.5‘51-&-&.{ N Jalaas «0.003 023 3laall gjs.u Jae dic ‘54\5‘):.}\

C
Q =—AR*3S,
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i el ¢ a0 e il aall apl?a 7.5 = @l relhed) (1
0.025 = n Jalae <0.003 = slall
3Ll aranat asthaall (2
N st 6=4 Joaall e Algsall ye 3al) aalin deleall dad 2a (3
=0.025
Ll s lgyall e il oaal) dlebeay il alall Jull 33 (4
st 74 Jsaall (e lall
z=1:1
2 1.8 o (84 Jsaall (1) e zsansall G5 e 581 (5
Asladdl o A daliadl a5 (e
A=QNV=7.5/1.8=4.17 m
1 = Co Jabaay cpisila Ualan A So N5V ad Jlaiiad

C 1
Q = AR5, = 75 = o=+ 417 x R*/3V0.003

(R (Sdpynell haill Coai dad 2a
R =0.744m
aililas o Jisall bmal) 2a
P = AR = 4.17/0.744 = 5.6m
Jean oMol Lygund) 2dlly illaas Ay P 1 Gy 8 o)
lale
A= (B,+zy)y = 417 = (B, +1*y)y
= (B, +y)y
P=B,+2yV1+z2=56=B,+2yV1+12=B,+
2yV1+12 = B, + 2.83y
p AU i) e Vol 038 dapas (Say
417 = (B, +y)y
5.6 = B, + 2.83y

291



Y alaall 0da (10 By ) (e iy
417 = (5.6 — 283y +y)y = (5.6 — 1.83y)y
= 5.6y — 1.83y2

1.83y2 — 5.6y +4.17=0
iy odle | Ayl dlslaall Ja

—(—=5.6) ¥ V5.62 — 4% 1.83 x 4.17

Yu Y2 =
y=1.78 m

2*1.83

b
5.6 =B,+283y=B,+2.83%1.78
B, =56 — 283178 = 0.6 m
gsbeil By dad aa
Bo=0.6m
daladl) (e FB 3)all d8lisall 2

FB =C\fy

Freeboard (FB) = 0.8x (1.78)*3 = 1.07
e 1.7=1.07+0.6 = Li)?“d\e*é (8ac QAL“§J

DLLqr‘.\.IAAA.! (3 -.4) C..ALJJJ

import javax.swing.*;

import javax.swing.border.Border;

import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;

import java.awt.*;

public class Example_4 3 extends JPanel {
public static final String TITLE = "3-4 Ji.";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadl Jiaab o8

o i

i;ém)é/b><br/><br/><br/><br/><br/><br/><br/><br/><br/><br/><br/></html>";

private float Q, So, n, V, Z;
JFormattedTextField[] textFields = {

new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
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new JFormattedTextField(),
s

JLabel[] labels = {
new JLabel ( "4/ =S yia) iy paill) ;") JLabel.RIGHT),
new JLabel ("l dudl: ™, JLabel.RIGHT),
new JlLabel ("l dwli: ", JLabel.RIGHT),
new JlLabel("4isiall Jalaa:™ ) JLabel.RIGHT),
new JLabel("4s5/ sa) Gixillde yu):", JLabel.RIGHT),
¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {
Q = val;
} else if (owner == textFields[1]) {
So = val;
} else if (owner == textFields[2]) {
Z = val;
} else if (owner == textFields[3]) {
n = val;
} else if (owner == textFields[4]) {
V = val;
¥
} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(Q==0 || So==0 [| n==0 || V==0 || Z==20) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

String res;

String fmtfloat2 = "<b>%.2f</b>";

double A = Q / V;

double R = (Q * n) / (A * Math.sqrt(So));
R = Math.pow(R, (double) 3 / 2);

double P = A / R;
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double Z2 = (2 * Math.sqrt((1 + (Z * Z))));
double a = -(Z - Z2);

double b = -P;

double disc = (b * b) - (4 * a * A);

if(disc > 0)

{
double y1 = (-b + Math.sqrt(disc)) / (2 * a);
double y2 = (-b - Math.sqrt(disc)) / (2 * a);
double Bol = P - (Z2 * y1);
double Bo2 = P - (Z2 * y2);
double FB1 = 0.8 * Math.sqrt(yl);
double FB2 = 0.8 * Math.sqrt(y2);

double ytotall FB1 + Bol;
double ytotal2 = FB2 + Bo2;
String format = "<html>isludl = " + fmtfloat2 + "
&o<br/>" +
TS onel hEll caas = "+ fmtfloat2 + " ikbr/>" +
"Jidl bl = " 4+ fmtfloat2 + " icbr/>" +
"Aaleall )3 s 50 <br/>" +
") il Bae) = " 4 fmtfloat2 + " scbr/>" +
") soalldiludl) = " 4 fmtfloat2 + " scbr/>" +
") Gondll Gae Maal) = " 4+ fmtfloat2 + " icbr/>" +
"Q) Gl o) = " + fmtfloat2 + " icbr/>" +
"Q) suall Al = "+ fmtfloat2 + " icbr/>" +
"G) goadl Gae Jal) = "+ fmtfloat2 + " ibr/>" +
"</html>";
res = String.format(format, A, R, P, yl, FB1, ytotall,
y2, FB2, ytotal2);
}

else if(disc == @)

{
double y = (-b) / (2 * a);
double Bo = P - (Z2 * y);
double FB = 0.8 * Math.sqrt(y);
double ytotal = FB + Bo;
String format = "<html>isbudl = " + fmtfloat2 + "
&o<br/>" +
TSl uell kil caal = " 4+ fmtfloat2 + " i<br/>" +
"Judl sl = " 4 fmtfloat2 + " icbr/>" +
"eall Gae = "+ fmtfloat2 + " ibr/>" +
"soalldiludl = "+ fmtfloat2 + " i<br/>" +
"oadl Gee Ml = " 4+ fmtfloat2 + " i<br/>" +
"</html>";
res = String.format(format, A, R, P, y, FB, ytotal);
¥
else
{
res = "<html>ileall 488s 53 3 5 V< /html>";
}

resultLabel.setText(res);
¥
public Example_4 3() {
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super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridlLayout(0,2));
JPanel bottomPane = new JPanel(new GridlLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><Yaleall aading JUdl I3a: <br/><b>BO = 2 *
y *Sqrt(z ~ 2 +1) - (2*Z *y)<br/>A=[B0+2Z*y] *y<br/>A*R
A (2/3) = [n * Q] / [CO * Sqrt(Se)]</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

X
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException |
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
)

SwingUtilities.invokelLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 4 3());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);
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Channel Design: Erodible Channels- yall 3 8 4& yla - < gidl) avanat (2
Tractive Force Method

Ge Adlie dglay JSH el dlee ) Slall (S :oall 358 diph
shalal gl e sagmsall Glawall o sigad) sl 4 kil Dl
Glaguall @lpas ) daas ) sl A ol 13 sladl) JSES Ll
ol psedall 138 ) DL A sl A il e Al el e S

ol Bl g

Sle bl 3 gk e guylad Al gl sTractive Force all &4
Al Baall o2a (5S5 calaiiall (3A) 8. jall B8 oeud Lguilsag 3Ll ¢ B
314 Aalaal) Aasilgy oy @8l oladl A Jead A1) )l Al

To = YRS, = vYyS, (431)

TN

tractive force jall 348 = 14

unit weight of water ¢l (58285 =17

hydraulic mean radius Sig nell Hhidll Caas baugie = R
Gl 3ac =y

el gl Jia =S,

3Ll 3ol Laie fas sl 38 :Critical Tractive Force dajall jall 36
.KA);“ );“ 54 (i u)Su” dls (e gﬂ);ﬂ\ ‘55
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cakiiie ye Ul e o Gaill slga) o all 358 a5t all 58 ays
sldll g B dsaagll jall a8 of Gaalydl (Say cAdjaiall and ol giall Al
0.767yS0 (ssbuc 3Ll ilsa dic s (YYSo) gsbess

oall 5l (Lal) 5 ) JRY) Jale ) Culal (miadll Jalas
a5l Cola e daal

K= J1- (22 (4.32)

sinZ¢@

ateN

Sl e zsawdl all 58 = reduction factor aiill Jale = K
Aaall jallsd + alall jaasdl

Qilall Jie =0

angle of repose )i 45y = ¢

e 4aal) oeall Lia angle of repose dalyll Ay il sle )y sy
Mea) elhe) & .Ada ASulaiall dgall dpally Lellea) (Says ASulaiall
Al o3a 5 p3alal) JIKEY) 8 ASulaiall ey ASulaiall asall 2l il
AU il o Ao piall il giall Ll Cangy s dapfivuall il gaall

710 = Slightly sinuous channels S ia s Cis8 O

= Moderately sinuous channels Jxiea JS& 45 2t il O

%25
740 = Highly sinuous channels 4lall 4s e Clgd O
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Channel Design: sl 558 4d b - JSGL AL &) 5idl) 5080 asaai (44 ) Sia
Erodible Channels- Tractive Force Method

Sl Juall Al 10 el Cajpail Aafiee dipaie 4ab 38 e
pas iy (g fine gravel aclill asll P& e 8Ll cijisg 0.00025
Jeny el oy edtine IS5 vine Slasall o Gasdl cae 8 4 Cilasal)

tdadl

= S, Gl dull AglPa 10 = Q aseatll Cappaill sl (1
8 = aclill panll Cilapn ana caelill asll P& 3L 0.00025
8 dise Gilaguall can

@) e ¢ careaill Caypaill daine djaia 4nd 3L aaa tslhall (2
Bo dad;y

Ao O (Al Aa)y 520 cael pan 30l 84 Joas e N dad (3
z=1V:3H sn= 0024

A Al (e
-1
0=tan (UB)=184
Practical size=8/25.4=0.315in
e ) (e Dl RN A ) 5 2
From F'ggo=24o
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42

38

36 |

34+

32 -

28 |

zal

Angle of repose , degrees with horizontal

22 -

7.18 = 2a38/Jka ;0,15 = JS&ll (1 Critical shear stress z sl il alea) aa
2 Jiw .
ol s

Bl mosaai o) jaf Lale iy M cAagiiiose 3L (Y 155k

0.63 x 7.18 = slidll ilal permissible shear stress 4 z saall (2l e
N/m?4.52 =
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—~ 4

o~

& 2 r

~

a 2 r
| =
05 |

Permissible unit tractive force

High content of fine

sediment in the water _\\

Y

\

Low content of fine
sediment in the water

0. Canals in coarse,
noncohesive material
size 25% larger
0.05 S
I Clear water
0.01 PER - i i g T iaaal PR SR VIRY [ Wi
0.1 0.5 | ] 10 50 100

Average particle diameter ( mm )

ilall e unit tractive force sall 5.5 (oY)

0.76yS0=0.76x999%9.81y>0.00025 = 1.862y

4z sewdl aleaYU unit tractive force sassll jall 38 3l le DA (e

1862y=452
Or

e Juasi permissible stress

y=243m

il Aalae (e 4635 10 Jesd o 33U (B sl g8 (1 je s (S

1
Q = ~AR*3S,
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_ 1 (B, + 2zy)y  \7°
Q= n(Bo +2) <(Bo + 241 +22y)> JSo

Q=10 5¢0.00025 =Spcy =2.43 <z=3 0 =0.024 (e asall
Bo = 8.24m_lc Jiasi (B0 2a cm/s

s\a Free Board o FR 3yall 43l
FB=0.8x (2.43)%% = 1.40m

23.82 = 1.4 + 2.43 = il Gac ca 1.4 520mal 5a) Ailisall 4ol
-p Bo = 8.25 ct\.ﬂ\ sase daa el dged
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(i (B8al) ypatg Aas) aulaidl) i) gﬁ asail) KARA (2-4
Spillways ol (5)lae

outlets alidll

Gates <llsll

Valves cllaal)

a1l
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Spillways sLuall gilae (1-2-4

Spillway
Hydraulic Crest
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energy dissipators d3Uall ciaaw (2-2-4

o chglall il e Ly s dsaudl saclE gt Lgiay (38l) & AS)al) Al
o Capaill (ade (e Gosadl slanal dlead salll Al aag e Al
casanll laa liane Jidi LBl odad e Sl g ol gleadl) sl
danld cagylh b (8 Gllagdl slhe Sulh dusy aaae JSa (e Hle A
dnals e Spillways diagal) bl clyeall (35S o (Say (A3 ) 2,650
Gy o Jad fale Aglupal) sl of Ladld) e LAdle ) o(sale) 46,0
Gl a0 oS ccrest spillway id (age § over-fall e )
Ciya (5ae IS 5 dliatie dyils 3L Lgee allii embankment dams
Caypeat] dndl (miall (35S o e Y L aud) lsas &8y shaft spillway structure
334 dslad) o e WS and) slane e Elaal (e calilcal) Qe

Q=Cbh!® (4.33)

o ®
o

r

2.3 51.6 s C

il 149/ (1224
Overflow spillways  ilall GlSus) pave O
Chute spillways ddlj (e
Side—channel spillways aulall slall 4)las

Siphon spillways ()saudl (iasia

0]
0]
Shaft spillways ageall QS (m8a O
0]
Service & Emergency spillways g)lshlls 4aaall (e O

303



crest 4.l =iy
chute L ./ EPIRIN

Sketch of slLull Ciy et (asia/ g 0lEl jlagll Jaidads :(15-4) Js&
conventional weir/spillway
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o] Ciiiai (2-2-24
oVl aad) cea (0
ol gaal g SV gl Ogee spillway asl (g »
il il A g .S i Ogee i e oSat las 4
Ayl el 38 L sasase ()5S of Juadys Ul Ll
Chute spillway dalya (jawa  °
Side channel spillway dwils 3U8 jade  ©
Shaft spillway e awa
Siphon spillway jsius jakwa  ®
Straight drop or overfall Jaga (e s afives Jagivs (e *
spillway
Tunnel spillway/Culvert spillway &in (aks [ 38 aka ¢
Labyrinth spillway dalu jawe o
Stepped spillway sclai e
bl s (@
Service spillway duaall jmwa o
Auxiliary spillway la) jade  ©
Fuse plug or emergency (s)shll  yasa o Clelaall uls
spillway
Control Structure Saill J<w s (7
Gated spillway (s 3534) Jsuse (asha  °
Ungated spillway alsun 353 e (ada  °
Orifice of sluice spillway oluall Caypai (a8 A3 aba

(0gee) Lasall L) Ui :ogee or overflow spillways asl (asdl)
notch 34 (348 Gaan Al overall nappe <l alslall ol cadlall (e (Filia
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4l 5Lal) dﬂ-uj JeKIL 31560 Aalisag Vo=0 ) 8| 4.5}»@63‘)4 (SAgac d.\.L:'.LM
.(P = po) Nappe

discharge characteristics &l (ailad
oo bl (il Coypuaill Gailiad Bldl Uaf oS dadll Gile jhe e
34-4 g alea salall dadll 53 Hlagl) (ailias

Q = C/2gLH}? (4.34)
sl = Q
Gaxll Jalew = C

ha Y] A o @l b Ly alll e S caadl = L

38 obuall g yar ranny 2l (e alaie :overflow spillways adajiall SLiSwy)
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HE) e pus SIS s
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(Al 5l Gladll SIS A gl sy
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sale (b ol 35ee A (e oLl Laiy sshaft spillway ze )l i 2sanl) Gasie
e ang Y 3 S Qe aasis ol e oluall i Al sl ) (el
asi ¢allanlly awdyl Jlaia) (pe dldine S5 clllia L g)af Cliabd 1318 dalus

L) Lleny Aeladll Caghys iladl)
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cJaaall Ulal) ) i g LY ) Al

Us B pgpia A gy Al dlay) @8l adde tig)lshally deadl) (ke
Gt Al g plad) @aall Y aea Jal aadiidg L (L)l shall) saadl) cliladll e 8yal
(Aeaall) ) Sie S35

spillway, outlets and ancillary works Zileay) JleYy 2 laally (asiall
s Laall iy - Lol Ay gllaa g oSl 2y ) dalial) :Outlet Works 2aio
Clainy Glaais dee gy Aleil Lalill e gHapa o WS
ASatll Gllaa s cillsy ae Agsthaall aulills penstocks (S sy
e iyl
& L oamddl clll ~ladl ()9 wa :River Diversion el Jygas
aalaialg ¢ LEY) o LB inyall 13gd el (38 oS Sy LAl g yLal)
sle G o3l dadl 058 of (S JeSal 2l Capsil 385eS Y
.coffer dams ¢l ll a50u e
gl cuila Gty Joa il A oSaill aadis :Cut-offs cile Uaisy)
dauly ale JSiy Embankment cut-offs agand) chliasy adad Jass =
cCalaall cplally Zadsll (32ldll 22y O
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S aleY sl 0
dgaaall Glulul) b Gaall i 0ld O

2l s JAly Wil 25850 @pudll cInternal Drainage Jslall cajall =
lgie Aanlill Alalall Jagracally copedl) i 8 aSailly s g
Calie JS5 Basa e Al shlie P& (e oyt 2 chbia)l) 2500
e o) g giall die 3@ Aglay Ml Cajlias ) g
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ol g cadl Capall il Gl 3k e
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asadl 8 Laliy ool aaall lewdl A€ saeeYly idlaal)
coaad) el Adhally dal) Clagin o3a aladind (S WAl Al

el puaal 8 Lo diliie ciilsa (3224
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Ll (]
inflow design flood cliliawll jaeaill Jalall @anll jads e
oadall _apeail) @l laa) e
Uatall )l Caypadl aaas e
wasial aladin frequency 3yig aass
Cappall (5yma alsay g8 thaslgalls Lihe sulall (o
Leodl) dlsa) saladal) Cuilgally Aadiall (&
A Cua e Aalladl) AsLESY) Quileall (&
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spillway design flood el asaaill Sladl (4-2-24

s 1 :Probable Maximum Flood laull Jaiadl i) aall @
Caglally Lsall o) Clegens a8 o 4ndg Ko A Gl
Glua L ddhidll 4 Jsiee JS0 leds (Say Al dapall dagly gl
Adalall Jainall e aal) alasily ol

s gkl s 13 :standard project flood wlill g5 il lad o
Go Ldind ) Aygally Lagls puel) Jalsall (o degene 28] (o 4xdsi oSy
Al g i) Adiale alasinly lgbun S5 dilaiall A ginal) (ailiadl)

Oadll Jasall oatY) ol 5l sl el (Jol e b

(il gyl g/ ladll Jainal) adY) an) (e IS5 Adau giallasaudly

estimation of spillway design flood (asell awaill Hlawsl i (5-2-2-4
Jedy o sa Gl mesd Glad o paddl gaesil) glad) s ¢
Aia eV laa¥ls Glelaayly dsall aba ¥y Lagdynell degiia cilaads
Lolnay) clloagl ot dadieadl dlld) e degiiay 35S dcsena
F Oyl 8l Gt reny L lpailiad

Lol clily e el JG adian 3yl m

el Jslas by e (bl S8 adiad Al Cullly)

hydraulic gates 4.9 3¢ clisdl (3-2-4
psede cclati Gl Sl U 0o Ble Al Syl dungd b
B yuS 5l ji &_1}.\.5 @Aﬂ 654.1.».4:} S ¢ lgd (S j GAﬂi Provt }T O liaday
sl o ay A1 Y ails e il ol o e Ll 38 oSl Jal (e
g S e clgd ol asaai aag VAl e A 1l orifice Al Lala
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.submerged jsia o free s sS a Gaall ccalalal) e d,liie cilajo
tdal) Gl 200N daleall (pii

Q=C,./2gh

HGREEN

& @Al Jalays free discharge jall @aall s claiall Al oy g &3y¥) = h
submerge discharge sl @aall oWl mhass ile i)l

Calculating discharge under a sluice 2wl L/ o cuai & ydil) lua (54 ) Jle
gate

sldl) & appfill Cual Aagite 5UE 4l appill 3 HSanll o) Ay aadius
o 1.0 (SLal ola3l ol) comally (LUl (lef) gl (ol Blacl (55 Lo

LSl e 2 0.2
A
d1 =1.0m
— T d,=02m
v \4
:Jadl
= kil olas) ol slaad) lee ca 1.0 = Jlal) lef ol Glael reuliandll (1
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slall A gyl ragtladl (2
JSay Gaall JUE) Gaagy bl aiey aull A & B8 paliy e (3
A8l Aol aladivd dxe (Say Las Tan 4108 A8 2816 .l
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import
import
import
import
import
import
import

2 ddanill die 40K ddUall = 1 ddaml) xie 40K A3

v? V3
d1+2—g+21=d2+2_g+22
Aslea) s 3 (0521 = 2 08 Gl gl o Ly
2 2
A+ L =d,+
2 T Zg
3 Uaxall e:\sl\ arexiyg
2 2
Vv A4
1.0-02=-—% - -2
2g 2g

sandl Lagumnyy (e puall A8l Ay painl) Alslaa a2iiind
vid;=vad,
BlacY) sy
v1*1.0=v,*0.2
Aaleal) Ja ity Lea V= 0.2V5 Leiag

v3 v3
1.0-0.2 =0.8=—= - 0.04—=
2g 2g
, 082981 635
V2T 0004
V2 depull aa 5 e
v, = 4.04 m/s

Ag)lpain) Aalaa (e (ase Baag JS1 B8al) 2
q =v,d,=4.04*0.2 = 0.81 m?/s/m width of channel

el Ll gy a3 ) o (54 ) ol

javax.swing.*;
javax.swing.border.Border;
javax.swing.event.DocumentEvent;
javax.swing.event.DocumentListener;
javax.swing.text.BadLocationException;
javax.swing.text.Document;

java.awt.*;
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public class Example_4 5 extends JPanel {

public static final String TITLE = "5-4 J&";

public static final String EMPTY_RESULT_TEXT = "<html><b>( lbadl Jaal A8
Al Qlus 2il) < /b><br/><br/></html>";

private float di, d2;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),

b

JLabel[] labels = { ) )
new JLabel (" sie) il el olull Blel): " JLabel.RIGHT),
new JlLabel(" sie) Ll i ol Sleel): ™) JLabel.RIGHT),
¥

JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {

try {
Document document = e.getDocument();

Object owner = document.getProperty("owner");

String s = document.getText(O,
e.getDocument().getLength());

float val = Float.parseFloat(s);

if (owner == textFields[0]) {

dl = val;
} else if (owner == textFields[1]) {
d2 = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(dl == || d2 == 0) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

double d2d1 = (d2 * d2) / (d1 * d1);
double v2sq = ((d1 - d2) * 2 * 9.81) / (1 - d2d1);
double v2 = Math.sqrt(v2sq);
double Q = v2 * d2;
String fmtfloat2 = "<b>%.2f</b>";
String format = "<html> il Gafde ol = " + fmtfloat2 + "
Lli/ secbr/>" +
"pase by I @ = M 4+ fmtfloat2 + " ie/Aili/ e "+
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"<br/></html>";

resultLabel.setText(String.format(format, v2, Q));
s

public Example_4 5() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>alaladll aodisy JUdll 1a: <b>d1l + (v1r2 /
2*g) = d2 + (v272 / 2*g)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

¥
public static void main(String[] args) {

try {

UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException
e) {

e.printStackTrace();
)2

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
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frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);

frame.add(new Example_4 5());

frame.pack();

frame.setLocationRelativeTo(null);
frame.setVisible(true);

s

flow measuring devices (sxill (b 53¢l (1 oA J8A&T (4-2-4
sauall lagdl DA e Open channel dagiad) sball colias uld Wad Sy
JSLell (anys venturi flume (g5l Juuas broad crested weir il

.Crump weir (i dalall

a) Stilling basin b) Submerged c) Ski jump
bucket

Gl (uld Bigal e @Al J8iT 1 (16-4) Jsa

Stilling basin calculation

The velocity at Section 1

Vi =¢y2g0

¢ is usually taken as (0.90-0.95

The depth before the jump (rectangular channel)
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The sequent depth

y2=%< /1+8Fr21—1>

The wall at the end can be treated as a weir, so from Q =
1.705bh!- (ignore the energy loss) to derive h.

The height of the wall will be Az =y, —h

The length of the basin is shorter than free jumps (6.1y,) due to

the baffling effect from the end wall, so
[, = (4.0~5.0)y,

yc A

Y1
Y3

Ye Y2

Sluice Gates
Energy equation (Section 1 — 2):
VE 4
+—=y,+—
Y1 29 V2 29
If y, and y, are known, discharge through the gate can be derived:

2g
YyitY2

Q = by1y,
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In practice, it is easier to link the discharge with the gate opening,
so:
Q = Cabye/2g9y1
Where:
y2 = Ccyg,and

Cc

Cd =
1+ (Ceya/yn)
C. can be found from hydraulics manuals for various types of gates

(usually between 0.61-0.66).

The force acting on the gate can be derived from the momentum

equation between section 1 and 2 (ignore frictional forces). If the
downstream depth is greater than the critical depth y;, a hydraulic
jump will occur in the channel. The sequent depth y; can be derived
from the depth at y,. If the downstream depth is greater than y;, a
submerged gate flow will occur and the flow equation derived here

is not applicable anymore.

Escapes 4.ldg) 38lia (5-2-4

JSbiglls sl Alant aaaind ol gill 45085 JSba (e 3)be ESCapes 4180 2l
48K escape il A (35S o cang 5N s liall il Lgnands i) (ge
LUl bl ) clileadl) Jas e Aadl slull e 5205 il (ol Caypual
e ) g UV e sl 8 slall Capasie cand ) cudlgl) & L Jadil) ¢ Unalf
Lleal) Bass Koy laglas oy 5 jlaall banks Calacall impei Cuay (g5l

tJSLell (ye ddlida ¢ 15

53 Jexs 450 s cmanual regulator g aliie -
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slue 5)law sl side—channel spillways il iyl gl L) —
Jshy OS5 Aiaddie AdSy, L) Aaa 8 lateral spillways duils
(oY) e LIS B pS

ela gsiwal HuS 38 DAY siphon spillway (jsius syne Jee -
o aa ey

hydro—mechanical gyl cldaiall  aladndl -
Ll b aSaall dealad) sl T cregulators

Decrement (,aolii) (6-2-4

@il s side—channel spillway lal) gaxll (5 na & decrement (il
crest of Coyall (gyme Al cand 5yle aly A g ¢ aranaill oLl (g5iase (y
Gy Aad (35 IS (ol ¢ Jlml) o LT Aylad) sl 8 oLyl (s 5isa cthe spillway
Cipall (ae dsb o el Gee of daad sy .spillway crest iyl
Al G 2ie Velocity head dejull Cuaw 8305 e aiall oladl & (adliy

.culs energy head

sadal Jsh
Al N 8oy

il (330 eomm— Qo e——t

o) 1(17-4) Js&
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sl casg' " Neyrtec o354’ Baffle distributors jalall §f aadll £ isa
O Alfie (685 Al 5 el Ciypaill Gllee 25 cuadll Baffle g aaas
o Byainnall il 38 e Juany (Ol olad) o) aaial) 3 bl il
Ersall alaiinl oSar el et Goh ge puls Ayl bl Pl
sl slide plate alyidl aalll le) o~ Gph e Glay [ deis dlead Galal)

.shutter ¢ |24l

Baffle

.

Slide Gate

7—H Baffle

:

Jalal) o saal) £590 :(18-4) Jsi
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Ogee spillway  aés (7-2-4
Spill (anie Juw pd gt PIA e 25aul) ald calilianal] 3433 calsail) (s sl sale
Alall Zadll (53 Hlagll IS5 ae il Ogee caypal (gyaal ilall edadll .ways
a0l Aalas .+ caranaill gl die (18-4 Jil kil) sharp crested weir
Gsinsa ¥ 1) Cuo el iyt Jalao ga (15 ¢ jlagll 853 5m pall il dg3liie

(Ol el 8 oyl 5 aal reference sill level sl dsall

e (5 g (64) Ja
Olad Cypal JAY S iyl o3 Ogee spillway (aa (g ae ppaad iy
spillway apaill (gyan iy .« jie 2 ady e ciat dulicmSa jie 200 &y
On Aglall Al .oMlef bridge deck juall mlaw acal piers dia)f ddauls,
Cappea el d3slladll SPANS culalaicy) s 23 . Ll 6 e i daca )
Kp = 0.01 Cipa )l (ELSH) Jales of Gl hie 2 Gslay ¥ Cransy Ll
abutment contraction duleall (aldi Jalza g pier contraction coefficient

.coefficient k, = 0.10

=
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e 2 =l dplifcaSa jie 200 = Gl Capal rblaedl
=kp canayll (ELS) Jalas il 6 = daa ) Gu ddlal) dalual)
0.10= k; daledll jaldi Jalas <0.01

Dl 4 gllaal) lalxia¥) aae 30875 0ge€ fatia (5 2k aranal 1l
Oluadl) gy

Jil&l abutments culale ally piers daca )Y G 30 Ganlds e Y
Ol Sle pier Cava) JS g5ianBe ) spillway 3831l 5ma e
& (my tabutment Zalealls end contractions daledll cilbialay) (e

35-4 dalsal) iaul sy effective width Jledll (i jell sy

:Jadl

(1

B.=B - 2(nk,+k,)H, (4.35)

*

P

piers daayy) ae = n

aainy slly pier contraction coefficient Cauayll (adss Jalas = kj
«pointed nose iy oY 0 gsluy cam NOsE ) IS5 e
square nose dxye il 0.02 55l

oSa abutment contraction coefficient duleall [aulsi Jalza = Ky
i) daleall 0 ) Jaacays dagyall daleall 0.2 ) Joas

Al adplal lald Lelalas o Vs AL e Vo V) depu S )
=55 P il cile i DU Logee ¢33al) lual trial and error Uaall,

s Gl Aoy paliil JHymH & gas (Vo= 0) QLY ey
Asladl) LS (Say il e
2 * 3/2
Q=200=5 Caoy/28{6(n+1)-2(n*0.01+0.10)2.0}2
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Cao =075 (2> 3) all 4.36 sslusin iud a3 )
saall clear span of the spillway sy .dia) (uasl panay oS (e
4q sillway aial 4l crendl Glua 3aal) Aalas e Say ¢ s 30 —
ADe slad (S - i 2 i) aseall Candl S i Ghs Cippes
Culia 383 Jalaa Hladiuly stage (head) — discharge @iy ¢ \a))

:‘;Jt\]\ JaE e
1-10
-
-

1-00 /

Co/Cao i
0-90

0-80 T 1 T T 1 ™ T 1

0-00 0-40 0-80 1-20 1-60
(He/Hde) Crawd) 488 & (Cd/Cdo) Cilaleall R 5L

Siphon spillway ¢ g (5,34 (8-2-4
it ey bl gsisal Ayl cilaliie o Siphon spillways sl (5 )las
st (A Bpiaall Gl Cagiual sladl (sgie G54 g WHY) (e s lall (g5ia
G LY 8 Ll (s5in paind 13] . 5lagS sind) Jae ) Aol 3 g35is olsal
prime the sisdl il 43S depm ) Jompe Gsisadl e sl (fo
i s Wl slsedl o Uala Josy s Lall 3355 (YPriming juaail 1ay .siphon
358 ball muays Qi (e s lsedl IS I Ledie JalSl juaatl) sy L Jraydl)
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el i flow deflector @aull psSle L) o sale . (goal) Dl caas dadll
oo st i) die jpaatl) 30 Gle Tag st e bl slaal o
dly e @l bl gasas dinll gl calall ) il dieas Gy
SalSl pmnill 3pmay Ad) olall ae Jpll 8 olsell Lala ) sasl i
gl s b ) elall (gsiia ity S Sl Jeall ey fully primed
¢15el) 305 ~Laudly cthe siphon-breaker (sl ahld Jase Jiul §f Jadl

alad 8 o ledls (Al die (goall anall salaiuY

Osiadl ol 5

; siphon breaker

gl )

deflector

O e 1(19-4) Jsd
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Overflow spillway sliall 385 0 (aildl) (9-2-4

ObAN ) lall (e 508 A (3895 3yall jUadY) Jshaa culaal plil e
Caypaill (gyme .dam crest aull A 38 GHAN (giee adip M
Gyl Jl b Sl sl "ol saas (S o ble Spillway
i) ) cind clilagl) sl Cappat (Say (Al ) L1 dazls
2 Jia) audl PUA e o(bottom outlet ¢ &l ~ 3.y culvert zull
overflow _ailal) 3853 5 yae ) audl 368 I (rockfill dam szl
-(spillway

.(spillway (mse o) =ild g Siema Spmall dsandl alaza o

AW e g JS4 overflow spillway (ailall @8l gyaa Jaily
energy 4dlall — ane — idegchute 4aliey crest dad :euﬁ
Caypal (anda 3yd aubaad] Aadl) apenal o3 L cuaall lgs S dissipator
.spillway slull (5)aa

adl (0 ey ) 358 ladl) olae (Jal ) el chUtE Bl3all aanay
Gl vie 3l A€al) AUl ("elSal of) yanl AUl ddse paenald Sy
LBl gl (5 na

drop Llauy) JSw s alall il spillway Capall gilas gl aal o
salad e S Bl Gabias A8, el amilad structure
gl Asailal) ) ylagh)

Morning—Glory 3L spillways iyall 5)lae (0 3V s Jais

agee oo Byl g .(bellmouth spillway sl asia }T) spillway

Lo coluall (3055 (g el dyilall Aaiall (S5 13aa3 ST ISl ¢l

53 4l Jsiaall U< . (abutment dales ) audl Jaud 5U8 1) gas

G mas Y oculg Jsli Blal ade Gllayg (Morning—Glory

80 e sale uy Al Glayaill Morning—Glory spillway oy
A6 o
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2l g stilling basin Gl Wags 48l Cilodse dlial cpacats  ®
slail 4 POOI manas Lo giia flip bucket Uliia 151y dissipation basin
.plunge pool e iSps Heill 5)na

Spillways and gates cliglls oluall (g )laa (10-2-4
KRar ¥ el ol lad 385 Jal jee g8 Spillway sludl Capai s
N lelisas 5 Al Gl e s Al ) deacadal il dalie 8 o5l
iyl b el e J<G Spillways dild) gylaall Jexs . Jysaill dala]
A e gAY Giball GsS Laie ¢l adaud) Gl S cllagl)
S el il aud) bl (ol Apaal ld 5l Lginas o8 Sllb aay

.Lg_)'a{y\

Hydraulic slial) ciypat (aida U8 asaail Aty gl adfal) (11-2-4

aspects of spillway design

J<u :spillway caypaill (gan st ADE) Gl Sl avaaiy Glai ¢
JSells discharge channel ay,aill 5l control structure .Sasl)

.terminal structure .kl

gl Sill dge (e sST Ay AN e Aalal) il SSaill Ay alan e
JSlae G3lati .pipe 3ysule ) tube il Sl orifice dai S lagdl (e
) Jay L adadall A (e 3800 ol g adaall JS5 paay U apenall)
O e B8 8 2l Jiud el (gyme ) aSail) S (e (laial)
Galed DA o Dgtae Gl ¢ ilal) andl Joud) angll 5o 138 o6 of
oaY) s Jsh e dagide sl

ISl sLial) (38 A8 g jaed) i Sl ddanss channel slll alagd sass

layd g o Adlall pas 33al oe seTerminal structures Ll
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toe of aull paua) dic JSU 5 julad s 90 el sl ) il sale
.the dam

Uil g As.’_\.\H\ ULAA..)SS\ (55 Aic Splllways 4...)3\4\5\ g;)LMX\ da gl fale e
Cans Ol el s sl 130 ) Joai Ledie Al (e L o)
leaSH o A5 Jals a5 «llsy Sene SPillways Capall glas
anilge 358 YA Al olall Al Cipeall (gynal dailall Ladll (358
.DL.A_A]\ ua‘.ﬁ;.}\

Dol alall oY) giual slam Al syl cliinl) gpead ma) 0
Salall i sl cbileal) ciliay o8l Ky cbarrier alall G
ayail full spillway capacity caypaill (g yaal ALKl Zaud) padid
uLa.\sl\ bt..;.a

Types of Spillways 4l g laal) ¢lsif (12-2-4
il Je o la¥ls JSell g o ke coluall (g)lae it (Sa
353 deede <Y1 4 :Side channel spillway dulall Cayall 58 0
dapall a0yl & crockfill dams jsaalls earthfill (a)Y) o)
Capall Gl e (5)al &\}.ﬁ L) (Sa Y dua narrow canyons
.spillway
Straight drop (free overfall) :(Lall ;LedY)) aivall G (520 O
Lol Jas Gaididl adl e dpay Jagedl Ll maws spillway
.vertical fall structure (g2 gasll
e uala < :Overflow or Ogee spillway asl e 5l p=ildll 0
FL TP PR\ KA
3aa sle dxgiial lower nappe Jeul) eUaall ilall jeladll e G5y O
sharp =g ala s (e Laduiventilated sheet of water 4yl

.crested weir
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¢ua :Chute or Trough spillway el (asall 5 Cipall 5ae O
daside 38 PR e gl orae gsiune I DA e il Ji
o sl dam abutment sl dales Joh e W depinga lasiV) saad
.saddle o DA

Jaxy Shaft (Morning glory) spillway :(rluall 3as) Gl 552 O
«circular shaft gyils asee DA (e Jaiogy 3 481 4,50 4 e oWl
4@l conduit s i tunnel & e &

enclosed duct (3las jual g)as :Siphon spillway (jsaus gme O
e Lkl 4asd S,

——————

Spillway

/ Ve

spillway

With downstream protection

Without downstream protection
Straight drop spillways

Entrance cha. Control structure

Chute section

Terminal Structure

Al gjlaall 1(20-4) Jsi
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sl e 1(74)

b 28 228 50000 <zl overflow spillway (=ilé g yaa ahie aona
aadl Jsba iy 580 (sl die 3Ll dpa s (700 Gsisall die wiall oLl
Caypal (gyae Cappad Ailee b Lle. i 180 spillway Caypal) sl i)
.ogee-shaped spillway @j G e oLl

Q - CrLy* (o) (4.36)

Where:

Q = discharge over the ogee spillway syall 5)na §5 dddl

L. = effective length of the crestiaall Jlxall Jskll

he = h + v2/2g = total water head at crest including the velocity
approachc)#y) de ju elly 8 Lo dadll 4 S el s

C = a variable coefficient of discharge, whose value varies from

2.1 to 2.5 depending on various factors. ,uie Ciypai Jalae

:37-4 Aalaall A (e dadll il Jsha i (Ka
Lo = L — 2(NK, — Ky) (4.37)

L = Total clear length of crestiadll mualgll dlaayl Jghall
N = No. of piers in the spillwayslull caypai (520 4 FE N JENS
Ky = pier contraction coefficient sl ((adsi) (L) Jalaa

Ka = abutment contraction coefficientisle all _il<il Jalaa
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Pier Contraction Coefficient Kp ivaj)l aulli Jalra :Jgaa

Condition of Pierciva,l) lla Value

of Kp
1 Pointed nose piersiuiall el cileles 0.00
2 Round nose pierss il a1 cilales 0.01

3 Square—-nose pier with corners rounded on a (.02
radius 0.1 times pier thickness da e il 33 Caua,
Cavayl) claw 3y 0.1 Wyl Caas 435500 Ly

Abutment Contraction Coefficient (Kp)ialeal) jaulii Jalea

Condition of Abutment

1 Rounded abutment with head wall as 90o to the
direction of flow, when 0.5h > r > (0.15h 3,53 dalea
éﬁdﬂ\ n\;ﬁ\}( :\;‘)J 90 ‘;uj) J\J.;.)
2 Rounded abutment where r> O.SH0 and the angle 0.00
of head wall with direction of flow is <450
, ° 0.2
Square abutment with head wall at 90 to the

direction offlow of water xic iy Hlas ae dayye daled

slaall 85 ola3l & Gy 90
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5Ll ol )l 4agl) Jsh 580 = (ssinsal) i 3Ll Ay (700 = (s5insal)

23 180 = aypaill
o=l (gae phale pana tuslladll (2
C=3.95 anl (3
ogee Ki o awall 38 Aalas (e
50000
R* = % = 3952180 =~ 032
e 17,1 (glaiih g a2l (e Lgias

Sl olas) ol slad) e aa
Depth of water upstream, H = 700 — 580 = 120 ft
CLEY) ey 2
Velocity of approach v, = Q/HL = 50,000/120(180) = 2.31ft/sec
iyl Craw aa
Velocity head = v2/2g = (2.31)%/(32.2) = 0.08 ft
sl Caad adY) aall aa
Maximum water head = 17.1 — 0.08 = 17.0ft
Al t\.«'ﬂ)\ aa
Height of crest, P = 120 — 17.0 = 103ft
Since h.<30 ft, design head, hy = 17.1/1.42 = 12.0ft
P/hq = 103/12 = 8.58 > 1.33, high overflow section
Al J5 e i) gl Al
Downstream quadrant of the crest shape

Alally Jidi ¢ oagl (i adaie JSG 3 cal) ooyl e
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x 1.85
2 —05 (—)

H, H,
y 1/x 1.85
12 2 (12)
y=0.06x"8
X (select) ft Y (computed) ft
5 1.18
10 4.25
15 9.00
20 15.30
30 32.40

l:2 )‘ﬁ*“% )&ﬂ\ d);no\;ﬁ\ @bm U ) welal) adasy 2
. Point of tangency assume a downstream slope of 2:1

X% —0.485 (ka) 176

o ®
o

Xpt = horizontal distance from the apex to the downstraeam
tangent point ;e (s yae oladl & ulall Ak ) Al (e 281 Adlisal)
o, = slpe of the downstream face= uadl 455 ;s

XpT

= =0-485(ke) M7
XpT

=—-=0.485(2*2)"17°
2 (2*2)

xpr = 30 ft
) 0S5 e oY) apll dnally

Upstream quadrant. A/h = 0.28, B/h = 0.165

A=0.28*12 =3.36, B=0.165*12 = 2.00 ft
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x* (20-y)*

3362 202 °
X (select) ft Y (computed) ft
1.0 0.09
2.0 0.39
3.0 1.10
3.36 2.00

spillway (ks [(8-4) Jle

iy 35 Jama Janig Ld 15 rectangular channel dldaiwal) sUsl) (e iy
capll i 4l spillway (e Jaul ) el Ja 55 388/ slls 120.000
Graap B 3 A5 0 dime aid 2 1Y) Aiasy 15 42 3 3axil (3ee aly Cu
tailwater depth Jol olue (3ee ()6Ks of ony 2K coliall gy

tdadl
= 38 U a8 1.25 = da g 15=aldsied) 3Ll (mpe tiblaad) (1
as 15 =spillway djaje (@303 268 = dady o5l 120.000
Aan 15 = Gaall Gac
tailwater depth  Judll slue (Bec :usthadll (2
&y 17.87 = 15 + 268 = q ddgha saay IS 330l a0 (3
Asledl e zyall Gaall 2 (4

a= (L " (17e7 1/3—2 15 ft
“\g —\ 322 -
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zall B8 o a8 125 4 dan 15 by @l Gead) QB & e (5
dy Gee 8 L pagal 1 e 4050 338 Sass Lsupercritical
a2 1.25=d; g5l tailwater L) Jud
Aleal) (1 spillway (el Jaul depull 2 (6
Q 268
Vi 5= 155128 =143 ft/s
Asbed) ] Gaal) ae G5l Gaall Jiny (525 tailwater see dy 22 (7

2vid, +d_§= 1.25
g 4 2

d,= 1d+
2= 5%

2%14.3%%1.25 1.252

322 + 7 =3.41ft

e (84 gali v
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example_4_8 extends JPanel {

public static final String TITLE = "8-4 Ji.";

public static final String EMPTY_RESULT_TEXT = "<html><b>( <bbaall Jasb o3
Al Qs 23l) < /b><br/><br/><br/><br/></html>";

private float di, b, Q;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),

s

JLabel[] labels = {
new JLabel("a¥) Alkindl sl = e):", JLabel.RIGHT),
new JLabel("i=as) @l 3ac):", JLabel.RIGHT),
new JLabel ("4sh/=Sa aid) Gaxill Jus): ", JLabel.RIGHT),
¥

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDoclListener = new DocumentListener() {

public void changedUpdate(DocumentEvent e) { calc(e); }
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public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }

public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

dl = val;

} else if (owner == textFields[1]) {
b = val;

} else if (owner == textFields[2]) {
Q = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;

}

if(dl ==0 || b==09 || Q ==0) {
resultLabel.setText(EMPTY_RESULT TEXT);
return;

}

double q = Q / b;

double dc = (q * q) / 32.2;

dc = Math.pow(dc, (double) 1 / 3);

double vi1 = Q / (b * di);

double d2 = (-d1 / 2) + Math.sqrt(((2 * v1 * vl * d1) / 32.2)
+ ((d1 * d1) / 4));

String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>idshsa, @l = " + fmtfloat2 + "
Lili/adcbr/>" +

"zoallgell = " 4+ fmtfloat2 + " L¥<br/>" +

"Gaddl Jidlde yull = " 4+ fmtfloat2 + " Aabi/adcbr/>" +
Al osbe 3ee = " 4+ fmtfloat2 + " L¥<br/>" +
"</html>";

resultLabel.setText(String.format(format, g, dc, vi, d2));
¥

public Example_4 8() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(0,1));

JPanel centerPane = new JPanel(new GridlLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridlLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(0,1));
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Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html>alladl axiiu Jidl l2a: <b>dc = [q » 2 /

g] ~ (1/3) <br/> v1i =Q / (b * d) <br/> d2 = -0.5 * d1 + Sqrt[[(2 * v1 ~
2 *dl) / g] + [d1 ~ 2 / 4]</b></html>", JLabel.RIGHT));

}

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty(“owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);

add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

public static void main(String[] args) {

try {
UIManager.setLookAndFeel(

UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example 4 8());
frame.pack();
frame.setlLocationRelativeTo(null);
frame.setVisible(true);

s
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Spillway gates sluall i pat <l (13-2-4

Al dadl (558 il cdsall Salall & Spillway gates wspall (5me Slils
P il ol piail cpermanent crest of the spillway cayyuaill 5yl
spillway (s nall s (358 3235 3 peall LNl maws calad) bl avise
Sl xS glad G Al b Sl el e 55l gates

B8N leasdl) sl ANY ALK dxl) Hladiuls spillway gates (g )

Capall g o )5l aaen e Spillway gates Caypaill (gme iy 5 (S
o Al 151 alasid aaly siphon spillway Jifsull Caypai (g yae ¢ iy
T il g8 il g

Flash board gates _iMall 3l cilils

Stop logs or needle gates s,y1 clls o Jlail) ¢ sia alad
Radial gates i =il culilsl)

Drum gates ikl <l

O O O O O

vertical lift gates 4, gaall 8,1 il

ol 330 (14-2-4

Weirs and canal intakes 5Udl) 3alag <flagd)
calal)
gl gl ) A )l 3L (e slial) Jigail e
Aie) Gl gae o Blo) S0 3 Jaee o Bliall dsacludl e
AP
c Sl Hnel) SSaill SleaS Jeally 32l Y ara Galal @
L0l Gead i ol aa e Llall @
el die e Bhapdl o
Al deede ST el Jrad o cililiagl) aial aaiis o
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celall 380 o (gasee S0 gl pas Sy @

tangd Al Clalasnuy)
caleaia )y dalud) (aleal oLy cllagll ely 2y L Gle o
sladl ) cuadll Cails e lagl) (e Aaslil) o Lall 5yl oot (S @
tubing ..U, boating Canatll & (Wl s

Weirs and Canal Intakes 3Ll s <) jlagl) 33l (1-14-24
b aal) bl aag) anall Cagph Cuadl @llagll aladiu) Uaf oSy @
Lapas (Bin Ausdid Cpanaly Lgnanys Blall lapsy Lpuany callal) ¢ ladl aen
(L o) aall 2ic Backup of water sluall Lalia¥! gl (3lays
cAlanY L Bl BKa lagdl (1
& Aaoaiall Gliaiall 8 @Al aua g saley Bendway cfjlaa aadnus e
B
e Al et sa cLasY) Bendway cllaa e caxgdl 0
dapall Gl liady) A
(L) ef) aiall xie 3553 30 — 350 20 Alusae O
la b s el Giall pleddl S Loy dumisic Cllagll O
Uaddiall (3axl)
e Al lesull b (K Sati Cimy LS Ly e O
Al QL) daghad 4 aaig Nnear—bed velocities ¢ ll
near-bed streamlines ¢ &l (1
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Bendway weir sUaiy) jlw :(21-4) Jsi

sLidll g <l gl 33Le (2-14-24
tdisall il

Dl Al e Ll (g ol (8 aSl s 535 o oS
D) el olai¥) 3 @llanll) yae aldl el eliy) )

s o eyl Jilge Ao Jadlad Cumy el lagl) ol (Sa

(UL sl o) Camall Ales 3 Rock ramps agauall ol jaaial)
e U (e Yoy riffle habitat (ili s hse Al cllagd e
Newbury (guss (ilis sa sl S3xs o lagh) glsif aal
Riffle

Jilsall (s zymiall aSaill sLiies Newbury Riffles cuds &
Al 550 o lal dadlays Al e Wl A Jlagl) Ay
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el el (3-14-24

sheet ~I1 )l alatinl 3 lagll ol ddagudl Bylall goa) S o
(3-2) @ ) o) iy Gee ) el g8 B Leads 2l piles
scour rate jaill Jazal ady) 2all Cilaizl

alasiuly Cilacal)l 8 lagd) cailsa Jayy cang oLl alge e Sl iy
gl Jsa e (e e Wl gl sheet pile zilia 4asS lriprap

(Ol ) Guad) cails e ramps chasiall cld cblagll Al o
Sl Culall e Clhadl jlasiy) e Lalall 4l siall auny cany
el e

A o g e Dladly Ayl 3 Saill Ghlaghl e sl padiu) e o
Gslhaall e JSLell o energy slope 4dlall jasie @ilay Sy lasly
gl oSl

el Lt (4-14-24
cbank by )2l 550 adayy 2 ¥ 5l IS U8 gl elis) Y L o
Jadll Gaay of oKy
alesin s AsDlally culilsaall 5yadad (ol ga LI Clagll o o Sy @

slidl) 33Le (5-14-2-4
st 2l syl ¢ 15Y) 0
Lateral Intake _ulsll Joaaall o
Bottom Intake Jeaadll g @ll o
3agasall Jaladl aasiis) Overhead Intake (golall Jsaadll o
(sl sl piers daa )Y
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Weirs and Canal Intakes 3Ll 5 2 g2l 3ils (6-14-24
353l e aladl Jsaadl O

Slo Lliall alie S oSa3 IS ) lagll Weir axsiy
Uyl e A aall

ey Jeall Alialga Off take structure ¢ 3&Y) Il e
el Gl e kil

dpaall g0 el Jaadl e elilly apeall 8 el
lateral intake without damming

lateral aw o sladl Jodaa) e 5T A il 4l S
intake without damming

Lateral Intake without damming sl 50 sl Jidaall O

cala 2 4 1 e Off take flow rate 5isi Jara iy
Ul cms agtll e
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Ny el 383 Jasay OFf take flow rate (383 Jasa Lasiy
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L) 3 padl sas 3K slaall il iy
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sliae 5l Jiiey slhies el o dsee paead 5L aladiuly 5eill (o slall Jgad
OsSs + el (e ol 8 Al e Y llally Cilapeal) duss L JL
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Drop structures Jsbigl) bliu) (15-2-4
S 3 e pull Q6 A8UA) sl diay Ay o
el (LU ald (i ) ALYl Ules sl o
L3 aally JSH il s Ale depud) 5SS Lovie (S b g 0
lebe IS arana +adadludiall JSLiglly 3gaud) (po JS msabiaill (g 2al) lia
e Jarin Al flow channel @axll slidy ala

Guidelines for drop structure design bliwY/ JSus awail bli ) (1-15-24
primary drop structure 1) Lsell (S8 ¢
el A 'V ale U850
422 180 5450 120 g el 4y ©
Lan 18 N4 e piadl dais cuaia O
Gl S .
Calicall JSB (e dleall
back water control structure slLull & ~Saill &8 JSa o
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LESH
KLl Gu plunge pool (uhazll (s e Lliall o
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) L) IS e caadl Guls e ail) Qi
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340
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lsial cdalal) ALl (Blahy lad claldll el cihlic) Blelpn g ¢
Syl

o D Bladl) LSl pugll Gl el fogs VI paadl oy
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Saladl

ooyl dadaie 350l ) drop structures Wavad) JSbell Jaiis of oy @
> e boatable channels )il wigd & low-head dams
Clllia) ae @ilgs lly Ll daldd)l QUL By aeae lal
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daulie ) gl Ll sTrapezoidal flume Ciaie 4ui (gyme ®
Aalaall il 3 Sl ald U
Cut-throat flume &l 5)na

Design of a barrage iy axai (17-2-4

Design of a barrage Jils asai 44<

Head Regulators cpud)ll caelidly Barrage haldl asead oiaw ©
ol e appurtenant structures dsaldl JSLells udaall ol gisll
g Aasiyal) JSllly 6 AY) bl desunsal Zpldl) ppansdl ulas
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)y dgylas DA () subsoil flow a1 Ghaly (385 A ALl O

Lane’s daayall o sy dyylasy «Bligh’s creep theory
(Khosla’s theory Sl 4,k weighted creep theory

Surface Flow / Overflow =il [/ shull Géall ahlae) (1

:Consideration

raall slat clie) Alla 8 AU jualial) sl /i

design flood  awaill gladl jni 0
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Retrogression aal

D/S gl dpn V) s | Barrage profile Llall s ale 0

crest level 4l g floor level
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w
Ol Caypeail oady) aall = Q JLd) lusdl = PW cCua
Length of barrage = : Jall saill e jhlll Joh sl (St oo O
L.L.C x Pw
Lacey’s looseness coefficient ¥ s5la) Jalaa = L.L.C «Zua
<3 &y o 13 LLC = 1.8 3
:Retrogression aalill (4

A Al A e @i el (B s el Gaad A5e salh O
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Obadll (ot = Q(MLK.S) 2.03 < 3l gyl Jalea = C
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2

2g T h= eyl

Estimation of Design Flood Jlawdll axaai padi (1-17-24
el el
4yl daul sy Lipa return period sase b5 Y aasill 3055 05 3ale
280wyl liall gl sl o3 Lfrequency analysis sl s
Al Glayy sl o e
Pearson & Log Pearson Type Il distributions
Gumbel's Extreme Value distributions

Normal & Log Normal distributions
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Lacey's Design Width .Y awaai (e

a5 5yl Lacey's Design or Stable width gl (ayll Y prenal
: 4 single channel

W=2.67vQ

dua

-

3
Q = the Design Discharge in cusecs (ft /sec).

Apal) Jsgd) Cippal lein Bia W jslaty (ajed Hhlil) apead
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sy il e aalill
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Tail Water Rating Curve bl ol Civiiai inio (1-18-24
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Aayidal Bl ol Ciligie o L&) o obial) Cappat (el Glly Jidad (PlA o
designed retrogression dccadl aalpll ad ~5k Gk e suall aelaill

LAl JaAl sl gl Jaugie (e Values
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(Free Flow Condlitions_~J 34ill b 5 1) Barrage s _xe & sdill (3-18-2-4
384 Aaledl) (e all Gl iy int My e il e Jpemnll 2

Q=C.L.H3p2 (4.38)
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cusecs b apdill = Q

Coefficient of Discharge il Jalaa = C

(7 Clear waterway of the Barrage kUl maly Sk jea =L
(p8) Gaxil) & ity (3 Caand) Jlaa) = H

3.8 il sy Aad (e il 8 (K1 3,09 Ll e ale <8 C g 3
2 iy msanail (lld aag . (GibSON ¢y guna) Mmodular gylbaal) lagl Julal
.physical model studies 4kl zilall Sluhy PR (e dagll paas 4

Discharge through a (Liseiell 3831 L 5 ) Lol g SIS (e (38230 (4-18-2 4
Barrage (Submerged Flow Conditions)

& DBEY) e Nitwe (35S Ladic modular Ujlea lagll Gsi 3asill S
Al Cuas qdin Y any i iaay SIp el rme oladl b slidll (g5
(Ep) dadl) 358 poiall 28l a8 e A3LL (80) ol e (E2) dadll 358 ol
modular (g;lb=all 2l 5 "'modular ratio iyladl il & (Eo/E;) dwudll
o oo Gl e gy ) dplea) duall (Ep/E = 0.80) dadll s 'limit

free T oS

Fane's Curve (gl Ainio (5-18-24

G Gy ((non—modular g bedl ye) submerged sl Gaull il
Aday Jreduction factor Jlya¥) Jalew discharge coefficient gaxill Jales
30l (Cr) JFaY) Jale ads (Eo/E) dplnall Aol e sl Jile
Dl ablagh) e Guay il Fane Jiaie (33 aldl (9-4) Jsaal
sarall B a8 5y e o 2H: TV ey Sl ol Jaasy Ll el ramp
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Q=-3.09.C.b .E, "~ (4.39)

Gld Aada e JIFAY) Jale o 1(9-4) s
"EZ/EI" Value of "Cr"
0.80 0.99
0.85 0.99
0.90 0.98
0.92 0.96
0.94 0.90
0.95 0.84
0.96 0.77
0.97 0.71
0.98 0.61
Curve ais (19-2-4
Q=CbE'"’ (4.40)

ateN
Q = submerged discharge over crest (CUSECS) (35 ) sarall oy pail
aqall
C' = submerged discharge coefficient geaall oy paill Jalaa
B = width of weir (ft) jlagll (a)e
2 s
E1 = upstream energy head above crest= h Y /29 (ft) aeial) Zéla

Al 3,8
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free flow _all @l Caypal Jalae Cpa oy 68y sarall fop@ll cilbleal Al
reduction factor Jyay) Jale & (C = 3.80) discharge coefficient
Os&s Gua ¢(h/E) modular ratio dyleall Zaudll Je Juladll aaiay .(C'/C)
(10-4) Jsaall 8 3304l 'C'/C" JI5aY) Jale ad dadll e Jlef 3050 Gae
3nll 3 diayall clylagll e suad) GibsON curve (swna Jaie (e sdsale

.broad crested weirs

O QA Jale o (10-4) Jgaa
Qgd (Aada
h/E c'/c c
0.70 0.86 3.27
0.80 0.78 2.96
0.90 0.62 2.36
0.95 0.44 1.67

drop structures (canal drops)(slall cilailuia) ddadluiall JShel)

sale.ojlus Joba e sl (gsine ity aliie JS s (Lasiad 5f) Jasaed) JSoa
addl) 8 sl olan SN Aaiy cupliail) ae e Ylaie) ST sl Jue 585
ajiall a3l it dal e gl e (2)Y) xlaw headworks e, xic

clie bli) e reaches glakaiall diagyg ccuaall 3U8 ¢ B (g5 (addy
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terrain level

|_ canal bank top level

canal bed

Vertical Drop
Designed Bed Slope

Natural ground slope

Canal bed

LAY clbloca :(23-4) J<d

adadlicial)l JShgll &g £ (3Ll cladlucia) ddadluciall JSLgll

A ¢ )1 ) audiig low crest wall (aidie jlasy cilliluiall Jigs sale
Vertical drop aseall Ligell
Inclined drop Jill lagell @
Piped drop a1 aliasl e
Farm drop structures g )il Jassa JSLa @
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drop structures aailuiall JSLgll & il

vertical drop (2 saxll Lagagl)
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Il‘_
—
i
i
- |5

bl L) bagagl) :(24-4) Je&

il Jgrall Clial)l JSEIL IS0l dia 200 e alaall Cads
q2

gd3
Ailadll (0 pasall amje (aye saay U1 30 = g

Drop number, D, =

Lp

L:
4.3DP%7 + 2
d Tt

pool depth under nappe _zasll (3ac
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P _ D£'27

d
sequent depth,% = 0.5D2?7
% — 1.66D0%

S ke Ly sl Gl 3d Tl A g0 0 i
L=6.9(y,7y,)

g4l b« (0.5<hly <14 Jss) h (e by s5ady ALl uaisall (g
Forster and Skrinde 3l 48305 yaell 538l) (30585 adga 2an3 Jal (g0 (2 sal
i) g LY 13 Jie gl aes cillalada (1950)

i gl prestll lae (e pns b Lo
gl 138 &4 msase e 38l (Y Bk :Length of crest dall Jol (|
3Ll gl Layal Gglua Bale Jlay dadll Jola (8 cdagall (1
Shape of crest: Rectangular Juaiiw :dadll (<3

@stall Gyl (<«
Bt=0.55d" (m)

tac W)l iae
B1=(H+d)/G

(G = 2) masonry ¢ lullial sald dpeall U a4 G Eua
Trapezoidal ajysie 40
sl )l

Bt=0.55(H-+d) (M)
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Joas Cumally auiall Jsm aladinly dale B, saclall i yal dually

:Design Discharge sl aéill (z
Rectangular Ll

Trapezoidal s 40i

3/2 1/6 3/2 1/6
Q=1.835LH (H/Bt) Q=1.99LH (H/BY)

»

TS
length of crest 4aall Jsha = L
slall ayall = Bt

head of water over crest iadl 35 ¢ Wl Gy = H

cistern )l Jshb Gecy Jsb
Lo=5(H.H,)" depth,dc=1/4(H.H )"
Where,H =drop

Dkl olas) el pond) die Zliadl ghas (2
Chaly ke aiall 8 ALl hasg Jafing Al 4nd Al Aoy
IS JEb & 3l 84553 60 Ayl Dy H ciie 6 ) 5 (g5l i
o Al Baal e Gl gy berm 1 L) ) e
sl aiene ISy QY daial Juain o Say Aldaiall Al L3340
Aay 45

Upstream Protection auall les (o

Wile a6 e gall b olaall Bae (gsbasy Ity cashall s gy (S
Skl sladl Jef Capall coldl yig iy 21010 jasie vie Al gas
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celdl Bae OB (g5loy (Bery aaiall e 3)lu Hlaa 8 Lea

Impervious floor downstream of el 5yae Jind dasie o)
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At DA e sl e Gpia S Jleal) Jsll 25 (Sey 15kl
) € o a5l Jlee U Khosla 4 )i 5,50l Jlee U Bligh
Al Jlas gay d /'8 gladl) Jshl V)
L, ~2(D,+1.2)+H

D,=U/SFSL-BL and H =drop
laadl ol aa aladiul) adyll bkl dua V) ASLes Jee (S 1ASLe
e b jie 0.3 ali danl dSlew 535 (5% 0.6 ) e 0.4
il quls

V) ey Jsb a8 Gy Bsn Canli puil) iyl sidasale

:downstream protection cuadll iolua

dry brick calall Caghall (e langy Gane L) olat) ol g ll ()5S, 8
clay ballast 3)pla Je iy an 20 s Sew i1y «pitching
& Ll alll P e ) lall aaf pitching caaill Joka . s 10
oS - ST Lagl ¢ eill (grma slad) b oliall (Bac bzl 3 41 Jsaal)
Agadl phas) 0585 S LAyt b EDG  claa o pitching yé s
S s tadl Gae Vo giln Bass (35 ) iy e dlay
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Slope pitching Judl caas

Al e aaly desd 3Ll Cailsa pitched caad ¢ Al ~Lad) asy
sl Ganay Cinaly Baah o aaa) s o il Sy of sy
Lsh gailall ol anlis 2 38 L el (gma sladl b ol (Bac i
8 i Ailgd (e il 2208 Algd (e 22 45

ainne J< Cuad) Aaialy s} . Downstream wings cuaall dsia]
s ol Ll ol 3y ey (HH) i e 8 LY 5 i
cliad Chis men pedl g il e D)l Bl s 35
s GlAY s §sehal Zuill JelS) Jaball i Cums sl (oas

Heelin) Gl gglun sacli (e Lages 41 jlaal) 138 (ia 3Ll 3]

Cildally Cijlaally (Aol dlaa cilida (3-4
Glenylly (Jetties) daa,Yly (Groins) dy,¥ls (Dikes) dauslly Salsall s

.(Revetments)

dolantly Ay Jail) dalad) oy platl)
1V:3H dsls @ljaaie cild triangular channel 4l 31 : 45tial) s LAY (1
Jalaas 0.5 Jdshall sasidll oIS 13 L4065 5ie 0.4 305 Jaee Ji
slall 8 Al deyud) dlo & (Manning's o= 0.015 zule

“(Aso5)
2Q2 1/5 092 1/5
() =(55)

trapezoidal 48aiall 4ud 3Ll gl jaye aly idbadall 4l SLAN (2
Shaaie vie qulsalls £0.5 dawsy Jshll i) ¢ jie 0.6 channel
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“les dejull e L ¢ jia 0.6 aly Laasid)
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0.6
<>

:5000/1 de e &2 50 ay 385 Jasdl )l (gm0 pala 1) 20
.m = 0.9 a8 [ayéls Kutter’s n = 0.0225 5S Jalas 3a

axa Jaxs :Vertical drop without blocks i ¢ ga (aldsd) agee
oaidl b dgec 2y . i/ e 0.15 Aldiies 5U8 3 s
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sy jie 2.5 iy ced spillway Caupai (5)a0 ana iy pal g )2a
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?? 1.55 5022 Crand Caypaill (oS 13k (&—\
O3 eyl 138 e e of (e M) Cagpeaill i) aall L (
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m=D/4=0.425m

Aalaal) (0 Crdadan @

L
C¢=f—=0.0052* =0.24
m

0.425
H—Vz(c +C+C,)=— 2
17 pgtre T T M/ T o9 81

(Head loss is less than 15 cm, then it is OK)

(0.540.24+1)=0.11m

import javax.swing.*;

import javax.swing.border.Border;

import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;

import java.awt.*;

public class Example_5_1 extends JPanel {

public static final String TITLE = "1-5 JG&";

public static final String EMPTY_RESULT TEXT = "<html><b>( Sbdaedll Jiabi 3
Aagill Cles 23l < /b><br/><br/><br/><br/><br/><br/><br/><br/></html>";

private float Q, Wdepth, L;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(),

s

JLabel[] labels = {
new JLabel ( "4/ =Sa yia) Gixill Jas): ", JLabel.RIGHT),
new JLabel(" ) Wl 3ec):", JLabel.RIGHT),
new JlLabel ("_is) gl dsk):", JLabel.RIGHT),

¥

JLabel resultlLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);

DocumentListener textFieldDoclListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }

public void insertUpdate(DocumentEvent e) { calc(e); }
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public void calc(DocumentEvent e) {

try {

Document document = e.getDocument();

Object owner = document.

String

S

if (owner
Q = val;
} else if (owner == textFields[1]) {
Wdepth = val;
} else if (owner == textFields[2]) {
L =

}

va

getProperty("owner");

document.getText (0,
e.getDocument().getLength());
float val = Float.parseFloat(s);

== textFields[@]) {

1;

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;

}

if(Q == @ || Wdepth == @ || L == @) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;
¥
String result;
if(Q <= 3.0)
// Use a pipe culvert
double A = Q / 1.3; // assume V == 1.3 m2/s
double D = Math.sqrt(((A * 4) / Math.PI));
double m = D / 4;
double v = (Q * 4) / (Math.PI * D * D);
double Cf = ©0.0052 * L / m;
double H1 = ((v * v) / (2 * 9.81)) * (0.5 + Cf + 1);
String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>wssl gy pladinl s cbr/>" +
"aludl = "+ fmtfloat2 + " e sikbr/>" +
"ol okd = "+ fmtfloat2 + " icbr/>" +
"de ydl = " 4+ fmtfloat2 + " 4b/ jicbr/>" +
TSl uell kil caal = " 4+ fmtfloat2 + " i<br/>" +
"Jabadad Cf = " + fmtfloat2 + " <br/>" +
"Cuaull @ = " 4+ fmtfloat2 + " Ui<br/>" +
"</html>";
result = String.format(format, A, D, v, m, Cf, Hl);
¥
else
{
// Use a box culvert
double A = Q / 1.3; // assume V == 1.3 m2/s
double H = Wdepth - 0.3; // assume FreeBoard == 0.3 m
double S = A / H;
double v =Q / (H *S);
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}

double m = (H * S) / ((H+S) * 2);
double Cf = ©.00336 * L / m;
double Hu = ((v * v) / (2 * 9.81)) * (0.5 + Cf + 1);

String fmtfloat2 = "<b>%.2f</b>";
String format = "<html>ge &inaladiul s <br/>" +

"aludl = "+ fmtfloat2 + " e sikbr/>" +
"aodlgly) = "+ fmtfloat2 + " ibr/>" +
"aodlgae = " + fmtfloat2 + " Uicbr/>" +

"oyl = "+ fmtfloat2 + " A/ icbr/>" +

" Slnell hdll caal = " 4+ fmtfloat2 + " Uibr/>" +
"Jdbwdad Cf = " + fmtfloat2 + " <br/>" +
"Cuull @ = "+ fmtfloat2 + " icbr/>" +
"</html>";

result = String.format(format, A, H, S, v, m, Cf, Hu);

resultLabel.setText(result);

1

public Example_5_1() {
super(new BorderLayout());

JPanel
JPanel
JPanel
JPanel
JPanel

Border
Border

topPane = new JPanel(new GridLayout(@,1));
centerPane = new JPanel(new GridLayout(0,2));
bottomPane = new JPanel(new GridLayout(0,1));
labelsPane = new JPanel(new GridLayout(0,1));
textFieldsPane = new JPanel(new GridLayout(0,1));

border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
border2 = BorderFactory.createEtchedBorder();

topPane.setBorder(border);
bottomPane.setBorder(border);
labelsPane.setBorder(border);
textFieldsPane.setBorder(border);
centerPane.setBorder(border2);
setBorder(border);

topPane.add(new JLabel("<html><¥aleall axiivn JUdl 13a:<br/><b>v = Q / a
<br/>m = A / Wp <br/>Cf = £ * (L / m) <br/>HL = [(v ~ 2) / (2 * g)] * [Ce
+ Cf + Col</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {
textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);
Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

}

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);
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add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);
}
public static void main(String[] args) {
try {
UIManager.setLookAndFeel(
UIManager.getSystemLookAndFeelClassName());

} catch (IllegalAccessException | InstantiationException
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();

}

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_5_1());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);
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Sllia o (aal) Luulie calbily Jalas Peak flow 3, Al saull
¢ rational methodi sl dsyyLl) Check flows ciladxill e (383

regression equations

e oA daa g aladin) die Aald hydrographs il g1
Soskall gyl s csaall elie by
SCS, Snyder (Ju acllaYl

iy sulall z3lall i method

Site data a8 sl Slily

e Loy dsall Gailiad e lalaiel Culvert location iyl x84
E\AM\} cd:ud\ cu.a_uj:al\ )@.ﬂ\ tLas.A

Waterway data Jlall jedll lily
Lyl bd o dpilase Cila g Cross sections iyl adlidll
ik ba o dglae lases | Longitudinal slope skl (Sl

duluall gyhallg ¢ Hgally cculasdl) Resistance 4.l
bydg el Aila g Tailor field Jlsxs

Ly ciglie Cilasus | Upstream  (waall) Sl e oj3al)

storage

Roadway data (3,kll bl
roadway maps (3l lhha Cross sections 4zl aklial)
Akl b Profile alall
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Gkl Ll Culvert length &l Jha

Design headwater auis aranal

@hll Lhka | Critical Gyl e da,all Ll

LAl daledl  Bhldl Hea points on roadway
habll | clad) S sl Sl

Ll Jsedl Je cpalill dasea | Surrounding buildings or
sl e Jeasll cliliaglls structures
stream reach a4l | Regulatory dnadanil) 3 gadl

ol Ly Alad) S A8V Laylgual

constraints

Arbitrary constraints daaill 34l

el 8xi (6-4-1-5

Highway cross—drainage ayudl Gphll ahliidl Copall pbg &4 Sale
.dips &yaaiag bridges ) sua g culverts &y FURCH

sl e embankment au ciat A58 3yseke Dline e Hle bl

¢! «conveyance part S8l ciall) Jsex o cosal Bysmle e gl (s
Al ol A BED ol s cassie aliae die Al Jleel ae (pal

(e pondage 4y &y L c@pproach flow ) @l backwater

C‘—U—‘” JAda d}& P

il 5 iyl iy s (74415

barrel flow Judl 35 paibad o sl Sy juell el adiny @
&) (pipe syl 3an f orifice dall Gixy el skl )
cuaally aoiall die oLl Cilgiay can)Xig calipddg calsh o adiad

s Blien 6 ol Gaigg algh o JalSl zoll pays lia 5 @
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Lo o LS s o L) eyl il Caypuil) @

daluw caly 1) :(pressure flow aacall (38x) Full Flow JalI) 3axll e
s (3Rl Aiaie ofa ¢ Jaial) (305 3 geppll o) auial

sldll 3ax 4 Free Surface jall xhull) Partly Full il Gixll e
sl subcritical za (50 s ol (S (Open channel flow s siadll

.supercritical 7z~ (34 4 critical o~

:Froude a5 oy oy calad D Ay andi PIA e ulial) 310 ol 03a)

Fr= — (5.3)

Fs

(4-5 Jssa S 258 5, = Fr

@il deyu Jangia =V

pa Ll gl = g

Aoy Silgjuell Bandl Qlus o4y Jhydraulic depth Sdg)nedl Geall = yh

ol el mhas Gage o il Gl ibais

The hydraulic depth y, = cross—sectional flow area | the width of

the free water surface.
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G (algdg 398 a9, :(4-5) Js
Gl galsd a8 ad)
(Fr) Froude
tsalay smooth (ulu 4l aatyy zall s @il | 1.0 oo 8
dam sl i el gz all (50 3axll sy Ltranquil

(adidie depud) (sKig e olual) (0)5<5 Cua Crest
i Jiagy audl A die myall Al Gasy) zs g8l | 1.0 sl
zall G5y subcritical zyall ¢ sa 3ol dakail G aludly!

.(superecritical

F=1
CONTROL SECTION

SUBCRITICAL SUPERCRITICAL
FLOW FLOW
(LOW VELOCITY) (HIGH VELOCITY)
e Sl Fr< F>1
— I SR U A
- — CRITICAL DEPTH
ADDED DEPTH DUE TO BACKWATER

- S

= K4

DEPTH OF WATER WITHOUT DAM.

e 3w 3 8 :(9-5) Jed

(5-5 Jsaa ki) Free entrance conditions all Jsaal) L s
H/D < 12; yo> Yc < y,< D; any length; mild slope: open channel
subcritical flow.
H/D < 12; yo> Y¢> Yy< D; any length; mild slope: open channel
subcritical flow.
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H/D < 12; yo< Y¢> y,< D; any length; steep slope: open channel

supercritical flow; critical depth at inlet.

H/D < 12; yo< Y¢< ¥,< D; any length; steep slope: open channel

supercritical flow; formation of hydraulic jump in barrel.

Submerged entrance conditions 3, gazall Jsiall cag s

H/D > 1.2; y»< D; short; any slope: orifice flow.
H/D > 1-2; y,< D; long; any slope: pipe flow.

H/D > 1-2; y,> D; any length; any slope: pipe flow.

Jsad dayy(5-5) dssa

Gl s Sty [ Jshal) WA
Jaal)
Al Jsaall gy
8l dagide 38 sl | Jsh gl | HD <12;y0> Yc<y,<D
zall s Jutiza
Ganll dagiae sld sais | Jsb gl [HD <12;y5> Yo> Yo<D
zall s Jutiza
(b AN Aagibe sl | s jaaie | Jsh ol | H/D < 12; ¥o< Yo> yp< D
zall Geall ¢z all
Jaad) aie
(b AN Aagiba sl | s jaaie | Jsh ol | H/D < 12; o< Y< yp< D
8 JSI gzl
& ZEIPPRITS
ey
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8ygaiall Joa) Cag B8

dadl) 30 | jasia

E’b
%

H/D > 1.2;y,<D

L._x...\:\US!\ G | aada Lﬁi Jigh

H/D > 12;y< D

g.g.}\.’f}(\ B8 | i ‘_51 b 951

H/D > 12; y,» D

L = length of culvert Yo = uniform flow depth
D = height of culvert Y. = critical depth

S, = bed slope K = entry loss; coefficient
y; = depth at entrance TEL = total energy line
y, = depth at exit TWL = total water level

Jgadl) by 1(10-5) Js

Fse s A G e £(35) JLe
design flood aeaill Glad caypail Ggaiall moade Slud Gy aenal - )
rend) Clath e e IS ) A0 bl i 4854 13.5
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2 0.75 = gl

a 1.5 = asl

230 = Jshll

100 = 1 = Lassdll

loss 2wl Jalae daaype 48l = entrance conditions Jiadl L i
coefficient, K = (.5

(free jet sm 5)8l) Ja s = (Sl (Sol) el (srma olad) b a5
headwater Ll g &) Jilia iy paill) rating curve cauiaill Jiaia oLl o8
s e saclaidl ¢l cagplal (Jaadl acinvert Saidl (34 elevation
. approach velocity @Vl ey Jeal L4565 13.5 1) 0 (e zshiy G
300 iy free board a =5 agms (aliialy Gyl mhan gl ) aall 2aa
el Gkl flooding glad sl caiadl s

tdadl

Fodl Gliialge schllanal)

D #u,l ¢ ls) cheadwater level, H Zud )l slall (s5ise o gpall @l ading
o il Gl A Gy Apay Al jp 5y L b gl Jshay ¢ Sp sl ¢
Gl e ANl g g

145080 58 (3055 (HID < 1.2d daly (§
W i) o ol cia daadl die el (5 cJiaal) oSl agas Alla
sy ans o~
Jaad) b aSal) il
Yc = (2/3) * H
Ve = (g Ye)
Q Clua Sy & (g

389



Jilie 4ie 3aaills (SC zyad) jaaiall ilua Sy cAasliall ile Aales (ya Uy
Gllun 508 Qg Mild Jime aaiall of @l amy ¢35 13) ¢Genpall 58l jasial)
Ao slaally AUl Y alee Aansdgy gy illy Banl
&faVe =0.815aYc=0.067 o H=0.1 ) 4ty
Sc¢ = 0.00028 «gisls Aslao (1o
& ASa0 dag ol ey s aaie Sp = 0.01 > Sg = 0.0028 Aol jasia
LJaadl
Jaadl b dalall dsbee o
H =Y.+ 0.5V?2g + V?/2g = 175y,

aly Gsvia el Gl

Q = b YoV(g Yo) = b V(g) Y2 for one box
Gl Gae b Gua
Yo 1 dibide a8 alydl S

-

Gl Jasa £l 1(1-5) Fssia H) Gl sball cilsinsa Uil
ol aladin) o Jaadl elal il A4l H - 12D s (- 1.75yc
Gl i ol Jase die A8 gk
st Gob e Gl Gl e dghid) | 3L Ggaxil SVl aal)

Jlad IS8 Gl 4n g (A sl
Headwater level, H (m) Discharge, Q m3/s (two boxes)
0.175 0.297
0.525 1.544
0.700 2.377
0.900 3.465

390



=bil) orifice daid Jia mopll Jase Gapayy H/D > 12 ) 4wl (@)
D e il Andll gyl Jlad) Jpepdl 8 xsdall Gesdl oIS 13 ¢(constriction
Gsia ymal Orifice dasall 38y Aolea Ja 0 6S Jaaall Cuaall olasly (38l ol

Jiad aaly

12
Q= Cd*b*D*[Zg (H-D/2) for one box
e Gl el H = 1.2D g llal) (025e)C = 0.62 sl Jelas

 Aal il e ayo =D

Headwater level, H (m) Discharge, Q m3/s (two boxes)
0.900 4.477
1.300 5.943
1.700 7.113
2.100 8.116
2.500 9.007

H/D > 1.2 and Y2 D 14l ()

sLll zyday Jiae (p A8l Aol daed o) & anlY) 3055 aagy
H+S,L =D+ (1+K)V?2g + Sl
il Alalas Alaulsy Janal) Y Jie 58 S 1ua

- 2/R4/3
s = (V)R

S oalin Ga e
Q= 3:41(H - 045)!2
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fb L ae o) 33 Al ¢anly (3gaial

Headwater level, H Discharge, Q m3/s (two
(M) o) Ll (g gina boxes), bl

2.500 9.774

2.900 10.685

3.100 11.112

3.500 11.921

3.900 12.679

4.200 13.219

4.368 13.500 (design discharge)

st ae 300 Llsia free board 3ya ddluey Guyhall mhan ¢ a3
Headwater level, H= 4.368 + 0.300 = 4.668 m
-aline die culvert invert Fopll (uSaie (358

Gl paddia 1(2-5) @gdia
FALL au) prisiall Lo Gl cJaadl die Ll 5 jme Jiad gl Lot &5 Laie
Gandl il e FALL Cay ya3 oy cnde Jalae o (5533 Y i) el jall Ll ddie
il Jalaall <l gl pall duilly Janall Gl ) as gl 6 agadal) (330 ¢ 6 (ha
Gl ) as gl 3 alal) (3830 £ 8 (e GBeall 4] e Ja bl Cay a8
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Zw(4-5) Jie
daaill oy LGle 25 (lad el ana Gph e e Fop aeal
Al [ caSe 516 5.663 iy peak flow rate 35,0 335 Jara A oasls yuell

1A a8 gl Cilaglan ardiind

2 30.480 5l dgaly die ¢ layy)

e/e 0.01 = AL 1 wﬂ\ é&i\]\ G Ae )Aia

a 1.067 :Ule 25 jladl Tailwater 4alal) oLl

2 60.960 : ol eyl Joka

» 33.528 :Shoulder Elevation &) ¢ &)

Toae e sl aladiud ehlie) 3 am sl 1) Bl sl Gy aea
Cilgally Gilageaill 4 ae 13 x 68 lseycorrugated metal pipe,CMP)

250aY) 4len 4ol Al (bl corrugations and beveled edges 4 sl
plaaiuly call ¢ W) e headwater sl avaas aa .with @ groove end
Sl inlet invert Jasdl Qi bzl (o 32.918 ¢li)l) » 0.61 freeboard

.design charts du.liall aveail) cillalada aadiul tidaada
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Culvert terminology g <ilalhas (8-4-1-5

é.u.d\ Clathiaa '(3 5) @9iua
o s A il 8 eld) mlas 3ae 8 Headwater depth gl sle (ac
ol Jaae die jnvert (ulSadY)

Gl e Al o (Al G nll (5 e ol 8 oLl (3ec & Tailwater i) ol
.z Allinvert

G Ju e 1508 Z ol Jwe e 058 Ledie &aag Inlet control diﬁd\‘;eiaﬂ\

@M\Mu&d«ugﬂ\@)ﬂ\‘_géﬂ\eﬂs@ d;d.d\d.\s.abu‘).:s\

eLh,cMuﬂhjlejA\\M@C)ﬂ\yd\um B8l Jaad) Jala Jaadl
ol B el 5 ommoladl (Bl o (g S8

srs oY) jlaal Al A3 i 65 Corrugation profiles 4a seall ciolS))
backfilled o2l JSsd 58l sy Cufill oLl Gl At daglial Aesaa
structure.

HW - Heundwarker
TW- Tailwaier

WS - Wirhor Surface,
dz - Critieal Depth

fd) lalhas :(11-5) Jea
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Shoulder Elevation : 33.528 m
Freeboard = 0.61 m

ELyy: 32,918 m

ROADWAY ELEVATION : y

__CANAL STREAM gy,

EL,:30,480m '
S=8-FALL/
Elevation at Culvert Face S Lo El,:29,870m
S§=0.01 mim
Natural Stream Bed Siope L =60960m Tailwater for 25-Years Flood = 1.0

A method of increasing inlet performance is the use of beveled edges at the
entrance of the culvert. Beveled edges reduce the contraction of the flow by

effectively enlarging the face of the culvert.

When a culvert is depressed below the stream bed at the inlet, the depression
is called the FALL. For culverts without tapered inlets, the FALL is defined as
the depth from the natural stream bed at the face to the inlet invert. For culverts
with tapered inlets, the FALL is defined as the depth from the natural stream bed

at the face to the throat invert.

el panai 5 jlain (94 -1-5

Caagdzisall (e gslall e 3all & Summary blocks jaalall cile sana a6 oy
Gz dsaill A gls gl bl cladle (el o LS . aaeaall 2087 £ 5 il
Sle iV s sl JAsY Gleli wo gl sona Jabdl au) aas Cpedl el
el iy JASY Lsha o el z35ai (o (Ol i) (g5ing Angal)
85 ) b aSally Jaad) 8 aSarll Gl sle cle i) iluay gyl
caaaall Gl Jray Caagl Gaad) Jind 8y cililaall Jawdl 5580 3 dalis

G ol Ay paall L) pres (anli b el dlee 8 V) 55ladll Jian
sda aanx &b .Culvert Design Form syl aeal zisad (e (golall o3al)
ol el apaaill 345 U8 llua 5 cilaleall
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asiy b cJaadl gis danny AlE s Gl A Y1 Balall aan A0 Bsladl) S
L) 8 aSall bl aliay casanail) 380 Jare Jlaal 2280l

Inlet Control Jaael) 8 Sl

Lol gl headwater elevation e lall g L)) Jaaall 8 aSaill cilbls a3
Osaa Sy - Jaaall Sl 8 sl gl 03688 DA e asanatl) 38330
aaindi L elly 3 ey 1Y) cheadwater )l cldl (e 308 Y] Aoy Cran
el Alee 3 Janal 8 aSatill Al o sl

ol e (2 adaadl) @) James (1 Akil) Ul sl aaa adge 2aa
daaally il LaY) . inlet control nomographJaadl & oSadll Jaladal Zaubial)
1800 axiin) (Jaandl aje (w a8 IS0 AN Jara addiey cddgaiall syl

(486/32 5.663 (3dail ae

adadill) syl aaa (e Aliag aafieee o Ay 8 (straightedge skl aladiul
onallfoladll 1) Golia e Ak sy o (2 didl) B Jaee e (1
HW/D _ulis (3 4adl) first headwater/culvert height (HW/D) scale
ahlist 5.66 (3855 ae 1800 Sy Lasiions Bl anal) . Jpas Tad a8 J5Y)
(0 0.97 xHW/D

YV HW/D (e (e a8 lad oty od (Gslhe AT HW/D (ulie oS 13
Aagll [l Gl bl ) (sl )

headwater Zuwfl oLl o Jsaall D Gyl gy & HW/D oy
o ha ) invert of the control section Saill and (8 (0 (HW) 25 5lkaal)
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headwater depth ¢l Bae (g5l HW (lé c ) 58Y) e pus Jlaa) o3 13) .25

(0.97°1.800 = 1.75 m) HW, sy5a3 HW s V)

ENTRANCE
m @ &
—9
e i} —3
1000 [‘s L 8 P
8 F7 FT
] -7 L& ]
[ -
P -5 5
L 7 e La
x e
4
o
|00 F = ‘@"?‘"(3@
-6 ; 3
@ F2
=
ko
2
- -2 15
Q/ w
x
- [+ 4
] o L8 FVS o
© [
L wi - .9
4
. : T 1.0 8
4 © : - .9
L 1] -0 L B
o 10 (=] L 8
x = ' -.8 -
w o o r8
> wh
= -~ =
=] U < Ly +7
[} ES
2 r - &
w
- 3 T .
r L
. 2 Los [+1.]
- 0.%
2L

JAsall b aSaill alasagi 1(12-5) Js
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Sle @l ¢ Jaud Jaad) & Saill anil (FALL) osllaall (aléaty) conal
1 A sl

Calculate the required depression (FALL) of the inlet control section

below the stream bed as follows:

HWd = ELhd - ELSf

FALL = HWi - HWd

HWd = the design headwater depth, m (ft)aseaill slull (3ac

EL , = the design headwater elevation, m (ft) & sLull Cisuic ¢ l&)|

azaail

EL_ = the elevation of the streambed at the face, m (ft) _lall ¢ &)l

aasll aie

HWi = the required headwater depth, m (ft)cslhaall clall Bac

(/n this example fall = 0, no FALL)

Possible results and & lall 13d Alasall cGlaally RS
consequences of this calculation are:

(1) If the FALL is negative or zero, set FALL equal to zero and

proceed to step f.

(2) If the FALL is positive, the inlet control section invert must be

depressed below the streambed at the face by that amount. If the

FALL is acceptable, proceed to step f.

(3) If the FALL is positive and greater than is judged to be

acceptable, select another culvert configuration and begin again at

step f.
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Calculate the inlet Jall gl e Jasall & Sl and 1) agSan ol
control section invert elevation as follows:
EL =EL _ - FALL
hi sf

Where:

EL = the invert elevation at the face of a culvert (ELf) or at the
throat of a culvert with a tapered inlet (ELt).

(in this case: EL  =EL +HW - FALL =EL, - FALL = 30.48
+1.75 -0 = 32.23):

R g

Control Section

HW - Headwater
TW - Tailwater

W.S.- Water Surface;
d, - Critical Depth

Shoulder Elevation : 33.528 m
Freeboard = 0.61 m

Elpg: 32.918m ROADWAY ELEVATION :

-~ CANaL SIREAM.BED_

EL,:30,480m - FELS, 777 T —
5=5-FALL/Ls | .
Elevation at Culvert Face El,:29,870m
S5=001mm

Natural Stream Bed Siope 1 = 60.960 m Tailwater for 25-Years Flood = 1.0
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CHART 1A

ADD
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L az00 Mm@ (3
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oy metang B =
|— 675 as I
- o7
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e 02 L o7 ?
Ta uls acala (X) or (3 srojes - L
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= 300 HEADWATER DEPTH FOR
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Outlet Control z Al (8 aSaill
headwater elevation »Lull (s5iue &)l ) zaall & aSaill Gllaa g5
outlet zadl b aSaill b lisall gpdl DA (e papenaill 380 Jii) o slladl)
Al 8 G 1Y capanail) lee A Al Cile pudly gl (el Sy .cONLrO
& pSaall Aulal) 4 gull critical depth charts zjall Geall Gladadse andius

.axanaill 4lee 8 outlet control nomographs Al
(TW) outlet invert = adll (ulSai) (3 tailwater depth Jadl) slue (Gee aas
5 backwater 51l obull (e lgdle Jsmnll & L araill GAxl) Jare e
gl sl e ol <normal depth calculations dgalall Geadl cililoa
1.067 = Gle 25 sad (laill Taiwater 3ddll sLal) : Jasy Alall o328 3)

(e
Gandl 1)y 305 Jans as (14 5Ll as)ll) aslial) zyal) Gasll Jalade Ja
Cdaid laie :30aad 1D i d zall Geall jolaty of (S Y .(d ) zpad)
C Cc C
Jiy il od > 0.9D dedl 3éde ) dals dllia culS 13 L gyl vie sl
c

5.663 = Ghxll dlall oda ) .o AY) LS5 el aabyall o 4S5 5l il Sal)
(p 1.2 = @ _= ons oo 1800 =D 3y &%
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CRITICAL DEPTH

200 : 400 &00
FLOW RATE
GJAJ\ ‘_'éaﬂ\ ) (14_5) JS.&
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CHART 4A

1.0
08 Hf_ﬁ-—
E
E 08
§ 0-4 j = 1RO T
8 ﬁf‘ - dc CANNOT EXCEED TOP OF PIPE
] 0.2 nﬂm
o mll:"
0
o 0.5 1 1.5 2 28 3
Discharge-Q (m¥s)
25
.--"""-.
20
5 /—
s ‘ﬁﬁ
E 15 ==
= / dc CANNOT EXCEED TOP OF PIPE
8 10 T e
£ mny/ 145 e
[#] i o)
1
ns 1508 mn !
o 5 10 i5 20 25 ap
Discharge-Q (m*s)
45
40
- L —
E 35
= F..—
o :"
E 30 %__.-—"’
B 25 |
——
E 2.0 V;.a::—‘
5 s e de CANNOT EXCEED TOP OF PIPE |
A
B
O 49 2 3 40 g B0 g5 B0 gy 100 g0 120

Adapted from Bureau of Public Roads

Discharge-Q (mfs)

Critical Depth-Circular Pipe

zall GGaadly 84 :(15-5) Jsa
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dgh Hlaanul partly full flow conditions Ui Jel&I @axill Cagyla Jls
Gec le hydraulic grade line _Sisjuell zymll Laa fa) ol3Say A
SlsHuedl mxll lad wady o35 outlet invert sl (usSae 38 (d +D)/2
- o
(0 + D)2 cal .Sy jaaie die mpll JAae s Gaaill Jel) sl
- [

Al oda

(@ +D)2=(1.2+1.8)/2=1.5m
ol b ) culvert outlet invert zanll = 3 (usSas (3o Baall 3aa3
S gl de + D /25 he = TW .(h ) Sds)ael

(dc + D) / 2> TW :allall o3
(@ +D)2>TWor 1.5>1.07. Thus, h_= 1.5 m.

Jade UJJS.J ke ccaliall Jaadll 2848 d.qhu LsJx: Saal <6-5 d}A;J\ %
k = (.2 (Adghdiall ilgallg (,nl.u)ﬂ\ oS dally (AN o2 css C.JJJX‘

Jasdl) Bigh cdlalea 1(6-5) Jssa

Entrance Loss Coefficients

Outlet Control, Full or Partly Full Entrance Head Loss

VZ
He S Ke [El

Type of Structure and Design of Coefficient K,

Entrance

Pipe, Concrete

Projecting from fill, socket end (groove—end) 0.2

Projecting from fill, sq. cut end 0.5
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Headwall or headwall and wingwalls

Socket end of pipe (groove-end) 0.2
Square—edge 0.5
Rounded (radius = D/12) 0.2
Mitered to conform to fill slope 0.7
*End-Section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side— or slope—tapered inlet 0.2
Pipe or Pipe—Arch Corrugated Metal
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square— 0.5
edge 0.7
Mitered to conform to fill slope, paved or 0.5
unpaved slope 0.2
*End—-Section conforming to fill slope 0.2
Beveled edges, 33.7° or 45° bevels
Side— or slope—tapered inlet
Box, Reinforced Concrete
Headwall parallel to embankment (no
wingwalls) 0.5
Square—edged on 3 edges 0.2
Rounded on 3 edges to radius of D/12
or B/12 or beveled edges on 3 sides
Wingwalls at 30° to 75° to barrel 0.4
Square—edged at crown 0.2
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Crown edge rounded to radius of D/12 0.5
or beveled top edge
Wingwall at 10° to 25° to barrel 0.7

Square—edged at crown 0.2
Wingwalls parallel (extension of sides)

Square—edged at crown

Side— or slope—tapered inlet

*Note: “End Sections conforming to fill slope,” made of either
metal or concrete, are the sections commonly available from
manufacturers. From limited hydraulic tests they are equivalent

in operation to a headwall in both inlet and outlet control. Some

end sections, incorporating a closed taper in their design have a
superior hydraulic performance. These latter sections can be

designed using the information given for the beveled inlet.

K13 (6) s (5) <Valeal 4 (15 Ll ayll) outlet control nomograph

O Adlide mAall 8 oSaill bl blbda J sUaaddl Manning nded cals 1y
Lpal) aladiuly gyl 38 Jsh ol (zanll sidManning's n

L, = L(ni/n)2

el o jially tedll gyl Jsha = L canil) 5 jially Janall Gepd) Jsbo = Ly &am

& oSaill ki e iile Jalas dad = N eqmiile Jalaal 45 5laall dadll = (ft) Ny
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b oSaill Lalads o) die el gl Joba e Yoy Ljaddiad 5 ¢ 23l

Gdl) 3L Jghay (1 ddatill) geypal) ana Jra g &8 cStraightedge & lacll alasiuly
(3 dkill) Jsail bas e Adadi aaay 138 (2 Adaidll) canlicll ke Gl e
adaiill) Gaxl) e Jad aadiy A8 g Al 5y Straightedge delin) shal alasiuly
(H) el glais (ulia ) (3 daiill) Ghsall bad e 53msall ddaiill e (4
Jaaall Ml Gy 8 Ly ol DA Ge Dl i 8 H Cus H sl o
B o Jpasll 45)) a5l 4880 3laal) 1ikgale Lo jially Sl
-outlet control nomograph auall i Sl clily Jalada (e 32

oo badl) aad L Jsail) Jadd 13iea Uad any) D = 18001 Gl Dlal) o3a &
Gl adaliil) Tyl L heal) Jad ) L = 60.96 Al Jshal ke = 0.2 s
H=0.8 (crad) i ax 2.5.663 = Jiid)

ELho = EI0 el & aSaill Cllaall headwater elevation auial ¢ )l cusl
13]) .zoaall xie invert elevation (usSadll ¢ l&yY) g8 ELy Cus o+ H + H
G ABlal a8 clbluall 4 Akl Glejully i) cpacal Ggllaall 0 g8
Y depu G kg downstream velocity head cuadll xie dc )

Alledl e e culall e approach velocity head

Elo = El, —aa Allal) o3 b
El = El - culvert length *slope = 30.48 — 0.01*60.96 =

29.87m
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EL =El +H+h=2987+1.5+0.8=32.17

H=l1an, 4 2R
_|1+k, -

R133
4 Vi

HW, + —=TW + %+ H,
29 29

~-2000

=1000

~120

-500

R ATE

FLOW
CULVERT SIZE

-2

BARREL LOSSES

oAl B asail) il gagi 1(16-5) Js&
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outlet control headwater elevation = aall & Saill auiall g ld)) H5las 13)
CrsSS st o cdesign headwater elevation  caeaill s Ll G guia g 63
it O 50 g pm qmsall aal) ()5S0 cple IS kel iS55 a00m oo
sl oda Az Al 8 aSaall s gasae 323U ) JAaal)
58 Cilalaay larty Agdlall Cat 48 080 Ul 3ol inle Alee (e ) JS21
sl b Sl oyl cuat gl
13 5 LA @laall QAD >4 S 1 i e Asledl o3
S.l.caagd Q/AD > 2.2 s
teh WS oa dalaall & Glaleall
h,_ = the head loss in the culvert barrel when it is flowing full, in ft
(m for S.1. units). Ja\<ll Gaxill die syl Jaayy (A Coand) a8
K, = a constant equal to 29 for the U.S. units shown here or 19.63
for S.l. units.cul
n = the Manning roughness coefficient for the culvert material. It is
dimensionless. syl 3alal finle 4358 Jalza
L = the length of the culvert barrel in ft (m for S.I. units). Jwy Jsh
zod
R = the hydraulic radius of the culvert barrel when it is flowing full
in ft (m for S.I. units). Note that R = A/P, with A and P as defined
below. Jalslly 3axyy Laxie ol Jranll (Silgyael) ladl) Coas

A = the cross—sectional area of flow for the culvert barrel in ft (m

for S.1. units).zuull Jaasd @8N ajall adaiall dabie

P = the perimeter of the culvert barrel in ft (m for S.I. units). lass
Gl daay:

V = the velocity of flow in the culvert barrel in ft/sec (m/s for S.I.

units). (Note that V = Q/A.)zod) Jsay A Gaall de ju
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Ke = the loss coefficient for the type of pipe entrance being used.

It is dimensionless. axaiwall (sl Jae g5i il Jales

Check value of Q/ADO'5 - _@__ _ 5663 =17

A~D —*1 82x\/1.8

Solving for v at outlet gives: v J 29h,_ K1"33" +1+K ]

* 2,
=j2*9.81*0.8 [19.63 00126095 g
)
4
KunzL V2
L = W +1+k, @

=2.8 m/s

(source:https://www.brighthubengineering.com/hydraulics—civil-

engineering/127685-pipe—culvert-design—calculations/)

29 LTy?

H=|:1+ke +R1—'33 2—g

SECTION @
SECTION

Figure lll-8—Full Flow Energy and Hydraulic Grade Lines

paaall fal :(118-5) Jsi
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T aaLL%

—

s

/‘ ,/ TW, Tailwater depth

EL Invert elevation at culvert face S. Slope of channel bed
Approximate Culvert Length

Depth from culvert outlet invert to hydraulic grade
/ line, hy = TW or (d. + D)/2 whichever is larger

L., Natural streambed elevation .

paaall ful) :(218-5) i

drop structures (Aalucial) cilidall) Jaghud) cilida (2-5

Sle z15aY) 55 cohaalls cCapall g5laes «Canal Intakes cilgill 3l o
Al el
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Sl alida (3-5

Dams gl (1-3-5
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Transition Fllt_e.r ,,/’_ Transition Filter
\ //
Wave Protection Riprap \ / / . )
4 N ok s _— Riprap Protection
N v Top \Mdlh/ i / @
NN / /  —Fier
T e p / — Internal Drain
st S ~— Filter
Upstream Blanket 3 _,,/ — Toe Drain

Toe

Foundation

Impervious Stratum

2 :(19-5) Jus

e sl 2 slaie e ple 2l L BAD) 3 Lty oliall (385 aial sliie aud)
A sala oo ple 2l (gal Bl bl Blaad Cuas el o e
Jie cilaladin) 4 aSatlly slual) (38355 o Bliall Coae 5 Jes 5 (e e o3l
s Aileg el A8l agis Clliagll & oSadlly (g)lly o) slae culalag)

cddlly lally saaall Jie ddhida dlge (o adial dgand) L elld

2wl U ja (1-1-3-5
panll A )l calaladiny)
ol (385 ey @
DA L) Sigy e
ran ) gs sl (srme e leiats sballs (paY) LliiaY) e
cige luall — Aol — ekl lalag)) ~Slainl) @i B oluall Dlala) @
(Al sl
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bl e 3yl @
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Jagale IS ohal sbe A O (S @
NN s o Sy GlBAY G Gfald) s Sy e
ikl ) Hailly L) e il

e el soma (B Leliig s )l Baxis 3)hall dapa (& sl
)

(1)) 53K olsall Jil gy ellaginds Aabrial) olpall ()l ga (ol
) yme Ush e il Sy il

el dilie 8 e adinal Jainall sl

o6 (a5 Gl G G ) Jall) g Uasi)

& e el G il eiadl ) el Shdsee Jlay) (e 2all
entrapment ;))all

& Bslaall dilsally el G Juai¥ly dpadll Jogud) laga lazd
Cilad yall

wave ice

seismic
load,
water water

P, foundation
seepage uplifft

) and) B Al gl :(20-5) Jsa
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reservoir
-

.‘ “HIV

upstream face
height

foundation

width

4 jiall slead] clofasiv/ (3-1-3-5
tob Lo 2 dlain) il 8 A55ad) bl colalasinl Jads
@l -
Alsally Cpdlly k) ol lala) -
Aebiall slull cldla -
Led il cilalazany) -
Ll slalls dllady) -
Al gy Ala g <)) ddllall 2l -
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s b e 1(21-5) Je

ol JSa (4-1-3-5

b el calall e g s Jlail tHeel (ansl)

ccad) Sl sl sl calall e Jlail i Toe aaill

Al JSa e 555 Al galgl) il :Abutment Zale s

adl Jaly @y yie el Jie 3yma o :Galleries (e aYla
cllaall Gasal

13 .ol ely Jid oLl Jisail :Diversion tunnel Jisail) sl o L)
Bl el gl e Blaad) 8 sely

slaad) ZIAY (gslall ¢ 3all (e cailly 3l 4 :Spillways coyall (g)las
el ma ula (A GBAN (e 2305

i )Y (ssie (e il audl 3 4% :Sluice way aull 3yh
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Freeboard

Sluiceway

Gallery
Heel Toe
) g hal :(122-5) Je&
Upstream side Downstream side
Parapet walls
MWL I . _Sp
" iax Jevel 7'I7=re choard (inside dam)

__________________________ 1

Normal water level

Sluiceway

Gallery

Heel Toe

s sl 1 (@22-5) Jsa
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Crest level

Crest width

Max flow level MFL

Flood level f

o

Waler level

Up stream

Down stream

Tailwater

(

Previous foundation layer

\ Cutoff trench /
Foundation material

Imprevious layer

sl sl 1 (z22-5) Jsa

2l Cpiiai' (5-1-35

ey S e iy
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- Ssuel asansil

el alga
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Va;;l\ G Caaill
Large (Big) dam(_.S) juS s

Small dam jua 2

Large (Big) dam (adul) ,uS aw

International Commision on Large Dams, 3,uSll a50ull 44 gall d3al))
Jjie 15 (e ,STacli)) S Ladie S 2w 3ga5 ajiés (ICOLD)

2l Ji& ICOLD ()8 Al yulaall Gilaas 15ia 15 5 10 g ) g iyl (1S 13)

tpS e

i 500 (e SHcrest length dadll Jsh oS 13

4363 2000 (1« < flood discharge Ll Caypai (S 13)

1
3a sile (e SI reservoir capacity Ghall dew culs 13 .2
3

o) ey 8 lsmaall ey lla culS 1Y .4

gyl oIS 1Y :High Dam or Large Dam Sl sl § ) aud)
2 100 (o ST andl

2100 5250 o 2l g liy) IS 13 Medium Dam Jasia s
gloy) S 1)) Low Dam or Small Dam jsua s ol (adiie s
250 G Jl 2

) Va\.maj ) M\ G Caaill

Jsaall Earth fill 4 )Y ¢ ) Embankment Dams 3 5Ll a5
(rockfill
masonry ¢l s ey 4 L) Concrete dams aubujall agaull
(dams

Gravity Dams auiall a5
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Arch Dams au gl agaudl e
Butress Dams isleall 250 @

Multiple arch saxia (g8 @

Stone masonry ¢lull jas

stone—-masonry gravity dams “aasll dpdlal) dgan
stone—-masonry arch dams aaall sl aaull
Timber dams 4niall saull o

Steel coffer dams 3Vl clegll 25an @

Composite Dams 4Syall 250l

Classification based on function 4&da sl crua Cagial)
g sadil) ilaladind oLl jaad :Storage dam (il o e
aan yalll cdse US4 oLl Guxdl :Detention dam alall au e

Llileal)

Ji dadail o el ) bl (5 me Jusadl :Diversion dam Jusaill s @
Al

zlewll Coatl Gl sbuall upuill Aaile Zygls :Coffer dam clegll o @

el o small ol die Jlall sa LS eld) lad s ol Jleely
LAnaud)

3 sa0 JSl gl & A0S0 lsall s :Debris dam () o e

Qald Gl pand) JCEE 38 6B 335a gl Cojladd)l Aud Bjiie e duanls

.impoundment jaall

S5l maail) s Caiuaill
eadd (348 Caypaill Jail :Overflow dam (ailall ol
Al Cusy daseal oy ol (g3 :Non—overflow dam (ildl e alll @
.overtopped o5dic) sl oslas
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EHIUIPPRUENEN

el § saall Jie ddia alsay sapin o3 :Rigid dam Clall aull
calaal) Ayl o sl

LAl Jie dlia e dgas sandd o4y tNON-Tigid dam clall e aull
Wl ) Loy saally clilaals

Al ) g gadally adally Jajlly sl :Earthen dam )l aud)
oo Ll Jpasll Sy dald 5 4a :Tailings dam calalad) s
PENEN

daile sale pes Ll oladl 3 dyaia 30k :RoCKfill dam saall
legns o oball oyl
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Okl alad) el s e gl gy Ll

Latlall Ll Al and o 2Ll jamy3355 Earthen dams dul il saull
A el gandly el sda andi L (spillWay auia)

earth dam )5 auS aull Joha e i oLl o YW amy &
sly a )y (spillwaysludl Cajat 38 () oLl
masonry cum au) il 2 salls ¢ Ll 2ol 228 e .masonry dam
.earthen dams

Concrete / Masonary dams Ll [/ 5l all s

Earthfill dams )5l a3l agam
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idaisgie 29
5)0S g
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structural behavior (Sl & slall Cusa Caiuaill

stone  laa¥) J LleAll e A :Gravity dam il s
2 Lasg saldl (s aladiud Bayla e sl jaal ailays cmasonry
dgalsal) Jsmall lbaca aix l olaall Y1 arial) doslial J5Y) alaal)
O Ay el (orme oladl (8 Hlaadl) Baad (S Baley Agliie e
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complex semi— saixe ASASL 4l A dariay pay Guh e
o ool Jell A e dalide LSH e plastic mound
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) (e 2o 8 AY) Al Anad) duxigll JSa aea e sl (alias
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Al clel aie @yl ji GA,}A.;A.J\ Jraatill 2ie 3 gl Jasd QT Q.
L 0sSh 28 ¢elly aay estructural lifespan Al jee Ll Gad dgauldl —
sibs e sl dguladl (mle3U notional life  algdl  jec
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Cut-off to sound, i.e. less permeable,
horizons required
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(Sl aldes Joa
b Ajlae BlwAll 4 ég %85 ) 50
.gravity dam L)
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Cross Section Plain View

width span

crest

\\ upstrean face
-
Ve

eservoir

height
T butment
downsfream face . abutment avutmen
- |axis
f. B downstream face””
AR _ heel
. < Material of construction : Concrete
central angle
foe foundation

sl S 4l 1(@23-5) g8

Butress dams 4ele ) 2520 (9-1-3-5
A gl oo daleall gon A Glaledy agene dpdla 2w g daleal) au
38l Jani dalea a Buttress daleal) . claleal) (pe b Aol gy anl) s gy
JSe 4l o aeal ) e saee ] 5ae alatia) S AT achy IS ) jlas ol Gl g
& 3asagall BLpAl LS Caal agand) sda padind Glle ccund) 13]Gt 348
aall oSy 3 — JIKaT sae adll A o) oSay .gravity dams il ssa.
S ia S ) i Sl e gl 1 el (Se e 5l s

427



Cross Section Plain View
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site selection of a dam sl gdse JLiL/ (13-1-3-5
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dl slae Ol&a A syisall Jalsall @
2sanll Al eyl @
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Reconnaissance study 2 _iwy) 4l j

Al capanatll (e (Clussgal) Candiyl 8 325 sall ULl apis @

(Aae Daiul Au)yy) Basana 338l Jluall (3iaill e

[ 1 525.000 / 1 Jedl Juw e conall 5pia Lihall jaey o
50.000

canll dea 4S5 )nell Qllull (e @

DY) Jglaa dilic o

{ maximum discharge Q = Caypaill oY) aall ¢ ahull Glyall @
R/t (m¥/s)}

Modulus of Runoff (R/t/m2 ~ R/t/kmz) bl glpall Jeles @

Gl e aclils Ao iy aud) agas (Ohall dilaia (o QY] azy @

Photogeological iiadsapall calu)yall o

) sl e

Preliminary studies at the reservoir ) a8 se s ol 330 dikia 8 43l il )
area & dam site

2l afge Clias @

wll e pdise @

Jusaill B8 aBse @

spillway (g)ladll adsa @

&l ...powerhouse wigll dasa adse @
Lagdeall cluyll e

Sl mudl o

dsall Glaguddl @

Boreholes LY e

galleries G@aall cYlay pllaall e o
Pitholes &l o
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Agall easall @

Sl sdll @

gyl Glasasll o

el gl ilagat e
Dby Y blse (isi e
) aluhall e

ObAll dahie e pudll Y Las) @
2l aBge pe il cYLaS) o

Erosion, sedimentation & siltation ¢y ailly coyilly JSBI @

Detailed investigation at dam site 2l a8 sa (& Jiaie e
ddlye phll Glaswdl @
500/1 5 1000/1 = 5000/1 Lasisall Wihall o
alleees QWY ()Y s gl @
Laslsns el SLball o
el JhEi) Qs @

Factors affecting to the dam type selection 2l g ¢ JLid) 835 isall Jal sall
sl U — b=l e
Arch Dam sl a1V Caja JR5 e (Bua (gl
| Gravity ipiall aw iU Can JSG e Jasgic 5l Guia sy —
Buttress Damixle Al
Embankment Dam due)ll 5 Salal) aw tauls ol
o) Alag Lagdsnll @
Bearing capacity of the underlying agsall 4350 Jaad 308
soil
Foundation settlements (L) Lisa -
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ol L ale -

15 aan :Solid Rock alall jaall (ulul o

Embankment/Concrete Gravity :cuiall Jojlls amall olil o
Dam (H<I5 m)

Gravity iuilall s / Embankment duayy taclill Jojlls okl uld @
Dam (H§8 m)

sl Jlse Jils5 o

Spillway olull Caypai 318 adsag pan @

IV dshi e
Lol e
glay e

Sleall sl o
asall Adlenl @

Qllaay) ddill o
Aalidl Cagylall @
iale Ahlic) o

Factors affecting place of dam axis 2l ) slas (1Sa A5 figall Jal gall

owlzill e

baslsal) o

Asadl @

Spillway slLull caypai adga il @
Gyl e

PEERVAY a\....mj\ Ls.‘a ;.Lm\i) °
oliall 3agn @
3bad) i< o
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J g8 Jaial @
Guadl Jsoole 358s @

Environmental impacts of dams 2 sall 4l 5y
2pandl oy Alayal Al LBV o
reservoirs cbiall daul it e
olaall 325 e 250l il e

Environmental impacts of construction sl ¢l ilspel sl EY/
phase of dams

Dl sl -

Jsu -

Alleall Ay Gl —

lsedl &gl —

(Sbagall &gl -

oladl -

Environmental impacts of reservoirs cliliadl il <l yS5Gll
oaNl ol -
oo i Lae (oAl Lghaay ) dilaidl jexi :Habitat Jilsell juen -
Bae llia 135a50 OIS Jisas Hhase (sl Jida
aaylly 35V Sl plua -
Apand) gyl i —
Al Laglpall cily Sl jlass —
Adleall Al paias -
ol -
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bl @lyiliy Heill 385 HUa 3 e -
AN sy SV W -
Al g1l Fldl pes -

Effects of dams to water quality sLall 53sa e dpadl il
phall dapy 4 s -
G I
sl 3 il cllad)
7120-110 e spillway glaal) (o lgdypai oty ) oluall (g5ind =
Ao 3Ll Brere Apall) o320 (S5 3B . e (g i
Cially deasl)
celd) b a ) cblally Clladall sgmg dlls . ilal) o Uil saly) Jad —

o g 2l olaall i 30ga ()8

el e 5 45l 56l (15135
Lpaal ldg Lgae (3l L6 il e Primary Loads 44591 JlaY) aaas 2
ol Jlaals slaall JEll Jass o cleesi o Bl (i sl menl (gouad
LS el Jlaaly ddlall el

Jes Jia) Bl aas cldg 45508 gee Secondary loads 456l Jlal) s
L i) 350l (re Lo 158 1 50 Fyanl 3y e Yyl (el
(Alpal) 350l Jals dylal

33l alall Gadail) (uld e Exceptional Load AUy Jeal) aaad 2y
S pailly Jaa¥)  cggsall chil i) Ldigal Jie Jial asag
(0 alally ddagal)
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IS Jaeatll dpaal SV 48Ny el jabaally 405V Jlal) apas
Al Aahll Ldlall s adaie padtid L JSAN 3 dagads

wave ice
Ps Pr

seismic
water waler
P, P,

sedement E
P

pressure relief drains

seismic inertia
forces - dam body

.

intemal
seepage uplift

uplift pressure if no
reliet drains

P, foundation
seepage uplift

sl e iyl JLal) :(25-5) Jea

:Primary Loads 4l s¥) Jlea)

38ll aa Jaiiall Silisgyas ays e 3be :Water Load slill Jea @
sase (sS daall ) ¢poall o LaaSlal (ge +(Py) 4y daslil
ols cupstream face batter wiall i sk Ldll Ala 3 U
4a5 e Jaxi 38 equivalent tailwater loads 4sl<all JuAll sl Jleal
Skl sla) 5ol cuadl)

3angll (g ey Lad <l 2oy :Self Weight load sl o5l Jes @
DIa e dons ((Pg) U iy cdasead) &g pal) Qs dalall canliadl
.abiall centroid aw o) 2dail)

2l Jals sl Gops bl sk :Seepage Loads il Jlal @
Lagendl Jlaa) aant ae ccle Wil alusal) 8 Jlall Jas e 4t
Al e Py s Ps i Jdah 4y Ll e dssl
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:Secondary Loads 4 sl Jlea)

Gal Gas el ) Ley SI5idl okl Ly :Sediment load cauls )l Jas @
(P5) a8 bl ae Gala Uilia) USlin g yaum S yin)

Jes 12a :Hydrodynamic wave load 4Suwluyg)uell dagaddl Jas @
Laga nd) 2l 2 Al A5 Gl <(P6) Jlsdes e as
(alad)

il e ) ((P7) adal) sl ()5S 38 ilce Load alall Jea @
o Rage Canl) Byl ST Adlia Cagyla (A ekt Ll Cansg Ayl
(32

U Axl Jes gag ¢(Anluyall 35aull) :Thermal Load (g))all Jasll @
ambient Asmall i lall & Syl agiyall )al) Cilas B8 e
cement hydration and sajss cuiedd) (e &«s conditions
.(za5e ) cooling

Aaall A0l e (o8l ¢ il i sInteractive effect Jlelal) ikl o
) Adla 8 Adad) GEAY) ) (o305 aull dloalil) cula sl
(ase ) RSl Al Jhal Ja e il Jalses

< Jas :Abutment hydrostatic load daleall Sl g uell Jasll @
arch (gl soaul dald Lyaal 53 13a) declall jeaal) 4K & sl
.(cupola 4l

:Exceptional Load 4sliiul 4 gas
sl (e a4 430 Jlaal algw :Seismic Load I35l Jeall o
Tl G e sl e Sl olually aully (3lats Lo 3130
ehiadl gl dhsll PlA e deall ey S5y apase &b caull
(Al Ll adall jelday ¢ SN ) saaill (458 4illy .seCliON Centroid
-(P8) simplified equivalent static thrust L.l
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3y bl sl gay 8 :Tectonic Loads dpssill Jlal) o
Adhll 48l Sl dai des () )sdaall (8 Greall )

load combination Jlea¥! guexs
Wi dlinl 2gasl Bl 1 un Jlea) e gana ST o Jaleill audl s
cdaly Cay (A gl
tail water LAl 8 sl 2253 Vs &)l (halls JaiSe aull telid) i ylal

BBV (558 aa

BB 8 o5
Jans galall wdylly Boolal) G olia gyl olinn 30 ¢hanlall Juaill iyl
AR

BB s e

BRTT BUTEE
Uaie Sl apan (ol QL) (sgise vie GBAN 1 liadll Ciypat Cag kil
A";ALS\ d.«;} Lﬁﬂaj\ QA)S\ cuLcusj\ Glsle M d..gﬂ\ olia c%}m u.a‘).-.aﬂ\

Reservoir level

Y Y

Limiting height of low dam

—
Upstream batter — \
.

Low & high dam
) 30 :(26-5) Js
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Roadway width = a

Level of top of dam Top with = 14% dam height

Free board height
= 1.5*%height of
wave = 3-5% dam
height

Total dam height

hy

Depth of
water a = Roadway width

B, = Base width

c = coefficient of uplift

pressure

8, = sg = specific gravity of

dam material

w = Extra width

hy =3.lass—¢

hy = 205 —¢

Ground Level (GL)

i Extra width Base width = B, B= h h

' =allB=w ' L \,(SS_C)_m(ss—c)i

Total base width = B

Stone masonry gravity dam eLd/ s/ e Ladlad) o (55 ) S
colee edaar Adlall aa s asadly ad o lial 5yl bl g
Ground level, R.L (relative level) = 1130.5 M (ssusall) (V) (s5ise
izt
R.L of HFL (high flood level) = 1155.5 m Jlall ladl) (s5ie
Wave height = 1.0 mgzall ¢ i)l
Specific gravity of masonry = 2.5x.ll e il Jill
Permissible compressive stress for stone masonry 125 t/m sleaf

Apaall bl JleeY 45 7 sansall Taiizal)
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Roadway width = a

Level of top of dam Top with = 14% dam height
_________________________ <

High Flood Level (HFL)
SR EEEN 11 S S A I S

Free board height

= 1.5%height of

wave = 3-5% dam

height h

1 Total dam height
hy
Depth of
‘water _ i .
hy = 31055 =¢ Permissible
"""" hy = 205" F compressive
stress for stone
,,,,,,, masonry 125 t/m2
"""""""""""" ' : | Specific gravity of
Grouraievel@L)= i | masonry = 2.5
DExrawidh | Basewidh=B; p_ h _ n | \yayeheight=10m
l=ag=w B JGs—o) mlss—c); 9

Total base width = B

:Jadl
Ll Galsdl Ol 32yl bl tclblasdl @
G W maal iglhall @
sall ddldl 2a @
Free board height = 1.5 x height of wave = 1.5 x1.0=1.5m
adl Jef Golladl ssivall 2a @
Required level of top of dam = 1155.5 + 1.5= 1157 m
Al plinl o
Height of dam, h = 1157 — 1130.5 = 26.5 m
) g i) aaa ADle aladiuly Giiye of Laidice aull g€ 1Y Lo @
Establish whether dam is low or high dam using the relationship for

limiting height of dam:
fe

hy =——C¢
=y w(ss + 1)
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f.= permissible shear stress (N/m?)

yw = unit weight of water (9.81 x 1000 kg/m°)

Ss = sg = specific gravity of dam material (for concrete, = 2.4)
fc

Yw(ss+1)

. 125+1000 (%) _ 3571 m

Limiting height of dam hj;,, =

Bojm = YwGstD 1000 (%)*(Z.SH)

Since limiting height of dam > height of dam (= 26.5m), then, the

dam is a low gravity dam.

paitie s g 2l () ((p 26.5 =) 2l £l <aud) £l G aal) o L
il

The design of the Jull il e dipall Jualdill slefye aa 2ul) apanad oSa
.dam can be done with respect to the details
clddl Bac 22 @
Depth of water = 1155.5 — 1130.5 = 25m
2l (golall jmjall 2 @
Top width of dam, b = 14% height of dam = (0.14*h = 0.14*26.5
=3.71m
Gubll G paydl e
Assume a roadway width (a) of 4.5 m
a2l Gape el gli i o
Therefore, provide top width of dam, a = 4.5m

Aoledll e 2udl 3228 (page 2as @
h

(-9
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B= base width of dam sl 32cld aye

H = height of damaull ¢ &)

Ss = Specific gravity of materialalall e il J&l)
c = coefficient of uplift pressurexd)ll baaa Jalas

Loz Vs ad)ll (o8 Jalai xic o
25

(25-0)

When the uplift force is not considered, ¢ = (), then: B1 =

= 15.81 m, assume 16 m
GlayYl pamll i o
Extra width, w = roadway width/16 = a/16 = 4.5/16 = (0.281 m,
assume (0.3 m
h1 4y diledl an @

Vertical distance h1 (from HFL to tip of dam at upstream side) may

be found as

hy =2a,/ss—c=2%45%x+v25—-0=14.23 m, assume 14 m
h2 duly) diludl an @

Vertical distance h2 (from HFL to heel of dam at upstream side)

may be found as

h, =31a,/ss—c=31%45%xv25—-0=22m
coml) e aud) slagl Jualss
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Roadway width=a=4.5m

Lewel of top of dam Top with = 14% dam height
_______ MSTO W
High Flood Level (HFL) i
=198 g e -
Free board height
= 1.5%height of
wave = 3-5% dam
height H _
1=im - Total dam height = 26.5m
Hg:22m
Depth of
water =
25m hy =3.1a\fs;—c =22
,,,,, LA
) hy = 2a4/5; — ¢ =14
I S ]
| y
___________ . 1 oo
Ground Level (GL) = | : ;
1130.5 - ,: »
| Extrawicth | Basewioth=8, ,___h _ _ h
L =a6=w ! VG- mis—o)
=0.3m - -

Total base width =B = 16m

elidl laa/ (e dpilad) v :(55) geali
import javax.swing.*;
import javax.swing.border.Border;
import javax.swing.event.DocumentEvent;
import javax.swing.event.DocumentListener;
import javax.swing.text.BadLocationException;
import javax.swing.text.Document;
import java.awt.*;

public class Example 5 5 extends JPanel {
public static final String TITLE = "5-5J&";
public static final String EMPTY_RESULT_TEXT = "<html><b>( <ldaeall Juasl o8
¢=uﬂuim>ad)</b><br/><br/><br/><br/><br/><br/><br/><br/><br/></htm1>";
private float gl, hfl, wh, sg, Ps, a;

JFormattedTextField[] textFields = {
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
new JFormattedTextField(), new JFormattedTextField(),
s

JLabel[] labels = {
new JlLabel(" i) =¥l ssiw):", JlLabel.RIGHT),
new JLabel(" i) Al (ladll ssiue): ", JLabel.RIGHT),
new JLabel(" ) zsllglyl):", JLabel.RIGHT),
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new JlLabel("xdl el Jill:" ) JLabel.RIGHT),
new JLabel("g sie/k) 4 g sandl biall deal) 1, JLabel.RIGHT),
new JLabel("lsza (Siall3) jia 4.5 (a8l ¢ i) Gkl gase) ",
JLabel.RIGHT),
¥
JLabel resultLabel = new JLabel(EMPTY_RESULT_TEXT, JLabel.RIGHT);
DocumentListener textFieldDocListener = new DocumentListener() {
public void changedUpdate(DocumentEvent e) { calc(e); }
public void removeUpdate(DocumentEvent e) { calc(e); }
public void insertUpdate(DocumentEvent e) { calc(e); }
public void calc(DocumentEvent e) {
try {
Document document = e.getDocument();
Object owner = document.getProperty("owner");
String s = document.getText(O,
e.getDocument().getLength());
float val = Float.parseFloat(s);

if (owner == textFields[0]) {

gl = val;

} else if (owner == textFields[1]) {
hfl = val;

} else if (owner == textFields[2]) {
wh = val;

} else if (owner == textFields[3]) {
sg = val;

} else if (owner == textFields[4]) {
Ps = val;

} else if (owner == textFields[5]) {
a = val;

}

} catch (BadLocationException | NumberFormatException ex) {
resultLabel.setText(EMPTY_RESULT_TEXT);

return;
¥
if(gl == 0 || hfl == 0 || wh == 0 || sg==0 || Ps == 0 || a
== 0) {
resultLabel.setText(EMPTY_RESULT_TEXT);
return;
¥
double fb = 1.5 * wh;

5
double toph = hfl + fb;
double h = toph - gl;
double hlim = (Ps * 1000) / (1000 * (2.5 + 1));
double wd = hfl - gl;
double topw = 0.14 * h;
double Bl = wd / Math.sqrt(2.5);
double ew = a / 16;
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double h1
double h2

2 * a * Math.sqrt(2.5);
3.1 * a * Math.sqrt(2.5);

String fmtfloat2 = "<b>%.2f</b>";

String format = "<html>s alldiludl = " + fmtfloat2 + " _i<br/>" +
"ol el Gglhdl s awdl = "+ fmtfloat2 + " icbr/>" +
"adleWw,l ho= "+ fmtfloat2 + " icbr/>" +
"ol gl e aall h1lim = " + fmtfloat2 + " i<br/>" +
"ell Bae = "+ fmtfloat2 + " icbr/>" +
"ol g lall G all = "+ fmtfloat2 + " icbr/>" +
"ol Bl ymye = " + fmtfloat2 + " Licbr/>" +
"EuaYl gaall = "+ fmtfloat2 + " _ibr/>" +
"Ll ALl h1 = " o+ fmtfloat2 + " i<br/>" +
"l ALl h2 = " o+ fmtfloat2 + " ibr/>" +
"<br/></html>";

resultLabel.setText(String.format(format, fb, toph, h, hlim,

wd, topw, Bl, ew, hl, h2));

}
1

public Example 5 5() {
super(new BorderLayout());

JPanel topPane = new JPanel(new GridLayout(9,1));

JPanel centerPane = new JPanel(new GridLayout(9,2));
JPanel bottomPane = new JPanel(new GridLayout(9,1));
JPanel labelsPane = new JPanel(new GridLayout(9,1));
JPanel textFieldsPane = new JPanel(new GridLayout(©,1));

Border border = BorderFactory.createEmptyBorder(10, 10, 10, 10);
Border border2 = BorderFactory.createEtchedBorder();
topPane.setBorder(border);

bottomPane.setBorder(border);

labelsPane.setBorder(border);

textFieldsPane.setBorder(border);

centerPane.setBorder(border2);

setBorder(border);

topPane.add(new JLabel("<html><¥aleall aadivny JUdl 3a: <br/><b>hlim = fc
/ [gw * (Ss + 1)] <br/>Bl1 = h / Sqrt(Ss - c) <br/>hl = 2 * a * Sqgrt(Ss -
c) <br/>h2 = 3.1 * a * Sqrt(Ss - c)</b></html>", JLabel.RIGHT));

for(int i = @; i < textFields.length; i++) {

}

textFields[i].setColumns(10);
labelsPane.add(labels[i]);
textFieldsPane.add(textFields[i]);

Document document = textFields[i].getDocument();
document.addDocumentListener(textFieldDocListener);
document.putProperty("owner", textFields[i]);

centerPane.add(textFieldsPane, BorderLayout.CENTER);
centerPane.add(labelsPane, BorderLayout.LINE_END);
bottomPane.add(resultLabel);

add(topPane, BorderLayout.NORTH);
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add(centerPane, BorderLayout.CENTER);
add(bottomPane, BorderLayout.SOUTH);

}

public static void main(String[] args) {
try {
UIManager.setLookAndFeel (
UIManager.getSystemLookAndFeelClassName());
} catch (IllegalAccessException | InstantiationException |
UnsupportedLookAndFeelException | ClassNotFoundException

e.printStackTrace();
¥

SwingUtilities.invokeLater(() -> {
JFrame frame = new JFrame(TITLE);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setResizable(false);
frame.add(new Example_5_5());
frame.pack();
frame.setLocationRelativeTo(null);
frame.setVisible(true);

3

UPSTREAM core DOWNSTREAM

Transition Filter Transition Filter

‘Wave Protection Riprap
Riprap Protection

Top Width

Fiter

internal Drain
Filter

Toe Drain
\\&\) Toe
\ =

__Upstream Blanket
s

Foundation

Impervious Stratum

) wligga :(27-5) Je&
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5o 2 (6-5) e

G 23 .Masonry dam sylas aul oiajel) adaiall sliol bl asyll maasy
=S t0€ aual e principal stress (i)l algal) Ll aas Land) )jeaal
2885 Bafans 2250 aif e aull 52k unit weight sas 35 33 .aud) heel
permissible shear Jiaidl 4; zsawdl (aill Ltiay 3a/aa 1000 &L
L=0.75 sV Jalrs Gad gl Zau/aaS 15 =stress of joint

tdadl
oLl 436 3a/2a8 2250 = il 53l UNit weight sasy 35 rilibadll o
ad CafpnS 15 = Jeaiall 4z gensdl) (il baaa 3228 1000 =
L= 0.75 d<ia¥) Jalas
2l xSy ) die Gl dlga¥ls )l s tagllad) @

Stability of dam is tested a xlaw 3sag pac (al il aull hain) jlaal 8

assuming no free board.

Vertical forces djaganll g4al) cliluwa
2l 3 sl aa
Self weight of dam = (12 + 2.5)/2 x 15 x 1 x 2250 = 244,687.5
kg
dgenl) el (h5 2
Weight of water in column DD’A = (1 x 15)/2 x 1000 = 7500 kg
sl e ad)ll 38 2
Uplift force on dam =(15 x 12)/2 x 1000 = 90,000kg
asanl (ol ppane 2n
Therefore XV = 244687.5 + 7500 — 90,000 = 162.187.5 kg
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S8 el i aa
Horizontal water pressure = (yw x h2)/2 = (1000 x 152)/2 =
112,500 g

Calculation of moments due 1wl pua) Jss Adlida (598 G agiall lus
to various forces about toe of dam
S sl e a
Moment of self-weight = [(1x 15)/2](1 + 2.5 + 8.5) + (2.5x 15 x
2250)[(2-5/2)+ 8.5]1 + [(8.5x15)/2](2/3x8.5)= 194,062.5 +
822,656.25+ 406,406.25 = 1,423,124.9kg—m (+ve)
slall (135 ama ayedl 2
Moment due to weight of water in DD’A = 7500 x (1 +2.5 + 8.5)
= 78,750kg—-m (+ve)
G 55 e pell 22
Moment due to uplift force = 82,500 x 2/3 x 12 = 660,000 kg—-m
(-~ve)
S8 e Ll Jain Caay el 2
Moment due to horizontal water pressure = 112,500 x 1/3 x 15 =
562,500 kg—-m (—ve)
ol g sana 2a
IM =1,423,124.9 + 78750-660000-562500 = + 279,374.9 kg—m

Factor of safety calculation LY} clua Jale
MY s Gl Jale aa
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resisting moments

Factor of safety against overturning = -
overturning moments

_ (0.75 * 1423124.9 + 78750162,187.5)

(660,000 + 562,500)
= 1.228 > 2 unsafe

SNV LY dale aa
uYV _ (0.75 % 162,187.5)
YH 112,500

Factor of safety against sliding =

= 1.08 > 1.0 safe
Uil dlSial Jale aa

V +b
Shear friction factor = MZZ—Hq
(0.75 * 162,187.5 + 12 * 15 * 10%)
= =17.08
112,500

Stress calculation agay) clua

Let the resultant be acting saa¥l (10 Xay 2y Je Adiasadll Jae (a5
at x5, from the toe

XM 279,374.9

X = =
@Y YH 162,187.5
eDistance of resultant force alyai¥) —audl S5 (e A3l 558l d8lie aa

= 1.72m

from centre of dam, (eccentricity, e)
e=B/2 Xy = (12/2) —-1.72=4.28 m
2l pua) A el alea) 2

Z 14 (1 + 63) 162,187.5 (1 + 6+ 4'28)
= * —_ = Ik
fe B ’ 12

=509,268.7 > 50 kg/cm? unsafe
=Sl e 2l alga) aa
»v 6e 162,187.5 6 * 4.28
(1 §)toams,(, "o

B 12 12
= —15407.81 = — 1.54 kg/cm? unsafe
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ol e pdadall (Gl LA alga) f s 0 o G Y bl agau

gravity dam analysis 4wt 2w Llssi (16-1-3-5
sl 5 el
Gl Led Jssie Ll (als audl Cale el o s
Rotation and overturning eyl )yl
Translation and sliding &3YyYls deasill  —
Overstress and material failure galdl Jédlly Sl aleay)  —
g - Jalill ASsed) DS 8 Y15 daayilly AN (ysall (hlaxall oSty
J202 3 Sl paen 35 ulall elaally Bl Lo G ye LaadS 058 ¢
S sl Gl sl Bl Al dleaY) Jbre slifi) oy L Gel¥ls Al
e ik e Lo ¥ plaall 26 3 dpaal JSY) Uigee s Gl i)
dale Cun e sl J8 GYRYYs A e i Al saall Gl
Oe AT sl asls ahaaiuly Haad) (FS @YY am jhay) dele 5 (FOS (LY
1l et A5
Sliding factor, F . (¥ dele
Shear friction factor, F__ o<l diSial Jale
Limit equilibrium factor, FLE all il dele
Fss 31 dalall zlaud) ooy ¥ ce L) s 300 d5lpall o adulss vie
Jalall eans) 8 3aaaal) dlall Jaall de sanad 0.75 Gslaiy of 8 s5ime o
(sl Jaall €5 a3 0.9 ) ¢l VL Fsg V3

safety criteria 43l julea
Safety against Overturning el A AL o

Safety against Sliding Yy va Al e
Safety against Crushing <l aca oldY)
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Safety against Tension 2l o AL @
zsasall g ST L) dalse 0585 o cang w28 e 6 Janl dgaudll paldl Y

hanill alia :Gravity dam 4wilad) 2w (17-1-3-5
primary loads a4 s¥) Jlea¥ ()

Gaall die PW lall  Siiling juell larall e i) talial) Jas
:alaleallizy

pw = YwZ1

o ®
o

r

Sofciss 1€ 9.81 = cldl (yys5ams =Y

el e 2328 (Pyp cdaslill 4y 5l
Pyn = szlz/2

(Jae Al el 4y S 13) Py 23l 40 genll 58l) olsa Ul cany
todlef Call) ae Jlal 2 LS
P, =y (area A1)
A e centroid el ddassll A e Jazgs
A die Pyy' 5 Py’ dllaal) sl @l gla e lall olasl tef e e

e Wil (S aana¥) el daladl Ll ol
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self load Al Jeal)
Pia Ga et Ay Py Alanal S 0 Il JU 350 il
ol Cala (e Ap (gl alaiall dslaial centroid ol adadil)

B =vAp

&b xSl i/ e S 23.5 adl iy Ailall sasg 035 = Yo
Al el (e sl Alanall ylaill (e 3o il gag pac Alls

Qsl) <l Aaalall larall o JSlgd) (pe Loyt dysle gy agms Alla
Nelee bt pinses Py yass vie eV 3 aaal Wl sy a))

Py cadll Jaa Jix) seepage and uplift load adyll Jass ooyt
interstitial water DAl ¢l haacal daslill Alladl) Ayl el Sl

pressure, Uy
YwZ2= )\.:\ﬂ\ slail g.s"j cﬁ‘)ﬂ Lu'u.bj YwZi= )1...335\ slail GJL:T &5)3\ L

il sy Jeall (o i 1) ) Jasall Lt Cojlas jigm A 13)
HRVTEE IR KW )
Z1+ 2z,
2

B, =Ty,
Baclall elaw saay IS Al dalud) & T &ia

Sle brall 46 hbid centroid ol il P e Py deng
tg¢ Sl ey 48l
T2z + 2z
3 z,4 1z
452
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Clas s DA e JaNA V) & WSl sy cdipaall aganl)
Jadl) Caanad) Lo gin o aanill Sy - gsiall Ay CAS A Aud) (e
sAlalaal) 8 ol saill e Zg cCajliad) bad e

Zqg = Z; + kq(z; — z,)(m)

secondary loads 4 sl Jlaa¥) ()
:U““‘}‘ g;l‘”‘—)‘ ‘Ps ‘L.Lm\j‘)” ;U)AA e :sediment load ;m\i)l\ Jaa

P = aYsZ3/2
1—sin

K, ~ L SM®s
1+ singg

gl Bae = 23
oyl ysaiall 82550 (33 = Vs
L) glad) bawal Jales = K,

ol il o slia gy =,
X = X siwall 358 Z3/3 2ie Jads Pg

hydrodynamic wave load iSuluag nm dase Jas
Jeall badata 38K G)g puin Pyaye 220 AL <Y 8 Y) 4] shn Y

Alalaall (e salaal ey (DAY mhas Je Sl jnell 8Lyl
Prave = zystz

b Slagal) o AoV B ¢l Jans i g ¢Sl Ansall g i) 58 Ho

ca5ee Al Ay die dagate Ay (Salyg die
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iceload xlall Jas

Al pulall miliall Led 5 Al cagylall 8 adal) Jes JlA) (Sa

ralall Jead A5l sl s i sale L Alish il ey Adasale
206 o ST alall dlaw IS 1Y) 2o/ciiss SIS 145 =P,
e 0.4 e J8 alal) Gles K13 0 = P..

AL @ isally ) Gulaly (gbad) JAN s

exceptional loads &liiul Jleal ()
seismicity and seismic load 51 Jaslly J3Y50

i e el ) Chagy Ae 4nd JSLa o Apbiall sl
Jaatl Lpasarat Ll iy« (B g5bill casanaill (g5ianal)
=) BB e bl bl Jases Sl o Il a
Ll s JYy ) ccontrolling maximum earthquake
ol S LGB0 en safety evaluation earthquake
S S Jelaad) Jlat) Ll gegd alasinly 40550 Jlea)
#u .pseudostatic or seismic coefficient analysis )1
saal gylall adY) aall Cum e A paill g8 Glua
A (gl 130 AaleaY) ALl Jlaadll Aa iiats apaaill
equivalent static ;4K culil) Jaall dayyhay Glal 4y Ly

cale JS% Jasatis ddload method

&l Jidaill :seismicity and seismic load BB Jeally J1150
pseudostatic analysis
) AL 1 A pesil) g58
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COalaall (e ASeliag el Jleally A jseadll 235G
<Oty 5 0tn A1)

Horizontal force is: Poyp = Tap Py
and Vertical force is: P, = ta, Py

S saaill (558 Jaxi P e yysll S Jead) pe Jladl 52 LS
e WY Landl ahaie e centroid - asgl) dasll PlA e
s onsall 33005 Cun (ggill (alSadDU G olaiy) ddaadla
a5 gl b Adlall A sealll (g ) 5LE3

- hul

@l Jalasl (BB Jasdls JBL
Pl Jeliil) & Sl g juell )il (558
e i pladiuly sl o3gd i i o Jpemnll oo
a3 Z) Gaadl die gl (ol ) Al gkl Jaraal) a5l
Alabeall Aol g3 Pewn (sSalind g yuel) Jarazall 2335 e ) o

Pown = Ce@nVwZmax

HGREEN

2l adaie & olyall (Bae oacil = Zpay
Zl/zmax & adly sa c;la_ﬂ M s e = Cg

rilabaal) Gyl e il Saalinguel) Jaall axd
2 \Y2
Pewh = O.66Ceahzl]/w (—>

max
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X=X 3580407, &) o damys

mdil) (sl GBI eally J0
(o ol S (Sl Jelil) (Sl g yugl) Hseaill 558
& 750 Gy 3aly) Blad (g5l Pewn (Saalinnguel) Jasll )fd
@l sasenll Saalinns puell Jeadl.Pemp ¢ 3 seaill Jos
upstream aiall & adaud) zagill f Lagald) (558 Jladl) Py
Jaleall 3ok 3l e alus (Say face batter or flare
DA e Jam 3 Py gagaall oLl Jaa e caliall 510
p lls AT dilaiall Jaussl) 2kl
Fewy = ta,Byy

Dlas B deval) G s o ad)l des of Bale (il
LAl 5ylad) 5,aY) daglal

Concrete dam —bw 3/ 2l :(7-5) Jle

s o) dabse (45S5 of amy caaadll concrete dam slujall audl dually
Lol LS, Bafaas 2500 Alual 486 2 J8) e GYEY) 5 o)
= 0.7 s olial Zyaal) 4y 5ll Ailial) (py SaY] Jalaay 5/aaS 1000
P clilliia slifind 5 Ja

Al S apeatl) Jaad (Sas da e danld (SIS Y1 0K a1 1)

:Jadl

G IR e 2 = G /s DY) s (FS) gyl Jalse tcilandl)

0.7 = a FafaaS 1000=rW ¢l 43U 3a/aaS 2500 = RC Lluyall
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sl [ (Aladll ag3all) ailSe & aud) 6l&y aje = FS, gl (day) dale aa
| ddaasll 4l audl QlE Jolas )
Overturning factor of Safety, FS, = moment keeping dam in place

(reacting moments)/Moments trying to overturn dam w.r.t. point A

Gsill) el ady (o5 X olad¥) & GlSiaVl g8 = FSg L) 3¥5 Jale 2
(RS gl
Sliding factor of Safety, FS; = friction forces in direction x/forces of

pushing of water (hydrostatic forces)

a1 = 2wl sass Jsh of (gl

Tm

6m

A

4 m

Overturning factor of Safety FS, 3Ll LBy Jale

Glfie  cpin)) weight of concrete  Lluall (s Bl aa
(Triangular & rectangular wedge Jikiva s

gobud * Ailupal) 28U * aul) Jgla sasg * Aabuall = Wy Julaiadll cpany) ¢35
dalal)
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Weight of rectangular wedge, Wcl = area*unit length of

dam*density of concrete*gravitational acceleration=
BLH*p *g=1*6*1*2500*9.81 = 147.15 kN
Jakhad) Cpe Jaliieadl S5l dilise aa
Distance of rectangular wedge from point A = 3 + (1/2)*(1) = 3.5
m
Weight of triangular wedge DUl xigll ()5 aa
W02 = (3%6/2)*1*2500%9.81 = 220.725 KN
Tl (e Cabiall Xigl) ddlise aa
Distance of triangular wedge from point A = (2/3)*base = (2/3)*(4-
I)=2m

Tm

y M

6m

4 m X

h

2
v

Hydrostatic pressure to water (overturning part) = y*h = pw*g*h =

1000%9.81*6 = 58.86 kN/m?
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(2/1) = gyl o (Solivg uell) 38l Jangia =(4dilie) olall Coss 368l 2
) S el Gae * (oY) 8 Y Lral) + Jau) 8 ) el ¢
(2l g )
Find force due to water (triangular) = The average force
(hydrostatic) over the height = (1/2)*(horizontal pressure at the
bottom + horizontal pressure at the top)*total water depth (i.e. dam

height) =(1/2)*58.86*6 = 176.58 KN/m
| dkaill pe 5gall ddlise aa
Distance of force from point A = (1/3)*dam height = (1/3)*6 = 2m
SiaY) 558 2a

Find friction force FR = u*N

COEN) aje/ HLEY) aje = FSouer = B! Gan LY dale ()8 ¢ Sl
Thus, factor of safety due to overturning = FS,. = Stabilizing

moment/ Overturning moment

Tm

y 1 N

35 Wer

wy ||
A | =
4 m X

[
-

2l s e ) R e s
Stabilizing moment caused by dam weight w.r.t. point A = XMsA =
220.725%2 + 147.15*3.5 = 956.5 kN.m
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el (1 pe gl QY aje aa
Overturning moment caused by water weight w.r.t. point A = XMoA
= 176.58*2 = 353.2 kN.m
a1 Jale aa
Factor of safety for overturning, F.So = Stabilizing moment/
Overturning moment = 56.5/353.2 = 2.7 > 2 (OK)
DY) am Gl a6 ¢ il

Thus, dam is safe against overturning.w.r.t. | ikl = SMsA.

Factor of safety due to sliding, FSb YY) e ol dale
sac @l vie SISiaY) 58 aa
Find friction force at base, FR = u*N
FF = 0.7%(147.15 + 220.725) = 257.5 KN
el cpe Aailil) 58l aa
Resultant force coming from water, FRw = 176.58 KN
YY) s ol Jale aa
Thus, factor of safety due to sliding, FSs = friction force/resultant
force from water = FF/ FRw = 257.5/176.58 = 1.5 < 2 (not OK)
Therefore, dam is failing for sliding YY) & Al Jié celinl
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A J

Factor of safety due to sliding, FSs ¥y S Jale

Suggested solution may be ¢ jiaall Jall

(s ladl) Al g nell Bl () S e lall (5ina i

lowering level of water to lessen weight of hydrostatic force (water).

Lo il Ag ) Zopdall 3680 83051 Jadlls o5l o3 13) audl (358 (y)l) AdLial

() ailad Caey 2l (330 (3lesy

Adding weight on top of dam if it already built to increase normal

force (care ought to be taken regarding sinking of dam due to soil
characteristics).

(poeaill Aaye (A) 2l ol oy o113 dabisall 32k Bada e aud) ()5 83L)
Increase weight of dam by increasing area if dam is not built (at
design stage)

5o LS (golal) (el e dalaadly sacll 30l Bk e Aalual) 32k (S
Area may be increased by increasing base & keeping upper width

as it is (= 1 m)

461



&S O

Then, FSs = friction force/ resultant force from water = FF/FRW =
u*N/FRW

A genl) 55800 2o
Thus, normal force, N = FSs*FRW* /i = 2*176.58/0.7 = 504.5 kN
= area*density of concrete = area*y
Area = 504.5*1000/(2500*9.81) = 20.6 m? = area of trapezoid =
average of parallel lines*height = 6*(1+ x)/2
X = new width of base of dam = 5.9 mor 6 m
Thus taking a YY) caw Jaill aiess el 6 Johay sacE a1 ols

.base of 6m will prevent failure due to sliding

dua N slial) A (2-3-5

de 2aflly aaalll dua (e dald A V) GliBally dale 4l i) Jias
o8 AL L) 8 Les pead T Lalial) olaall utiga i (Sl (puigal
coeliall g ladl) 8 jliadl oLl gy Sl g Uaill b cpilalsall Gl 2 W
Ll b i) Ay sllaall olaall ApaS Lie VL 32V (e Y Ay ¥) UHAY aranas die

sl e OIAN apaa 2 g2 (sl g iy @A) 3

i ai (1235

Ol aadind V) 5 Al jdll e e siae dpuaia liie oo Ble 4 @l
Bysara o () mhau o (55 delia GaleY slull (ol dallall ol
G B Byseie 05 A BB L a1 8 LS Syeia S G b L
gl Argabe g Al Lgtieslias Lelaatd @lld  dadisall Bl ad) (e Wiila o6
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Ol S L) (2-2-3-5
GUBAY o s Laladla &0 ¢ ally dldaiosad) ) Gyl (e i) QST Calias
IS Ayl ()65 anal) 8508 WUl (JSAN Al f daype (5S5 aaall Byia
tlaa Cpnad GllD 2gmy L Lal<s Aldl Ul
ledame (35S A0 clalla (Aals Ji sa jral adama o) ohall o) .1
Galuall il dagpad) S dldaid) e J8
Loyl o Al ClPAll e darall daglia ST o6& dglall cliall .2
AR Qs ) sa% Las Jakall ayys DA (e ellig

il AT 3 5 5 piinall S i3all (3-2-3-5
1Ay i isell GUPAY aads

LD A )

A basagall bl (35 @

Aahiaal) CYsenll @

Shall dajy s e
oalll 5.
Ol e

oY 3yl e

Sl sl iriai (4-2-3-5
tok Lo (305 lbal)l Capad (S
toal b Gl oa; @
Bpilae A mhans () 2l LA -
Sy saac ) atid bR —
Adle saeel ) amd ciliba -
:lpall K& e
Aoy Gliha -
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Aglghd cliba -

Aldiee s -

Adbase sl @l albli -
tdahaill e

Ad g Gl —

Adles Gl -

L )Y olaall Ol R 6 La yé) 57 ) o] Luidl) lb) yilY) (5-2-35

sadgall

Adlad) Jui Y Cumy oMl JJLAA@M.;QL‘-’\A:\&;QDSJ\ RES e

bl 10 e

enal) HUac¥) olie oyesi ¥ Jin addia pe U adse s ol ciny @
gl

iyl @bl e baiiye adgdll 5% o iy @

o8 A La Caslill jalias Gaguia (e el QDA Cupaia 38 o oy @
o 50

el i3y Tadige Adsal) slaall gt IS 13 oliall Capdi Jas iy @
(BAL Ja0a el )

Sl lee agad llyy 8 Jaaa S Lo L DD o6 of ey o
Aiball dlac g

10

OS5 Y Sing ol aidd L Lela) deae ofial) sacliy ghas 058 of g
5l g sl A e
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14 ) Lilual)
gy peal) Aadladll chaY el o (AN G i @
i Al Lyt y Lebilaiy labaally Aalsalls sLiaY) @
Al ey alam AN Bl SLaY) e
ldiadl daale o

Seepage theories iyl cily b (3-3-5

Homogenous dam

i

water stifface free water surface
or seepage line

unstable zone

ol il 1(28-5) Jsd

Bpia il alaa Bale PR G S B o ad) g el) A ol
Aadigl 8 copatl) Audy Calaal LS 0l Adsal) sluall il aaf ISy
A Al

slanall canty Gl PR (e oyl Clispeat e gl L1

slaially (Sl @it gl aaa e giall .2

Y1y Gl Jlacy Ja olsy) .3

ol o 5l aie s (e il e L) 2S5 el JSLell L) (S
i) iy 4dld e ulad e JSied) 138 Jie o L) o5 LS5 Lo Lol 2t alise
(@AY sl an ) ALYl (el canolual
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US: Upstream Side DS: Downstream Side

Tail water
hy
F, =(vhi)2
[ E Fo =(vh’)/2
- 8
In case of no tai water Ty lW
o Uplift pressure due to sespage
In case of tail water exist m —]- | | | | | 1’"“

Sl (898 any 3(29-5) Jsd

By hall ISl Db i (( Sloned) JSel an il sbudl Gy
S ((undermining (aysily W antis) i) 3k oo L) calid b
.Direct uplift il a8l 2ol

Liiny Lie :Failure by Piping or undermining sl of caldy) Jid
Cliga adg i alisd) 3050 uad) Llg 8 48K A 55k Ay puiiall olyal)
Jisd e Agsll Lmgpal) ABY) ok e Al daabae 33l ) 138 g Al
Sl J ) g Lee ISl Cigal) 3 Algl) 8 JSsell iy 38 . ulY)
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Soil grains and water comes out

Foundation
materials come out
3 forming hollows

.\ below the dam

Pervious foundations

Flowing water &
erosive materials

sl ol il S :(130-5) Jsa

ol JSsell Jind (e oy Al sl :Direct uplift jilull ad)l) Aoy Jud
Faml ild (30 Taiaal) 138 D515 o o1 13 0l il e Gae L Uaia
A N e edn 338 e JSael Ly s <o )
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Skl 2l Jib :(w30-5) Jsi

tepdll e clpplas SO la ale K0
Bligh’s creep theory casjll by 45,k .1
Lane weighted creep theory daaall o caay aylay .2
Khosla theory ilasa 4,y .3
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Gl i 4 ki (1-3-35

<)) Gl Bac i) Aagpal) Jashadd) iy copetiall e Wl 8 (Bligh ag,kal G
Slo Gl Sl ol Lasd) sl e slall cangy ¢ AT ey L (Sils)pael
bl Jsha oWl ojling A L) Jsha

L=LH+LV

canll O ae anslity coand) a8 o cigylaill oda 8 (el (g el e 30
S e il Jsha sa Log ccamdly aiall cp Caand) a8 lea) 58 HL (1S 13)
hydraulic S5 el 75l ey (HL/Lil) canill Joda (g 3any S )

cmblly Y1 Canll y Sae Y Bligh (dlaadle .gradient

H.G.Line

(H, x 2d)
T

L - ‘ L,

- b

il i :(31-5) Jsa

Head loss per unit el 285, (Ssom 75 o Jsla basy IS0 Caand) 3
length or hydraulic gradient and the headlosses
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Hy _H
b+2(d,+d,+d3)] L

Gl axy oSay evertical cUtoffs duul) adad ED wilse 8 ool S8l Ciaau g
.o)ﬂ;i JSJS\ ‘55 C.AA)A B LS (HG .L\;) ‘;‘S:\Sj)mgj\ C)Jﬂ\ La )

:Safety against piping orundermining gaysill 5 caplt) aa LSl
(S Cany Jsh 58 DA (e ol am O Glaa (S el G
labeal) Aoy o

L=C.HL
5l Bligh Jelae =C s

O ) DY (S (@ ey 1C gsby HL/L G (Silgyngd) zoxl) sidaale
can) i AL Glan dal (e gl aa cnt Jlay o cany Silg pasgll 7yl

%
HL/L<1/C

ba alila) Jic :Safety against uplift pressure xd)ll laaca s 23l
(Jid) Js e gl ks J$ 8 i) el s ga V) g6 el HG
o s 1 gl sie ] sa s ol 8 pa) g B el HG La cililaa) oS 13
OB el 1 e h @l 1Y) LAkl ol vie ad) Ll S o lall Cran
Laca ) (s 4lse canyg cAdadill o8 die Jamps jie W' (gslu 53 e L) baria

A e casland) <l
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Lane’s Weighted Creep Theory gl (ol <és j 4 45 (2-3-3-5

ol Jsha dila) Gyb e Aabuy caajll Jsh luay canpylas 8 (Bligh o8
2l e LT ey s cpinill O e ol (s cgagaad) Cansll Jshas Y
Canill o ) callad) elail ppea 8 20 200 s e ohal 3 Al e
Conill (g (Conndl 28 3l 8 ) glapy) Qs 8 Al g Y
Canll 1.0 Jilie ¢ 8Y) Canjll e GBI 0y () dale 5l (Gl 5 ganl
g2 ganll

L=LH/3+LV

:Safety against piping or undermining (sl § bl aca LU
oo Ll Ganill Joba Jan YT oy cplaill o) Gy ccantl) o ALl laal
tilale o) Cang Jalea 58 Cp 5 @8l Cunsall Crand) g8 HL ¢ (CHHL
O ) LYl (S ol (e LJC, iy aay g5k HL/LI @l ¢ Silsaell o)
can) am AL Glaa dal e ol o s dly o Gy (Sl el 25l

& WS kuall i :Safety against uplift pressure xi)ll L s 1L
& @l b (gg)sall o Caa) Aplay Blighcas) 4k alasiuly cily 4k
taauall e\;s:ug Lol (S JSell cant ais ‘_57

UA=H(1-LA/L)

e
(23 HL) A ddais gl aie il )l v = UA

H= total uplift pressure at upstream(~HL)
A iLid) s Gl Jsha = LA

JSell Canill aaY) Jolall = L
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Khosla’s Theory usi 4,ki (3-3-3-5

Bligh lala; L S5 jaell JSell diapall Lagladll Joda e capull olae Jlui Y
a3l Tashad (e desene Jsbe o oLl 138 Gty (Al Ll e 0805
Wl Alauly Ausilaie 5l sagee (gsime 3 Culill oyl 138 e il
:Laplacian Sy

dqu _ dch
dx?  dz2
Where:

¢ = flow potential = Kh
K = the co-efficient of permeability of soil as defined by
Darcy’s law, and h is the residual head at any point

within the soil

ISy and) lgaany ae pdalin ) Clyinidl (e e sane o3ef Aaledl) i
Flow @il 4uly Gainidl US jelay (o) o) (30530 Jaladia ansy + el
.Net
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Stream lines

Seusd (3835 haghd :(32-5) Jsa

L e el Led iy U sl bV Laghall Jidi :gand) Lagha
pylase iy Chgas 3liial) Aoy 3 Aies Al die Ll JAy aaes IS e il
i) Jand) J¥) lesi) bdl oy streamline Gulust) Uad (Jiays Gl
dacls Cilinie Al Aplud) Jaghall o LBligh Can) e (i a5 3Ll
Li (Jiey .semi-ellipse (il adadll aws ) Gulad) Jalade (e eday Jim
Sl e gstudiall Al Crand) I3 Laladll az equipotential line agall (g5buia
) e L s oLl (s c2gnl (gladia o o baial ulin a5 1Y
CD lesch = hl aie G A AB Ldll e el ann IS . gsind) Ll
Obsbiia bd L CD 5 AB (Jdly ¢h = 0 A G o (g5ing

.equipotential lines

Exit Gradient z s Al z

LS o) Lashadd Ao s (380 ool 8 Adadi JS i 368 Ay pudial) olpall oyl

Jsaly ) Adaiil) (pe aclis 4S5 o (F) 55l o2 (ggind IS 8 unge s

(Y Gasee (45K za Al ddai die aaall 038 sladl oY L el 1) Glua) L

g Bpfine Al Sl Jlan (K1 aeliall L3 5SaS Jaas ALalSH 55600 18 JUl
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358l ol Laac Lall dalid) 3580l o2 e ST A5l Cilapad saradl (35l (S O
138 ans -(dp/dlsl) Aaiill @l vie olal) Jaiia 253 e Akl (5 (b Aancal
Jl o dal (e Lexit gradient zs Al 7 2 aal Ll xie ¢ Wl Jasal 7))
Ml gl die gae laill Jasall 06 o) cany 6 e 7l die Ayl iy

il a6 o g AT Siaas

e god :(33-5) Jes

Critical Exit Gradient z sl z s Al z )3
laal) e saclal) dilia) sl 0585 Lavie dgaal) Al ol 25580 25 ¢
S5 N4 gt ol Jadle aladil vie .z il die senall Gyl Gl Aisbae
L oAl ol Glaa oy AT inay WGl Al il lie) el aay (Sa
aa el Il e Bliall @by mpnl) mgall 50 e gy G osed gsbon

Y

474



o ) aat Cpuiill il g ja g Jasrall apaal Aliieal) < paiall Slusa 48k
Jilsl

At sy (3l G ¢ Sluell el el Jid Cpul) Cugas 2 A pad]
Gob oo L) @l Gias (Ko obadly Vol Jas o sy ¢ AT S . Gaxil)
oo Bob e sl (Aol Gl Aiphay S QLY sl byl Ja)
Loy (Blaty Lad dsliiall agad) Jashad s dpbua¥) Laghadll Jiaed Gk e Sl
Jie 4845 yael) JSligl) apanail Al Sy sha Gy (§yaindig 32kna 3yl o34 L350l
oy g gy Uaiy Ggie Sl sl cadiiall lula) ff 21l 5 2500
«dgyhll 232 4 .Method of Independent Variables il < paiall 44,k
e IS da S tddasad) Glaldl e 220 ) lagd) e diae Cale andi S
JSG 8 Aapll Al madlall 23g] (Bl il dpalyll Jlall aaii & . Lualy)
paal Lgalatin) Sy Ally cdaglll 505l cilinially JISEY) 5,580 Y alas
LAl Ayl Llal) vie o greall Gy i) Al

tod dalal) 850l SSY) Adasul] ilalal)
sheet pile line wilia s, had ae i clasy dagiiose 38l 4yl .1
oLy Sl el el e e
Agee gdalgd ol sa o805 g @) Jand dinidie daine 4@l dpa) .2
dass ddals die miliie asS Tk aa i oy A 4l Lun)l .3

(cpilall AS e pole lines ssenll Lashds dum ) cilakalis o Ayl Jalad)
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Fig. (1b): Dam pressure distribution.
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