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— British Standards Institution — BS 1881 —1983 -Part 120. Method for Determination of the
Compressive Strength of Concrete Cores.

- American Socicty for Testing and Materials . ASTM C42 —90 Standard Test Method for
Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.

- Concrete Society Technical Report No 11 including Addendum (1987). Concrete Core

Testing for Strength Cement and Concrete Association, Wexham Spring , Slough SL3
6PL .

- American Concrete Institute ACI 318-97 Standard Building Code Requirements for
Reinforced Concrete, Detroit, 1997

- British Standards Institution -BS 8110 Structural Use of Concrete- . Part 1 :1985 Code of
Practice for Design and Construction . London .

- Neville, A.M,, *Properties of Concrete * John Wiley, 1996.
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-BS 1881 Testing Concrete

Part 201 Guide for use of non-destructive methods of test for hardened concrete.

Part 202 Recommendations for surface hardness testing by rebound hammer.
- ACI 228 -89-R1  In-place Methods for determination of Strength of Concrete.
- ACI Monograph No. 9 Testing Hardened Concrete: Nondestructive Methods.

Part 108 Methods for making test cubes from fresh concrete .

Part 109 Methods for making test beams from fresh concrete .

Part 114 Methods for determination of density of hardened concrete.

Part 116 Methods for determination of compressive strength of concrete cubes.

Part 119 Methods for determination of compressive strength using portions of
beams broken in flexure (equivalent cube method).
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BS 6100 Glossary of building and civil engineering terms

Part 6 Concrete and Plaster.
-BS 1881 Testing Concrete
Part 203 Recommendations for measurement of velocity of ultrasonic pulscs in concrete

- BS 3683 Glossary of terms used in non-destructive testing



Sl adaill 551 5 ¥

L 51 55l 5 il Ml agnal c
dpinall dunigl) il VE
Byiten 301 2ELLY) maliall i1 1 el ¢ 520 AN s = Rt 28 LA 3485y el (5 maal) 3530

LuSualindl) " gusd o' s o8 (V=T—A) Jgta

nk v

v
0.257 0.45
0.342 0.40
0.395 0.35
0.431 0.30
0.456 0.25
0.474 0.20
0.487 0.15
0.494 0.10
0.4¢9 0.65

Saaliydll 5 SO Lgjall palaal Agy pad pall (Y=T=A) Jgia
gl (38 Gl gall JUS) Ae yu ANy

alad) JEs) i e ("aaf s gaitane) gyl il
(%/pS) Saabias Skl
36 24000 13 000
38 26 000 15 000
40 29 000 18 000
42 32 000 22 000
44 36 000 27 000
46 42 000 : 34.000
48 49000 43 000
5.0 58 000 52 000




Sl aeil) 351 55
L o153l 5 Aaiell all agaall
el duarigl) anid

Ao A0 ALENY sl i LSA1 : b 6 S

¥

Cve

Department

a1 (s — Aula el el 315y aasall o peadl 280

clal) JEx) Ao 5 ) el 80 (Y-Y-A) Joa

B0 adl Aa s (%)hﬁd\a@ﬂ\hyuéem
@°) G\Jﬁ\uﬁuh.uh-ﬁ plally dasdia il ja
60 +5 +4
40 +2 +1.7
20 0 0
0 -0.5 -1
-4 -1.5 -1.5

Clagdl) J Jo Al slagd 30 (£-Y=A) Jsia

Jgaa 3855 (A5/pS) Ailaa A A il JUD) Ao e
PR 3.5 4.0 ' 4.5
(55 5L) () (sase 2 S8
24 146 167 188
54 65 74 83
82 43 49 55
150 23 27 30

f0-A



adl alaill 3 ) 3 ﬁ
L 51 5301 5 Anigll Jlal) sgnal c
iaal A VE

Al AN AULEYE ualtl ¢ Lt s gl 4 et SRV s = Al Al LAY 30 sl 5 ead) 3480

DISPLAY UNIT  WIXING
;JL_.H J'ti-h‘ O CirRCUIT
] L2 2 05)

a3yl

53k
;_an‘gi‘ Adp 4
(Yot 4 =
e pelE 350 ol ials

Uludl) P& Ldgal) (348 Slagad) Ao pu ubd 5808 (V-F=A) Js&

1.0
= ve
\ (km/s )
0.9 \\\ Boae 5.0
NN T
3" 0.8 L5
< N
3 T
> 0.7 N Bt
8 \ \\-
13
0.4 S e )
\
T30
&3 0 10 20 30 Lo S0
() Cted el s
e i g T i e e o1 () Az el Ay il cnald LT AB (1)

Al Al DA Asigaal) (38 Qila gall JUE Ao o pledl) il il (T-T-A) Job
(il cila  paal (5 3154 Sila pall s Ala)



Sl asleill 550 5 ¥t
L 5) 531 5 Aanighl Ml agadll c
A isal il VE

Lt ) AU emlinlt A1 5 el < 508 AN e — Al all @l sy paeadl (5 el 308l

{ i“—'l// //
- A

0.9 427 ® / 2

N gl

0.6 4=

0 0.05 0.10 0.15 u.20 0.25 6.30

a/l

@Lﬂﬂi wila gaal 5 ) s Cila gl Jlaa AT (k) Ao gl c__a.a‘A-'lS\ Jalza (Y-Y-A) Joi

v

TR
¥ \K\ i LS
\ s\io

e & .1

kL

10 20 30 L0 50
(1) Tobesll ol i
AR RS e g () e e Ry b i D ()

Llu AN DI (ve) Aiguall (568 Slagad JUDI A5 o o galedl s 31 (£-7-4) Jea
e e jsas o 53 5e0 Slagall jlus Allal



Al Al RALEY oabiall e jlasl : sl g 5al

Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

=

Cve

Department

sl (Ll = Al A0 A 3y pasell (¢ el 20

Salpadl JIEIN J.:L‘M.“ agd
)]T R (1 el
r— Lo - % # 1 # o A} L;u_'-' all
(i Plls = A o 2 - T gratig e T

(abedl) pilea il JGEHN

) eaial) e ABUAN) SN gae aua gl Adlia) Gkl (0-T-A) JS&



il Al ASLEY) emliall o ASES 1 el o Sl

Sl aalaill 3 ) 5
L 515531 5 Ansil] Il sgaal
Aiaa) Auigl) and

.

150

100

wn
o

(Bl p ) JUEENY (4§

("
14
. A2

,Jr’ V/

E— 2 o -~
Xy ¥ = &
. r'// .
rd
%
|
100 200 300 L00 . S00
(=) ¥ ZaLeatt

Aniiia 30 ea 3 Ll o 00 Lgr Al ja0 e T "
Adilaia Blopad el il ()

i guall (38 il gall JUSH Ao 323 (1-¥-A) S
(abaal) e 4ay plall) Ale Al DS

it Lasyl s = Aall Al CARA ] iﬁ_,ﬁ.n—nﬂ._s_).na“ EyL



Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

Department

il Auria g 4y 1) 1ClS0a Jara

Ll Jazall cilily oY

Gl daia 9 4 53l S Jara 1 erdll and

ALy dia  alall sl

JalS Ly ysiafa 1 pidiall

Lohe aa) 45 /pn (Jezall (uaiga

La ) daaa :M\ U:.“\

01026892397 :salill

407 A Al A8 gall

5 iSa e gy Aol Gl ) 5 ea Gaada e da (e Jerall G 5SE 1 Jaral) daline
800 e 60 Aabuay S~



ad) addaill 3 ) 5 #

L o) i€l 5 Aaigll Nal) sgaal c
dpinall dunigl) il VE

ol ) e
T ox Jhda
Ol ) sall (e Ad
OA
A spnd) 2a (e 313NN a5 A Sl
) 2l lea
Al Jalia
Jaliall SoilSae a0 Slea
e )
Ll il (§ gaia Slea
oMl el s
aall ) sl ele
il ) 55 5 48 Hhae
Janall ) 5iS 5 52 48 jhas
Siasas¥) Slea

W RFR P P P NP RPRPRNRPRPRPRRPRP PR



Sl aalaill 3 ) 5 ﬁ
L 51 55l 5 il Ml agnal c
iaal A VE

Jenall Jaa (5258 Al el dails 2

water o sh )l (5 sine aaad sa LAY 1A (e (zaall skl (5 gina el

slall o8l 4 gall dus (g gl (315 A il content 4 5l
a8 Al A 05y A Ge G paa
axall

Liquid Assall aa apaas ga SLAAY) 18 (e (aall &l Al gl as Gyl
Cial s Lgdial (ajal ASulaidl 4 53l Limit
LM 5 Lelalimi) (je A i 5 S8 Jany Laa | jaluS
o=l Lgia glaa g

Ll Lgall ax yaad e LEAY) 1 e a gl %)ﬂﬂ%ﬁ\h@aﬂl

Al Dsalll o daat (S ol sedl (8 ddiad) Aulaial)
Agphall lglla 34 51l g

Specific = sl G5l pasd g HLEAY) I e (i ) = 5 Ol (s
G On Al a4l G padls 4l sl Gravity 4l byl

paall (dh (0 ) A &l Gls (e (e paa
Ay sie da )3 20 Bl s Ao die Hladall Ll (g

sieve Jalidl aladiuly susl) & Hall LSS e (i gl aall z il e

olie (i Al Slpa (lie z )X 2aT 8 analysis Jalidl aladinly
el Ja )l

Tt Lol Janag jliie a3 ga JURY) 138 e el il e halae opye
Lol Anniall ASulaiall 45 ) (1 A3a] compressibility
Ol ghaal 0 Je Zaplall (e A A%l chasiic 4uh
daal A el Lils 4S Al G £ siadl caSa
lashu e obaall (ol - samally (5 )ma ol
i) 5 4 L1l

FLEY) COllae a3 4 LAY 138 e sl LY 0l g
Lica a5 clall lom ot nie Akl 4 sillswelling

Ban g (s O A dasd g LAY A e i il Sladll (al & umid
saly g die Ay il 5kl (5 ginay Bdlall o jaal a4, l

el



Sl aalaill 3 ) 5

Aiaall uadigl) aud

Lo sl Jaast A a0 JLEAY) 10 (e (il
Jexall (8 4S a4l 4 yillCalifornia Loading ratio
gl BAY A Jeall G &M vy A e

B AAY 138 Kay all Jimar iyl ey
o=l daglia Jalae 3a3 4 JURY 1 e il

sl Gatally A e ASulad) Ll (C)

o= unconfined compressive strength
raaill dinaal) cililaal) b Lealadiial
s oalll Gllre Guxd g JLEAY] 138 (e (s il
il 2 slia s Zlall e 4l () SSEAY) )
o=l 3svia L) aladiuly daudall 4lall 4, 511 (Cy)
LR el Aigmd) (e elall Gy paai el Gl
Aaslia dalea daf aaa3 o JLAdY) 1 e a4l
Giob o dlly gy Anpdall Al & Al (C,) el
plitie Jaimy Alae a5 Aall o ol des g
G 2y (pae Jakiay Ja grian Jils o o gl aladialy
Jasiy) dowi Juai Ladie ol dimll gl die Calalea)
A el ) i) (40 %20 () ol N

L o1 i€l 5 Anigll Jad) sgaal c

=

VE

Department

L) saallS

e gl Jalaa (yund
Tl 2y oyl
bia (5 s sl

L

Ao gl O lalaa (puas
B sia aladiuly Gzl
il

fa glie i e (yn

Ol plasinly (yaill
J}BA&SM\ }.J.Esu.a.‘ Al



AL h\hﬂ\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

el Lgpa 5y Al Apmainal) cilasdll Tlay)

Jezall (e pudlieadl 22e @

WS 4 Jlel ddle L ) cleall s el e osbati Al el o
il YL

Jare Leasis 31 a0l J3A e ) Jancal) J23 ading = Janall (s sind) J3l1 o
JYA (e Lo iy il Jlae 1 Gl 5 A, o) gally Halall g il el )

dad daaall YA e 13 Ja s s denal) Aaiil A gaddl il @

Janall g @l Ly Sl dndlidl o Lidl o



‘_,’JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

rdazal) La g (Al Apdall cileadd) Tluald

s 300 s rdezall (e Cpasiad) QML dae @

A jlenal) il and g dnidal) ddigll and Jarall g dndieal)l dualall ALY e
) gl ey A e e o C e
:\_\Sﬂb EJ}_A}AM ialdll CA\)J\ U éJhS}

& oS Al Liayl 9 4000 5 (oY1 48 8 1 Jaxall (e Basiisal) Ayl yall 3431 @
AL Al L
A sl s 5 A0 g Asia ) e
408 son dsdid ) e
Dsdaall s 4 il A )
N ga HLid) g bl | jia
Capaall 4 i) L) 5 3ea Y] asea o il cdesal) Jaky A0l daisy) e
Al e 5 pha) s g 4naay) Je V) mues 3 Al el a e
J— s Jazall (pe Gpiisall Wlall colisd 5ol (O 2 @
el 8 et ) Al il ) e e

- rdaxall 4 Al dpy paill Gl Hsall dae e
_____ Jazall e il (e Bla Led @ HLE Al Alaall lailndll @



AL h\hﬂ\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

Aoyl ol HLia) 3 jeaY) colipdaide

Loill Lygh 4l (5 gine T ]

LY e s AN /L

s sbw Al 5 A 5ill water content 4 skl (5 sise paad s LAY 138 (e s )
eaadl 13 A A A 0 ¢ A Al Ge Game paa G elall (5 A sl A

=gy 2

2 105-110 e 43 s Aa s i (Say g Janall Al jeS a0 5 (1)

t AT Al ) sall (0 Ao sena (@)

) Al 4 5l Sliad (o) > 0.01) s #1071 4By (ulas ) e (1-2)
lanal) Ao gia 4 il Slial () s 0.1) e 310%1 B ibeas () i (2-22)
(sl 233l & gl il (o) 1) (s 2710%1 A8y (sles O e (3-9)

DS e Jlall ol JSE i Taall o lia gars 51 5 a st g (e (g de sana (z)
pabaial 5l 4l die (e A gl e pial aSaa sllae L ey paill 5 (pansil) dlee
rok WS A calall 038 alaal ¢y 5Si s ce) sedl (e 4 5ha )l

dac L) 4 il el a3 ae 25 ) os Leeléi )5 ae 50 Al ss ki e (1-7)
Sl

gl Ao 5 4 51l (o) s 500) 58 5 Gss g e (2-7)
Sl Akl 45 5l (o) s US 3) (98 30 (s i Qe (3-2)
ALl s o 5 i ae 250 Y e 200 (s ook @l aina (2)
2200 s Ll shg ae 100 s Lem e alu oy s ()

-4 bl /3



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Ala 48 )l 0S5 anliall Gl jaall e 2o il ¢ il danliall Clinell Qle (5 &1 (1)
(m1) Willae Ledle 5 ddpda

Gist 3 (o ol chlimal) dae il 4 il e s (30) Gt 0.3 s 335 (@)
A25al 4 il (e S (3) it 30 s S ecilunal) Aas gia 4 5l (1 W (300)
skl i aial ozt g 4y il g sl dnaliall ddal) 3 4SSEs 4 5 puda s g bl
A(M2) 4dle Baoaall A8all Leily siaay Adall () 55 o5 Lgta

8aal 4510 A )3 110-105 30 s A 03 (Ao Ol (b o sis Alall ot A1 5] o (7)
13 Y] delu 24-16 (o ) S 82 A Leiidiat o 4y il g5l alana o Jaa Aol 24
zliad 38 Allad) o3a 88 )50 Aiall ana IS 1 celall (e Tan Alle A o (s giad CilS
Lediad Juaid « poal) 5l Quaal ke e (g giat 2yl culS 1Y) J bl sadd Cagadl) )
Al Qi Cang g Aol 24 (e Jshal 33005 43500 3050 80 02 2 ¥ B0 a Aa 0 N
Clliie (8 e (B L g G AN OIS 1Y) Al Al el ale JS g HLEAY) A0 aa
(e s e %0.1 o skt Y Al Al 4 Gl

Alla 2yl Chind) b dxam o cellaay 4kt 5 e ) (00 Ll st Al 2 AT (3)

O 2 & (Clal) da ol Ao gie 4 Ala b el gl dec L) 4 53l
(il aladiu

(mM3) Lok sinay Jase Alall ) 5 ()
- Sblaadl /4
A ALl (e Raall A gl ) (5 gimall Sl oy

m; —mg
w=——x%100
m3; —my

- el s /5

S Y A sl ) (s gimal 4 sl At e s & (e s s 8 gl Jaaasd o
e cAY Al Ut %10 ks 135 . %10 Jslati Y Lgiaid calS 1) (g ke
Al o3y e Jgeanll Lardiad) i LIl S5 crinan




Sl aalaill 3 ) 5
L 515530 5 il el gl
Aiaa) Auigl) and

Department

QAS L gla i s gina gard LS8) g {1V =1=T) Jgaa

Al fiJ .'CJJ‘U
: 2l Fe pyad
sl i om0} dh ) 40 10

JR LRI
(e plead —dpialt) Ag2Y! o jal 36k

R
t ¥ ¥ \ il g3,
il
s (m1) 36 M Al 35,
R (M2) L diall 53, + diad o5,
| g (m3) S Ayl gy v A 5
i gl m2 - m3) L 55
s (m3.ml) Aala a5y
(%) Wbl e

M2 713 100 (%)

mz—my

(%) gl ) s g Tl il Al ¢

TP PECWETRE

il A gread) 48 33872
 OLRY e a2 /1

oAl ASulaiall 4 il Liquid Limit 4 sl s 30s5 g8 HLAAY) 138 (e (g sl

L slie 5 Leadldi 5 Ledalaal) (e A )85 8 S8 any Lae 51 pales (il G Lgdiiua
AN e A0 ladie a2 sk )l (s siaad A S g0 A gpudl an ey il

1 gl )l (s il 4 gl Al ga A gandl aa 8 LEAY) Cuuan g ABL AT ) Asall)
pe 13 Jshay Sleall Jaed ele gl gl8 die 3 sa sal) 3l Lila 3eadlisy badie ey S
Al 8 Gl i Jaray ae 10§81 (e 5 e 25 4 siu e dailil) cilaaall s s

5 ea 2

S (Sama ele 5 e Jleadl oS A sl aa 2n0adl Casagrande SiabsS s (1)
Aasinf (Kays Sleall sacl e Ly o5 ae 10 gl Sl Y 81 me Jsn &
(ASTM) s sl Casagrande s (3411 3l

2 150 (s okl sy Gl sl (e (i ()



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

2230 s lea e 5 20 200 s el sh @y Lla S ()

b sle o (5 6a3 48000 dat dala ) (9)

dexall (4 il Ay gl ll (5 siae Gaed e ()

s 2.5 G 2 (e e sty aall B e Gana (gag o) sell 32800 pue daSaa Ao ()
Axka ) 4 i) e (B 250 ) 200)

- jleadl olae) /3

B Al 4 3l aen (5 deaall Dl (o SEL A ol aa e [and cany (1)
Ua i izl gl gl Jogi (e 2SU Wl elile Cany 3l A1 @l 3 Loy (il g ddpdai
Jaaiall die 3 50€ 4488 4 e lia K YIg 1A

Gl can 10 ey 328l (e Aef 4el ()5S dumy sl ele gl aua Cany ()

iy W5 (A AV &y e el Gl e ST Sy Jleall anall jualise aladiuly
_'&As:\ﬂ\} c\.{:)&\ &GO:\:: (e 10 S

-4 4Ll /4

425 (e oudd Jaie ye e Gl AT 2 Ga (aa 200) Gis 2 Glss 2335 ()
Jaiall 138 e lall A Jaaas ae Uansa o a3 il 5 (55 Saa

Clanal) 3] Jad¥) b 5 S 425 elie Jaie e Al s alaea e 1)
Sloialy cuad 13 Lne W jocant ) daladl ¢ oo Jalil) die 43 33 ga gall 35S ALY
Gy o) sl Addaall B i) e o A1) ey eiliil) Caliig dmlall Wil a4, )
L G sl A e OF 138 3 da il g Amplall Leilla 8 4y gumal) 2 a0 jLial
Apaplal) Leills 8 culS LEAY) 8 deadil)

(S il ylaial) elall (pn A31S 2aS e T Ll Rsial) B 2 ) A a3 (<)
Aliz) we Ailal) Al e Ly LAY lag s ¢Sty ol g aladl g il ) S5 a

e ele gl ) g S 65 lae dlians o) 8 ) Jos g slally Tag Aipel) 1145 Lavie (g)
Ay CulS 13 a g (S8 Ayl 0 i Aol 24 5aad o iy o5 alle o5 o 5gll ke
3 JS M) st L dlee ) a3 Y 088 cgplall (po AL A e (5 st Ay
1A 3y 5 e d il e LRV o) a) oSy s el skl 5



‘:JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

oany of Aaadle g 33182 10 e JB Y saad Tams Ledala alay s daall ) 40 51 sale) (2)
DAY o) a) U8 jaiue (S ehala sale Y 4883 40 s ) zlisg 8 4 i ¢ il
lele

iy leall sacld e el Saedd) ele sl 8 Lehals sbeal) Al (e ¢ Ja auda g Ay (1)
ol a0 10 axall sle gl Coatio & Al clow (58 Cuno Lgada 4 i g A3l 3 8
Atiall 8 Lgauia g 5 5250 31 4 il 4113

oo Balacia (3l 3lal Qi Gy Alcaial) Chuatiay jlall jladll olai) b 4 il 35 a3 ()
L5 Loy Tl 380 ()5S o oy AS el Leal sa 5 3l Ly (505 oY) o
alaiuls 4 i) A alel (38 Jae el o 5S84 5all) dmdiig 4 il e Ay lladll
(ASTM) (8 Lale (a saaiall (33 BIa1 aladin) oSy AMall o2a i 5 Al (30 310
e il e 0K Al b calal B Jae (San ol 13 A0 e )51 028 Jid]
Aol A aud) as sl ) ya) 4K ade Joas Alal) 220

Al S Sy i Alead) 03a el AUl (8 G )50 Janer Sl 3 sl ()
Buail¥) ddliss Jsha e @l Cangy (341 ¢ B dic Lagin ae 13 A8lise (Slaill S0y

8 Al Gl ) aae Jiad (33 slal Gapla 5l s jaie 3 sk aladiiuly

G oila Gl laal) (any 3 ALl o3g] andll Lagiany (33 ils Glail
DLEAY) e o cang Al o3 By 3 (g (pilSa B L) (pn $1 8 iy Cuny
Yoy eall ils 3130 8 @ il gl il (oamy b ae 13 Jotas | sainse GLail¥) ()5S i
Gaan 13 elall dilia) any 5a0 die o s sale) Cong Alladl 038 s Legibsi] (e
(5) (2) Cuxiad) (& 25 e 58 Algandl an Gaad (S Y A i Cand olld 2y (3Y )
JOA Al Caidat axe Ble) je an Gl pall e aal g 2ae Gullite o jlad) elae) ah s
ik

a5 S aladiuly 38 il Blaidll dihie (e (aa 10) Gisw 0.1 s> 335 ()
A gha )l A paail Ale 8

sle sl Jud o5 o5 5al B e Aadal) ) Saedd) ole Sl 8 dadall 4 5l ol ) o (L)

g5 e Aiall 4 A5al) Y Sl el e 3ae 3000 () 1000 (o ol (5)
inie pu )l JY e Balis )l e Jgeanll (B) ) () o il shaall 5 S5 iy il
Legd ikatill 5 <25 (e STl juim 230 Lagd cpibatil) G jlsie V) 8 381 Gy g bty
) Gl axe (IS 13 Y s HLEAY) ey cale JSE5 25 (e BT il e 2ae
A 40510 O



AL e:\h_"d\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

L) Calaall pe Leaial Allie ilad dadady 438a1 b o 535 sall Al dplart Cany (&)
LAY
L

-Sbluasdl /5

el Jiay s Apalall las 6l 4 sl )l (5 sina ol I snall Jiay Cumy ) s )
Agaiyjle sl calas I @l yuall 2ae @Y

sy ey ]adl) 138 Coyry g cal@illy e Uns gie Lagiine Uad sl ()

Lall pe ety Saie adalds dadil ALall 4y gda 1) (5 ginal Ay shall dad yiial ()
Al g ax 58 25 (g gln byl (e 22 e ey (53 il )

- ol s /6

sl deadiveall 48y hall oy zanaa ab ) o 8 () wy (7)) A ssall 2 dad Qo 3,
dpe s S35 (580 425 (slie Jaie e Jlall At st ) A8LaYL A ol as
Ay e of daine o Bepdall gl 8 culS ¢ g 2 53l

31t gyl i 0 g i ) @5 (11T} i

At P oparsd

Al e L sl

Pyl iy ¢ Al G

R e e 1Y0 e B0 e gl dus

R SO TRE PR PR g
L I O ' sy &y

ol e

Adad o

e 0m ) e gli el oy

chagh (g} Ak A o5+ Al
Chme (03] Adlp Al o0+ Al gy
st (mp—my) ooy
W (my—my ) e Gl Gy

{36) S54b g shas

M2 M3 100 (%)

my =y

[%6) A gpdl smt Bl goull el




AL h\hﬂ\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

(FAR s

L

" . ‘. rl. is &

byl i

W ppeadl b Cuggad gyl alal migad 3 (T-T-T) RS
4 ples gy Ayl

ol L gall) ts yaad-3
- JHBRY] e a2l /]
paat Sy el sl o3 ddiacll ASlaiall 4 il A5 gall) aa aaa s SLAAY) 138 (e i)
6 sina Jil 4l e Do galll as Cay e Qi Al Wil 8 4 5l (e A D alll aa
lasie Al 4 gha )l (5 sina sa Aisalll an Gld QLiad s Al 4y il lasie ¢ oS5 4y 5ha
oo 3 bl Al (e JSaall il glas) Jad G je 5 Ul sk (3345

- gl 2

0 150 (s o ka8 iy (b ) 53 e 428 (1)

2020 ae 5 ae 150 Jsb bl S (@)

b sle o (5 53 48800 Jut dala ) ()

0 10 4S5 ae 500 4nbia Jsb e ala ) 251 (2)
axall (84 i) 4y gha ) A 20a3 e ()

- 44 bl /3

oo ol Jade yie e SV 4l Ae (e alya (15) s 0.15 s 335 (1)
M o jpuand a3 (5315 (5 S0 425



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

29 3 granai i slall (e (ppme )3ie e Jalis o5 Aidal) 8 A il e pua i (<)
Leie 58 JiSnl 2diS

SV Il in ala ol 7 sl d8adtiall g sl all gbal g A5l 5 S U ()
aild Lo 5 Wl sl Rl & ) g ae 3 ) dadd) a5 1) alitie o ke Jasa
sl dlall ()5 oy asbee ()5 A2 Jlb Ao aua sy A5iGall Jadl) o) al e
Aash )l (5 sina (il ATl Ll

58 S e Al JSa g elall (ge <l i il e 3 (g ST s (5855 13) (2)
S sale) iy can 3 ok ()5S Ladie Jadl) 383 a1 1Y) () 85kl ) Siy (s )AT 5
o0 3 b bl ey o ) Adeall o ) S5 (5 53T 5 e 48 2338 IS5 e el
Cumy ol Alae oL Aall e Lalitie agba) ot (55 of 3le) e camg ale IS
i alal) 5 L3l ull A8 ja e ALS 50 10 I 5 2 pe 3 ) Jadll Syl Juay
aal) e Ay B Al 0S5 Ladie 3 48 ja e ALlS 550 15 Y 10 (e cphall g i iany
A Al

B e e G () 5 (7) b 3sSl @l shaall ) S ()
- Sblaadl /4

A st 5 sl A sl Fanl) il T 558 45201 am 340 sy Jgm b il a1

- el s /5

e Jaie e Sl e Jpns oy a5 8 ) (wp 7) Adsall) s it o
Al e o dendal) Lilla 4l ddiae CalS o) g il Adls KX 5 Sie 425



Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

Department

Al gl s oy ma (V-4 T) deta

il g, aAD
AT See p g
P ey il A
e e b Qs LY ulia Sl u Jfall A
P (%) A0 0 Apndall 2 gha 0 5 e
Y Y \ Sy )
A iy
g (m ) 35 8 481 5,

iom (M) A, el 5y + A )
Ly (m,) Al dnall 5oy + adell 5,
Fiyg (m; —my) )
iy (my—m,;) Zle Bl 2
(%) Aush 3 5 e
x100 (%)

(my —mj)
(m3 —my)
(%) gl ) 2t 2

L0 it o 5l 2 sl a7 g
- LY e a4l /]

45l sl Specific Gravity = sl 05l sl s HLEAY) 138 (e (a2l

Oo paall i (5 G ABal A il s e e paa ) O Aandl) 48l o el
Lanant Cang daga dad oo gill sl il A g da )3 20 3, s Aa ) die il el
L gl cllia 3 Jas 5 cdabisall Lgd g yla 8 4 5l 48U Cluad axdius LY ddyy
2.6 O sale 45l Cluad oo il 050 & sl o lld () Lag A il Jaad 3 )08 5 claall
O i L sl ey Al 4 i) Ae (8 dlilaie Gl Wi 8 4 1) 0f Ly 2.9 )
S 58 sl b gl Bl oS5

Sl (30 %10 G ST e (5 5in3 Y Al o e S JLARY1 138 5 a] e Cang g

DS Cind %10 (e ST A e (5 5ia3 S 1) 5 a0 40 (e Lo ki 3 5y Sl
RPN\ RN

-5 g2

Ankalas sala ae i1 ] drw jlda (1)



‘:JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Aadall 85 50 50 Joras e e W) JURY) Jlea Gl Sala il 5108 (@)
(p)> 0.2) (st 0.002 By sl O 3 ()

2 00.1 4828 ) jall ds 5o el (5 5 Siasa 53 (2)

20110-105 e 45l sa da o Jawa (S il S ()8 ()

ohia sle e (o583 40000 Jiue dals ) ()

sl ()

- 44 b1 /3

(+1o> 450) st 4.5 Jsa ol daclill 45 e (a) s 250) Gissi 2.5 s ()
lapal) G52 Ao sie 1 (e

oaid gy Ay sie Aa 50 110-105 Boa A o die ¢ Al 8 A il Ae Caidal &5 (@)
42,0105 50 Ao Al s < 1Y 4 e ds 50 80 ) udaill 3l s ds 0
Al 514 ) 5 &y guaall o sall (e a8 e (o5t A ) Al 8 LS A e

- (M1) ¢l (0.2) s 0.002 < ) Bla salandl Jldall 035 &3 ()

On o> (400) Ciss 4 5 A dae il 4 5 (e ol s (200) s 2 s G2 (2)
4y 53y LAl 555 oala U LAl b Lema o5 ectigal) Ai2a o ddaus i 4 51
(m2) (> (0.2) st 0,002 <3l L Adlall 4,

A G bdall Jeay s s hadall sl g 105 (Mon il (B pa s ()
Aseda 01w AY Usa) Jaadl 55 a

Lal) riay s e sae e o Ll L8 5 jlal) da 58 (358 ol i ()
Al & 5 e Al 4y il Al 8 Al i g 220 B dlaa 0 Lalad) dglee i 5) (puilaia
g s 5 (3 day i) Ala o5 o5 AL3RY) 5 Aans il Al Ala b clela 4 ) sa

Aol Cuaisaal e e W) Qliyy V) ) el 8 el (5 5ing U 435l 5 ladl)

L2 Aalle 455 ol A1 3) 5 saland) A1) 3) 235 Ly Aipad) JA13 35a sal) o) sedl OS oAy ia
Ledde elall Cadall () Goph oo il il (1

(Jazall 5 )y A 3 A Jeay s 48 5l g il elally 511 1 adle ia lall Sl ()
0.002 A () st 33 g gall A il 5 olall 3 8 Loy 3312l )3 99 a8 T iy o
.(m3) e‘ﬁ (.20) ufu:*-'



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

iy 51 Adle Jia shiall elall Sl s lua Calaiyg Jslaall (0 Jlaall ¢ % ()
Lelata 2 g gall elall aa Balaally (9 ) g0 9 Jamall 3 ja A j Sy s JLAY) Slea
o kil sl (s st (et Al (M) (¢ > 0.2) (8560.002 < AY

i o3l (7)5 () Oiishall Jardl 55l a4 o o Jsanll sl (L8 dadlall
A9 al oS Hhatal) elally AaDlal)

o ) oy 4 ) i g o AT e e (2) ) () 0 il shall ) S (L)
sl

vie 4 5l ol ) o)) s o 45 510 A 50 20 e Adlia Ad 3l 5 ) s da )y S 1))
4..1).1.44.;‘)3 20:\.3‘)3] JMQM\SJ\);J\ :\.;JJ

- Sblaadl /4
) Aol (G ) ) il e 5l 0350 Gl 3y

m; —my

(my —my) — (Mg —my)

G =

=50 sl o Adas gl Aall (lé Ul 5 AN Cligell O 4l dass gie 341 a1
Al Clsd

- il Jiasi /5
O e o) e o8 A jall e i) () sl Ao giall dagdll Jaas Ay

Al Gles aead oo gl ¢ 50 aaad jlial =3l sasl)




Sl aideil 30 35 ¢
L o S0 5 darigll el 2gxall cVE

Fnd) Losigl) acd
el Al o8

LA Sl gl (o8 50 (3g Gt RG] g0 {V-A-T) Jgaa

ol d, =gl
Lpdl Gm oot

t L Gy el
. g

rl r| Aaualh o
(o (my) ssads sl o
e (Mg ) 2+ sadly s 3
Gigd (my) bl + 4+ oy a3,
L (my) ol + oty o o,
[G,l P T

¢ Gy )ik ad il

i 3 las 38 5Ll o g8 )b (Y=A-1) Jgan

BT LENY aish L VRTLIN B P
|l | el [ Waian ] g |2
L 9\08.5¢ ry Starr A Yovonne E
L AEve ey S ANALTY L] 14449 °
+ 86T re < 84arey Y. CA1AA 1
A1ie04 To 1A N DRLTES v
LAUATYLY A vAYYYey Y YLSAVY A
AAroy rv - AAvaty T PR LT 5
LR EE Y TA 2 A4YETT LT - A4y 0
Aty T Y1V ¥E Yo < 1mrr "
LAITTLY £ S ™ 441072 Y
CANAY. i\ S ANeiy W NAss. '
5,591V, £ Ly YA 89Ty 1§
B LEPAYR iy - A%04vy Y4 .+ 198 YY 18
A4, i1 LAt r. CRE Y U "
s e ta Jovie " A8AALT Y

Gslat 20°C)=Ggat 1°C)x R8I0l Waler at ¢" C | A-Y)
spgrof water at 20° C

Jilial) adiiualy ppund] g allf diaa3 5

- LY/ e ua il /]




‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

e z 5% 0T s sieve analysis JAladl aladiuly sl & il SLad) (e i sl
il S (g0 A gie A o Jgemnll Ul JUEAY) oty lal) Jal) a5 e 8 45k
Aadiaal dunedall g dqudal)

- Jald) e Juall 35 5l
aeal) (K %10 Josn Ll 3l e (e 8 jaia o e g siad ) 4 ) o) Y dailly
diall Glual) Jas dalee 5 (phall 5 aball Gl (e palaill 4 51l Jase Jilee (g
Lo b aludl ) Al s () Jaa D sl 028 8y Bas s dglee L ddlide Jalie o

o e gy (b L ST Jiia (g e 2 5l ApeS 5l ) il ) LAY L
_’USAA.

-3 jea¥ 2

(e de sane e padiuip Leilaih s Ll ) dpalladl LN culd JAliall (e de sana ()

z )5 ) sl 3 il Jaliall cilulie ass O casy Asaiall Jliiad 15 Jaluall
vie s JS) Clulial pes aladind el W asl Baadly s iy il Gl Clulia 498
(Jaliall il HLa) (e i ganae aladind Juzad) Cpad ol LAY (e jaS aae ¢l jal
A A il Jadl (6 AV Jaeally Jaall saal

(7> 0.50) s 0.005 48y psbs Ol e (<)

(#> 0.01) ¢fsi 0.0001 48x ubos o) e ()

caidl) i andall Jia Gl andia (2)

Ay e da 50 110-105 e 43,1 Aa o bania (S Janall 1 3l j6S 0 4 (@)
e 150 Vs a5l aly Calia (ullie 3 A cllida i ()

0 40 iee 5 a0 300 s Wkl aly Cuilic pas D) dpiaea ) gea & ()

500 O z s S danliall Al dagf) 153 12 (s Aaasy sy f ¢ STl liia (¢)
(G2= a0 150 Y 805 Lae s Jsh e 1000

0.5 s Ay 1€ S ol (a0 100 Lenase 5 e 200 Wl sh cailin ana) 48 s (L)

Lelile Lo f ALl 45 il of Jaliddl (358 ()



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

A sl a s guall i s 5l 55 5l g saal) il 8 Uinali€a Jia inaal) J sl ()
A slall g 4y yual)

e 6 ki ddathae il (J)

(5 J81) (Sl Jalia 518 (o)

- 4 bl 3

Alalial) il jpmat 48 Hha (335 5 umnall y (AL Leiind Gaw 4l (e die 3355 (1)
bl e g sSall o 5all Juad i (M) (Jaa¥) W5 e %0.01 8T G5t
Aac ) 4 i) = i) 4 i gale (5 mas arndill Dlga (e 4l Apey Bliia¥) oy (plall
G gl e Zallall Clygaall Jusb sle) e pe a0 20 Jiie e Al aua s ()
A Y e oA clld 4l Lo ol el 3L ph alasiuly ) sShall Jaial) (ulia (e 5SY) ulidll
e ae 20 Jaie o Hsaaal o all i A 5l Clal) (e ol 3al 6 4130
il a8 5 Jaie JS e i) 40aS 0 ) aly g ¢ ST cilads <) Jalie de gana
VI o dlaal) les 8 Jie JS e Bl 4 i) () ) (s aall o Bled e i
sl (8 daia sall aslll (e ey

Al & ((my) ea¥) 455 e %0.1 @8Y ae 20 daiall e Sl 5l 05 &% (7)
A o BY e all 138 s el (aaS 2) st 20 (s e e o Jpanll dand
(M3) Jea) 43y (e 495

;th@lauj}h‘jamjsﬂs@yua)g;‘i\ & yall J)éi(q)

ST IS s Sl B3l e (an 2) Gt 0.02 Jaras alin s Jslae Ciliay ()
5 e il g Aol sadd ol 5 s 2 5 Gl oL

& o0 0.063 Jaie o g 550 a0 2.36 Jide JIA (e o) Jal (8 45 Jus ()
slall (f Laadly s Jawdd) et s a0 0.063 o el Glas Jasy 31 el Cay puc
Jaliall e 5 saaall clypaal) ares Jii a4 Lilia mual a0 0.063 Jaie jie ey 3

Ll oLl oF 45 il (e daS (o aa 68 Y 0 AaaDle Cangy g ¢ d S e sl s )
ae 0.063 Jaiall e 3 jatiaall 4 jill ana 3y Y s il dad daiilly 5 € Gl

(p>150) ¢fis6 1.5 o=

8 da 0 die (b 33 saaal) A il Cuiad oy dleleSh Al Ju oty Ladie ()

A5t A )2 105-110 O 7o) S



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o 501 il el g
Aaall dusvigl) and

Department

JAL e o 8l 8 48das a3 (A 5 can 2,36 Ak e Hsaaddl ¢ Jall JA% ()
L35 damady Jadie IS (o 3 ) samall 43Sl 5 ol 5 Apuilie

G 1.5 Jslaiy ¥ ai s of sl ¢ sin ae 4,75 Jaie yie s s e 5all IS 13 (L)
daie JS e 5 ) sanall 40aSll (55 4l a0 0.063 Jiie Sis 4liS (Said ¢(aa 150)
Baal s dglee (8 O shadll 038 e Sy ¢ SlSaall ) el g Ala 8 L)y Jamsi s
(3 10 5o A g Jil 5 ¢Jaill dddae JiS) e ST iy

(> 150) Uise 1.5 (s ):‘5i L,Si S ae 2.36 Ji e a @A el s 1Y) ()
T e o sl Juand Cumy Al s o (M) G50 s s Vsl 6 50l 18 (35 o
& (ms) s demaiis e 5l o3 035 6 (22150 Y 100) s 1.5 G 1 e 4335

Osl Sy 05 o . ae 0.063 dnh aliay Jaie ) danlie Jalie e Lelas 45
Jaie JS 3 4l o) 3aY

h ozl Gk e ae 0.063 Lk datis Jate yio e s e Sall Gl ol ()
‘M\w¢}gyﬁuﬁgiﬁb\f@c3hé&JAJAJSGJ;Z,JM\ C)U}y”@-@}e
(M) ea ¥ 0550 e g R &

- Sblaadl /4

Ol Gla oy ae 20 e ST Uil il e (g siad ) el il (1)
(G i e o(mg) Ay 3 el JALW Ao geaa (0 J33e JS e ) sl
= e 40 daie o saaall 4 sl Al

m(40 mm)

P4_0= *100

1
1! 20 (e Lelulia &8 Lfm JALA e gana e 3 ) gaaal by sy Glua oy (@)
TJURS (M) O 4 st ApnsiS 5 (M) (0 S 20 2.36
= ae 10 daie o saadll 4 gaall A

my * M(10 mm)
my *mg

a5 (Ma) O A€ as 2.36 e il Jaie IS e 5 sl ol 35V Gila o ()
1JES (M) 4 sie daniS

P10= *100

=ﬁo_3@@cs)M\§M\w\



Sl sl 3 51 5 ﬁ'
L 15l 5 Anigll  all agadll c
A inall dutigl pud VE

My * My * M(0.3 mm)

Pys = %100

my * Mg * Mg
(daie JS1 05l el dpmpanill il ol (9)
- geilidl) faasi /5

Jsaa 8 i) Jed (Kayy el )le o) Ciai b e Lgle Joaniall i) Jasi g
003 IS (e %1 o AY Aeadiua) Jalie JS1 556l el G ra gy

Ll Jakia) AR g Chatdha (1 -9-1) J3ap

LS Sl bl J0 g0 AT B St
ASTM E- 1961 BS: 410 : 1962 L S.:460 - 1962
o dmsitl | ot [ s et i [ (e Bmett] ol
oA "y B A e s -
rY,e i) ‘/' YyY.o " ‘/y £ -t
.. T M | Y- o3
1 Tl Sy || N R
L.¥e . 6 | T | e | v
M A ¢ ¥ | oaen
L) b 1Y e VA PARRY
1 r 1 re L N IR SO R
AT ¢ .. EY 3 SLTIN P9 St Y
v 2 ¢ of S PEYRT S #
nr v. . VY ST | sl Y
TS N Y V- -0 | g Ve
¥ Besi | wdl | Fas | s | i
L Ar L AT re. N L I LT




Sl aalaill 3 ) 5
L 515531 5 Ansil] Il sgaal
Aiaa) Auigl) and

=

Cve

Department

e S g T LR s G0 (Y-4-Y) dpin

B e s
u‘j{l“’l ; (&5 2#) st 0391 .
() | il o Jada ¢ulia
P O N I BT e ()
pa Ton p To pa BB
T L fe fa w
YA Ta A i
" Yo s L fa X
e [ETa T T s
. ® 1 L] i i¥e
., Py
. he
. T8 oo
e T




Sl sl 3 51 5 ﬁ
L 5) 53S0 5 il Mall agacd) c
A isal il VE

ALY LAy ad 0 A i {F-4T) dte

il Al B : pagsd
il Jae : plipall
iy Al ey Agall f"J
i — i) ratl 35 b e L T
by el : L LR aid .
e e e e A
(1) ] iy (]

te B

o E-

L LE

LTS 1

B £ ve

TNE G

it Zagtgall

END p dall

r,r

% VLA

' 1

¥a W ETE

wa -,r

P A A

. =00

i e

. ta T e dall
[T

. Rpaiad e AN ilm] *

P e 68 iy Jalia phaitad e 3N a3 Gk} ey g Vo e npe Tre L el Taad o0 44
gy Ao Lol 28 i gy peessh g el il e ke b e Gamaad 53 A 1 (T-1-T) e
celjal o Bl L B o e plast Dah cia 8

-+ |l
3 F
3
n; il =
~1 i i i i 1l

(1Y
(."U‘sK‘J‘ J.ld"
VA PN 5l L ) il

: T a2 Tl e T T 1
| “eﬁ | ;f | 23 l ﬁ) l"
ey 1 Y b

~

T a8 s AB ) i Il (3 4-T) S



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Lélail) Cdlales Litai 6
-0 LAY e s )3 /]

4 il (e 4ml compressibility bebaaill Jaeay jlade past ga HLEAY) 138 (e )
(S o Al gand JR5 e dandall (e da i) dandie b o Lilad daiiadl A<0laial)
LF“M“-‘:’_)‘ALCM‘J cgjjuwi)dduﬂ\)ub&)ﬂ\w&w\

Aady Ay bl Lgm
-5 g y/@

W) Consolidation test apparatus (oedometer) ()fe-oﬁﬂ\) Lelaaill Jlea (1)
Jabaal) Gl BY) Gl s aua g o IS Cal gy g cailall g i) 5 il ¢ il e 5
A o) 3aY) e GsSh

ol Taall B el 5 A glaall el caliall (e & 65 o Jiady g Jae Liail) dals (1-1)
dakald Al o ddlall (5 gind Guila AS jall (e diell pie o Haldl) k) sl
L) 2 Al 4l shad Hlad e laelail) dalad Aol Ll adiey digell jucass Jigl
dee Ul Apalall 5 Alall 4y il dpnailly 4 i) ilad €Y ladll 5 4 il ¢ i g Al ye
Ji Y Lo )b lendl Aol Al it 43 ghand 5l (e ae 6 JBT 0585 O oy
el il dlae ol Gy 38l AR Cainl @lld g Aigell s Al Lol (e ae 3 0
st Al &y 5l QWS g plall amy o g sian ) Aadal) dpsalall dle Hl) 4 1) L
Gany ) i Al 4 ) QS dliall IS 5 3 gpall anll Jle saae Claand e
231 i) iy Ly La kb o it i) 400 shand (pa Lol i) e 5,05 416 )
Ao 058 b Tt oaill il 185 ) sy Aball oa JAN pdanad) 2 5 43 sram Cransn
Ulel dalall ol mdasdl ) 6 of Gang s A8lal ol jhadll oy ) Gl (e 30l digal)
LAY Sl

Jilas ana (sl 5l st I 20lST o Ay gu Sl sall (16 de givan dudbsa pal il (2-1)
Al (o slall Ja ey e dpuilia dpalisa g Jaliaai) cld g g sha y 5l 4y iy il Y
Al e gy il ) Dot (el Jand e 5506 (oS5 e Ll Jal e gaes B
L) pal A 5l ae 13 () e 6 AL 2S5l o gaia 1Y) al BT 0 225 N

Ok 5 O gy dalinadl 5 4 slall mlan¥) o) g e S Cing s Auilic ae 3 ASLans
Aall ja Jliaily Lol dalall A2l il (e ae 0.50 (s S8 < jaiall (a8l
Aila 5 alusall (il il g o A ) JIAEEY i 10505 sl (9585 VT gy LS
s s (LS a0 0,75 ) ae 0.25 e sl s paslal) G an g 38 5 Tae Ll
sl s AR Ll ) A ) JIa5 aiad Aall Jodl 5 (5 glall o) o i 5348



‘:JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Dbl 8 (i) (a8l Al b Aelasall Gal BV Gle @l daw) aiad g el
Laaaal ol el ol 5 (5 slall

Ly Ll () oS5 5 Aalal) L a5 Gy Al Bale (e Ao gl JagLiail) 44140 (3-)
3ae JA el 1 2ol o e liatll (il Sy Cupay Aainl) ulie auda g oy (4-1)
o060 Y Aluey ae 0.01 A doal A3 4y s

e oml) das slhe Y eaay el 408 Jaal dlia 3aeld 53 Jrend e (5-1)
e 3 ARy sl gl 4 ) U TG Jes JS Gl o ang s daenl) £153 JDIA (e Al
Al Slea b sl 5t () 505 40 3 da gl ld g Aanlia 5SS A I3 Al ) Jia el
148y W g JLia¥) due e 355l daul U 380 oo it o cang s Wil g i
O J8 Y ey i) il o) i) e 1508 Jaenll Slen 0058 O s gtied 00 %
sl Gadll (68 s eJpanill B alasiady 38l S 5E o sy eSens (00 %75
Lhal 3l ellac) e 1508 Jraadll Slea 0558 o cang WS dilia 3 Sy ake (5 5kl
et (s

(s oat) Al 4l shand (e HLia B daell 21 AduY Slea ()

(ks Al e Al Al s o g g Jae Ll Al x5l Jula ()

Al adadl ) Jiad 93 ala (S (2)

sl Sha Jline AV e acls iy ellu e Laaaal cells ol jLiie ()

3aal s d8la ae (ae 3 LgSan s can 25 Lgun jo 5 ¢ae 300 (s el sha liall (e 538 ()
b gl

0 0.10 Ay Al g i)l bl e (1)
2 10 4San g a0 500 (s aalia Jsh jly mo e mhaise Al 7 4 (2)
skl (s sine 2aa 5 jeal (L)

48 )5 auiasi Can (@l 4l el (54) A& Watman olail s Jie g il G5 ()
dind Al 48 )5 giy chaeliall dilal sl Ll e g dell phass (358 e i
chelaill dilad il Shadl) e W jld iy Y Al



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Baal g 4l A8y il ¢ de L (&)
M\BJ\P:\AJJ@@\AJM(J)

:\AJJJ.\.GJLC\AY\c\ﬁjamubéeﬂh‘jz‘)\ﬂ\&bb‘)d‘fﬂ\u.u:\s.i‘)lnjn‘)ﬁ(e)
ARG 3l e

oo Lail) Aila e S ST e dpina ol delu dala ) ()
Al o i) (sl aasd Sles (L)

_- 4y 4L 3

VLR Y/ die puasi3/]

Lgaandl Clliall 21 Adul e aladinly A8l e Ledl (e 5y die 23 &4 (1)

Ao skl (5 sima s Lalaal (oo all G sl daad g 4y il ¢ o5 anaai

de jlall dalall (s oy Leglidat g Lagdidati g deLull dala j5 Jae Ll dals jLidl) o ()
Bl 4 il dapda 5 Al ans e sl A8y adiais )3 5Y) Jmadis deldl dals
(Ao 001.0 (S Al saie A8l Ax jo (5555 can 80 Wk il (A Aball Zouilly cale JSG0
oz 3 dilas gl sl Sl o 5 1S Lo Aalall A1 o) (03 (o> 0.10)
A8 g gl 5 ¢Sy ity Jauy eV (o lgadad g ALl e Aiall ) Lads

O (e SN a5 ppezanill o L a8 ) gad 6l e g ilal) rhan ae it

) e Al Alen gy ¢ ordall Vs 55 ol (adh (& () 5Smn 6 el Apal) Jae Lias
wanil) (U A gk W lae

& sns (Hi) les ) iy s ala 30 2 5l e dalall 2y s 08 Al aun 3 (2)
Aol dala ) o dan g aey 43 ) A0 s Ailall g i1 (5 gy lal) ale]

enS x2an53/2

35n 5 an Ll sd Adla) aa i g dae Liatl) 8 S e (8 ) alisall (a3l aua 5y()
Asbuaadl g Aol 45 il o il (55 Jlyy L il DS e i 5 (355 Led s Ll daall
Al & il cdae Ll 300 ) 4y i) dala  ASulaiall 4y il s & 5 bl dale
M\Bm;g#\ww\wﬂ\ c.».'aj

colally Slai g Jaall paza sl dxall Jranill Sleas 32018 (358 Lo Lay Jae Liall) 214 a5 ()

Aall FLEBY 3 jrim Ay ey iy daaia g5 4lSe & Allkiu) Gulie Gl Cag ()
Ll sl il



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

el s ALY e slae Gl 8 A ()

Jrandll G733

<400 <200 ¢100 ¢50 25 : A sail) o Jaanill juldl) il il oSa ()

& Sl Cana ()6 Al e gf 2 daanill () 61 20/ 5 5LS 3200 «1600:800
die 4y e el e b e Jgeanll 848 )kl sda sl aiill & Al dls )
daseal) i e o)y Jalicai¥) cpa A8Vl

S 0588 ) ag g Ayl g g5 o ddad adiady il o J5Y) deal) s o (<)
Juadll ¢l Jaia (5 gl 68 ASulaiall Ay jill Apilly 5 Aipal) Flam) a2e ol S Loy
Aae 3e) B Gl %y Abiaadl 5 45 gll) Baall) g Asll) a4y Al Asially Gl e Jay g ¢ I
0.50, 0.10, 0.25 ¢« yia ; Ul a3l U8l Juady g Bl 5 50 pe Aaiua¥) el
s dreaill 4y e deln 24, 8,4 ,2 5438260 ¢30¢15¢8¢4¢2 ¢ 1«
Oe ol gy 5 A 8 sthaall G gl i &y 5 el Jabiai) gl

) Kay Aoy Jarati ) 4 il @llh 5 Jaall auza g 2ay dagliie il 8 241 (55 9 puall
Llaily) inie aw ) dic 482l (e 4 e A o ot Ll Ladla g (51 8 el
48 S gl Joay O (Say s el 24 2y Sy Lleaiy) et Lo sale 5 ol
dh O (Rays Ulae 33y (685 Al dlle A Aniaaial) 4y 5ill Ay Aol

8aby ) Sy admy 5 J81 358 4 ) Jresd JS0Ae L 24 5 58 (8 4 5l ¢ 30 (lan) Talauzaiy)
RRPEN|

Jeall J& Y Cumy (@) sshadll 5 <55 (Sl 4 oo J8 YY) Jeall il ) Gl (7)
Laiall da g o8 sial) Jaxaal) agl) Tiliaa L) i) J8 Ll e Juedll lazall (o By
8 pile U Jyanill 55 3ilae Jrand Jsf 2ry elally T Ll 4408 o (de any | 4ald) ) yall
Al Flam) s

Lanil) x4, 3/4

Ll Jane (it JleaY1 A1) &35 ¢ i) Jand) nd Aial) Jaliaiai) (pa oY) any
JS A3 wie AUy Slea Slel B daa oy of e cdalpall aan (e sl iy s
Jaall Jisal )

Slwlidl) 3 /5

O i ala W 2l e i s Jae Lol A8 (e Al Ll 5 Al 0 oy
hal) sk I (5 gina waatl Ciuia ¢ (B st o (555 Ll 1 Al o i
Bakl) Al



AL e:\h_"d\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

- cllaad /4

Lial jailial 4/]

Lo gl JalazaiV) A (0 A8e an ) IR (e Clie IS JalauaiV) dpals Jiiad oy
Jsaa e (D) Laall) Jiaall slgalls oo an ) pibiar il ) san e cile ] )
e o) any (el 88

H dbal) cilpnd] LslSal) SLasillf)

Al Gl ) 6l myg

Adal clpadl e gl 54l G
Al alaial) Aalis A

slall aaall 35 055y,

(e) <le ) ydll Lui ()

GETEN

et S Ll gl 2y Jiliall Aisall g il Hy
coefficient of volume compressibility (my) Sliaidll aasd piill Joles ()

AH Ae 1
= = , —
H,xA6 1+e, Ao

my

SETEN

-

sl 8 535 S Jal) il g5l 3 il AH
Jadl) poal) Jaraal S Slga) Ll a5 pnisal) dusall gl ) H,

A e 3, il Alay) el il A g



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Jreadll A 32k 5 JS) Allaal) e jall das 4 juadll Ae
Jaill sla¥) 3 pixilAG
compression index (C.) e laill L (2)

Aga¥ls sl an ) pebiay il aall e cile ) il A cp A8l oy ra sy
MJ\MJM\Q\EM‘D& ()GAL‘)LGJSH‘)L}»\:\SAJ@&Y\ JM\&Q&M‘JM\
A badll 1

o
e=¢e; —C, loglog
l

>

e
(67) Juadll sleadl AL e il G e
(6;) Jladll sLeadU AL e Al dasi g

Al oy el pall A g Saiall (e aafial) ¢ Jad) Jaad dnboald) dall) aeloadll B C
_(.L.é..'al\

(C,) Lelaill Jolza 4,2

coefficient of consolidation taeluaill Jalre lual il (lidee () la cllia
el b€ 45y a5 e a3l (a3 H3ad) g Jaliai¥) A8l Jiad Al ¢ b A4 Hha
25 A ale JS iy Hlall 385 e ) o e ol g et ABDAL Jiam
Ayl Laiy cagiions Uad ) sll5 28yl jelai Y VS (s 6 oS1 dat Lail) Jalaa
O5Ss il Al ellh g GSall Gaamy O Sy (5 AY) VAN (ary g cdana ye il jalulS
NS L (o S0 Lalaaiy)

sl 4éy b ()

Ol i) 3l gl U sl e AU (ilie Be ) 8y ABMall an 3 (1-1)
Y el e

= el die ol I ) gl adady s da g dglad) 8 Cile) Al sl aall sasy (2-1)
-(do) Aaaadll 4.)\..\.:3\ E;\ﬁ il g ¢ ya

dad 1,15 488Y) ailfilan) 0 5SE Cuny Aasad) lad) 3l 8 (e aiise i an y (3-1)
Agladl 8 el jall Jaad 2aY) cildlaay)



‘_AL:J\ e:da_ﬂ\ EJ\)}
L ol 5l 5 Aunigll lall agaal)
i) Loigh and

Department

%90 - Abaall ze) 3l el 3l Jinie ae paAY) aival) Tadl) adalsi ddads axd (4-)
Lleaiy) (1 % 90 die diall dlass Cuny Wi s (dog) (oias) Blaaaill) dagd (e

(Hoo) (sl
(tso) 88! sl (e Jiaall a3l aass iy (5-1)

A8l (ge (Cy) da il Jalae ilian s (6-1)

o _ 0848« (Hyo)?

v mm?/sec

too

>

A

G S cland) Caai o) ) Ll e %90 J Jiliall sl elaws Hgg
LGHBAIL Jalaty) 13¢] JHaal) & 6l) toq

2/ jaluS 48 4b ()

el s sale Geliay il sae e ALY (elie Cole) j3 (s A8l ane ) & (1-0)
eile sl oaliay EY) ) gad) e

s el 3 bl 5 S il s sl 8 Sl ol Ll s 5 (2-0)
. (d100) Aall (s Jaliasl) Algs 3o yal Allie A vie Ladaliiy) Laae

(dO) :LI\J.}M a_i\c\} ‘; &M\ cksj‘ %) ;)Aj daaadll :\:1\.3.13\ 3;\)33\ aan (-;3:1 (3-&_1)

Jsaall e (dsp) (el Blacai¥) dad (10 %50 - ALlaa) 5ol &l yaad oy (4-20)
(Hso) o) LY 0 9650 e Eisl sl b % gl )

(tso) s88Y1 saall o Jalaiy) 13gd Jiliall (a3l aany (5-2)

Bl (e (Cy) bt Ll Jalra cany (6-20)

0.197 * (Hzp)?
C, = (Hs0) mm?/sec

tso



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

IS el Caai ) sl Talzail) (e %50 3 bl Ll dlaw 58 Hsg
(pels) (Al (oadas (e o jual

L GEHBAIL Jalaaty) 13g] JHaal) < gl ¢y

-5yl ) Sila o maaai /5

6¢§jAS\‘532\4)ﬂ\3J\Ja:\AJJ:\3JMMMM\LCLAﬂ\ u)m\.&ne.\ﬂ\c_“\me:\g
ol Jelxa b i smenal Al s yuing Anmnadl) Gagill e J gl (S

- blaalil 4 b

AN Y alaall (e (rg) 658 5 (rp) ot s (o) (il Jabiaiy) o il 2

skl A8k (1)
_ dO - ds
T —d
_10(ds — doo)

1., =
P 9(do—dy)
r,=1—(rp+71,)

) jaluS 43y )k ()
Gl 25 g Al O aleal) 8 LS (1) s 5 (rp) (Sl Iabucai¥) das lua &3y
A Aaleally sl Baleasy) A
_ ds — dio0
p do - df

»
(WKLY

Ganadl il 4k g,
shl A alasily ol Bl (e %90 J Jiiad) AUxinY) (ulie 36l 3 dg

45y Hh aladiuly oY) Bl (e %100 4 Jiliall Uiy e 3618 digo
_JS\J_AL.»S



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

)l & 3 sl o] ja) pe (Rhll) Ll a3 tie AUAEY) Goliie 36158 dlg
8 pall die leall 45 je dagii duasy

Aty u.u\:\s.d ailgal) E;\)ﬁ\ ds

dafiy iy e o) pebiay B ) e o (ladl) Jaraall) slgal) a (28] ans ) oy ()

Lebiaais &l e Jas o S Bbid anall sl Jalas o s o3 ()

el Aigall e Jyand a0 Tt Ll o 5 Blniai¥) s o 2033 2 (2)
Bolall cila )3 S0 e Lpoles 46y jla g Ledaia

BN o gaall Ban s 055 Jie Wyast o (Al Al Lpagadal) Gl 58 s ianndi (2)
Al Caa s XSy ol ()5 mpdall 4 sk ) (5 sina g

s W ypand die Cal s Al Qb geall s Al g 5 e cillaadle gl (53 ()
g o) oAl claadle




Sl aalaill 3 ) 5
L 515530 5 il el gl
Aiaa) Auigl) and

Department

belar AAsh milis (1-17-7) Jdaia

adl b P gaod

Al e P

A il sy P Ayl g

aa = Alall ahi ] Sl

T ¢ Al ke dala. P P Ak gt )

S el

hai Jd il 1y

= Hr ) ayall e

g dpnalil A3al + ddlall 1y

LR Lilah gy

LA (my ) el L o,

Al (mw ) sl 1y

% (W pdall ka5 e

s 418 (7} %80 ppaad saay (139

" of L g gl (a ) Hhed pomadisany 25y

8 = — (Vi1 T%) sl da
Yo _ 1
Ta G

‘I‘I‘I" 3 -
M Wi SR el

b o 33 g8l Al addl
' T, 2 | Gad
el [ slel el i .-..;.;1 <
=H,—AH|
_H,-H, | H, -H, H, /H x100 |1 =M, E0 |
o H, (ae) ( %) (2) HA (Y aef 55




Sl adaill 551 5 £$

Lol iS00 Aunsigl Mol sl CVE
Sl el o

oad a1 oy (g)
o)

{1‘,-&- f._,ﬁ_gga:l 7 Jaiall

() b oD o i

bia J Sy (3)

(/s = o S
i
praiall | Bl | Ayl
(Aaada)

Gl U B il | (e )
(=) AH Ay




Sl el 351 5 T

Lo ) 5301 5 Anigll lad) 2l c
A isal il VE

A} i g ALt} CBldas s (Y- F-1) gt

P Al A Far
P Alal (e i ogisd
P _ Sl by kel A
Yo st SiE dgall duf
d A5l dmd 50 4
dr iflgd 4o 5ol
I, nd g s U8 Al e
AH (d,-dy) Gl s § i)
Hy {IL- AH) gl Aml o
i f) el e %% e i dd ol
Ha Iz 0 3 i il Sl
dy Jaaiad 335N dd 5l ;ﬂ,
oo Ll 0% 40 L3R 3 50 3 | 3
fso (i sa) %8 1 ;3
Co | (0898 E Unhard year it i | 7
A {(d-d;) ~ |
B 10(d,- dogh® - 3
Iy (A7 AH ) AN Sl 4 E_%
I B/AH )  alid) HaoaMig
L8 1 = (Gobry) Al Ma iyl d




Sl aalaill 3 ) 5

L o1 Sl 5 dsigll  lall agaall c
Al Lsigll md

=

VE

—Department

(Y-17=Y) Jsta a3

£ popaf

inai ) B2l e %04 1 i) A5 Slane
{zod Gpall dled

(1) G ey 3 daed ol
SHAY e ¥ J5d T 2 Soud ol

(2d, -dy) Anaead dd i) 4
Bl % Yoo Rl 33 A

el % ov 3 i dad il A
1/2(ds+dim)

(g 9 oo 3 il

(0.197 (Hg) tsp) m’/ year 3l Lo
(do-ds) -
(ds-dwo) =
A5 Manal) i

Al Mol A

1 - {r+ry) 200 Wa oV i

G g Je oy Blasiai)) 43 o




AL aadaill 351 5
L 350 5 Aasigl] Nl g
Aiaa) Auigl) and

Department

Byl ey bElall cilalae Gl (Y=1r—%) a3, Jagn

t Al o3 P g g hall
Pl e Pl
tg Al sy gl 3
Tofchss SAHSNN GO psaall sam g 0y
% LS g 5 giaa
Dy Melianil eaad il | fabea
gl 1y Al o ol sl
pyy baanyia ik ALy b e
iyl 4l ol g iyl cra ! kiall

¢ s | fe | o |G| Tp |t | To |Gy [Y/mmds




{e) Ol s

el el 5 3 ¢
L ol i€l 5 Anigll el agaal) c
dpinall dunigl) il

da Ll @aw.z.,:ds&(\-\r-t) JSs

} Lacdl l5,1 b il w35 5. 1s
o &lh'.»ﬂ'l.e-‘ao-h ;“’1)-“?:3;"05&' o
YA
I.‘l—
gl

o B B AT R D

v [piiasslS)

v (e pend )

() Jedl daicsll

Jladdl i e g —..-..m,inwu.u(v-w—v) Jsa



() Yl lie 2l 3

Sl adaill 5 ) 5 5 T
Lia sl 5301 anigll el sgaal ‘:
iiaal) Ausigl aud

(Department )
Sy ke
nul:du
xcj‘ Yyee _"TW- 5 e O]
4 ¥ere
3, "
- ! 3 e
} 1 \ ‘L-@n -3\
xS ¢ \ RARp ] ._‘] Y \
é e 11 i \ (vi "3' ..‘ \\
= Ale = - . 3
S o pesah E-x__” \
b Ll
\-‘-Jl‘_\(r-:_dl_ | uptl| l 1y LoRGE
24 = 1 BN
R CH N T SR S Lo ioliog
(853 Jonsll om0l 301 o el Jdall

shedl @it () ! st ()

Byl A 80w BN g oo Ak gy B3l Julaa b (Y- P-Y) <
: Qe a3l jdad

LlE s | :
gy i:'ﬁarl :.i} 5
| =
1o oo | bl 3
dt—— b Toiuph i
i i B
. b L lgg ¥ ¥

W30 bl ey o el el
lasall gaidl (L) adnll asad! (1)

Baal o A0 (o s alas Ay BELad Jdae loa (¢=17T=Y) Js&
Ol ala i ol



Sl adaill 551 5 £
L 5l 5S35 dunigll el agaal) c
A inall dutigl pud VE

AN
LN

T

E |
o NN
:- ¥ }. \\_ ‘é“ "y .\“ ;Jl)’ b)dl::.»,:u
A I VA VAN \W‘e A
N \\ \\\\\

. AN

C TR M IR
| 1 ]
L3 ) A \ 1Y & A A
@.»41“ ,J.ol:.a

L Lol Jales prmad Jalaa (3 —VT-Y) Jod



Sl asleill 550 5 ¢
Lin o i€ 5 dnigl il sgadl) c

i) Loigh and
! | | T
5
13 |
3
-4
2 —t+H
f
i o ]
\- \-- A SR | T Fret vt K9
(ERY] \Y AR AUY R ety
( ekl Lazlall) Slan¥s
MMPBL.ZB@WQ,,BE3,-S:(1-\Y-Y)J&L
(log t ) Dedl siesley
Y 4 L 8- e Rraaa
i IIIIII' JI'[JH‘ IrI[IIIIi FTTTn T
e 5N
P 8
4
__-E 2
3 L
E L.l b .0 0. p L. oy

Ji.a‘hTTtu'\Hhﬂ\-\‘-.“w\i

VT e

Ol ga L2Lall | lade mildi il 3 gal (V- r-v) Je



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

CULY <lalee Luas-7
- DL Y e i ANl /]

lea yai die danall 4 ll swelling FUEY) S lbas paa3 5o JLEAY) 138 (3 a2l

- kel 2

r 53 Galad) s 85 Sl Jae il cMlalas sl bl ol el e ()
sie aranat Jan Sl Cana e JB Y Ly Jiend

36 gl )5 ae 63 il Lk faall WE el Claall 5l sl e Jae Lad dala (c0)
gl AN (58 oF oy (Caliall e ) Dall g sill (e Ja Liail) Al (55 (o Qa5 an
) ey S Cand diliae Uiy cilils aladiiad &5 13) @lSia ) QB el A
e 63 0o Alal) el Ja Wi g JsaY) s A

Aaaal) Jiul 8 ae 10 LegSans e £2.5 Lo jhai by Guebiss Gaa i auas 2y ()
e

el s sine ie elally Lilay ey Leeldi )5 an 150 Aalall b ki aly Jae Liai 414 (2)
slall Jsaa gt <) jlse Lee B 8 ()58 o anas egsstal) oabuaal) a3l (5 giaa (4
CdelY) e Al )

.~ 0.03 Ay Auaiay) ulida (2)

Al L s Sl Jie Al 4 a2l 500 ()

e 0.1 A8y Leo i ) 5 Al lad il A ()

Al 1 Ay i gidels ()

A Gl o il 03505 & skl (5 s 23853 3eal (L)

- Al /3

Ao dlaw Ga ST sy il e e a el 220 23 sl (e Al 2 il 2513) (1)
00 16 loss ae 62.5 haly o 5S1 Aiall 4y g 18 Al 1 AT Jlea pladiuly jLsY)
Ll o) g JLEAY) il o Aaadle a5 (dae Ll ddlad Aalall Ll 4/1 N ss)

Ao Slauy skl e JS DAL Cag plall (ds cand Calias ALY A gl GEERY) dakal



‘:JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

gl e llds cae 0.1 483 A 5l alasiils (Ho) LeSans (D) duad) [l (uld &y | yhadl)
Al ana daad Sy ML 5 o siall 34T a5 Baslxie Lol

O S| ana Gadal 345 s gida B jia (e A e JE (e 38 5 Al ClS 13) ()
o8 Al g Ble) ya e o) o odel S5 La g laly e gy o5 A slhaall HLAY) de
Al st vie Cu il oladl y dxlall

e 3SU Ble) ja g (ALY ) A3l shan¥) i e JEY) e Gilye GG s ()
ranill lguany ga 2y b )l (5 sinna y AUSH gant S5 45 jlie S o il el il
Lilee 45 gladia (4685 O angy

- 44 bl A4

Aalal) () 58y ASIAY) Jlai) antl) (pe 488 ) diday Jae L) dalad LA mdadl ay (1)
(M2) Olla Lea 5 Cpalisal) a8 (55 2% 5 ¢(My)

A Aalal) Jals Aliny Gl (s2a) auia i o t:ufu\ dals a3l aal g ol ()
Al oo (i &y petl) Alee e i 18 ol oo 2 (g lall alasall G il pun s
(M) (Oebosall Gla ol 5 dall Ldalay ll dilall) Jae Laill dils de gana ()5 ()
Adlaiy) 4y il S UL ¢ Al ()5 paad (Say ol (e

o sl (alusall (a jall LiseBle Jpeaill (a8 (35S0 Cumay Jaasll Sl Janiay ()
Aac 3¢l 8 Jaw -(26'“/6%50-01) 20l CFi st LS (1) o8 Al L Jalu L A
LJ\JJAY\ 3e) yall L) el 8l da yiimtg Jarall 1aa oy 2 oelaall

Lo s Ban i el AN cptiiaad) e JSE () I (1) e shadd) ) S5 o ()
EJ\JAJ\AA)Aj&JJJH\wmQMdMLQMJLPgﬁuJS@AJ

(S Jany L Aigall Jaai s cJladll ecall Jaial (88 Jany (J5Y) dall Jani ()
ae Ala iy aveaill Jeall Cania Jalay Jasy LA digall Jani s 28 siall apasaill Jaall
Baa o Leie JS A jail el any Tl cilill oda lial S5 (alad 5 jeal 233 ji 5
ALY alia o) B it o5 3880 30 s Jaall & 5 o3 ()

48 sl olall 5l Hhaiall plally L) Jae liaill 04 n g o e 3k (8 Al jee ol (d)
lall A aiad Sriadly el digall dgdanty a8 &5 ¢Sl 13) ¢ gall (e 33 3Ll



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

30,15,8,4,2,1,0.5 5 (R) el jall Jonusi s Al (e AasDle &y ()
(OH) Al dlan b il Gl oy Aol 72,48, 24,8, 4,2, 1 JS & ddd

& LS @l ghadll s gLl ol 3ol Ao Jaad) A1) sty Flasy) dlee e olgiY1 20y (&)
olia e 8 (s ABDal) aladiinly ALY dddae elel) daas Sy g at Laill S lalaa LAl
e e ol g Al

o Lgdia 5 Aall 5 Cnaabisall (pua ill ae Jae Laill ddla 1 53 o3 cJraatll (a8 2 5 (J)
Caadad oy (M) Lelaly Jaid Lasel) 2 sa g ae A8l ) ) 55 Gamalasall (a8l A1)
Asie da 50 110-105 50 4a ) 2ie (AL xS 8 (A A

LY 2a Al 43 5ha 1 (5 sinn 2353 5(ms) Aladly Ga Asall (335 2385 (o)

ADall sy a3 (O Cliall (e diie S Jas IS 5l i L) A ol 2aa5 ()
(sile o plie e baall g gale (uliay FLEBY) A o

saaall 38 haal) ae 480 028 Jiay (s ciniall adali ddadid el Jazacall dasy (L)
Lyl (S 28l 03 (a5, oS Flamy) Jarn s (558 «phuall (5 gl il Ayl
Ol OSay A Jasdl s ol ¢ casanaill Jasd) a4 gan a8 giall FLEGY) daw an
(sl Lanall daulia Flassy) dovs any

- abluadl /5
) ALY i a7 8L

Lo Ll can o lall Lgtiuala wie 4 i) aas 35305 lae asly el FLEBY) Ca ey
o2 ol 7 iy L Sy ad) o) sl A aaatl (3 )k sae @llin Lelan (50 Jas
Bl

Sleal

4 0.425 (e Jaie

ielle 100 4 7y i
ohie sle o (5 53 A8 daut dala )

75 JLM@BJ b



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Jbdae 8 ae 0.425 4 (e Jaie (e Jlall A8l 4 i) (e Sillle 30 (M s i -1
(V1) OSeld Qdlal) 4 il aas damy g ala ) el plasiuly Sillle 100 dxess e

6#40}‘;u\é&g#g‘w\hb‘)w‘)@“fhﬂ\é!C«LAM&-QLAAJ—Z
cw\glaiu_.}‘)kﬁ.d\ ;Nb@ﬁé;hﬂ‘wc;)ﬂbc\}élcw\@c;-k.u}:\,g\.uu
o oble 100 i slally jladl eda ey & lgadau

(V2) axall 138 S5 & il s 0s Aol 24 53ddJbad) & 533

Al all FLY) A s J s

el
AN Aaleall (e ol ALY dus paa3 o3

Vy = V.
Sp = —=——=%100

Al LY A 5

Adlall 4 il aaa vy

el eldl ddlia) (ge Aol 24 20 4 il aaa v,

O PG W O PSR [ S - PRI ERC ¢

(JSLie Cagan a8 54 Y 5 %50 (e S8 el Flany) du -]

JSLie & gas Adlaial 5 <% 1005 %50 G LEEY) A & o) 55 -2

o) Y da 30U el jaY) 3A3 g g jabad el 138 5 %100 (e ST LY 4o -3



Sl asleill 550 5 ¢
L s iS5 il Mal) gl c
el funtigl ud VE

[ 7 (S PR | E_m( \=10=1 ) dpaa

Pl dy E 3l
P G Dol
Al oy Apd 4
TR
Jay Le el afl)
e | e | Ge
E T T Y A o1 n) 08 iy
EVERVERD
e (Ho) JLsayl 43 2ad vl
i g AR lgadan o 25 sy Lb Liaih Jals 03y
S My Shaluad lall 55y
e Mgl + Glialanall s i1 + L Ll Jdla 9y
e (M) Al Lgssk 5 5 sina 23d 39
o= my3 ~ {my + m;)

» (D) syl ue i
All, - e

PETET S Y=m/AH, WS o adiiny o)y
% (w) Sy dsh ) g i

RS g =‘—:7 Alaj ,{..n Syl

el il Jsaadi )

A | pliced A :1-'-'15-
cladls Al | ey | (1) sala gl | A iy
~(AID | (R) dada

WEEEE ) oy ol e
of chas A (o) =3

e {Hu}_ug""fk‘”;';f"“l"'

s (AT ) sy s

X (AT, ) P A e




Sl adaill 551 5 ¢
Lin sl 5300 gl Mall sgadll c
VE

dadl Auaigl) Al
-

ey g alal el ga ()

Mo A Ay =Ll
Mm1M |
o {my) Jazlatd e 554
i At Al Llaly ) aelail dila 5y
e (M) ol (im0
(ms)igdians YRR AMEETPSNARE I HAE N
G
P my—my =m,, ‘aadd il oy
ey Mz My =M, alad gl 55,
%o x OO g g
mg
- (aH) e 2wy g
AH
Voo X Al A
H, U s

B R Rl e e el I R PR I TYES

Pl A, fpaskdd

Hgeh e 2

TR a8

| &® Vi Vi L
!
e ¥
) -
—




AL aadaill 351 5
L 5300 5 Aaigll ) sgaal c 3%

dpinall dunigl) il VE
() Jasl
1 S| [ XN
e 03
/

L S ST T Se S50 _f

i Ll e b
/ R IS M SR O M SO OO T DY o
Lzt hl; A AT e D D e et l
//
b o33 £
(ruJb Jlngfl @a]

UL CBlas Guas AGA) b S lal) Alla (V=1 o=T) e



AL aadaill 351 5
L 5300 5 Aaigll ) sgaal c 3%

dpinall dunigl) il VE
1
| | I 0l
- |Vl
WIQ“ ,‘i
sl T
x " ,'
lig
|4
.'l -
i "l l ! ‘ ! Ll ~ 1
- \ % Y e EaS
s - el (3l )
ANyl g 591y Ga 38 o A8 o) Coay SRR (¥=10-1) Ju2
g |
&
-hJ "|.,j 14
5 1
l‘\
b
Iy ot .5
NT | L
- a
3 s S
] ;
3 i
ooy Wiw ,,ﬂll'rl.l-'f'-- LR
bx) i) (]
{Tsd m2S) Wi S (2] Jas)]
Agaifla FUAT R Cy Al (-1 2] Jod
4 yilf Hlaal) o) 93 L4n5 8

= JLARY e s )3 /]

L skl (5 sine g Alall o gaadl s 5 (3 )5 O A8kl st sa LAY 8 e i Rl
OSar Ll Ala pgan 8an g ()5 (el (o Jmmnll el 55k (sanl LgSa e 4, il
Al @kl saly jlaa¥l ¢l a)




‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o 501 il el g
Aaall dusvigl) and

Department

alasinly 4 il elas oy 48 Hhall 028 8 1 standard proctor dxbdll elall 44 5k (1)
.20 305 o8 ja pléi ) (e b (anS 2.5) (i g 25 \gd ) 48 Hlas

43 ylaa alaaiuly 4y il dles &b 45,50l o383 ¢ modified Al clall 45y 5k (<)
0 457 058 ja g8 ) (e Jadudi (228 4.5) 552 45 L)
- el 2

947.4 pan (chan) ae 115.5 (Al gLl 5 ae 105 (Al sy (i shand Gl ()

Gl aae A il sle) ye pe elld e ddlide alal 4l QB aladiin) (Sadl (e (il
Ak a5 30l 30 %0.5 s 8 A5 & g Baa gl claal) Al 85 Gy 48 )

Jsia) Al of LS el ol Leload ¢ Say acls Qllally (3a/d sa 5L 295.7) Gl laal
22 50 (s Les il iy 4y le ddla B

ol (5 i et 53 ol da 5 Led s claall 48 jla Cua Lgd 5 20m) iana 48 51 ()
gl V) (e By il mhas e Leda s 8 oSl Sy Cumy 38 )Ll Speat cana s .ae 50
e 0580 O oy celaall 1 Sleas alasiind) (Saall (e A sllaal) Larall 43 jlal sasall
Gy 25 ) pal) ol 38y yla cilillaia e 48 jlaall jall da siuall s ) (38 5 Camy
ALy Ada sacld e Al pa gl lanas Jleall 055 of Ul

(2> 1) P 0.01 oo JE Y ABay (aaS 12) (Fied 120 oo 4 JE Y () ()

¢an 25 lena je 5 can 300 Ll sk canl g mhan (30 Ad glalia ddla I3 Qliall (40 338 (2)
L e 3 4Saug

JLELY) 5l e a0 4.75 (ulie Jaie s o 20 (il J3ie ()
Ash )l s sine 303 Slen ()

zloA Jlens (SlSall Bl Slea f diald) g Jalall U Jie e L) <l oY) ()

(Sl
- 44 bl /3

3cld e Clall aa s o5 (M) (pa 1) G 0.01 @ BY aiaeld 4 Lie QAN s ()
Ao shel) Aalally salial 4 Uidia g (Slie Al yall (1) dilia

calidg ol aldll Q) alasin) Ala b (anS 5) (s 50 L) Jbaal due 2al 4 (@)
At a2 Sosall QSN aas 5 A5l (55 (g Al Jla5 Cumy QW) aas CBEAL Led
o) el Al Candad o s can 20 JAie e Al el 2ay JLEAY) Ae 3393 A3



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Aasall ()35 (n %5 0m Bl i ae 20 G iS) ol s o 50 5 st Luic
DAY il e B sale 5l L 06K o Gs0 LB dle (e Laalaiind (Say 4dld
OSad Aall (35 (0 %5 ae 20 (30 S Llgaaa Al Glaal) A glad Alla 8 (S
5pa 875 50020 sl S pans (S0 Al (i (g0 (5 AL lgal) o2 i
ik Jl ol sle) ye e bl CIEN e ST ana Gl Jlexia] 5l ¢l 3 (5 s
L A35 o saall saa gl elaal)

slall daS alins  1ha Lehalal g Hlaa¥l die ) elall (e danlie A0S Gl ()
L %6 A Y%a ezl sE A sk A aed Cuay 4y il £ 53 e liadll
%10 Y %8 O s 5 Aasiy 43 salll e ST 4 gha 1) A e ¢ddal 1 5 Ala )
Analall 5 dpidal) 45

e onabaill leall Ty 5 4 glucie clinds &6 (3 uldll a3 2k 5 3y 1) s 5 (2)
4 jlae e 4 pm 25 aladiily sas e did S clad ph g cJanall claall cliida ek
QB aladtiul Als 8y Jamall cleall s 457 ¢ o) claall aa 305 g5 ) (1 idaila
3as ol elaall d8Ua (s sy Ak JS) 8 phall aae 5 ciligall aae s o ddlisa sl
AL dad o saall

I AR (e o saa) Ban o) claal] Flda o oy

_W*H*N*n
B %

AT

8 Ll o i plis ) H

psaall saa ol elaall 48 E
A8kl s W

A ey ik 2 N

A JS148 )ladll iy yua 220
DAY ardiadl QIE aaa Y/

O (o SN a5 celanll ol A8k S mhans e o g (S8 iy puall a3 55 Ay Of oy
LS ) a Un s Akl o e 48 Hlaall Jadus Cumsy Jalall (e Cigdas 48 jladll Cadle
A mda (358 ae 6 G el 3y QAN & A gl Y G



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

L) o A gt 5 Ay QAN (e A slall A8LY) AL ) o3y cleall Alae (ge o LgEY) a2y ()
AS gaall Ay il 5 aae Wy QN 5 )5 & & QA pelass e (g g S Ay gudll 38 aladiuly
(m2) (P> 1) Giss 0.01 « Y iy

5 sina 2aail 4 i) e Ll Ao 38T L g QN e A gacaal) A ) A ) B35 ()

4 skl

A il 5 5 AT 5 30 ae 20 Llie Jaie DA (e Wy e s diiiall 4 il il &4 ()
A3aS Ailia) (Saall (gad eclaal) i3 a3 piaall e ol 1Y) Adeal) 4 il die
13 LAY shad ) S8 o a3 ¢%2 (M) 1 Aty Ay gha ) (5 gina Bal 3 (S el (1
4sh) (6 sine JSI 320 Ao judaad Cand A8 jlaall () )5 Caad adgill AL 4 ) Cals
Leie QL) iy sha )l (5 gimal o (uedd claall L) el ja) a5k eaie 4y il dlay ogllas
skl (s sina 33 ) aa (M) OUsY Aaid i sl L 2y

- Sblaadl /4

() Ll S o gaall s s 035 ()
mp; —my
V
H(Vq) Bl 4l asaali 3aa 5 05 (<)

Y

Ve =T

y:

.
LESPEN

Al B skl s siaaw

- geilidl) i /5

psaall a5 )95 dasha)ll (5 gl o ARl JAdS g J sl (S il Jaad S
el o saall san s 05 GBY) ) gaall e dysha ) (5 sinall (6 Cuny Ll 28l
A ddla agansan g () el Sy el (piniey B Jeagiy ol 1) padll e
fsb o Lol ety ) s s (0.MLC) el 4l e g Ld AL

Aol elaall 48U, (1)




Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

Department

0 20 e bl Jaiall e 3 ) saaall 4 giall dpnil) ()
s pgaa an gy Oy (ol ()

) g ) (s e ()

LAl ol gh ol S (- VA= T) Jpin

and i gt
'j'-l':l"]&‘- :Hﬂ
A i y rllall o8
Chas €8 =2 ¢ 43 gkl 5y Alimiia — 53 e 1Y LAY clige
%o ima ¥ e e Ll Smadl e gl el 55
rﬂ"r.;ij.i Aleatianl wllagll @8l 'r Pl e
e =
| FrICIEy
Gaf (M) dSeasd it e s 4 1 g,
ol () e+ g,
. A (my—m; ) seedig o,
- i mas = ;
¢f G S zv Loy, paane o5
(W) Lt opmn
st ooy i el

Adiadl e dfal il *



Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

1

.L

RRRRRSw

(palls S| pans)

adl AR Qi 1-1A-T) ded

L pdullS frand duuai 41125-9
- LIS Y o i 42l /]
4l California Loading ratio Li_sallS Jread das 2aa3 g JLAAY) 138 (e (i jall
bl GuSar d il 3 Y a3 Jeall G A8 ) JDA (e Janall 8 4S gaall
L 58 Jpantl donsi (3 (BIAY) (g0 Aigme dad i 3 A1 138 Lady il Janay
Al ity danladll 45 5l (3) A A 53 Jasdl g Gl A W) Jaaldl cpn Al s
2o Lsall (b 5 Qb1 3 555 il 2 55 Fa il Tians Loy JLa) 138 il o
a )l A st e




‘:JL:J\ h\hﬂ\ EJ\)}
Lin o 501 il el g
Aaall dusvigl) and

Department

- et 2

A i Gl 18 3emas (228 5000) s sUS 50 oo JB Y Jread @ld Jaead 41 (1)
YD 0sS of a JLERY) Ae J30 L BIIRY) (S abal 2883 [ ae 1 aliiie Jaas
A o8 o oSy SSY) e (paS 5) Gisn 51S 0,05 Wy Jeall (bl s 3355

A sy ol AilSie Jaans

20 0.025 435 aa 25 ) slae Joay i) ol @A) Gubal Al (il ()

dalias ae 50 lon b el dly Cliall e & ghand e ke g8 5 BIAY) GuSa ()
LAY Cagl s algha 33l ) (S g e 100 e sk J& Y 5 2ae 1960 Axkais

s o8 L Apiama 328 5 e 178 4cliiyl 5 e 152 Jala o ykad s Jaea alld (3)
il (5 ging AN A e (e T B BaclEll Cuti (Sarg ae 1.6 0 2 Y kel 4 il
obiy Qlaas Jaxe Juald (o f a0 50 W) 5 ae 152 ki 4y le ddla e )

O th s ) Q) ce ddlide sy QI aladin) (Saall (e ae 61 gl )5 ae 151
A sladl) & ganll 3o o) cledl) il Cla die A ) aaall e ) 8 335
Al sy

Cn (23S 4.5) Gisi 45 ) (a8 (2.5) Giss 25 ey Aiame ey 48 jlas ()
ey e dlasd (3l dledl) 53 cpuant JLR1) Gl LRI 3 Aissall Clioal sall
Al jpcand d Lgaladin) (gllaal) cleall 48a o

e IS (aaS 2.27) i 22.7 )55 ae 149 L ki &y lall (al BY) (e 222 ()
lalial die Ll 358 O 5lS aadin g ae 54 okl S el (A (5l i Agg sl
42 oo Ju Y e 8 4a 5 ae 149 okl (5 5ila a8 (e O 5Se FUEY) Gl Slea ()
il Jare Jala g da ) A3 e s ae 1.6 b ki da ol o 535 L
lally arl) (W A L) (il lea

e sy Ol el 5 A guiil) 385 LAY e Lla e Jie saludll & 52Y1 (7)
(GBlbl s b ) 355 JLERY) G Ausha ) (s sine (bl Slea s sl

- dinll /3

Caindy 4 jill Alfies () 5<5 Cumy (228 6) (i1 0.06 Sss o sl due 23T 4 (1)
Oo ST ey s Al (3 a5 13 ae 20 Gelie (easbil) Jaiall (g 8 e s Ll 52

5 (Al cladll al & s Jlidl) Glud) JLEAY) (8 mia e g8 LS Ledlaginl o ae 20



‘:JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

e Jlial ve 5 andiuall QI aaa Gasa Aapal) (55 iy 88 4 il e jaaad Gy
L slhall alaa ¥ 3an 5 () 35 s o sgdly ddiaall Liall () 35 i Ay Baaae ABES 0l
Al ana

Ll Y sl sk )l (s ginall clac Y elall (e daS pa Taua Al Lalis ()
A Ao 8 elally A glaall 3 i) pm g Sy 5 Ailaie Ao e Juand s odic
Lolatie Loy 55 40 il (8 slall g 55 Cumg Aol 24 B2l o) sell 83500 2

nall a Al A1A1S i g o3 () el s s A slall dinel e QBN s ()
s stall Eall salvia) QN e a2y 485 a5 485 gin s e Cracaall Jall
L A gl il e e LS a5 Q) G elalls dda glaall & il Jis o3 (ga g
A gllaal) elaall ZdUa Coua 28Rl (e i a8 Al GG puall 23 iy

il L) ) ) elle caag Badse asaa Baa g ) QLA Ale jaaad oy i Ledie
O s Gl o5 il JS1 A8 Jladl) il jum a2e st 5k oo dalisd) elaal) ]
e Ry Al g asaallsan g 55 5 laall Zda (o A8al) a5 423U & saall Gilaa

ladic Al i i slhall clasl) d8la a0a LA

Tl e Aliag AS gadall Asall pelans Ay gudd oy g I (g glall ) Slaial) &) ) 255 (3)
Aot 4 ill mlan B Hedat 8 AN Gl gadll f e g g A guatl) 308 aladinly Qllall (g glall
05t ol Aa gl szl cpm A A gl e oL 5 S0 iy Sl mmn 5 4

(m2) Jealdl) a8 A ) day Bae B e 4l o ¢ 6dS gade 4y 53 ald)ay el

S 5 G Bae ) (35 (ya AN @by g 4 il (g lall had) ol 5 S 5 a5 ()
Cuny Ay sl alalay A8 parall 4 ill g QA i gy o3 43 slie quia i eV e ) e
& et O Aal) sl e 5 13 dadll sl oY) ) Al o) el iy

() () () Al <l ghadl) i Ly clall

358 @ ofiall a all aa gy clall (B W jed amy diall LA A Sl A A ()
Ll 558 Lgam s @ siall i)l cliada ) 5 ABS () 5Y) 4858 a5 g Ay il el
EOE 53 amall Jaladl a5 oty o5 il e o 30 eda JE5 Y of e W jlaal oyl
slall (8 ) 35V 5 QI yee iy LY il AU o ae 4 L g Leale o
ol A1 W) 30 Al A 3 Ja) g Ao e 4 (3 35AL elall ey sy

slall G gia L e dladlaall as dclu 96 324 slaally 5 ) gaia Aial) & 55 g ALY
ol sda IO

whﬁ.«'&;\)&dhwdjj\‘)}f@t{)ﬂ\CM\@M\)AQSA.}.‘M\E)&JL(J)
RABAY



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

43 gae A€ ALY Cung g # LU A0l o) 3l 253 slall (8 jerll 3 58 A0l A ()
Aall e pall oluall Cidad g elall (o AN #1A) oy 5 ASall Sl 185 )Y (e

AUls wie o o pall g Janl) () 28030 slall o sty ~Landl 4683 15 52l LS i
Sl ) Ala) (5 55 el o 050 85 21 el (e Gl 5 38 oL Aigall xdans
alala 4l QA )5 oy o e siial) a8l 5 Ol 5 5Y) @y o oaanall oLl A1) Y
.(m3)

- bl 4

DLERYV & e daia g i siall G i1 (51 4888 ) ) 5f JLEAY) die (558 g i (1)
el elall (A Al et G 1) il e 1Y) e JB YT e ddaglal) 8

As g sall <.')U)“>(‘i a0ad Lt L sbasa (05S0 O g Aall gh e A s sall S sY)
i) (U Leale

(e Al mhans o G35V (e i a5 JUEAY) Slea (A Qlll S 5o (@)
e GuSall Jas A et s () ) 93 al 81 8 3 sa sall (5 38l (ol il DA
Oo il dad ie Jaend At 3 4 il s B (228 5) st 5US 0,05 4l el
%30 (e ST Al gia Jrant A i3 4 5ll (aaS 25) Giss 54S 0.25 «%30

Ll mhans sty JAY) oy & jiia 36l 3 e (3) AV 5 Jaall alae Jasa &4 ()
i ae - ¢1.5 1 0.5 &) ia) o vie Jlaa¥) cle) 8 2ad a5y Uy 55 38y e 1 Jaza
Al alaaia) s (8 a0 12 n ae 1 IS Sled 3l a0 25 5 e 5 ) 3 5aY) Jaay
Gany Jaanill Jaze adaadle Sy cBand 53553 o an 1 18 (31 AY) dlac 5 4y 90y Jren
Lot all Aol (A (sl e de ol B AY) dlae pdse )y

LAl s (e 4 sha )l (6 sine paail e Mgy QI e LAY die #1 A BT (9)
Al s Al JA03 e sl LB A a3 A

- Sbluadl /5

-l Jast o

1) AN 5 dealdl G 483l s (1)

sl 52 Ll el s (i sbiS) BIARY) sy () GBARY) A (o A8DMa) s oy
AU ade 3 ga 5 Aaii Ay die | jaie sl o o YA ary s ) s
die Al Al av ) @b e Sadall Al Aad sl g Allal) ol A5 Al mhas

a3k ie (31 A Aad) 8V ) aally E s JanY Jae asadl cld 3dail)



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

rrenill L) o0l s ()

oAl ad gl 5l aa 5 ¢ 2.5 (A Alma (31 ad die L) sllS et A Gl o
el e adbin 3 el BN Al Qi) Jaall daud; @l g & g pdiall Ciliial o G
Lal ae 2.5 1) Jil el 13) S dagdll 4 a5 ¢ Al 4 51 8 Ll 5 ylaliall
ae 5 3 yial die SV dagdll () cpe ST 23130 5 e jail) dlagean 5 (31l Jild s
A il Aabiad) 3l A 4l Aaal Jual) ol Jsaall sy e V) (e 2a 50

Al
S sail e 5 sanall e 5 dial) Anall SN o saal) s () s o S ()

m; —my

|74
;‘gl:d\ﬁﬂ\‘;c;wgz),,u I3 sl Al I\jﬁuﬂ\e,;;j, \BL}OJ}L__\LM;(‘Q.;LAS
msz; —my

%4

y:

y =
ECETEN

Ao siiall 45208 44 Uida g Lo 5l QW ¢ 55 my

ot Ji adaeld e Uiie AS geaal) 4 yill addfay g QSN o 59 my
el 2y afae B e Ui A4S gadal) 4o il aldlay g G o 59 ms
(S| PNV

Al (e Al AR o paall Ban s )3y e Wil oy

- ol s /6

b Lo @l el o

Aaddiuall cleall Aa Cus (e AS gedall Ll jrcas 43 k()
Bosera e al slall (85 ) e S o) g B il Al Al ()
slall (8 perdl aeg s 8 JLEAY) A Aial) o saall 335 (5 ()

Ll i el smy 08 LRYI el kel G5 s (3)



Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

Department

a1 5 ;00 gl Ll 85 5 panall LAY die 8 FLEY) dpus ()
odie Ay gunall (31 AV a5 Jraaill Ly s8llS dui (5)

(e 5 Ayl 8 AaaY 3 se a g Jie) JLEaY) ol el dals o AT clial 5 (¢)

L sshihS U g ot S (1 — ¥ — Y i

o i R —
P G P e———id
P A ) ey : —
el 38 A0 a gl sy s P taxiad Gl Al
2 el das Aladl 2 gl iy U8 D el gl s
U A P il S gl A S
fcdsaal] L ) galS dua p el e gk A s
3l &I

ol o 1 ¢ o Sy

BISRIS Jaa

gl Ay a0 9 Y e Al pull ABLR s (Y=Y 0= Y) Jga

WYY 1. v,e ° Y,e

- Glaayh
YA, | 11 L ER] A | S e 2gadl
O RS Sand




) addaill ) 3 ﬁ
L o) i€l 5 Aaigll Nal) sgaal c
A isal il VE

R s
—_—

P //\\

»e/ \ "—;z.- Ml o
L gl ol \ o= 4

r“‘

0 —
r—— Y ——-

L g T

~—

Ty
-
|

Gyl 3050 4 Jobb oyt jane paee IS
(palls sl Fian)

il RS Sl Coasts A ( VYY) A g8

ek alae
- .JuLEu'ﬂ
(f;

BR

u
|- R !

- b —_—

4

e

oly Jaka
4} r
i <
wopkds E gy gl "L
L T OO
b—— "Wy —- r

{pell ales ¥l o)

Sl pm g U L8 g ¥ 1) e



Sl adaill 551 5 ¥t
L o) i€l 5 Aaigll Nal) sgaal c
A isal il VE

[
Cfﬁl po - gl

b8 Jant Rpudi Canl aaly 8 SSY1 (o ABSdad (P 1.~ %) g

S s gaall bidl 48y b alaiiuls yadll 4o glia Jaleo 2157 ()
L bisl

— JLRY e a2l /1

dsaial)l e ALl 4 il (Cu) ol da glaa Jalae maad o HUIAY) 1A (e (ia gl

Glblaall 3 Laladtiul = 31 unconfined compressive strength sbuall daniiall

el Liasal

- et 2

Lirall a il Ll ) 3 jaie (5 AV 206 Laalas) Ll IS5 ) (piiacld 3 laxuza e ()

s sl ag e s 3 Gleall Uaeld () oS o (S Adiall Jlagd) Cilaa 4S5 6

0.01) Z/criss LS 1 A8y o&al o cJanll 3aL ) Jame 3 aSaill 510l 25 30 Sleal)

5 A8y 5 (Pan/paS 1) 26/fiss LS 100 (0o il @ sial) Jandl) ye Jaaicall (Zau/paS

SUS100 e 2 sl st A sl e Jaial (2au/paS 0.05) 2/ 51 5LS




‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o 501 il el g
Aaall dusvigl) and

Department

L) gl ) 8 pual) uldl Al Guliias 35 3 Slead) O LS (Zanf/anST) 20/(5i s
Al gl e %20 oo JE Y Al ae 0,025 48y LAY oL

On 038 Jil s Led s o) & il D) shand (e Al 1 AY Al 13500 Jlea (@)
(Alalsl)

& bl QB alasin) Jiady s dell adadl aslio gl )5 ety ) sk adad (1 ()
Al dnad) slagl iy Wl gla (3 580

0 150 ledshs ae 20 Lpun e Bala 4 5 43S ()
Sl ling (_A)

alle Cial s s jae il il 3 s ()
Baal 5 4l A8y G gl de b ()

Al Gle slae) dda j3a (7)

Aa skl (5 gine 23a7 Jlea ()

b5 ae Legadas S 1) Sleall Jiacld sl Al Lledl b s jae Jand 311 ()
Jsall

- diel /3
ae 76 Leelii 5l 5 as 38 Lo ykad 43 gland JS3 e sale Al () 55 Al ulia ()
OERY) il e S8 G 5 e 84-70 O Al gl ) &) S

dﬁi—’ JJ;'“M G“‘: .:M,J)AS‘— Glilen lg.\bkui i.\:\c jian’ ﬁ -4lalaq gy i.\:\c WO (u)
ol LS Tl g

Jlen aladiuly ae 38 Aalall La ks &) shaud (e 33 alal) Al 21 adial &5y (1-0)
(8 Al Al AIANE oy W D IS 13 43 00y 1 (5 sl (AN g3 el ) Ak
JSE o Al o anghaili oty o @l Jsh ) slay aie AS ¢ ja iy Al shansy)

oY) a3 diall 313G da g ji

Ll shaul (e Lgadady o) LiaD) Al juant 2 ae 38 (e S Al Sk IS 1) (2-2)
Adasae sac b b g g suy o cllinal) 34



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

) shand ) Ll s o5 &y ptital) Al b o (ABS JS3 e Ay il Ae <alS 13 (3-c)
A yhay liiag

SRCPVY!

Adedl el e Al ) 6585 Cuny Jaiall Slea (Al pa i ()
A slal) sac @) Aall Guadls Gy Sleall asiay ()

Al gl &yl Gl ndinall LYY (e Javy ()

Aadall 3 %2 N %0.5 e JeiiY) Jare 05 Cumy Al e Jaall Gl 2% (2)
A5 30 S Jlaiiy) 5 Jea) o St alyg (3380 e JOA Al e

%20 GV Jei¥) daay S o JuadiV1 80l ) g Jeall Jiy s Jrenill ey ()
leba Liiai s n sl LebaSly Auall (8 25k )l (5 i s (5)

(€) Joi¥I()

B

Do
Al g8 ) A il AL
Al LAY e li Y |

((A) Opxe Jaas die s gidl) adaidl) dalisa (@)

ECEIEN
Al LY adaid) dalis A,

e o 2 (0) L2 ()



‘_,’JL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

P
o=
A
HCETEN
Jaallp

Alleal) ddass giall c_i_é.d\ Al A
a5 alea) o Al Jia Jsie ) (2)

b lagl (%20 Aty Dl Jiad) dlgaY) sl dlgadl (s sl Aagdll Joasi a3y ()
((Qu) ASuskaiall &y ill Jams Jakiia (5 53 (5 sanall Jaraall e gl dlgal) 138 iy Y

- il a6

b e ) ety O ang

Ao ill il A glie Jalas 5 capsall Jarall () 50 4 jill (5 saall Tl 4 ki (1)

AS sede - Alilie e il ¢ 5 (@)
Aa et ) el ) A g Al Sl ()
Al (84 5k )l (5 sina s Sl gaall 3as 5 ()5 ()

DY) die Jlaisy) dad ()



Slall sl 5 ) 3 ¥
L o153l 5 Aaiell all agaall c
il dunsigll nd VE

B e L B e - e AR § 1 90

by Ll Oy
gl B g 2D
il e PR T
HE S Ry L T
R P38 pase AN e 1Aiall g g
gl B g digall U )
CER. Y S L AT
;_u_,.ml
oo il _
RO T ot EE N Bl IR Rl BT
AR e e
"Wesaiks (o) Gahe | @) (aL) Sy | M
e

il b RN kit *
% S o i
TSt (Gt das G el Ll L i
"plch s s i (i a glia Jolan




Sl aalaill 3 ) 5
L 5155830 5 st Il gl
Aiaa) Auigl) and

Department

s ¥l

Tu g iisld

I- T
A (6] Jlebid

debaall SR 8 Jadafl g gl S ditiall 2 (-1 1) S04
s s g3y g el

ol (§gdica alaiiuly yadll Ao glia cNlalra Ged 11
= JHBY Ga pa 4l /1
Ale,ll 4 5ill () ASia¥) 450 5 a5 ol Clae (aad g SLEAY) 138 (e (sla i)
il @l g adll (§gana LAl aladiuly dendal) dpudall 44 yill (Cy) cludaill da glaa g dsla)
Lokl oLl dual) e elall Cay

= gl Gyt jlgs /2

Ctaad ) andiy g ae 60X60 (A2l (ulie Jdma (§sia (o aill (§5a0a e O 5S
Eun (G srivall B4l Ao aiasi AY) Cuaill (58 3l o Leaaa (Ka S

Ge e si lia dpaiall Cuaill e 43l da ) Gabi flyg gl b ol 1) Jaal) g
Aal Y 8 aSaill ae pail) (3 gaia y Clalgadl) 8 aSatll pa Gl (3 gaia 1 leall 12
3 eSS @y ddand g o G s Ll @ aial) (§ sanall Chuail 488N AS jall (L) L4y
Ay Clalgal) b aSail) 45y Hla Alla 6 dads axding (o215 ¢3Sl Jaa¥) 305k o0
s da) 30 Gl JlealVl a8 (uldl Sleall 8 Lasl 25l Jlaa) (s Jala aladin)
LeS g aSail) A ggd Y1 g sl e Wily U & gl Juadh s Al HY) 8 oSail) 43y )l
Aglle Zaay dal 315 Gail) 8 (G ADMal inie a5 (alll A sl 03 (S



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

- Ada ) 4 ilt il G i JLiS) /3

- Jgd /3/1

A Gaw WS all) (3 g3ia e (1)

ol (3 saia Jak Al dladl 3 ()

A5t 423 110-105 30 Aa 3 i Tasall ) cadatll 4 ()
() > 0.5) s 310*5 4By y (b () 32 (2)

Bala Aila il alall (pe daiione 338 ()

- 4é b [3/2

110-105 5_)a da 3 die G i) b Leduda 3y b jlal) ol jall 4 ) (e die 3253 (1)
Lo L) lhaall o saall Bas g () )5 slae Y Lgta 40aS () )55 Ay 52a a0

ol a) J Ll 3] oy ol prelisey (3 sainall (e (5 slall 5 Aiud) (pdaill G Sy (@)
ouall & Al aa g oy o5 LAY

Lsthall asaallsan g ()5 Jam A anall ) dua s i e 4 5l elay o ()
Aainall 5380 1235y (5 glall Lgatans & g 2 o

g LAY ead il jualise A1) a5 Al mdans o sl 1 Jaal) gaukai oy ()
BtV e Gall) (3 sia hial aial 481K Aol (§ saiall (e g slall Caiaill 1

G aidle) dhy s o3 sially (035 e Gpald (ol aladinly @l g (Gl lagazany
LAY J8 el ara

Aa) 3y clalae (e JS il 58 22Tty a3V aSaill o) Gl lgad duailly ()
i b a5 a3l ae 1 IS 8ol Al (i sl 4 15 JS Jlea) Luld dila
o Jeans gl i) olas) (8 duall Jsha (10 %15 (oa A a3y ke Ja

s Ul Alea ) Jame 53 palll Jlea Ll ol Lagal 430 da) 3] ae 205 a5 8
Jaall g da 3Y) Jaas &y o dal JY) S s Jea IS &y g dal je e JlaaV)
Al el Gany ia Jreadll iy Ll i)

- Slblead /3/3

D Alsbaall (e A Al (O ) I NS gl 5 o o3



AL h\hﬂ\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

¢ =tan! (g)

e oaill Jas daid (e adlia (K i) alea) ultimate and peak el 5 sl 7
i) (5 sial plital) dalose

ol 3 srial alaial Aalia o (53 sead) Jaall dand o ) 53 ganll ga) g

= el s /3/4

O Slie G e (G jlad GO ¢ ja) Jiadl) e Jsaadl 8 gl Jaas
Aal Y Com Al sy oy AdliAe Al Jlaal A0 can g ARESH iy o 4 il ud
Dl e paill (dlga) Jlels) slea) (ol (o ABMall ans ) il dlga) 5 438

Dsaall o ) Iaal) Jue 058 ¢ Y saall e 4l Qi) (53 seal) slgal) s ol
Aol Aol NSiaY) Ayl 5 g Y

-r deadial) Llbl) 4 il adl) | §ytica JLIS) /4

- el 4/1

ol 3s3ia Slen (1)

Al o L ()

AL e (z)

0 150 o adshy ae 20 llsa e @l sla (S (9)
gl s sime Gl e ()

(#'o> 0.5) i ¥10%5 By (s ) e ()

- 44 bl 4/2

203 (3 2t ity 3 5 (Lol 2 siase (555 Cymy Al il s o e JulS))
AL Lanall g Al ulie



AL h\hﬂ\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

DY) o Tolawind adaw o (52 50 Jan puagys (il (5 52k ) Al Jisi ()
Asle N 4y il 48y 5l (85 ) sSaall () 5 (2) (A Dl shadldl 4y i

-: il 4/3

) Al (ye Anadiall iadall 2 il clulall 5 8 Gl i

C,=T71

—
Lo

Gaidall 4y Sl Ll e glia G

GBstia abidl dalis Lo [l b 8 ol dand (o i (Say g (all) dga) ol T
sl

- geilill) o 4/4

Oe Sline & e Glad & o) ja) Jead) e Jstall 8 LS i) Jaad S g
G al) o gie 2l s e IS lulaill 568 aaas




) addaill ) 3 ﬁ
L o) i€l 5 Aaigll Nal) sgaal c
A isal il VE

Tt 2k 0 L0 i) Tl bl et S {17 6 1)

nghad Ayl
L iE g ialt
Ll e s pall
Ll iay Al o1y
cfapand] laah e 2 gl o ghall c padll 6 gia dlad
Sdpand) dyatilt ] Aigall o sl G s 08
sailadl 5 phasdl Lo Gt sl ddls
s (Rl i) Tl P s e
dgnl S LU I L T R N 3 |
el el LR IR [ PRF S R T Zad
ot | Spgd | ol | e | LgA | w | EsY)
e w0 agin
ol
o) Ul A Sapaall fud !
il s Jyaik i
frp i e
b ol L
Ry ‘_. ,a.u J..—
s
e e ol
e pai
ekl (&gl dpast U gl 5a8 : (r-re-v) Jsx
Sl A pSalll ) el §ediaa (Y=Ye=1) g2




Sl adaill 551 5 ¥t
L o1 i€l 5 Aarigll Jall sgaall c
A isal il VE

PRI LTI R W
3 Ll
e s dland gl
v, § dlas tf""j Ly e bl dyle
- = ey H
% et =g
-\‘_ / S0 ¥l amly
- -
8l
dal ) A pkadd $ oalll §atio (Y- e-Y ) Jsa
- u‘i“ bl_,"
Resill ekl gl s A1 o) 51 o AT (=Y £-¥) s
Alad 2
( peak } Asf
*
; o
) -
,"—ﬂ—’ull.
> ,v\
i 3
E { ultimaic ) g-‘;l
oas sl

Yo/ FissislS — gasaall slga¥)

Ry 05 8000 SRSaY) 5 comend 2{0- Y E-Y ) S22
lid

sl Uibis jlga alaiiuls yadll o glia COlales LdaT -1 2

sl AW s Slea aladiul (@) ¢(C) Al (o 4 slae E3lalas 2aaS o3
Al 3okl sasly @lla g ctriaxial

Jraail) ol Al o elall 5 s34 s ¥ (215 ¢ quiick @md) =il lial (1)
Lede



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

O bl 7 5 A rass Cua < consolidated quick dasall asy oyl (il Lidl (Q)
Al ez 5 0Al0 sl

388 JOA Al (e z 5 AL slall ey Cus ¢ drained skl il Jlial (z)
Aty ole Jaia () S ey ¥ cdllall oda 85 LelaSh jLiay)

A jd/ ‘_JA.EJ/ Jbds) /1

- LY e ol AN /1/1

Axuiial) dgidall 4 il (Cy) Sloskaill da slia Jalre da 205 g HLEAY) 138 (e i 2|
A Jead Ladie 5f Ainll gl die Clalga¥) 358 Baat g uaa ey b griaa Jila
A el Al @Al (0 %20 Y (I N Jaisy)

= Jgl /1/2

DA a5l a8l (ol o) el eSIb Jont ASlSn dad) ) axdiy ol daend lea ()
el Calany S Ty s il 8 dssan (53 JaiY) (e il Jinay 4 oSl 4y
Adgal)

Jiask€ 1 A8y ¢ al) s b sl Jlea¥) Guld dala Jie il )l Jasll Qi Slea ()
o2 5L 100 (e JB JLed¥) die dlea ) 38 Led () Al (Zan/paS 0.01) 2/ s
s L) e Slea) Gt 0 sSs G Al %1 ce i Y By (2afpaS 1) 26/ 50
(onlpaS 1) 2e/isn S1S 100 Co 0

Blay Juaie 013 (e 05805 A o Bliall 5 Al Tuaal bl w55 Sles (2)
Sleas eV e O AN Jeay 5 Al Tnmall Jiladl 53 iy L o L 5ha oy dgal
Aaxid ) sa LeS dnsall i g aliia Aand g Jaiall 8 oSl iy o) o8 Jaim A 53
OsSs O g A sthaal) 4831 (Siay o da i G gllaall Jasall il i) elall Jasa (358 Jlea
& (PanlenS0.01) 2o/criss LS 1 A8y 48 oSaill g Jaraall w8 e 1508 Sleall 1
+ 485 5 (Pan/pnS 2) 2/0sisn LS 200 e JB sl G glladl) Jarasall G s

26/ siss 5L 200 (e ST OIS 1) Jasal) 138 dad (0 %1.00

caladl) Gliudlll (e de giae (5585 L sale sl (e o 5SE 5 DA Ll 44 (2)
sl 48 5k ¢y (58 ) Jhlae elaiy slake a5 Al ghaul) 4 il e il aa s
Go slall AR Y s Al e g el Jrantll (e g dial) IS 3206 e



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

sl il Alausd 0 s Jaime Jakin w55 Sy Agdal) sl DA (e Al ) A
Gty Gpalal Capad aladinly Al o dnd i (S ol 1) aracall dpally W o1 58
ledsn o slall il Y Gy aanman g g (ol Jaall @i 58 Jlen Hsme e o) 53
ASIAY) e (Kaa 3 Sl

SA acli 5 sie o s Alle LMa sh 5 Taall BE el Gasall (e 530 ad ()
Jranll e agle 3T 5 iy aanan g5 el Hhal (5 sy a8l Hha8 (59081 (4
Jasll (10 %0.5 s stall pa il 035 ket Y caay by sma s Lol Al ) Jaal) Jadl
bl (il ey Al Lo 5S35 55 4 s acld A Bac 8 (g s JledY) die ol )
Aal) 185 ) (0 %20 oo JE Y Adlua g ae 0.025 G JE Y Ay Alain) Gulka ()
ALy

L Jolal pUati) ane s sl gl (e A 5 oLl o i) daile dpkaldae Akt ()

OB (56 %90 ) %75 s 2sadall pe eyl i o aags Al e
o B Sl 3aclE o el Loy ) alSa diall ha (10 %1 LeSans sty Y 5 Aiall
Dy .oa Al Sk e %75 Wkl et Y A il dpbilas oy ) Gl aodid | real)
) el Gaiail 5 AT A g A aladiiud

Cblia ) AT Caag g Aiadl J 580 oladl 8 Al Dl ghasd (e L) 21 Adu) ke (2)
Leal_aiud die AN Al ia yed aial e 53U

e 0.1 0 J8 Y A8y Al eyl Ll 311 (L)

Baal 5 4l 48y S delu ()

100) st 1 oo Wy Ji Al Glimll (ax 0.01) o ©10%1 A8 abaas ) e ()
(p1o> 100) ¢Fise 1 oo We)s u i Al liall (5l s 0.1) Giss 3710%1 4o (a

i) Ji€ g allaall CoMladl uli Call g8 5 Ll 4 gusi s jpamacd saclisal) 3 36281 ()
Ul Jiast J gl g A sha )l (5 gina (ald Qe

- Linl) /1/3

& Alia dpns (6f ki O Al 3 as 33 0o Al phad J5 YT iy Al cililia ()

Asa s Al ae 71 e Aal) had J8 YT aag Cumg g Ol 13 j38 e n Y Al
e sind &l o cllaadlal (& a5 kil 138 6/1 o W ki a3 dalia Gl
O elgiiY) aay Gl GLES) 25 Lavie 45 - gansal) il (e L ki 8 5 Al il



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o 501 il el g
Aaall dusvigl) and

Department

Sl 5 ) i g Al e Cianal 3 Y 2 (o Sl gl g sy L)
Y e e 0.1 U

S Alilie e Leas ST clie (o ALY pe Al dady Al e Al slae) (@)
e gl e sl (@l laall cld Cligal) 227 &) shaul (e da Al Clid) (g
Leled 0S8 O e dlgadans 4 gut (50 Apall aladind) Sy A sie 48 Hlay da A%ns

@ sl Pl (s sinall o Clulial) dua e digall A1 axe o o ad) Cang s s
OF oy Al Aysha )y 3 g0n Gania Al juand wge Ay gy (685 ) Juay g 48 85
Sl eda (Say palatie adada Lagd (58 (s sl o (inalatio dall Uil ()55

@) sl Dl (e A2 ) Aaday el Adaat (S o Al el die 33 5a sall (paaaal)
L) 4 gl 4 51l Aala Ao jaie aladiad &by Jla¥) (e 8 G jadl aadd g Al sala
Ay laa Leilla g L) ga cilS 13

sale) IR (e 5 lgiall 5 3 yiiaall dadl jlaial sale) ¢Sy 5 leiall Al il s2le) (z)
Ll okl e @lldy cad) alals i) (Al il Leddle 3 JV5 Y s el
Mai digall in Jreaill a8 e Jarall 2y g QS5 S Lol ga pua gy 3 Dl Jala )
el dana ) 3 e g )

b i 6 oo JB Y i 4 5l el Akl il juiaad 2 1 Al clisd) (2)
Ble) e ae ciaanall o gaall 3o 55 4 skl Aty 5 oMol 5 ) SAa) by ) shand (I
Aad) Sl e el sy Ji cladll a1l el G S ¢

- & bl /1/4

Ao sllaall 48410 dall 055 o (1)

iy e Vs JauY) e Al e ailes B 3k e panlill QG elaal) Ly o ()
LOsSald) andy k) elasll Al <) s (z)
@5 La sl Aglallaa Lol dalay S5 saclE e elUaall cady g CaDlall 8 dall aua 53 (2)

aead oy ol ddla agle CoDR) iy g Al o e Jreadl) e B i g o3 (a pal)
Jraadll ) san aa laaie Al ) g () K5 Cuany  ADAN Laral) A4

&l e 830 Jpanill B (el 4l g JiuY 5 Ao Y Jlaall) capal ol at ()
A_wtj\d.m;.ie..\cEb\few\uaﬁjwcaé\xa}jwh)\uwﬁmgﬂhj
(% %0.5 il 05 Hslad 1)) a8 il bl (0 %0.5 oo u 0 Y e el DA



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

eﬁgueacw\kua]\@gy@@éaw\uaﬁusciu\éuﬂccﬂju\daﬂ\
DAY e U8 Jaeatil) pa B Gl ualy O any adalail

A oSl 3 jgal Gl hnd) Jariall o 638 el Jua i ()

soeal Jana o 2 celsell o Yoy Lalasiinad o3 13) Jilally SN Jarall 3401 2 e oy ()
ARl Jile e daraall gulad o g o sllaall baall e baaall a8 68

Al 4SISia) Tz Gl 5 ol Sl Jeall Gzl e 4180 Bl Jaria G Jas ()
(o sxill Aalal) Be) 8 asin ol Lagd Aiall dl 1 Jlaa¥l) 61 8 mpanias

el Jaadl a8 Tag o5 Uy 585 80 e saad L) e Japsall Lzl & 53 (L)
s Asalll el Uy 55 28800 8 Al g5 ) e 71 s iy Jladi] ellae Y 4l e
o O Jaisall e il) U AL ciliall 438000 8 diall £ 1551 (0 %0.02
Aea¥) B8 N Jsasll () g2 las %6 ) %3 e 7 s) s Jladi] 2ie S aleadl
488320 ) 15 G0 sl () (b Al st aY) s

& ¢%0.5,0.4,0.3,0.2, 0.1 Jxdil dic duall gl ¥ i g Jasd) Jiad o ()
OS5 Laie % 2 IS5 ¢%10 S %1 IS el jall Jaid &3 «%3 A %0.5 S
%10 (o S| Jlaisy)

Ao A alie Jogaa Gioa 1Y) Jranil) g g Jladi) %20 S lel 8l Jaad o ()
Blel o e cdlga) (38 (sl w55 3ay %5 o )38 Jladi) Cigan die 5 %20 o8 Jaal
Ll (8 o) 2l 3L ) e e JladiV 1 alga ) (5,8 (e A8MR) ans J 48K ) 31 24
Adlgd die g HLaAY)

Al ) eSS oy o5 Al Jilu & )85 5 Gl gruiall paes Al 5) a5 g3V Cagan 223 (J)
Aa skl (5 sime daal s Lehdald s Al 0 )5 & (a)

Aileie Glie o J8Y1 e @l ye ¢ Ll Jaxuall dad jass s i) S ()

- Clladl /1/5

A3 (e (£) sl Jlaiiy) Gl (1)

AL
E—LO



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Adaiuy) bt (e 23na g LS Al g i) & il jlade AL

il Dl sl e il (AL) gl Y) 4 A ylae daleal) duall g &) 58 L,
el G f ae Jaanil

A8l (e ddass sial) chﬁ.d\ dalie crual (<)

>

s

(b el adaidl) daliss A,
Jaall A Aira 3L ) Jlaall Jasyl g
A8l (e @ sall Jaad QWG4 (g7 — 03) L) B8 sl (7)

P
0-1_0-3=Z

>

=
D G gan Al 8 A Jakiay diay o ae Canall) SSEAY meaadd) 5 cad sall Jaall P
ebiall alisal dlau gial) ALiaal dagdll A
=l el e deal) (38 Guany G (JadiV) 5 dgal) (38 G A8l au )l (2)
e die JuediV) 5 slgal) (8 paad & die s o8 aall o JediV)
A Al 8 el 3l Lo allaal) el il memeat) AN Aalaall axsis ()
Y5 oo Sleal (B 4 gl Uadll o) 513 Al

AMe(1—¢)

D,

A(oy — 03) =

. =
SEFEN

g

AR Laieal) Ba (ge an ke 2 53 nnadlIA (g, — 03)

() AoV Aial) ki D,



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

(20 (e aef (i) (Fhlaad) clazll Llecai) Jalas M
Jasyl g
b o alaall Bl (e ae 25 dae s e Galal Gaok e (M) a3 (Say
JlaaVl Gl ol vie Jladil) sas o) ALEall da 33U 3 58 (i ae Jpenill
N 3 5 g alaal) MRl g Gl Gy (e D) edaed ddaa Cany
A (e 0y o) Nea) ST Al Claa &4 ()
0, = (0p —03) + 03
JEARECS
kel die e 38 (07 — 03)
ke die Al b gy
3 53 s am Il sl Ll () o 0 ()

- gl Jad /1/6

o Lo gl (pancal O s
Al e ( T )
il A o g Ag ha ) (5 gina g Al 21K QUK ()

die Jladiy) dad g ¢ 5l aie Mealy) (3 )8 4 e Lﬂ;lﬂ\ iyl 5 Aga) e (C)
Cilas gy adl) Mjls.oa.a..ﬁd.\;uuelt by a_u;.gu_hlau}id\ Jadi¥) Jaza g gV
Y aa Al JSE ey oy om0 o BY 2/ g LS



AL e:\h_"d\ BIBY)
L 515531 il el gl
Aiaa) Auigl) and

Department

kol ol ald 81 8 (170 Vs
28 LR 43 hial Jya

L.q..'ﬁri_; ! t__,_..:.-!
Al Bz CRFY S
P ey il 3
el lin Pl glat
e (5 sine DD ad Bany
zull dx : I L T
e lEw At (Gl A slie elea S PG [N F-EE R
el A (o) e ek D aa
e [-"ﬂ-‘!' i - il | E= {ﬂL] ::: A i
5, —a S : 4
o) -o3) ,' 3] TS 3 E: ik A dids
Wohah 4 A N R R
Y T - (O pmih R fie e

Lélail K'Y é.jjd/ gaj.// ki) =2
s JBY) e o 4l 2/1

e Ak grazaal) ddall Ay il adl) A glie O Lae A aand s LAY 138 (e i g2))
ahasiuly alatie Jaaiay Alalae s Lol ) Sles Jaad il diall i) lga) s DA
Larall cand Y ol Agal) Jae Lia Ty ¢ JLaa¥1 s 3 Al L) xie Jiludl i 61 5l
gean Y oy LYY ¢ a) o clld dmy Aiell (e 75 AL slall ey Las cdaadll
Al (e elall & 5530

- gl 2/2
Al Ol iy asalisa (a8 A8lia) ae alualii AS Tils (o g gall Sleall aadiy

L’é)}e\m\(u.ausmw\f:& YJJL;J}JSSJY\ wgﬂ\)kpe\m\usqu\a;;



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

- il 2/3

Glad) LAY 85 5SAdl i shall aas &l
- 44 bl 2/4

Ao sllaal) 48all diall )35 o ()

Jaul) (e lal e adl jhi 6 55k g Galil) iy aUadl) Cadlall Jaa 55 oy (2)

OsSlid) any el CaSall 81 el 02 ()

() b Al a5 o5 daall 515 ) 5aclE e oLl paia b i s ()
Lllae Ly dalay JIS5 Y1 5ac 8 o adlall Cuy g colally padia gl i 55 el s oa s
Lpal) mhas o elally gadiall (g slall cabisall a3l pa g s o i sl 223y La

o ALl 48 phall ity Ly ) dilay dgle (DRl Gl 4 Cus Jaeadl) (e B dlle piagg
peaill ) gae pe Walaie Aiall ) gae (555 Cumy LgaS i oy 5 (SO Ladiall 4408 et

Sl e 2o Jpanill (o B GuaSld At g il 5 oY Jleal) Cunmd el a3 ) ()
Al Jrand ate sled jo pe dpentl) a5 o daa g s alidi Al e UL Al
(= %0.5 il 0y Hslad 1) 48 siall ezl (0 % 0.5 0o 23 Y e <l JBa
sale) oy o5 chapnall Jakacall w55 Aled i Jeall a8 (g ola) ¢ siall Jaal
DAY e Ji Jpeal) G el (aaly G oy Ania

slall Jaria ol A sana s 4 oSal) 3 el 5 nnall Jarall a5 jeal Qa5 o8 ()
ol s e Be ) Sl 38T a5 Al

Lane Lz a5 oy A0 ol sedl (e Yoy Ciendiiad 13) Jiladly DA Jaxaall A8 ¢ b ()
14 Hsiay Gl bzl (e e f sl Tarall () 5 Gy Al e i Jara <l
48 e ) Laraall dad adiad) (2am/pnS 0.28 ) 0.14 ) % / (s 1S 28 )
53l il il iy 5 ol Aulee] LS 185 25 555 (s A a5 i)

Al Jae Ll 2y syl

Glas Al g i) & i) Gl Sy LD s el sl 36l 335 ()
_:\_'\:\aj\ (e cLall C})A.i Ty Lﬁ‘m ?LA‘A\

Ay Gy ASKia ) dakaia IS 5 ol 1 Jead) Capal e 2dall Qi Jakia Qi oy (d)
o sadl Jlaal) Ll dala sel 8 Jasa oy ol liaY Aliall Al Hll Jlaa¥) e 8 s

L AAl) ke s SSEAY)



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

) s oy Al el ae Gl Al Joaiall Jpanil) apal uadl 33le) ol ()
Y Be ) all 24T oy Al i) Caaliie ae 4 oLl (5 siua ()5S Cang 7yl
Al slual) Jazsal

elall Jazal 4380 iy eansy Ylad) axd digall e ol ) Jaall o s fay (&)
3y & LAY e elgiY) aly salinal) Cplall o) 5 Apailly dglenl) Tl ey Sl
Slelu 6 4 ga g

0.2 <0.1 Jeas) 2e aall thY\ ol g ‘;‘\:\,\M cLall .L:ja_mj Jaall Cle) 8 Jas (d)

in el axy % 1 IS @lel a8l Jas 43 ¢%3 s %0.5 JS & «%0.5 ¢0.4 <0.3
%10 o Sl Jladi) die %2 S5 %10

Sranill Gl w5 %20 ) Jurii¥) Joay sl Sl Chany s Sl 3 Jaaasd & (o)
o gan 32y %05 Aty Jladi) o die 5 %20 Aty Jeall a8 foalie Jagaa Guas 1))
(Juadi¥ s Agal) (358 Gm A8l a1 AESY Cle ) Al 33T 3le) jo pa calga) (38 ol
ALl el Y die 5 HLaaV) Aoy 8 Sled Al 330 ) aa

ke JSS a5

Lo Ao skl (5 gine daad g a5 Aad) () )5 s ()

Jascal \@sﬁucﬂ:@wa@gﬁda‘y\gca\)‘am)mm,)ﬁg(&)
Aaaaall

cbilwall 2/5
Gl Hlady) 8l (g) L“;J,;.d\ Jleaiyy) g._m;\(i)

AL
E—LO

Gl JUERY) 3 LS (A) adaiall dalise Jans gie il 2iy(2)

A,
A=
1—¢
Gl JLESY) LS s desd JadI (07 — 03) L)) BA Cles ()
P
0-1 - 0-3 - -

A



‘_AL:J\ h\hﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

ol ) sl e sleal) (38 adsn Cun Juadi1 5 dlea ) (B8 (o Al ana ) (2)
Al a5 LS L) die Jladi¥) g dlgay) dand i die s Y] )l o Jeis¥l
) elall Jaza g Jaiiy) oy

oo il Uadl) (S 13) Al 4 i) cle) 8 e el Cadlall 5l sl ()
A8 223 %5 (e ST alga ) (58 A Aaladil

A4M e (1 —¢)
D,

A(oy —03) =
Gid) JERY) (8 LS (07) (st Sea] ST Aed o % ()
o, = (0p —03) + 03
(B (4 (5, 0) el s SV Jladll gayl al cavas ()
dl =01 —UuU

JUITEN

-

‘3;\:\,\5\ o\zmj\ Lacay

IR )3\53 ) @)L e }i L“L"“A (Ccu\, (Dcu\) K] (Ccu ’ (Dcu) g:‘“‘.%g RERES ?4" (C)

Ll Joad 2/6

Al Al (1)
) a3 5 Ay skl (5 sian g Al 440SD) ARUS]) ()

(Taa dac ‘—‘Jsﬁy 2?/ (R o )X:‘S Glas 5 (Ccu\) (Ccu) lalal) 4"“}13"“ 4"“:’3 dﬁ;"“j ?“:‘
.Jlﬂ"@_.'y‘ = ;\;‘é’j\ JSG o) (*3.-.’ LS .Zé‘)d 0.5 ‘—Uﬁy ( (Dcu\) ( q)cu) Ay a:’}‘j}



Sl aalaill 3 ) 5
L sl i€l 5 Anighl el agall
Agial) Fstigll

Department

SELED Sy g peall 3l A @A (T- V=Y ) st
et sl i (il ne

e st
Aall s P sl
Ay b i,
e i gal)
Aush b 5 i N o pal siay
el i gl i ———
s g Al e Ao el Jana
P Jeanldh gl as Jales : (@) hsm el Tiad
Ul plis § A it S el 3y ) 301530 3,0
Ll paa gl 2Ll ng Al
g
b lin | e id s = nis
() s (ﬂ;—d‘;,] ‘_""" : ;..L. (ar) Lol :z i
W | ol i - | 1a.| . _::.:ﬂ ey | =
il - O = el dag S0 ) Dl
e ' P = TN JEC
gl padl) i) /3

r JLERY) o A 3/1

O Axpdiall dighal) 4 il il A glie 3lalee A paad g JLEAYT I (e ()
Gy g Jiladl ol e sgl) alasiinly aliiie Jaray Adalas g Ll ) Alass dial JLgdV1 aas DA
e 5 Al (e 5 AIL elall ey Lae cedan SLEAY) 138 o) ja) Ay il Jlgd) i
LY 138 sl Al sbuall Tk () oS3 Ll

- gl 3/2

Gl HLERY) 8 Bl g sall gl aladial oy



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

- 4e 3/3

Gl LAY (8 Lee L) Gaw Al Dl shadl) A4S ¢ L) o
- i k) 3/4

Ay sllaal) 2840 Al 55 A (1)

el (0 ) e 435 5 ol 0 )l Ll DU L o ()

OsSlid) andy el CaSall a1l el 02 ()

2y DRl 8 Al a6 g ¢ Baclall e 8 e elally audia b o B a5 ()
eed sl by dalay saclall e oMl Cudly g ¢ Ll ga oLy padia e i (35 g
A b e el il g shel) oabosal) om sl s I3 ey s Jul) 13

oy ALl 48y Hlal) Gty Loy ) Al dagde CaDlRl) s a5 Jpeatl) (a8 Ll 5h jua s g
Jraadll saa o Al ) sae Gl Camo LS 53 a5 SO Jazall 408 aens

Axada 5 Al AaDls (e U Jraaill a8 Jaul 5 Ao Jlaal) capial oy oy 8 ()
%5.0 o= 2 Y Lo @) DA Ll uasd aae e pajall g diasdll (o B ) 550 e
O M a4 S <l gl Jeall (10 9%0.5 Oe aill (05 20 N cad siall laaall (1
8 Jaanill [ 8 duse Bl Cunzalll dny o Japsal) Lariall a5 4l (Jis Jreadl) (a8
LAY e

A el 45 Jia 55 SIS g 4 Sl 5 gl 5 Tl Jazaal) w8 535 gl Jaa 53 ()
&8s Al ol e el sed) (e Yo Lgalaiiaal o3 13) Jidly 400 araall 418 e 3 ()

e el Il axazall (6 Cumny il e i hariia aa g LS Jaadl) Lzl

Ao Maiat (2am [ 2380.28 ) 0.14) %o / s 518 28 () 14 Al Sl baall

il Alany prany LAS U 5 Aiall o 531 Alall S Aa 0 3l e ) Jariall
Al L Lt 2 o aal) iYL Jasiall plasall i)

Al gl ) & sl Guld Sy G s el st e 8 3T S5 ()

Cany (S vz SIS 5 ¢ ol 1 Jaad) capal e A Jilo Jarca Jiadi oy (da)
oo o sill Adlal) 5ol 8 Jana oty ol B Y Alial) dpud Sl Jleal) 5ol B meamaal ol
A oz 5 SIIAY)



‘_AL:J\ e:da_ﬂ\ EJ\)}
Lin o550 il L) gl
Aaall dusvigl) and

Department

Aa ! 4 5 Jaga Al e g () Al Jeaiall Jrenl) Capial uedl alay ()
_@A\&m)\mggw\g}mo@_q}%

M\DM\LMEM@ASyMcLuM\(Jg(QJ)

alae a3 3 13 canliall Jpanil) Jasa o) giall Uadll 5 4 laall 43 jla Ll eliSay
Ol Blel e ae - gV i JLEa) alay a3 Cd ) a4y (Cy) 4oll Jae Ll
A A8 (e - %95 Aty ) elall Jariza iy ) A )

20k
"7 e,

>

L

DY) i randll e t

Al g8 )l h

Leladll Julas C,

sl e leided e ) Ban) 5 Aled (g Al ol (IS 1Y 3 51 0.75 235 Jabae 7

Gk g b yhall e o puadll Al 13 40.4 a5 ykadl) (o puatll Alls 832 2355

Gyl a5 «%20 ) SV Dy 5 Sl Cagan Jia clel a8l Gaaas &y (J)
3y %5 Jladil Cigan ie 5 %20 duaiy Jeall a8 oalie Jagaa Eigan i Jreadl
A O ABall a5 8SN clel Al AT Hlie W) 8 3AY) aa cdlga) (38 (oasll Cogan

Algs ol ) die g LAY Al 8 lel 3l 330 ) e JladiV) 5 alga )

el jasd g dlddl) d.\\...nu.t)..aﬁeﬁgj cLM\A\ALSd\)\ef\Ath@_‘Y\ &)h.\a.,\(e)
‘)L_\ﬁ—\y\ds-aieu)}

Ll A gha )l (o gina daat g Caiat g Al (G5 A ()

Ll dad s ae dlilaie cilipe e JAY) e @l je GG LAY ) S5 ()
Al

- Sbilwad) 3/5

Uabeall e (£) sl Jadl) il 21y(1)



‘_AL:J\ h\hﬂ\ EJ\)}
i 150y Bt el gl

Fiaad) Losigl) and
AL

£=—
L,

Aol (e dass giall c.kﬁ;d\ dalie s o4 (@)

Ao
A=
1—¢
) e @dsall Jeal Jad) (0 — 05) AeaY) 3 sl (7)
_P
01 — 03 =2

IV sl e dlea ¥l (38 o s S cJladiVlg slea¥) B8 O Adlall ausl (2)
AMall o 35 eV aie JuediV) 5 slgay) aany e sa s Y saall Lo JlaiiV) (S5
Jreadll J lgaaas () Al paa & sl A5 (5 ) saall Jladi¥) o

sie gl Uadll 13 A5l 4 3l e ji e alaall Cadladl il msatl ()
Aldlaall 20355 %5 (e 355 dgaY) (b 8 Aaladial

AM e (1—¢)
D,

AN (e gy Jlxb ot Sea) ST Ao a2 ()

Aoy —03) =

o, = (04 — 03) + 03
s 53 (e an b ol Lilis (Cy, D) A 20s3 a1 ()

- gl Joawd 3/6

o Lo il anati (o Gy
Al dnil (1)
sl A 53 Ay sk ) (6 gima g Sl o saall Ban 5 )5 (<)

5l s guaaa 230 CUAY 20 [ (figd SLS Clas 5 (Cy) lulall daslie Lad Jiansi oy
ke e Al UK s o WS Aa )2 0.5 @AY (Dg) JSiaY)



Sl alaill 5 ) 5 ¥
L ol i€l 5 danigll el agadll c
A isal il VE

Department

bl g gy LAad ol sl mdS (F-Tem¥)

Jlass AL )
;'*'?j'r‘J IOE g sl
It Aapd
L p1z ) U
:'ULJI'IE i g LA {I;F_ll-i-‘ [ E T
ol Jd el 1 ol s
TR TE NP PIPR el i
2 Juaa¥l el Al Lol :[ 03] daeddl Ll
Aall gl i s yuall Al 30N Sl D
el pa b0 LIURE N I
!é‘__ﬂ.'ﬂl
=i - uld
) Gk | Tk £= |
- (67 -03) [ 2neen |75 | AL B L : 2]
el Lol e ol B ) ol
o e A - wr - Lyt il
gl il jlas e
}’ Jy
5 il sl U B
31 /*L".:II)F'JL-%Y it
- wolose o3
2 bk Sie
3% bl Joy =
> (ki
= Lyl L) 45 3l ¢
| 5 -
- al=
3 (&) wyyeall JleBYI ‘ SO Bl L (V-Yo-¥) Jok
2P AN (o) Baiall Ay foed el LGA) mdl (Y-YR-T)




AL e:daﬂ\ B1BY
L 315530 5 il el gl

¥

Cve

i gl AGEN jpa il s (=YY J5d

dpinall dunigl) il
3.&32 4
B AT G il
s e ie gl ] ”"f“‘;‘ff,.' t['
f\f!"- d= )]“‘ 1 98 )
L s N
. 2{E-d-al+m{a+r)=0%llaugd )L
|yt dlia
Lol i el JBy slse 1S o PN L KT
:H b Jei el a8l = & Jeledl
By . () L PN EAE S (M) il CBIED i) Jula s (P 18-T) S
b q = 25 T kS

g Ay e ipde i)

R/ \

-.'J- )
Llauly

AT

Y

ol gt el 3 5 ol 3 A0y : (VY 2 T) JSa

/

N T AT

the rl.- I.:ff;.lﬁ{;.f&?lfl

T_-_-_'_"""T'--

B}

Do oSad Jua ¥ (35 s shend Sl e = )

5 (danca) i gha =t e s -y
ot =1 o il -0

o Jadia a3 Ae pana : (P-Yo=¥) Ui

Lol iball biy g5 5 e ¥l g

(oS B8 (1) (rteS) piss S5 -

t Py i —
[

| N

L

wrar jmeen ?




Sl asleill 550 5 Fig
L sl 55l 5 il Mall sgaal c
A isal il VE

Ll Lol b g8 i 4'_"'—:—"'
_— ) ol 54
() prisas sl (s ) " S
R oy y (o) hiis LSy -0
; B =
t . \ = ) \ B
& . - N
£ 3 1 wa
LT 1 |
™ ey - E Ll |
& [ t = rE F
! e o |
2
3 ‘
L1 i il
sl Bole gl el gl cxck
i
Al e il il 1
Vladsh Loz A1 clailga¥!
o el ) AERY g cilia (A-Ye-T) Jd
sl
E i -
- B | =" ':t sl
- S L~ T
% A e N O ] R b
S / L/ |
[
2 st Jleiyl
qu_uhnul_lb.ﬂ:l'l'l
1Y
. 1 B
o S - /)/
- - alhas %
= e A
";;‘ 4 e e v W O o
phe @ T ¥ ol Jlei¥l
#ygsmadl Jleios)
Liball 3L o
bl gk e




AL aadaill 351 5
L 5300 5 Aaigll ) sgaal c 3%

A duigll and VE
].
= 4
i
E
]
&
-_L
CopreShprswtd Wledll 2z ) Clshn )
Jzlanh pole fabo -]
:!..
;) Ch
3
3
1
XL
=
d
T

VoS | o fb Yl Loz )l Slsbandt

Loldl b b -0

Ll adl LSEY g il 1) =Y O-Y )






el adell 51 55 £

L o Sl g daaigll Mol gzl c
el duatigl) anid VE
doaal) duaigl) Jaxe Jido

() + £) dsld Laal) dwnigd) Jara
38 giall 3 3¢l Aaild

HAS GA)
Al S Alaa Jlga, ¥

(hara G oS g ySaa, ¥

il g ¢

bl a0

(e alaa 1

T2 Slu g,V

B_srcia 4uSiila ¢ ciliala A

i) g8l Adaa) g3 (bl daria siragigh g4
slal) B Cuildl) CpansY) ApaS (uld g LY
Apilparsl) g dmdal) olsall cidlalra il Jlga V)
el sV daS il VY
BlSal) dand Ll g N Y

Al gaall da o uld g LV 8



Sl adel 5505 £$

L o S50 5 Aetigl] ol g c
il duigll and VE
Laall duaigh) Jere Jils

Jazalls 53 g2 gal) 3 3gal) cilily

RS OR BIVENI PO

Sl b s

Leiaind s ilial) (yn & g 1 A1 315 i e alaiia




Sl aalaill 3 ) 5 ﬁ.

L 51 €01 il Nal) gl
Aiadd Al pud CVE
daall Auwaigh Jaza Jila

Jarally 53 g2 gal) 3 3gaV) Clily

A4S Adlaa Jlga S aud

Jedl 3 9a

BT1020

W sai g la 1S5 5 L yiSall ded ) 305 pall da )a s e alin Jang pid | Jlgad) aladiad




el aalaill 3 ) 3 #

Lo o) iS00 5 atigll Mol gacd
i) duig)) aud CVE
daal) duaigl) Jaze Jibo

Jazalls 53 g2 gal) 3 3gal) cilily

(rlare oS g Saa ) S

Jell B osma

Tm b5 Sl QT il Gand Sl alaiial




Ld -
%J}fﬂ\ \j,:d,_d\ BBy
Mjﬁ““’ SAlall sgadll
o
Department

Jazally 3
3 52 62 gal) 3 3gay) cililu

palad Jlga
Sl ad

Sl b s

SS.STENL
SURE
RATU

Q‘)Q‘}“ ('a..js,_'i
Sleall alasi




Aad) addaill 3 ) 5 #

L 51015 dsigll el sgaal c
Aiaal) dusnigl) aud VE
daall Auwaigh Jaza Jila

Jazalls 53 g2 gal) 3 3gal) cilily

bl Sl Jead) amd

Jell B osa

Ll ks gl aladind




el aalaill 3 ) 3 ﬁ
L 5l Sl 5 dnigll el agal) c
Aiadd Al pud VE
dgnall Autigh Jane Ji
Jazalls 53 g2 gal) 3 3gal) cilily

(b alaa BIVEN POV
Sl b s
DS AL Zilas 3 ga o (g 5ins ) clial) (i | g aladiul




Sl adall 5 ) 35 ¥3
L o S50 5 Aetigl] ol g

il duigll and VE
Laal) digh) Jaxe Jils

Jazalls 53 g2 gal) 3 3gal) cilily

Tod Sl Sl

Je 3 9a

AATA ) LalST ks Jil gnd) Jomi 5l il gudl) e aaloall ) gall Jocd Sl aladiul




el aalaill 3 ) 3 .#.

L 515l 5 Asnigll el gl c
Aiadd Al pud VE
daal) duaigl) Jaze Jibo

Jazalls 53 g2 gal) 3 3gal) cilily

5 e AaSiila g) Ciluala Sl awl

Jell B osma

il guadl (e 4883 il Jii 4 5_pilns Sl aladin




Sl aalaill 3 ) 5 ﬁ'

L ol €l Aiaigll el agadll c
RSUEWERTINE VE
Laall Laigh Jere Jis

Jazalls 53 g2 gal) 3 3gal) cilily

Anal gy (alB) 22n%a jina 50 g0 g SiSa g Sl and
(spectrophotometer)<id) s<l)

Sl b s

S

Ll 3 AL (ol y e il 2 ] LSl G | Sl plasid




) alsill 3 5) 35 ﬁ

L S5 Bl (2l CVE

dainall Anigl) and
Laal) dusigh Jara s

Jarally 3352 gall 3 5¢a¥) by

— Sl pud
;w‘ ‘-’é ‘T\.‘i‘ﬁ‘ ',!3. IS\J‘ 1:\-45 U‘lﬂa JLH

el 5 y5a

CISsOLViD OXYGEN METER

. o ‘
_ JL'GA.J‘ e‘.\;\u
elall (3 Il S dpaS Ll




el aalaill 3 ) 3 .#.

Lo o) iS00 5 atigll Mol gacd
i) duig)) aud CVE
daal) duaigl) Jaze Jibo

Jarally 3353 sall 5 3aY) by

Ailarsll g Lmubal) slal) clalaa b g el ad

r

Jedl 3 9a

Sl Ao 50 A 11 - (e olall a5 Al (Jol )l oL el plakid
5l Ay A glall 5 410 Ll




Sadl adaill 3 ) 35 #
L o550 5 il Mal) g c
i) g and
daal) duaigl) Jaze Jibo

Jarally 52 g2 gal) 3 3ga¥) Clily

S V) Tas i g Tl

J{PEN{ 3 TX
HK-CH11-A09 Headl diss
Sl 3 9a

slall 3 el oY) ApaS (ulB | gl alafic




Aad) addaill 3 ) 5 #

L o S50 5 Aetigl] ol g c
i) duig) ad VE
dgnal) datigh) Joe il

Jarally 53 g2 gal) 3 jgaV) Clily

Bl dpad b Sl BIVEN PO

Jead) Jraga

Sl 5 sua

Ll 5 0Se GE | gl aladiul




¥
Cue

1 4
mwa&w
DY
ﬂwww
3 533
LK

iy

-
r

-dJ
4

Sl aud
) 3 90
w4l aladial

-

J

J{VE
Ld

J

5 Y clily
& gaal) da o (b
a\:ml\:\.;b}.q;:\;).)w

i

362 gall

g

L b




FLUID MECHANICS AND
HYDRAULICS LABORATORY
MANUAL




Ministry of Higher Education 3
Higher Institute of Engineering and Technology CVE
Civil Engineering Department

Course # [

Course TIIE! muumamumsm sasme

INEErUCEOr: s e ——————

Group ....

Experiment No. .o

Title of EXperiment! wmm moemmm—.

HNames ID.s

Date of Experiment: ... -
Time of Experiment... e




Ministry of Higher Education
Higher Institute of Engineering and Technology c
Civil Engineering Department

3
VE

Department

Lab. Instruments

Tt
.

| —

o%

e

Basic hydraulic bench (GUNT-HM 150)

ks

- 4

Bernoulli’s principle demonstrator (GUNT-HM 150.07)




Ministry of Higher Education

Higher Institute of Engineering and Technology

Civil Engineering Department

Cuvt

Department

[ |

Crifice and jet velocity apparatus (GUNT-HM 150.09)

Impact of jet apparatus (GUNT-HM 150.08)




Ministry of Higher Education 3
Higher Institute of Engineering and Technology CVE
Civil Engineering Department




SAFETY PRECAUTIONS

Clothing: When handling dangerous substances, wear gloves, laboratory coats, and safety shield
or glasses. Shorts and sandals should not be worn in the lab at any time. Shoes are required when
working in the machine shops.

1. Wear safety glasses or face shields when working with hazardous materials and/or
equipment.

2. Keep the work area clear of all materials except those needed for your work.

3. Students are responsible for the proper disposal of used material if any in
appropriate containers.

4. Obtain permission before operating any high voltage equipment.

5. When using compressed air, use only approved nozzles and never directs the air
towards any person.

6. Guards on machinery must be in place during operation.
7. Exercise care when working with or near hydraulically- or pneumatically-
driven equipment.

8. Sudden or unexpected motion can inflict serious injury.

9. Clean your lab bench and equipment, and lock the door before you leave the laboratory.




EXPERIMENT NO: 1

VERIFICATION OF BERNOULLI’S EQUATION

OBJECTIVE:

To understand the Bernoulli’s theorem through an experiment.

OUTCOME:
The student will be able to verify the total head of an incompressible liquid is always
constant.

SCOPE:

The knowledge of Bernoulli’s theorem is used for flow measuring device like Venturimeter,

Orificemeter & Pitot tube.

APPARATUS:
Bernoulli’s apparatus, Controlling valve at inlet and outlet, Discharge Measuring

Tank, Scale, Stopwatch etc.

EXPERIMENTAL SET UP:

Peizometric
‘%‘;bes

Water - - ‘

I e
Centerline

Fig.1 Experimental set up.

PROCEDURE:

1. The apparatus should be accurately leveled by means of screws provided at the base.

2. Connect the water supply to the radial diffuser in the upstream tank.

3. Adjust the level of the discharge pipe by means of the stand and clamp provided to a convenient
position.

4. Allow water to flow through the apparatus until all air has been expelled and steady flow conditions
are achieved. This can be accomplished by varying the rate of inflow into the apparatus and adjusting

the level of the discharge tube.




5. Readings may then be taken from the piezometer tubes and the flow through the apparatus measured.
6. A series of readings can be taken for various through flows.

THEORY:

Bernoulli’s principle formulated by Daniel Bernoulli (1700-1780) states that as the speed of a moving
fluid increases (liquid or gas), the pressure within the fluid decreases. Although Bernoulli deduced the
law, it was Leonhard Euler who derived Bernoulli’s equation in its usual form in the year 1752.
“Bernoulli’s theorem states that, the sum of pressure energy, kinetic energy and potential energy per unit
volume of an incompressible, non-viscous fluid in stream line flow remains constant”. This statement is
called Bernoulli’s theorem with reference to section 1 — 1 and 2 — 2 along the length of steady flow in the
stream tube. The total energy at section 1 — 1 is equal to the total energy at section 2 — 2 as stated in

Bernoulli’s theorem.

FORMULA:
Total energy at Section 1 — 1 =Py /yg + Vi*/ 29 +Z1
Total energy at section 2 —2 =P, /yg + V.2 / 29 +Z,
Where,
P / pg = Pressure head
V %/ 2g = Kinetic head
Z = Potential head

OBSERVATION:

Actual

Area of irolcr?ﬁ :%2 discharge | Velocity = Vﬁfgéty Prﬁgzgre Datum Total Elead
pl(prszga) of water =%?$t (?rsggcz:i) V129 Plyg he?g])( Z) | Pl +(X)/2g i
(Sec) (m3/SEC) (m) (m)

1. Actual discharge:
Qact =AH/t
2. Velocity:
Qact/a =
3. Velocity head:
V?2g =
4. Total head:
P/pg + V?/2g + z = constant




GRAPH:
The graphs of pressure head, velocity head and total head are drawn at various crosssections, taking the

Ccross section area on X-axis.

RESULT:

The total energy of a streamline, while the particle moves from one point to another. Bernoulli’s theorem

for an incompressible fluid flow is verified.

Viva Questions:
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21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Bernoulli’s Equation is a mathematical expression of ?

A stagnation point is a point in fluid flow where total energy is ?

When is Bernoulli’s equation applicable between any two points in a flow field?
Bernoulli’s equation relates various forms of ?

Bernoulli’s equation mathematically is written as ?

Velocity head is given by ?

The piezometric head is the summation of ?

Eulers equation (in differential form) is written as ?

In hydraulic gradient line indicates the variation of ?

. What are the different types of heads in fluid ?

. What are the practical applications of Bernoulli’s equation ?

. The total energy line is always the hydraulic gradient line

. The vertical distance between TEL and HGL represents ?

. The units of total energy is ?

. The Bernoulli’s equation written in the conventional form represents?

. What is the basic principle of Bernoulli’s equation ?

. What are the assumptions used in Bernoulli Equation?

. What is the similarity between Bernoulli’s equation and energy equation

. What is the di-similarity between Bernoulli’s equation and energy equation
. Which forces are neglected to obtain Euler’s equation of motion from Newton’s second law of

motion?

Chimney works best on principle of ?

When a fluid's pressure decreases, what happens to the speed of the fluid?
State the Bernoullis theorem ?

What are the precautions taken in this experiment?

What are the basic equations of fluid mechanics?

What is the purpose of Bernoulli's principle?

Which apparatus is used to verify the Bernoulli’s theorem?
What are the names of tubes in Bernoulli’s apparatus?
Name the parts of Bernoulli’s apparatus.

What is energy gradient line?




PRACTICAL APPLICATIONS

Bernoulli’s Energy Equation can be applied in practice for the construction of flow measuring devices

such as Venturimeter, flow nozzle, orifice meter and Pitot tube, Furthermore, it can be applied to the
problems of flow under a sluice gate, free liquid jet, radial flow and free vortex motion. It can also be
applied to real incompressible fluids with good results in situations where frictional effect is very small.

Higher Pressure,
Lower Speed

MID EXAMINATION QUESTIONS
1. Verify the Bernoulli’s theorem.

2. Show that for an incompressible liquid the total head is always constant.

3. Find the total head of an incompressible liquid using Bernoulli’s apparatus.

UNIVERSITY EXAMINATION QUESTION

1. Determine the pressure head, velocity head and datum head & total head for an incompressible
fluid flow in a pipe.

2. State Bernoulli’s theorem. Conduct the experiment and show that the total head is constant.

EXPERIMENT VIDEO LINKS
1. https://www.youtube.com/watch?v=3IKYQ7BYU2qg
2. https://www.youtube.com/watch?v=ev-3wrESWWQ



https://www.youtube.com/watch?v=3IKYQ7BYU2g

EXPERIMENT NO: 2

DETERMINATION OF COEFFICIENT OF DISCHARGE FOR A SMALL ORIFICE BY
CONSTANT HEAD METHOD

OBJECTIVE:
To determine the co-efficient of velocity [Cy] co-efficient of contraction [Cc] and co-efficient
of discharge [Cg] for circular orifice by constant head method.

OUTCOME:
The student will be able to find the actual and theoretical discharges and hydraulic
coefficients.

SCOPE:

The knowledge of hydraulic coefficients for a small orifice mainly used to find the discharge.

APPARATUS:

An Orifice fitted across a pipeline leading to a collecting tank, Stop Watch

EXPERIMENTAL SETUP:

The orifice meter consists of a throat tiling device (an orifice plate) inserted in the flow. This orifice plate
creates a measurable pressure difference between its upstream and downstream sides. This pressure is
then related to the flow rate. Like the Venturimeter, the pressure difference varies directly with the flow

rate. The co-efficient of discharge is 0.62-0.67 for orifice meter.

SUPPLY

WATER

¥
b C.o 1)

e}
MEASURING E Sl
TANK "l |

Fig.2 Experimental setup
PROCEDURE:

1. Measure the diameter of the orifice.

2. Supply water to the tank.

3. When the head at the tank (measured by a piezometer attached to the tank) is steady record the
reading of the manometer.

4. Measure the x and y co-ordinate of the jet from the vena contracta.
Measure the flow rate.

6. Repeat the procedure for different combinations of discharge.




THEORY:

Orifice is a small opening of any cross section such as circular, triangular, rectangular, on a side or on the

bottom of the tank, through which a fluid flows. Orifices are used for measuring the rate of flowing fluid.

The water is allowed to flow through an orifice fitted to tank and a constant head ‘h’. The water is

collected in measuring tank for known time ‘ t ‘. The height of water in the measuring tank is noted. Then

the actual discharge through the orifice was calculated.

FORMULA:
Qact = AHI

Coefficient of discharge = Cd= Qact/Qthe

Coefficient of velocity = Cy = Actual velocity/theoretical velocity

OBSERVATION:

Diameter of the orifice (d) =

Area of orifice (a) =

Time .- Pointer
required Actual Theoretical Coefficient reading (m) | Coeff. Coeff.
Constant . . of
for 10cm | discharge | discharge . of of
S.No | Head (h) . discharge . .
Rise of Qact Qthe _ velocity | contraction
(m) 3 3 Cd= X y
water (m°/sec) (m°/sec) Qact/Qthe (Cv) (Cc)
(t)(sec)
1.
2.
3.
1. Actual discharge:
Qact = AH/t =
2. Theoretical discharge:
Qthe = axV(2gh) =
3. Coefficient of discharge:
Cd = Qact/Qthe =
4. Coeff.of velocity:
Cv = (x%4yH) =
5. Coeff.of contraction:
Cc=Cd/Cv =
GRAPH:

Draw a graph between Qact vs Vh. Take Qact in Y axis.




RESULT:
The mean values of hydraulic coefficients are as follows:

a) Coefficient of discharge, Cd =
b) Coefficient of velocity, Cv =
C) Coefficient of contraction, Cc =

Viva Questions:

=
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24.
25.
26.
27.
28.

29.
30.

Define an orifice.

For what purpose orifices are used?

What are the applications of orifices?

What is Vena Contracta?

Which diameter is less? Orifice or Pipe

What is the diameter of the orifice in the experiment?
What are the hydraulic coefficients?

What is meant by coefficient of discharge?

Define the coefficient of velocity.

. Define the coefficient of contraction.

. What is the use of measuring tank?

. What is discharge? What is its unit?

. What is mass flow rate Mention its unit?

. What is volume flow rate? write its unit.

. State the equation for theoretical discharge for orifice meter.
. How will you find out actual discharge?

. Describe the principle of manometers and its uses?

. What is the theoretical velocity of jet of water coming out from orifice?
. Mention the types of orifice meters.

. Distinguish between small orifice and large orifice

. What is meant by constant head?

. Write the formula for loss of head in orifice meter.

. The top edge of the orifice is always (above/below) the free surface
. In orifice it is convenient to work in terms of pressures(gauge/absolute)
. An orifice is said to be (' submerged/discharging free) when it discharges into

another liquid

What is the range of coefficient of discharge for small orifice?
Write the formula for discharge through an orifice.

Write the formula for a time taken by an orifice for emptying tank.
Give any two practical applications of Bernoulli’s equation.

The coefficient of discharge through an orifice meter is
(small/equal/greater) than the venture meter

List out any two precautions in the experiment.

What is the difference between orifice and mouth piece?




PRACTICAL APPLICATIONS

The usual purpose of an orifice is the measurement or control of flow from a reservoir. The orifice is

frequently encountered in engineering practice operating under a static head where it is usually not used
for metering but rather as a special feature in a hydraulic design. Another problem of orifice flow, which
frequently arises in engineering practice, is that of discharge from an orifice under falling head, a problem
of unsteady flow.

MID EXAMINATION QUESTIONS
1. Determine the orifice diameter (d) required by constant head method. Take Coefficient of
discharge Cq = 0.6.

2. Determine the coefficient of discharge for the give orifice diameter 15 mm by constant head

method.

3. Determine the actual discharge in the pipe for the given orifice. Take Cq = 0.6.

UNIVERSITY EXAMINATION QUESTION
1. Find the hydraulic coefficients (Cq, C., Cy) for the given orifice.

2. What are the methods available for finding the coefficient of discharge for a small orifice?

Conduct the experiment and find the Cg4 value.

EXPERIMENT VIDEO LINKS
1. https://www.youtube.com/watch?v=xq IgKAPt ¢
2. https://www.youtube.com/watch?v=F6NubRmW7tE



https://www.youtube.com/watch?v=xq_IgKAPt_c

EXPERIMENT NO: 3

CALIBRATION OF VENTURIMETER / ORIFICE METER

OBJECTIVE:
To determine the co-efficient of discharge [Cq] for Venturimeter and Orificemeter.

OUTCOME:
The student will be able to find the actual and theoretical discharges and co-efficient of

discharges.

SCOPE:
The knowledge in practical application of Bernoulli’s theorems through Venturimeter and
Orifice meter.

APPARATUS:
Venturimeter/Orifice meter fitted across a pipeline leading to a collecting tank, Stop Watch,

U-Tube manometer connected across entry and throat sections etc.

EXPERIMENTAL SETUP:
Venturimeter and Orifice meter are working on the principle on Bernoulli’s equation. Venturimeter and
Orifice meter is a device used for measuring the rate of fluid flowing through a pipe. Venturimeter
consists of three parts 1. Converging cone part, 2. Throat. 3. Diverging cone part. Orifice meter consist of
orifice plate with concentric hole at center.

Main pipe

(dy)  Converging cone Diverging cone  Main pipe (d,)

Throat (d,)

Flow out

t— Manometric liquid
U-tube 9

3 manometer .
I B P — Datum or reference line

Fig.3.1 Venturimeter

Orifice plate

Orifice diameter (dg} I l |

Vena
contracta
diameter

Pipe diameter (D)

Pressure drop
across the orifice (h)

Fig.3.2 Orifice meter




PROCEDURE:

1. Set the manometer pressure to the atmospheric pressure by opening the upper valve.

2. Now start the supply at water controlled by the stop valve.

3. One of the valves of any one of the pipe open and close all other of three.

4. Take the discharge reading for the particular flow.

5. Take the reading for the pressure head on from the u-tube manometer for corresponding reading of
discharge.

6. Now take three readings for this pipe and calculate the Cd for that instrument using formula.

7. Now close the valve and open valve of other diameter pipe and take the three reading for this.

8. Similarly take the reading for all other diameter pipe and calculate Cd for each.

THEORY:

Clemens Herschel (1842 — 1930) was an American hydraulic engineer. His career extended from about
1860 to 1930, and he is best known for inventing the Venturimeter, which was the first large-scale,
accurate device for measuring water flow. Venturimeter is a device consisting of a short length of gradual
convergence and a long length of gradual divergence. Pressure tapping is provided at the location before
the convergence commences and another pressure tapping is provided at the throat section of a
Venturimeter. The Difference in pressure head between the two tapping is measured by means of a U-
tube manometer.

An Orificemeter is used to measure the discharge in a pipe. An Orificemeter in its simplest form consists
of a plate having a sharp edged circular hole known as an orifice. The plate is fixed inside the pipe.
Orifice meters need calibration a priori where a known quantity of fluid is passed through the flow meter
and the differential pressure across the flow meter related to the actual mass flow rate through a discharge
coefficient given as the ratio of actual to theoretical mass flow rate. Two methods of knowing the actual
mass flow rate are- measurement of time for collection of a finite volume of fluid and measurement of
mass collected in a certain amount of time.

A mercury U-tube manometer is inserted to know the difference of pressure head between the two
tapping. Orifice meter works on the same principle as that of Venturimeter i.e. by reducing the area of
flow passage a pressure difference is developed between the two sections and the measurement of

pressure difference is used to find the discharge.

FORMULA:

Coefficient of discharge = Cq= Qact/Qtne

Qact = AH/t
Que =al a2 Nal%a2?*\2gh ....... For Venturimeter
Que = al ao/ Nal?a0* *\2gh ....... For orifice meter

10




OBSERVATION:

a) Venturimeter

Manometer T_ime Actual _ o
reading Head loss required for discharge Theoretical Coefficient of
S.No pressure h(m) 10cm Rise of Oact discharge Qthe discharge
difference water (t) 3 (m®/sec) Cd = Qact/Qthe
(m°/sec)
Hm (m) (sec)
1.
2.
3.
a) Orifice meter
Manometer Time
reading Head loss required for Actual Theoretical Coefficient of
S.No pressure h(m) 10cm Rise of | discharge discharge Qtne discharge
difference water (t) Quct (M*/sec) (m®/sec) Cd = Qact/Qthe
Hm (m) (sec)
1.
2.
3.

Diameter of inlet pipe (d1)
Diameter of throat (d2)

Diameter of orifice (do)

1. Head loss (h)= (Sm/Sw -1)Hm

2. Actual discharge:
Qact = AH/t

Area of inlet pipe (a1)

Avrea of throat (a,)

Avrea of orifice (ao)

3. Theoretical discharge (Venturimeter):
Que = al a2 /Nal*a2? * \2gh

Theoretical discharge (Orifice meter):
Que = al ao /Nal%ao? * \2gh

4. Coefficient of discharge:
Ca= Qact/che

GRAPH:

Draw a graph between Qact vs Vh and Qact vs Qthe. Take Qact in Y axis.

RESULT:

a) Coefficient of discharge (Cd ) for Venturimeter =

b) Coefficient of discharge (Cd ) for Orifice meter =

11




Viva Questions:

Draw the Venturimeter and mention the parts.

Why the divergent cone is longer than convergent cone in Venturimeter?

Compare the merits and demerits of Venturimeter with orifice meter.

Why Cd value is high in Venturimeter than orifice meter?

Mention few discharge measuring devices

What is the use of Venturimeter?

What is Venturimeter constant?

What is the principle of Venturimeter?

Why is the pressure difference between entrance and throat section increased due to friction?

. It is recommended that the diffuser angle of a venturimeter should be kept less than
. Define venturimeter

. List out the types of venturimeters

. Define horizontal Venturimeter

. Define vertical Venturimeter

. Define inclined Venturimeter

. What is the use of horizontal Venturimeter?

. What is the use of vertical Venturimeter?

. What is use of inclined Venturimeter?

. What is the range of throat ratio?

. What is the range of Cd for Venturimeter?

. Venturimeter are suitable for measuring low velocities or high velocities ?
. Who found Venturimeter?

. In which year Venturimeter is found

. Write the discharge formula of Venturimeter.

. What is meant by calibration?

. What is meant by convergent section in Venturimeter?

. What are the materials used in construction of Venturimeter?
. What are the precautions to be taken in this experiment?

. Define venture effect.

. For what purpose Venturimeter is used?

12




PRACTICAL APPLICATIONS

Venturimeter & Orificemeter is a measuring or also considered as a meter device that is usually used in

industries to measure the flow of a fluid in the pipe. A Venturimeter may also be used to increase the
velocity of any type fluid in a pipe at any particular point. Both Venturimeter & Orifice meter basically

works on the principle of Bernoulli's Theorem.

Magnehelic*Gage

Slatic
Pressure

Orifice Plate

Venturimeter orifice meter

MID EXAMINATION QUESTIONS

1. Determine the actual discharge in the pipe for the given Venturimeter. Take Cd = 0.95.
2. Determine the actual discharge in the pipe for the given Orificemeter. Take Cd = 0.65.
3. Find the velocity of water in the pipe. Take the coefficient of discharge of Venturimeter as 0.95.

4. Find the velocity of water in the pipe. Take the coefficient of discharge of Orificemeter as 0.65.

UNIVERSITY EXAMINATION QUESTIONS

1. Find the coefficient of discharge (Cq) for the given Venturimeter.

2. Calculate the coefficient of discharge (Cq) for the given Orifice meter.

EXPERIMENT VIDEO LINKS

1. https://www.youtube.com/watch?v=3wfUev6TQv0

2. https://www.youtube.com/watch?v=NsW-8FjgjpY

13



https://www.youtube.com/watch?v=3wfUev6TQv0
https://www.youtube.com/watch?v=NsW-8FjgjpY

EXPERIMENT NO: 4

CALIBRATION OF TRIANGULAR / RECTANGULAR NOTCH / TRAPEZOIDAL NOTCH

OBJECTIVE:
To determine the co-efficient of discharge [Cq] for Triangular/Rectangular notch/Trapezoidal notch.

OUTCOME:
The student will be able to find the actual and theoretical discharges and co-efficient of discharges.
SCOPE:
The knowledge in practical applications notches through Triangular/Rectangular/Trapezoidal notch
experiments.
APPARATUS:
Channel with triangular/rectangular notch, Point gauge, Collecting tank, Stop watch, Scale

EXPERIMENTAL SETUP:
The notch is a thin steel plate which placed across a channel to measure the rate of flow of water. Based on the

shape of the crest notches are classified into rectangular notch, triangular notch and trapezoidal notch.

End View

Fig 4.1 Rectangular Notch

End View

Fig 4.2 Triangular Notch

14




PROCEDURE:

1. Position the notch plate at the end of approach channel, in a vertical plane, with the sharp edge
on the upstream side.

. Admit water to channel until the water discharges over the notch plate.

. Close the flow control valve and allow water to stop flowing over weir.

. Set the point gauge to a datum reading (H1).

. Position the gauge about half way between the notch plate and stilling baffle.

. Admit water to the channel and adjust flow control valve to obtain heads (H2).

. For each flow rate, stabilize conditions, measure and record H.

o N oo o A WODN

. Take readings of volume and time using the volumetric tank to determine the flow rate.
THEORY & FORMULA:

A notch is a device used for measuring the rate of flow of a liquid through a small channel or a tank. It may be
defined as an opening in the side of a tank or a small channel in such a way treat the liquid surface edge of the
opening.

a) Rectangular notch

Consider a rectangular notch provided in channel or tank carrying water. Let, H = Head of water of still or

crest. b = width of notch.

For finding the discharge of water flowing over notch, consider an elementary horizontal strip of water of
thickness ‘dh’ and length surface of water.

The area of strip =b x dh

= Theoretical discharge Qe :

H
0=[c,b2.g\lhdn

9 F NI
Q:i: = gb‘\/ Zg (HP/.

b) Triangular notch
Theoretical discharge for the entire triangular notch may be integration above expression within limit O to H.
Then,

H

Q= |C,.x2(Hh+ H)tanl6/2)dh.|2.gh.
[}

15




Assuming coefficient Cq to be constant for entire notch

H
h'\/::l
0

QO =C,x2(H +h)tan(6/2 )jﬁ(dh )

w | ro

[ o
Q = C, x2(H +h)tan(6/2) SHRT -
J

8 | ’/9\',— ] 5/

.|

Q

OBSERVATION:
a) Rectangular notch:
Width of crest in rectangular notch (B) =

Rectangular

Rectangular notch

Difference in Time required Actual notch Coefficient of
S.No | water depth | for 10cm Rise of discharge Theoretical X
3 . discharge
(H) (m) water (t) (sec) Qact (M*/sec) discharge Cd = Qact/Qthe
Qtne (M*/s€C)
1.
2.
3.

b) Triangular notch:
Triangular notch included angle (6) =

. . . . Triangular Triangular notch
Difference in Time required Actual notch Coefficient of
S.No water depth for 10cm Rise discharge Theoretical discharge
(H) (m) of water (sec) Quct (M*/sec) discharge _
Qune (MP/seC) Cd = Qact/Qthe
1.
2.
3.
1. Actual discharge:
Q= AHI/t (H=0.1m)
2. Theoretical discharge (Rectangular notch):
7 as
0, =§ 2¢ BH .

3. Theoretical discharge (Triangular notch):

4. Coefficient of discharge:
Cq (Rectangular) = Qact/Qthe
Cq (Triangular) = Qact/Qthe

8 — H & iy
0 =—.2¢ tan—H""
1sVE 2

16




GRAPH:
1. Plot a graph between Qact vs H*? and Qact vs Qthe. Take Qact in Y axis for Rectangular notch.
2. Plot a graph between Qact vs H*2 and Qact vs Qthe. Take Qact in Y axis for Triangular notch.

RESULT:
a) Coefficient of discharge of Rectangular notch =

b) Coefficient of discharge of Triangular notch =

Viva Questions

Define a notch.

Define a weir.

Distinguish between a notch and weir.

What are the types of notches?

What is velocity approach?

Write the expression for the discharge over a rectangular notch.

Write the expression for the discharge over a triangular notch.

What are the advantages of triangular notch over rectangular notch?
What do you understand by end contraction of weir?

10. A notch is generally made off

11. The head due to velocity of approach is given by

12. What is the application of Notches?

13. Is the Coefficient of discharge a constant for all notches? Why?

14. What is Crest height?

15. Define nappe.

16. What are the applications of notch/weirs?

17. An error of 1% in measuring head over the apex of the notch (H) will produce an error of

© o NN RE

18. in discharge over a triangular notch.
19. An error of 1% in measuring head over the apex of the notch (H) will produce an error of
20. in discharge over a rectangular notch. .

21. What are the precautions to be made in this experiment

22. The error in the discharge due to the error in the measurement of head over a rectangular notch or
weir is given by
23. The error in the discharge due to the error in the measurement of head over a Triangular notch or
weir is given by
24. For measuring the flow of water in river which measuring device is used
25. Which material is used to construct weir

26. Notch is usually made of
27. What is the angle used in triangular notch?

28. What is the coefficient of discharge for triangular notch?
29. What is the coefficient of discharge for rectangular notch?
30. The discharge over a rectangular notch is proportional to

17




PRACTICAL APPLICATIONS
Notches are generally used to measure flow rate in an open channel flow.In real life applications it is used for

seepage measurement of dam in foundation, inspection and top galleries and toe-drains in reservoirs. When small
guantity of flow need to be measured the V-notch is preferable because the triangular cross-section of the flow
‘nappe’ leads to a relatively greater variation in head. V-notch has the advantage that it can function for a very
small flows and also measure reasonably larger flows as well.

i

ectangula Notch

MID EXAMINATION QUESTIONS

1. Determine the actual discharge in the open channel flow using rectangular notch. Take coefficient
of discharge of the notch as 0.62.

2. Determine the width of crest of the rectangular notch. Take coefficient of discharge of the notch as
0.62.

3. Determine the included angle of the triangular notch. Take coefficient of discharge of the notch as
0.8.

4. Determine the actual discharge in the open channel flow using triangular notch. Take coefficient of

discharge of the notch as 0.8.

UNIVERSITY EXAMINATION QUESTIONS

1. Find the Coefficient of discharge for the given Rectangular notch having 10cm crest width.

2. Calculate the Coefficient of discharge for the given Triangular notch having 60° included angle.

EXPERIMENT VIDEO LINKS

1. https://www.youtube.com/watch?v=HGOQM?913rl10
2. https://www.youtube.com/watch?v=K2NyRPGPS-8
3. https://www.youtube.com/watch?v=YaQkU5FfigM
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EXPERIMENT NO: 5

DETERMINATION OF MINOR LOSSES IN PIPE FLOW
(Sudden Expansion & Sudden Contraction)

OBJECTIVE:

To determine the loss of head due to sudden expansion & sudden contraction in the pipe flow.

OUTCOME:
The student will be able to find the minor losses and its effects on the pipe flow.

SCOPE:
The knowledge in various minor losses in the pipe flow is necessary for the design of pipes,
calculating velocity and discharge in the pipe flow.
APPARATUS:
Pipe of smaller diameter connected to larger diameter, Pipe of larger diameter connected to
smaller diameter inlet, outlet valves, collecting tank, stop watch etc.
EXPERIMENTAL SETUP:
Two pipe of cross-sectional area Al and A2 flanged together with a constant velocity fluid flowing from smaller
diameter pipe. This flow breaks away from edges of narrow edges section, eddies from and resulting turbulence
cause dissipation of energy. The initiations and onset of disturbances in turbulence is due to fluid momentum and

its area.

- © @
P1Ay o 0 poA
P P L B T BTSRRI
C) 2

Fig.5.2 Sudden Contraction
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PROCEDURE:

1. Measure the diameter of the pipes.

2. Prime the mercury manometer

3. Connect the test section pipe to the main water supply pipe

4. Open flow control valve, priming test section and pipe work.

5. Open clips on water manometer, allowing water to circulate through the system until all the air is
expelled.

6. Close pipe clips.

7. Bleed mercury manometers via bleed sewers in conjunction with control valves

8. Close flow control valve.

9. Observe datum level on manometers.

10. To achieve maximum flow fully open flow control valve. Note levels in manometer and measure

flow rate. Repeat for different control valve position.

THEORY:
a) Sudden expansion:

Loss of energy duet to change of velocity of the flowing fluid in magnitude or direction is called as minor loss of
energy. Consider a fluid flowing through a pipe line which has sudden enlargement. Consider two section 1 — 1
and 2 — 2 before and after enlargement.

Let,

P1 = Pressure intensity at section 1 — 1.

V1 = Velocity of flow at section 1 — 1.

Al = Area of pipe at section 1 — 1.

P2, V2 and A2 = Corresponding values of pressure, velocity & area at section 2 - 2.
Due to sudden change of diameter, the liquid flowing from smaller pipe is not able to fallow abrupt change of
boundary and turbulent eddies are formed, since the flow separates from the boundary.

Let,

P1 = Pressure intensity of the liquid eddies on Area A2 — Al,

he = Loss of head due to expansion.

Applying Bernoulli’s equation at section 1 — 1 and 2 — 2.

2

) Vz ., V,
‘r_]—i— _]—|—Zl = &—i— _L+Zz

— w 2g w 2g
But Z1 =272
v, v
he= (£ - Py (2l 2y 1
T w 2g Qg)
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Consider the control volume of liquid between 2 sections.

FX:P1A1+Pl(Az-Al)PzAzz(Pl-Pz)Az

Momentum of liquid / sec at section 1 -1

Similarly Momentum of liquid / sec at section 2 — 2 =

~.Change of momentum / Sec

--2.

Mass x Velocity

QA1V1'V1

o A1 V12
o Az V22

:QAZVZZ—QAZVQX\/l

=0 Az (V22 — V1 Vz)

Net force acting on the control vol. in the direction of flow must be equal to the rate of change of

momentum per second. Hence equating equation 2 and 3.

On solving we get
Where :

b) Sudden contraction:

(P1-P2) A2=0 Az (V22— Vi V)

He

He

V1
\'/)

(V1 — Vz)z/ 29

Loss of head due to sudden expansion.

Velocity of flow at smaller section.

Velocity of flow at larger Section.

Water is flowing from large diameter pipe to smaller diameter pipe as shown in figure. The loss of head

due to sudden contraction is actually due to sudden enlargement from vena-contracta to sec.2.

Hc = 0.5V2? /12g

OBSERVATION:

a) Sudden expansion:

Time
Difference in Pressure required Actual Inle_t Outlfat Head loss due to
. head for 10cm . velocity | velocity X
S.No | manometric . . discharge expansion (m)
reading (m) difference rise of (Qact) (m®/sec) Vi Vo He = (V1-V2)%2g
(m) water (t) (m/sec) (m/sec)
sec
1.
2.
3.

Diameter of smaller pipe (d1)

Diameter of larger pipe (d2)

1. Pressure head loss (H) = (Sw/Sw -1)Hm

2. Actual discharge:

Qact = AH/t

21




3. Inlet velocity (V1) = 4Q/J1d;?
4. Outlet velocity (Vo) = 4Q/J1d,?
5. Loss of head (He) = (V1-V2)’/2g

b) Sudden contraction:

Time
Difference in | Pressure required Actual vce)ll;g?t:/ Head loss due to
S.No | manometric | Head loss for 10cm discharge vV contraction
reading (m) (m) rise of | (Qact) (m*/sec) (m /sfec) Hc = (0.5V2)%/2g
water (sec)
1.
2.
3.

Diameter of larger pipe (d1) =

Diameter of smaller pipe (d2)

1. Pressure head loss (H) = (Sm/Sw -1)Hm
2. Actual discharge:
Qact = AH/t
3. Inlet velocity (V1) = 4Q/ndy® =
4. Outlet velocity (V2)  =4Q/nd? =

5. Loss of head (Hc) = 0.5V,/2g =

GRAPH:
1. Draw the graph between Qact vs Head loss due to expansion. Take Qact in Y axis
2. Draw the graph between Qact vs Head loss due to contraction. Take Qact in Y axis
RESULT:

a) Head loss due to sudden expansion (He) =

b) Head loss due to sudden contraction (Hc) =
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Viva Questions:

Minor losses occur due to

Minor losses do not make any serious effect in

What is the correct formula for loss at the exit of a pipe?
Loss of head due to sudden enlargement is given by ?
Loss of head due to sudden contraction is given by ?
Write the formula for loss of head at the entrance to pipe ?
Write the formula for loss of head at the exit of pipe ?
Write the formula for loss of head at the bend in pipe ?
Define Minor losses.

. Define Cc in loss of head due to contraction.

. What is the value of Cc?

. What is the difference between friction factor and coefficient of friction?
. What is loss coefficient?

. What is pipe?

. What are the types of flow of fluid in a pipe?

. What is frictional resistance?

. What is the effect of change in Reynold's number on friction factor in turbulent flow?
. The friction factor in fluid flowing through pipe depends upon

. What are the units of loss of head due to friction?

. What is the equation to determine head loss for minor losses?

. How many types of energy losses are there?

. Major losses are due to?

. What are the precautions taken in this experiment?

. What are the formulas used to measure major energy losses?

. What is the chezy’s formula for measuring the loss of head due to friction?
. Why does the pressure a long a horizontal pipe go on decreasing?

. What is hydraulic gradient line?

. In a pipe where the velocity of flow is high

. Are the loss coefficients constant?

. Distinguish between major loss, minor loss and head loss.
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PRACTICAL APPLICATIONS
In practical setting, fluid flows through different pipe fittings such as sudden contraction, sudden

enlargement valve, elbow or bend, tee section etc. Sudden changes in the flow path result in secondary
flow patterns, denoted as separation region and vena contracta. In the pipe network there may sudden
change in pipe diameter, In any change in pipe diameter there is considerable head loss and we need to
calculate the loss. From this experiment, we can determine the coefficient to calculate the losses.

(2)
“ena contracia |
[ 1I:| ena i.'i.'.ll'lI racia {1} r
2 1@ : y :
: i ‘I erisarsrsess) |
: 5 | | —
| ' rarizerrrariry !
! ﬁ'&zzluza ! A) S :
| V. v, v, 02 M.
| Pe P, [
Vi A, .'5\.: P1 Vy
Py A P,
A, Ay

Sudden Contraction

Sudden expansion

MID EXAMINATION QUESTIONS

Determine the loss of head due to sudden expansion and sudden contraction.

Determine the minor losses in the pipe flow.
Determine the power lost due to sudden expansion and sudden contraction.

> w0 Dp e

Determine the actual discharge in the pipe flow due to sudden expansion & contraction

UNIVERSITY EXAMINATION QUESTIONS

1. Find the minor losses due to sudden expansion and sudden contraction in the pipe flow.

2. How minor losses occur in the pipe flow? Conduct an experiment find the head loss due to

sudden expansion and sudden contraction.

EXPERIMENT VIDEO LINKS

1. https://www.youtube.com/watch?v=7tl 1gVOAE4
2. https://www.youtube.com/watch?v=6z4NZY -iwZQ
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EXPERIMENT NO: 6

DETERMINATION OF FRICTION FACTOR OF A PIPE LINE

OBJECTIVE:
To investigate the friction factor (f) for a pipe carrying water.

OUTCOME:
The student will be able to find the major loss due to friction and its effects in a pipe flow.

SCOPE:
The knowledge in major loss in the pipe flow is necessary for the design of pipes, calculating
velocity and discharge in a pipe flow.

APPARATUS:
U — tube manometer connected across a pipe line, Stop Watch, Collecting tank.

EXPERIMENTAL SETUP:

The equipment used in the experiment was the fluid flow setup and the materials used were steel tape,
stopwatch and thermometer. Water was used as the working fluid. The pump was primed and started in
order for the fluid to initiate the flowing along the pipelines. Collecting tank collects the water for

calculating volumetric flow rate.

Pipa dismetar D)

- LengthiL) »
Paoint 1 Paint 2

Fig.6 Experimental setup

PROCEDURE:

1. Measure the diameter of the pipe and distance between the two tapings.

2. Prime the mercury manometer.

3. Connect the test section pipe to the main water supply pipe.

4. Open flow control valve, priming test section and pipe work.

5. Open clips on water manometer, allowing water to circulate through the system until all the air is
expelled.

6. Close pipe clips.

7. Bleed mercury manometer via bleed screws in conjunction with the control valves.

8. Close flow control valve.
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9. Observe datum level on manometer.
10. To achieve maximum flow fully open flow control valve. Note levels in manometer and measure

flow rate. Repeat for different control valve position.

THEORY:
In fluid dynamics, the Darcy—Weisbach equation is an empirical equation that relates the head loss,
or pressure loss, due to friction along a given length of pipe to the average velocity of the fluid flow for an
incompressible fluid. The equation is named after Henry Darcy and Julius Weisbach (1806-1871). A pipe
is a closed conduit which is used for carrying fluids under pressure. Pipes are commonly circular section.
As the pipes carry fluids under pressure, the pipes always run full.
The fluid flowing in a pipe is always subjected to resistance due to shear forces between fluid particles
and the boundary walls of the pipe and between the fluid particles themselves resulting from the viscosity
of the fluid. The resistance to the flow of fluid is, in general known as frictional resistance. Since certain
amount of energy possessed by the flowing fluid will be consumed in overcoming this resistance to the
flow, there will always be some loss of energy in the direction of flow, which however depends on the
type of flow, W.froude conducted a series of experiments to investigate frictional resistance offered to the
flowing water by different surfaces.
As per Darcy Weisbach equation
hf = 4flv?/2gd.

Above equation is used to find loss of head due to friction in pipes. Here is f friction factor. In order to
determine the loss of head due to friction correctly, it is essential to estimate the value of the factor f
correctly when a fluid flows through a pipe, certain resistance is offered to the flowing fluid, which
results in causing a loss of energy. The various energy losses in pipes may be classified as

i) major losses

i) minor losses
The major loss of energy, as a fluid of flows through a pipe, is caused by friction. It may be computed by

Darcy-Weisbach equation. The loss of energy due to friction is classified as a major loss because in the

case of long pipelines it is usually much more than the loss of energy incurred by other causes.

FORMULA:
Loss of head due to friction (hf) = 4flv¥/2gd
Where,

f = friction factor

| = length of the pipe

v = velocity in the pipe

d = diameter of the pipe
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is Darcy Weisbach equation which is commonly used for computing the

OBSERVATION:

Diameter of the pipe (d) = Area of the pipe =
Length of the pipe (I) =
Difference in Erictional head Time Velocity
S.No manometric loss(hy) required for | Actual discharge inthe | Friction factor
' reading (m) (m)f 10cm rise of (Qact) (m*/sec) pipe M
(Hm) water (t) (sec) (m/sec)
1.
2.
3.

1. Frictional head loss (hf)

2. Actual discharge: Qact

3. Velocity (V)

4. Friction factor (f)

GRAPH:

Draw the graph between hf vs V?/2g with hf on X-axis.

RESULT:

= (Sm/Sw -1)Hm
= AH/t
= 4Q/nd?

= 2_th_ =
41\?

The friction factor “f” for the pipe is found to be
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Viva Questions:
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.

30

The major loss for the flow through the pipes is due to the
Which property of the fluid accounts for the major losses in pipes?
In case of laminar flow the loss of head is approximately proportional to its ?
In case of turbulent flow the loss of head is approximately proportional to its ?
formula is generally used for head loss in flow through both pipes
The head loss at the entrance of the pipe is that at it’s exit
Write the formula for head loss in pipes due to friction
Write the formula for friction factor(f) using Blasius equation
How do we calculate losses for a larger range of Reynolds number?
. Darcy- Weisbach equation gives relation between
. What happens to the head loss when the flow rate is doubled?
. The energy loss in a pipe line is due to?
. In case of turbulent flow through pipes the viscous friction associated with fluid are proportional
to ?
In formula loss of head due to friction in pipe the factor “f” is known as ?
What is pipe?
What are the types of flow of fluid in a pipe?
What is frictional resistance?
What is the effect of change in Reynold's number on friction factor in turbulent flow?
The friction factor in fluid flowing through pipe depends upon
What are the units of loss of head due to friction?
The coefficient of friction interms of shear stress is given by f=?
How many types of energy losses are there
Major losses are due to?
What are the precaution taken in this experiment?

to the flowing water by different surfaces
What are the formulas used to measure major energy losses?
What is the chezys formula for measuring the loss of head due to friction?
Why does the pressure a long a horizontal pipe go on decreasing?
What is hydraulic gradient line?
. In a pipe where the velocity of flow is high?

28

Name the scientist who conducted a series of experiments to investigate frictional resistance offered




PRACTICAL APPLICATIONS
Flow through a single pipe line, pipes in series and parallel and also in pipe network system, cause head

loss due to friction. The head loss from source to the point of interest due to the friction along the pipe
also provides the basis of pipe size (diameter) design. This experiment gives an estimate of head loss due
to friction in the pipe per unit length of the pipe.

MID EXAMINATION QUESTIONS

1. Determine the loss of head due to friction for the given pipe.

2. Determine the difference in actual discharge for the given Stainless Steel pipe and Gl pipe of 20
mm diameter.

3. Find the velocity of flow in the given Stainless Steel pipe and Gl pipe of 20 mm diameter.

UNIVERSITY EXAMINATION QUESTIONS

1. Find the friction factor for the given Stainless Steel pipe and Gl pipe of 20 mm diameter.
2. What is the effect of major loss in the pipe flow? Conduct an experiment find the head loss due to
friction.

EXPERIMENT VIDEO LINKS

https://www.youtube.com/watch?v=f83D4h2L N4
2. https://www.youtube.com/watch?v=tSVwiAc8DWo

=
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EXPERIMENT NO: 7

DETERMINATION OF ENERGY LOSS IN HYDRAULIC JUMP

OBJECTIVE:

To understand the Energy loss in Hydraulic jump through an experiment.

OUTCOME:

The student will be able to verify the total Energy loss in Hydraulic jump.

SCOPE:
The knowledge of Energy loss in Hydraulic jump is used for flow measuring device like at Dams,
rivers and other slope areas.

APPARATUS:

Open Channel Flow Setup, Depth Gauges, Stopwatch

EXPERIMENTAL SETUP:

Hydraulic Jump

)

v

Q— Y1

l 0 |
|

Fig.7 Hydraulic Jump experimental setup

PROCEDURE:

© N o o M w0 D PRE

Set the channel for a given slope.

Close both the inlet and outlet gates.

Allow water in the channel.

Open the gate Il completely.

Open the gate I slightly, so that water flows under the gate in supercritical (shooting) condition.

Close the gate Il gently, so that it causes obstruction to the shooting flow, and a Hydraulic Jump is formed.
Regulate the gate Il finely that the Hydraulic Jump stays at the middle of the channel.

With the help of traveling hook gauge measure the conjugate depths of the flow before and after the
Hydraulic Jump, y1 and y2.

Note the time taken for ‘R’ level rise for calculating the actual discharge.
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THEORY:

Hydraulic jump forms in an open channel when the unstable super critical flow changes to the stable sub
critical flow. This change in the flow condition will cause the flow to cross the critical depth. As the water
surface slope becomes infinity at the critical depth, the water surface tends to become vertical which is
manifested in the formation of a hydraulic jump. Since the hydraulic jump occurs in an abrupt manner over a
relatively short distance. It is classified as rapidly varied flow. The flow in a hydraulic jump is accompanied
by the formation of turbulent rollers resulting in a considerable dissipation of energy.

The formation of hydraulic jump also known as standing wave occurs frequently in a canal below a regulating
sluice, at the foot of a spillway or at the place where the bottom slope of the channel changes from steep to
mild.

FORMULA:
1. Velocity before the jump, V; = Q/(W x y1) m/sec
2. Velocity after the jump, V, = Q/(W X y2) m/sec
3. Loss of Energy, E, = (y2-y1)®/ 4yly2 m.kg/kg

OBSERVATION:
Depth before jump, y1=
Depth after jump, y2=

Sl. j ; Time taken for 10 cm rise
Depth(bell;orrﬁ JHme Depth( a;)ter:]Jump of water in the collecting
o ’ Y tank (t) sec
1.
2.
3.
Discharge i .
> Q : VGI\C/)(l:Ity Vel?g Y Lossof | Average Loss
No | (m3/sec) (m/sec) (m/sec) Energy (E) | of Energy
1.
2.
3.

31




1. Actual discharge:
_AH
Q=— =
2. Velocity before the jump, V1 = Q/(W xy1) =

3. Velocity after the jump, V2 = Q/(W xy2)) =

4. Loss of Energy, E, = (y2-y1)3/ 4yly2 =

GRAPH:

Draw the graph between Qact vs Loss of energy.

RESULT:
Average Loss of Energy due to Hydraulic Jump, E, =
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Viva-Questions

=

Define open channel flow.

What is meant by hydraulic jump?

Explain zone of zero velocity.

Define liquid surface.

Define kinetic Energy.

Explain energy transition in flow.

Explain the phenomenon

What is Froude Number?

Where Hydraulic Jump does occur?

What is the range of Froude Number for Sub Critical and Super Critical Flows?
. Explain Sub Critical, Super Critical flows.

Derive the expression for energy lost due to Hydraulic Jump?
Why hydraulic jump occurs?

Is it possible for subcritical flow to undergo a hydraulic jump?
What are waves?

Define celerity of wave.

What are surges?

What is meant by positive type surge?

What is meant by negative type surge?

Describe discharge measurement of canal by current meters

. How hydraulic jump used as an energy dissipater?

. Describe different kinds of waves.

. Differentiate between positive and negative surge?

What is Reynold’s number

. Explain critical flow.

. What is critical velocity of flow in open channel?

. What is the fundamental difference between flow domain and control volume?
. Define critical speed.

. Explain transition zone.

. What is the effect of hydraulic jump on erodible surfaces?

© 0N Ok WD
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PRACTICAL APPLICATIONS
Usually Hydraulic jump reverses the flow of water. Hydraulic jump usually maintains the in high water level on

downstream side. the water level can be used for irrigation purposes. hydraulic jump can be used to remove the air
from water supply and sewage lines to prevent the air locking.

Sluice

/ gate

QZ 113
= (2)
b%

Hydraulic

Julp Suberitical

Supercritical

MID EXAMINATION QUESTIONS
1. Determine the Average Loss of Energy due to Hydraulic Jump.

2. A rectangular horizontal channel 1m wide, which carries a flow. The depth water on the downstream side of
the hydraulic jump.

3. Find the average loss of energy loss in Hydraulic Jump.

4. Determine the Fluid flow after the hydraulic jump.

UNIVERSITY EXAMINATION QUESTION

1. Determine the energy loss due to hydraulic jump in an open channel flow.

EXPERIMENT VIDEO LINKS
1. https://www.youtube.com/watch?v=5etwhZ0d2GU
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EXPERIMENT NO: 8

DETERMINATION OF MANNING’S AND CHEZY’S CONSTANTS FOR OPEN
CHANNEL FLOW

OBJECTIVE:

To determine the Chezy’s and Manning’s constant for an open channel.

OUTCOME:

The student will be able to verify the total head of Chezy’s and Manning’s constant for an open channel.

SCOPE:
The knowledge of the Chezy’s and Manning’s constant is used for flow measuring device like Dams,
rivers and different water levels.

APPARATUS:
Open Channel Flow Setup, Stop Watch

EXPERIMENTAL SETUP:

Point Gage

Stilling Device ) S =
D — C———>> Flow Direction Tail Gate = \
3
\
Pumping
System ﬂ G 4 Tank {}
( g;‘ . sround Tan

Fig.8 Open channel experimental setup

PROCEDURE:

1. Set the channel for the required slope and allow the water to flow through the channel.

2. Adjust the inlet valve to get the required depth of water in the channel and measure the depth as d cm,
using pointer gauge.

3. Adjust the inlet valve opening to get the required depth of water in the channel

4. Note the time ‘t’ to collect water for a rise of ‘H’ m in the measuring tank.

5. Repeat the experiment for different depths of water for the same bed slope.

THEORY:
Chezy’s equation was presented in 1775. It states that velocity in an open channel flow is a function of hydraulic

radius and slope of the channel bed. It describes the mean flow velocity of steady, turbulent open channel flow. The
formula is named after Antoine de Chezy (1718-1798), the French hydraulics engineer who devised it in 1775.
One the most commonly used equations governing Open Channel Flow is known as the Mannings’s Equation. It
was introduced by the Irish Engineer Robert Manning in 1889 as an alternative to the Chezy Equation. The
Manning’s equation is an empirical equation that applies to uniform flow in open channels and is a function of the

channel velocity, flow area and channel slope.
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FORMULA:
Chezy’s formula,

V = C *(mi)
Where,
V = Average Velocity (m/s)
C = Chezy’s Constant
m = hydraulic mean depth (m)
i = bottom slope (m/m)
The Manning’s formula is an empirical formula estimating the average velocity of a liquid flowing in an
open channel.
Gauckler-Manning formula,
V = (1/N) RZ/3 g1/2
= (UN) m?2/3 j1/2
Where,
V = Average Velocity (m/s)
R = the hydraulic radius = depth (m)
N = Manning’s constant
S = Slope of the hydraulic gradient line (m/m)

Manning derived the following relation between Manning’s Constant and Chezy’s Constant,

c=l, 6
N
OBSERVATION:
1. Length of channel, L = m
2. Width of the channel, W = m
3. Area of the collecting tank, A = m?
S | Bed Sope | S0 Canel (@ | oem e | Dscharge Oact)
(m) of water (t)
1.
2.
3.
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Hydraulic . .
S. Bed Slope Discharge . Chezy’s Manning’s
Mean depth 3, |Velocity (V) m/s
No. Q) (m) (Qact) m°/s Constant Constant
1.
2.
3.
1. Slope of the channel, i = vertical shift of channel from pointer (y /L)
2. Hydraulic mean radius, m = Area/Wetted perimeter = wd /(w+2d)
3. Actual Discharge, (Q) = AH/t
4. Velocity, V= Q / (wxd)
5. Chezy’s constant, C = V /N(mi)
6. Manning’s constant, N = 1/C x m ¥
RESULT:
1. Average Chezy’s constant for the given channel, C =
2. Average Manning’s constant for the given channel, N =
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Viva Questions:

What do Chezy’s and Manning’s constants represent?

What is the statement of Chezy’s equation?

What are the assumptions in Chezy’s and Manning’s equations?

What the use of knowing Chezy’s and Manning’s constants for an open channel?
What is the importance of studying roughness of the open channel?

Derive the expression for finding roughness of the open channel?

What is meant by open channel?

Define laminar flow.

Define transitional flow.

. What is meant by hydraulic mean depth?

. What are limitations of manning’s equation?

. What is the expression for chezys formula?

. What is the Value of manning’s coefficient for cement concrete?
. What is the expression for manning’s formula?

. What is the maximum value of manning’s coefficient for soil?
. What is the relation between chezys and manning’s formula?
. Define free surface.

. Define open channel flow.

. Define steady flow.

. Define unsteady flow.

. Define turbulent flow.

. Define uniform flow.

. Define varied flow.

. Define rapidly varied flow.

. Define steadily varied flow.

. Define continuous flow.

. Define discontinuous flow.

. Define rate of flow.

. How does viscosity impact the flow in an open channel?

. What are the internal forces in an open channel flow?
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