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-s1EJ~'U V1~m:5'1Vl-W'1ffi 'Um1Lft'Um1fl1 Vl~eiae:i11 fl1~'Vi1m1vi-;,i~(1)5'U11'l1 'Ufl11 L'1'We:i11m 



La'Ua11t1~'U~hlLn'U~mm~ (9)0 1 ~V1'111t1.:i1'U'1Ja.:i-Slj~~~a~~-;J1..ilil1n~i.J1~flatin11 SM Es ~.:inci111~t1~~L~EM .. " 
o V ud II .J ~I Va J ,J. 1 ~ 11.J I.I d ~ 1 q, SJ 

~n~u~ EJ'U'lJa La'Ua611..i L u'U~ uwflau fl TS SM Es 611'1 L6'l'Ua11m~.:im111fl11'11'l~'1Ja'1 ~ EJ'U'lJa L6'l'Ua11 EJa'U blJ Lflmam:i~ 

mo ~lil~L~EJfllJ1vl1'1cycy11lJLn'U rn 'j1EJ 

..,..J II .; .. 'l I 11. I I ,:l1 ..i... ., ""1 
ct'.~ 'V11fl~EJ'U'1JaL6'l'Ua611-:JlJ b'U~u'j~flaUfl1'j SM Es LLl'lb u'U~flfl'1li'j1lJ~1'V1'lm''fqj'U11'l VIEJ 

'VI ~ail ~u fl fl'1~~ ~~'1;ff 'U ml-In nV1111ti1VJtiL6'l'Ua11m6'1.:i 111111 fl1 ~16'1 ~'lJa.:i ~~'U-U' a b6'l'U azj'1 L U'UU fl fl '1li11lJ~1~il1~~a 
' dJ \I ' \I , 

'1qJ'll1~1 VI EJ'Vl~ail~~ flfl'1~~ ~~'1;ff 'Ul'l1lJ fl~'VllJ1EJ'IJa.:i~1.:ii.J1::L VI P11lJLn'U~a EJ'1~ rn L ~'VIU1 EJ'11'U'1Ja.:i1'~"1~~a'Vl~a"1~ 

-;J 1.:ilil 1 fl ~~'LI.Va L'1'Uazj,:i L U'UU fl fl'151'jlJ~1~~B'1n1'1J1~1 VJ EJ'VI~ a-u~u fl fl'1 ~ "1 ~~.:i:ff 'U l'l1lJ fl fl'Vll.J1EJ1 VJ EJ vi'.:i nci 11 
\J 'I ·~ , dJ 

t1d I.I ,J~I ~ I 1.1.eJ 11.1.c:i. A .J 1111 I II LI 

e.J EJ'U'1JaL6'l'UaVJ L u'UflliJfl1'j'j1lJfl1Vllil~ ~6'1Vllil'l1lJ1'j1fl'Vl'U-:i e.JL'lJ111lJfl1VJfl'j1EJlil~l'la-:J 
" " . 

,:l1 "•I ..I ,:l1 .,j.,. "" .. 1 '" "'"' ..I"" ~ ~ 1 L u'U~ u1~flau fl11VI L u'U~flfl'1511lJ~1Vlfle:J6'lqj'U11'l Vltl'Vl1a'Ul'l~flfl'1Vllil~l'l'1'1J'Ul'l1lJfl~'VllJ1tl Viti 

b. 
CllCV II t II 

nT-a'Vl1aruru1'31.:imrn11.:i ., ., 

~'lJ'U:: 1111i.J1:: m ~ 11 fl1fl L~ nV11ail m1°1il:: tXa.:ivi 1« qicy1~1.:i 1'11lJ LL uuft' qi qi1 vi'.:i 'j::\J L 'Uie:i 

m.rn 'Vl~avi1-U'a1'lfl'1'1 L U'U'VIU'1~anuml.J fl1tl L 'U fri 1'U iJui;)~lil1fl1'Liffiv11'rnL~.:J LL'1::1i1::tXe:i.:i11.:iV1~flU'j::tl'U'1qicy1 

L U'U~1'U1'UL~'U LYh nu~am:i:: ct' '1Ja.:i11 mfi1~1.:i~i.J1:: fl1~11fl1flL~flVl''rniln'11 ~ml.I Ej~~a 11l 'U'IJnJ::"11'1cyqp 1~ El 

16ll'Vl~ni.Jwn'UCJd1.:iV1~.:iad1'1 L~ vi'.:i~a 1 ud 

b.(9) L~'U6'1~ 
,j d •• I I.,/ d .:, I .,j ,:l1 d d a.I I OJ .,j .Joi II d .. a.I I 

b.l!> L'Ufl'Vl1a~11Y1VIVlli'U1fl1'jL611'U6'1.:Jlil1tl 611-:JL u'UL'Ufl'Vf'je:J~11 nVl'1.:J1'UVIVI L'UL'Ufl'Vl'Sa~'j111VI 

J'U 6li11~!Jim-;J1V1iJ1vlt'U-J'Uvi1'1cycy1 'Vl~arle:J'U-J'UJ'U1lJLn'U rn 1'LI'Vi1fl11 

b.rn V1U.:i~a~1i.J 1~tl'U'IJa.:i5'U1 mw1t1 L 'Ui.11:: L VIPl 1'11lJl'i'1e:id1.:i~flru~m1lJ1111'U 1t1u1 El 

n1"vl'U~ ~.:i1~u1 'U-U'a (9).Ci'. (I!>) V1~alil::LU'UV1u.:i~a~1i.J1::n'Ui3L~nV11ailfl'1l'l1lJ151111~ml.lury:Sn'11'1ri1V1'U~ , 

b.Ci'. V1u..i~a~1i.J1::n'U'lla.:iu~,;'V1 b~'U'VJ'U 'Vl~au~,;'VJ L~'U'VJ'U'Vl~nVJ-r'V'IMfl~1'ua'4'1J11'11 ~ 

iJ 1:: n au n '1 fl11 L~'UVI 'U b ~a fl11'V'l1 ru'll~ bL'1::i.J 1:: flelUli1 n '1~1UW tl'U 1'11lJU1:: 111 Pl'll a.:i li'U1fl11 bL iA'1U'j:: L 'VI P11 VI El l'l1lJ 
' ' 

11EJzjau:S,;'VJ b~'UVl'U~li'U1fl11LL iA.:ii.J1::L VIP11VlmL~.:iL1EJ'U1 ~Vl11U 1~ EJa'U L'1lJ 1 m il'l1lJl'i'1acl1.:iV1U'1~a~1i.J1::n'U'lJC),:j . ' 
li'U1fl11~flru::m1lJfl11'ULEJU1EJn1'Vl'U~ ~-:J1~UL'U-U'Cl (9).Ci'. (\£>) 

' 
b.c:t ~'UliUl'l1-rlju1'11 Viti .. 

., •I ., JI '" 1 "''1 1 '"" JI L ., ., ., ., ..I 11 "1 
'Vl'1flu1~fl'U'Ulil::fl'U 'VI b~El lJlJ~ClflLUCJfl1EJ 'U (9)c:t' 1'U'UUfl~lil1fl1'UVl~'U'U::fl11u1::m~11fl1 

Bb~nV11aun'1 (~-S'u~1.:i) ~'lJ'11n-U'B~n~'Ul'l1l.l«qicy1~1.:iLL~1 
I II I Q v». fl1'1'Hbbil::fl11'11m.:J'U 

ll1lJ'1::~1EJfi1~1.:izj'11vi''j1l.Jfl1~~"fi1L ~lJ 1'1'1a~lil'Ufl1~~'U ~ bb'1::fi11-U'~1t1~..ii.J1.:iLb"'1 L~EJ~a 
11fl1L'\lll.J111lJbU'ULflnJ'1 LL'1::rl1'Vl'U~flw'il1m~'ULU'U ~1'U1'U rn -:J1~ ~.:id 

.:i1~~ (9) LU'U~1'U1'UL~'U 1 'We1'1'111~mm:: l!>o '1JB.:ifi1~1.:i L~a~-ru~1..i 1vl'un~.:i1'U 
ell ,,f,J, I.I 

(9). -:J1'ULl'l1Ell.J'V'l'UVlfla'111.:iLL'1:: BORING TEST 

\£>. Ufl~-.1, 11.:JLL'U"l, 'IJ~~'Ulj1'U11fl, fl1'Ufla~'U ' .. 
I ,q I ::; U~ 

rn. 'Vl'1Clflel'Ufl11'1~1'U11fl ,L'111'1CllJa fl.'1.'1. 'Vl-:J'Vll.J~bLmLft1'1 



Ci'.. ~lil~'l'1'lu1iJ1i1tl1L~mh~'1~u w{m.n1\I Sleeve viei1~'U'U~1\l 'l LLa1LG'!~'1 
I ~ ~.J ~ IJ d'. 

ct. V!'1BFleJ'l.Jn1!JlLG'!1 Fl.G'!.'1. 'll'UVI <S> Vl\IV!lllilLLG'l"lLG'!1'1 

~ • d ·' ~ :: :: ., d 
~. 11\IW'UG'!1L1'11uLL'1~LVIW'U Fl.G'!.'1. 'll'U <S> Vl\IV!lJlilLLG'l"lLG'!1'1 

\J 

~. V!~BFlB'Un~!JliJ'U11il Fl.G'l.'1 . .X\IV!lJlilLLa1LG'!~'1 

ti. 11\1 Sleeve viei1~'U'U~1\l 'l L 'UF1B'Un~l'li'U <S> LLa1La~'1 
I QI ~ .cJ ~ 11 d 

<S>o.V!i.'lBFlB'Uni!JlLG'!1 Fl.G'!.'1. 'll'UVI l!l Vl\IV!lllilLL'11LG'!1'1 

I .:ii ~ ~ lld 
<S><S>.V!'1BF1B'Un1!Jlfl1'U fl.G'!.'1. 'll'U l!l Vl\IV!lllilLb'11bG'l1'1 

<S>m.11\1 Sleeve vlBW'U'U~1\l'l L'UflB'Un~l'l.ff'U l!l LLa1bG'!~'1 

1 ~Lba1LG'!~'1fl1VL 'U G"Jct 1'U 

\11\il~ l!l LU'Ulii'1'U1'Ub~'ULU'5!9l11{Bv'1~ mo '1JB\IA1..r1\I L~B~1''U..j1'11~u~~\11'U 
Q ~"; QI d'. J' CV I al I U II ~ 

<S>. \11U!Jllil!Jl\I bl°l1\IV!'1\IF11b'V!'1n,~\ln1~b 'UB\IV!i.'l\lfl1bL'1~G'!1'U u1~nB'U!Jl1\I 'l '1JB\IV!i.'l\IA1 Lbi.'l1LG'l1'1 

l!l. vi1m1rieia{1\1~1'U~1\I 'l '1JB\l\11'ULl°l1\IG'!{1\I ~1'U~LV!~B-X\IV!lJlilLL~1L6'1~'1 

m. OBB;ir.Ji!\I ~lil~\11\ln'UUi~!Jl w{BlJV!~BflB'Un~l'lbG'!1L~lJbbi.'l~L~ll'1'UV!~\I l°'IG'!i.'l.i'U~ (;') LLi.'l~ 
~ \J 

~ d II d 
'll'UVI l!l bLi.'l1 LG'!1'1 

Ci'.. L~'UviBW'U'UG'l'1J1ii'U1i.'l vim~1V!~'U{eiv'11vhJvh G'!1VLV11MW"1LLi.'l~vlB1~'U'U~1\I 'l i'W~ <S) , 
~ .J I.I c:t 

LLi.'l~ 'll'UVI l!l LLi.'l1 LG'!1'1 

er. vi1m1feiva1v1Yh'h G'!1v~'lJ'lJ1ru~1\11 LLa1La~-;;i 

ti. 01uu'Umv 1 'Uei1fl11LLi.'l~ mv'Ueinm1"111 LLa1La~'1 
\J 

ICV ,,f q, lld'. 

~. !JlnLL!Jl\lr.J'U\l'Un1~L'UB\IL'll11lJFl LLi.'l1LG'!11il • 
~. !JlnLL~\lyf 'U UnWb if B\IL'll11iJfl .X\IV!ll Iii bb~1 bG'!~'1 

\J 

ti. l'lnLb~\liJ'U11il ~lil~\1111iJ'U11ilLbi.'l~~1'UU1~nei'UiJ'U11il bL~1LG'!~'1 
(;')0. ~lil~\1~1b'v'llil1'Ufl1VL 'ULbi.'l~ I11V'UBntnl"l11 Lba1L'1~'1 

L~LL~1b'1~Wl1VL'U bet 1'W 

\111il~lilYf1v L ll'W'11m'U~~'U 1 u-5!Jl11{eivi.=i~ cto '1JB\IA1..r1\I L~ei~~u..r1'11~u~~\11'U 

<S>. ~lil~\l'U1'UU1~1'l UPVC 'U1'Ucl°1L~'11U bLa1LG'!~'1 
\J \J 

l!l. ~lil~\IU1~!Jl-V!'IJ1~1\IB~l.'liJLUVll'v'lfBllBUn1ru m~-;;in .x\IV!lllilbb~1LG'!~lil 
\J \J • 

rn. l'lnLL~\liJ1U'U~Ucl°1L~'11UUW!Jl-V!'IJ1~1\I LL~1L6'1~'1 
\J \J \J 

,...~,d cvl' ' II ~llV II d 
Ci'.. !Jllill'l\ILl°llB\IG'!'lJJlru'1 eiumruu1~nB'UV!B\l'U1-V!B\IG'!1lJ LLG'l1LG'!1'1 , , 
ct. ~lil~\l~l.Jtl1'5!9l L 'U~LLi.'l~i~'U'UG'!'lJ1i1'U1l.'l mv'Weinmm1 .X\IV!l.llilLL~1La~-;;i • 
ti. ~lil~\1Btlmru1~u'U~'ULW~\I .x\IV!lllilLL~1LG'!~'1 , 

g)/, ~lil~\11~'U'UUB\ltl'UB'Ul'l11V'11nvhe.h .x\IV!lJlilLL~1LG'!~'1 

~. Vl1~!JlnLL~\1~1'U~1\l'l ~\I I11VL'ULbi.'l~fl1V'UBn1mb'U~~B\IVl1 Lb~1L'1~'1 

ti. vi1m1VllilG'!B'U\11'Ul~'U'U~1\l'l '1'ULeUm11~L~V'U~BVG'!ll\J1ru 



G>O. vl11'111l.JG't::!e:J1(;)~\lfl1V1'1.J - fl1V'l.Je:Jfle:J1f111 '\ll~\lvl1n11rle:JG'f~1\ILL~1LG'f~lil~\l'\lll.J\;l 
('j)('j), '1.Je:Jml1 nffi ~vl1n11rle:JG'f~1\l\11'1.Jrl1'1.J~'l.J ~ ~L '\ll~e:J~\l'\lll.J(;l 1 ~LL~'l LG'f~'1 L~V'\J~e:J V 

t1ntTle:i\I F11ut11'1.J ml.11tlLLuu 11vm1ne:ia~1\I LL'1::!"'n1n11V1ntlwm1 1::v::L1'11 Ci'.'.o 1'1.J 1~LL~1 
~ \I ·~·~ • 

La~'1 L~vu~e:i v\111l.1"''1J'1J1Vl~e:i-Ue:i\1l n'1\1~1\I L uuV1u\lae:i 11l.J~\lvi1amu~ne:ia~1\l 1 ~a::!m(;)L~vu~e:iv 

e<:. ei'vi11f'i1tl~'IJ 

ri1tl-Suvi1l.1"''1)'1]1~1\I LL uuvhm e:ina11tl1::! n'J(;l'j1f11EiL~ fl'Vl1e:Jilm1il '\ll~e:JoUC:Wln'1\1~1\IL U'l.J 
II 

OV4 0 CV.cit 

'\ll'l.J\IG'fe:J'1::!n1'\11'1.J(;l \;l\IU 

~.('j) mru~~-Su~1\lu1\11u~-Su~1\l L tl~1\l'll1'l 1 ~~~'1.Jvh~ n'Vle:J(;)Vl~\I fav Ll.11~-rue:iun 11vi 
\I \I • •t; 

1il1nml.1 lil~ri1V1U(;)A1t1-ru'11V1-Sum1c'.J1~Ju~\ln~11Lllu"ii1mu~e:iv'1::!(9)0.oo 'lle:J\11\IL~U'lle:J\l\11'1.J~1\l'll1\IJ'l.J 

~.I!> mru~~-Su~1\ltJ~lli)c;j(;l"''1]'1J1~1\lrleJG'f~1\I ue:imV1tie:ilil1n-Ue:i ~.('j) lil::!ri1'VIU(;)A1tl-ju 

L llu11 v1uL llu'11u1uL~umv"111 '1.JeYvi11~e:JV'1::!0.(9)0 'lle:J\111f11\11U~1\I 

~- n11~ut11znu~11lJ~1,~un~1e:i\I 
" ti ... ~ ... ~.J 1 " . ~ ,, ., 1 ,, .. ,, 
~'lJU~n11 1~n'J(;l11f11e:JL'1fl'Vl1e:JUflG'f611\I \;l'Vl1'1'1)'1)11il1\I \111i.JbL'\J'\J \;l\11~'-J U'lJe:J Cil.r;n '\llW'lle:J 

9ln'1\1'11\I L uu'\llu\lae:i LL~1 LLvin1ru 1il~tTle:i\l-Sut11~nuf111lJ'!l11(;lunV'l~e:i\l'lJe:i\l\11u'11\I~ Ln(;l~um v 1 u1~ v~L 1m 1llue:i v , 

n11 I!> tJ uu'1(;llil1n1u~mi.i1~-Sui.ie:irn1u 1(;lv~e:i\l~'IJ~(;lm161le:ilJLL611i.JLLm'lJ1m-Um11~~~\IL&1l.lmv1u Cil<t 1ti 

uu '1 (;l '11 n1 '1.J'vtl~-Su LL ~.:i m1lJ-li11(;)'\JflV'l~ei.:i , 
I ~ I II 

G>O. n11'11VL\ltJa1\l'VltJ1 

~~u-Umaue:ii1~'VlfiLaue:i'lJe:i-Srn~u~1\IV1u11 ueJ'vi111llLnti~e:iv'1~ ('j)cr 'lle:J\111F11ri1'11\l~\l'Vli.J(;l 

LLvi~\liilil::!~e:i\lrl\li.1e:iuV1~ntlwnuL~u~1\IV1u1 L uuww5iJm-r~u1'11 Vlv V1~e:iV1u\lae:i ~1tl1::! ntiV1~e:iV1u\lae:i ~1tl1::!nu 
"' 

1um1'11m~ULL~'1~\l'J(;l mi.ilil~1Xm~u'11u1u~e:iv'1~ Cilo 'lle:J\IL~u~~e:i\llil1v1u\11(;)JuL~mllu 

tl1::!nue.Ja\11u 1umru~L~utl1~ntJe.J'1\11u'1~~e:i\lt1n-HnH~\l~tJ1ll~1n11 b L~e:iu ('11V1-Su"'ruru1~Lll't.J11F11~e:i 
\J ., " 

'\lltJ'l V) '\ll~eJ'lJeJ\I A1~1\l~\l'\lli.J(;l ('11V1-r'U"''1)'1]1~L UU11Fl1 L '\lli.1111lJ) 

~1'u'11'li1~'Vlfi~'1::!'lle:JL~utl1::!nue.J'1\11u~ti 1(;lv~1'u'11\llil~~e:i\ltl1V1u\lae:i~1tl1::!nti'lle:i\I 
\J \J 

litJ1f111 '\ll~e:J'\llU\laeJ~1tl1~ntJ~ L~fl'Vl1e:Jilm~'lJe:J\llitJ1f11'j .fl1v1 tJU'j~ L 'Vl P1Vl1i.J LL '\J'\J'\llU\lae:J~1tl1~ nu~\l'j~'IJ 1 u-Ue:i Cil.Ci'.'. , 

(Ci'.'.) i.1111\IH~e:imi.1 L~muuV1~ntl1::!nULL'Vlu 

mi.J'1~~'1.JL~Utl1::! ntJe.J'1\11U LL'1~/Vl~e:J'\llU\lae:J~1tl1~ rlU'lJel\llitJ1f111~\I n~111 ~LLrl ~1'u'11\I 
II CV I A. I II V 

Yl1e:Ji.Jfl'\Jfl111il1VL\1Uf111il1\l\11(;)G'f(;l'Vl1V 
' 

II ~.,.1 d11 d 
@ID. "l!Biil\11'Utt'Vlli 'IJfl1'jEJ'IJ"IJBLfl'UmLaZtl'\J 'l 

(9)\!J.('j) L~iJr-l1~1\1'11V11'u\11tJ'11\lfl~\lii 1~i.11'11m~u\lutl·wl.l1rutl1~"ii1tl V'l.Pl. l!lctbb 

m1'1.:i'l.J1i.11 u"'ruru1lil ::! m::!vi11~~e:i L~e:i mi.i1~-rue:i'l.JWi L~'l.Jfi1 ne:ia~1\1'11m~tJ\lu ., ., , 

d 1 "., "' 11d ,, 1 1 "' .di .,., ,, 1 " ., Cilhl!l Li.Je:JmlJ ~fl(;)L'1e:Jfle.JViJ'lJe:JLG'l'Ue:J11V (;) '\llL'IJ'Ue.J1'\J'11\I LL'1~ ~Vlfl'1\1'11\I 911l.Jn11 
\J \J 

\J1~n1(;)11f11~L~n'Vl1e:JUfl~LL~1 n1~-ru~1\llil::!~e:J\1Gt\IVl~e:JU1~\l'lle:J\li.11L~e:J\11U~1\l~\ln~11LoU1lJ1'11fl~1\IU1::!L'VlP1 
'U 



bb'1~'Uci-:iiTu11fo-:itl1 b oU11J1 Llil V'\111\1b~CJ1ubft'U'V11-:J~iiL~ci1 'Vlm~uci ~ bb'1~'111JTrn 1-Hu~m-s1'u'U'U 1~i;n1J~1'\ill'Uli1~11m-s 
" "' 

flW'Vl'S'NAlJ'U1AlJU'Stfl1131fl1V!'Ulil ~~'U.v'€lb'1'UCl~\lbtl'U~1'U~1\l<Jtlli'ei-:ii.J~~!i111Jfl~V!lJ1V11~1Vfl1'S~\lb'1~1Jfl1 

(®) bb~\lfl1'S~\IV!~tltJ1~\l'Utl\l~\lfl~11LoU1lJ1'11fl~1\IU'StL'V1131~e)fl'SlJL~1vl1 mv1'U "11 

1u i!u ~\I LL~1'U~ ~fo~ 1\1 ~\IV!~ eiGff t:l'U Cl\l '11 fl ~1\1U'StL'V1131 b 1u LL~ L tJ 'U'Utl\I~ -r\ilJ'U li1~11n1'S fl'S~'Vl 'S'J \IAlJ'U1AlJU'Stfl1131 
" "' 

vm1'U1 oH'U'S'S'Vlfl Llilm~t:l~'U 1~ 
' 

(b) ~lilfl1-s1-H~-:i'UB-:i~-:ifl~11u-s-s'Vlfl 1lilm~B 1 'Vlv vt~m~B~ii~'V15L'1l'UL~v1nrn~B 1 'Vlv 
' 

'11fl~1-:iu-s~L 'VlP1lJ1 EY-:iu w L 'V1 PlL°Vw L 1'ULb~'lt 1~-ru£l'Un '1 li1'11 flfl'SlJ L~1vl11-Hu-s-s'Vl fl~\l'UB-:iiTu 1lilm~ei~u~ffi'1lL~ci 
'·~ ' 

1 d V 1 llQJ I ~ I 4 .d 4 ~ ..JV 4i:ii1 I 

'V1 v '11\1 '1 t lilt:l\I lil -sum~ cy1 li1 L 'll'U'U'U fl eiuu 'S'SYJ fl'UCJ\1'1\1 L 'SB t:l'U vt-sm iJ'U'Ut:l\l'Vl 'S~lJ'Ulil -s11 m-smt'Vl -s1-:i AlJ'U 1 Al.I 

i.J-stml31vm1'U 1-Hu-s'S'Vlfl Llilm~B~'U 
' 

(i;n) 1'Umru~'hJLJ5~1i11lJ (®) V!~tl (b) ~1'U~1\l'ltlli'€l-:J1'U~lilli11lJfl~V!lJ1V11~'JEJ 
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