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1.2. VibroSf 1 {” § f &Wibbro-Kompaksiyon)

A7 | 1}Z 1C}vepl ~idroatgmizikumlar) zeminlerdeA] E §,E°v
MCPpo fRf §]8E "Juo E A CvouElIl IpAAiso E
JR 0o 1 uJv]v +flfofRf €& E A }E&IG"SfER0 " |UFEu
dolgu ile dengelenirVibro-+fIf"SfEu  ]”0 u] ,*AYpELS, E°Vv  AE o]
flf"$fEfo E | C}RUVOURN EZ3fEfouf” JEWUbo}o}v|
C°le | C}Rpuvoplop JE I]JE | ,0oP «] A u EIl b v pl
Il ov]Clo "8]E]Jou]” ]E I°530 v }ou” wrijidal Z&€m)in p 1°3
v]8 o]R]Jv A pCPpo v v A] E} +]*5 u]v ,imdlajém E]v

E -fv R]1”u Vibro}EIX"SfEUS ugenellikle Rfo C}RuvouR
%50 [ wvaz ve Standart Penetrasyon Deneyi direncinin (820 darbe/30
cm[ v °"°lU v uolu }E viviv 9iA[d v 1 }o pF

uygulanabilmektedir.

Vibro-+ f1f"§fEu  C,vE u]v R]"]l .1 oo]losi&emler Z]%
lpoo vfou 18 fEK : Pk VG JliBHo} wkA1 Eo E lpoo vio E

Jo v «flf"$fEfouf” lpu | Iflo Ef C,v8 u] C CPfv }i
HCPHo uo E v JE]]JEX s u JE o]l }YEuUEI E]
Al E AE }EN ] EJ]+]v lpu 0 C | ZIv v }ou'u
C,v3uo & v ( Elof }o E I H o *]*3 u Al & §,E
MCPupo uls fEX s] & §,&E P°°Jo ]Jo EBGo C v ]Jo]l }d
doldurulmakta f CE Xo 0 ] E]vol]lo & *]*S u Cul Ef [10] %o
lpuu }oPucC o fEfo E | §]3E ”"Ju Ao Cluo-{Ef"a& f\dEfoud
[}o}v % f P v]"0 S]Jou IS JEX

hCPuo u C,vS uo €] Jo JoPdleverim] BdE&E ,0°u 1|
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Vibro-z E R]”$]Eu )d " <}o}v

1.3.VibroY E R]" S TEKolor)

Yuup” | 1}Z 1C}vop |1 u]vier @ siltlerjuypalamalardaA] & §,E°v

Jo o EI| vdelgE]ESERfZ JulE]e]v IfEU § " u ol u }o HEUC
fIf"SfEfOfE A 1]Jo u SE]le ] E]e]v E]i]S PE v°o &
C,v3u }R o I u]v C v 0o ,S eden dariEgeriimelerin

konsoli «C}vu ee}vp pu fviEof ]JE ]CJo "u }o uRpu ]o]
(Goughnour vd. 1991) § « Efu Z EZ&P]]CJo "u RS
ofvu u I8 fEX @]i]l5 l}o}v A }JRno}olpti]w 1} ut%e}i]
uoluv]v C vfuf A «fofijinal ad@ne] &anla,v uo] ,0 °

]Clo "S]E]Jou]” }ou I§ fEX

d” I}o}v uCPuo u o Efv 1 u]v C®loCRjv %V]CIEu C Cfof
tek JE $}b}v °l E]v P o v Qohlba@]oniiES0fRfv  }Jou of
VP, E%u I8 JEX v &l]v ]Clo "&]&uf'au E%S &I vG]CColiw
sahipA @& v i*fl | Cu C vfufvfv?ifE]ofRifivIEIUR]"$]R] *]03

[Jo | Su vo Efv o] Jou IS JEX hCHupdawOm E]Jvo]R]v
& ofRfv  }o pRp pEpuUo E ]JR E 1l ulvifilC}o "§VEuU C
[}viu]l ,i°u }o E | }ES C fluls fE&X < u]lv | Cu C \

KN'm*[C] "u f Z o]lv A] & §,Eo E]v 1 u]lv ] E]*]v Jo
jouuls fEX ,Co pEpuUo E ,EvV R]Jv Z C o v JC]Jo "§]
|}0}V0 & ,v v C %o fouf” OP] --(}GE je ] mr:BCﬂ]\E g "l]O
Kirsch, 201

, s« A }JEP v]l ] E]lo] Cpup” I T ulvo E U C°l os&fv
(JE&u «C}lvo E v Vv]Co § 7 |}eklvoydhal ]dgstek P
Jou” u u I8 fEX p Z°C | ulVao Ei }S Ied}o}Vf@Ef](-]v

>

§ "I]Jo ]ou (Murup@san ve Rajagopal, 2010).

d " l}o}vo E pCPpo u dteem thedlemili,Geyuu 2lttan beslemeli
darbeli ve vibrod}u %}l & C,v3 uo E] Jo § "ljo C,ySuubs EJE X
§ Co E&f3[&%erilu]is
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14.s] & §,EHS EE "Beliciler)

Uygulamada o ISE]l A C Z] E} &kt edénc]oZvEE]l A] E §
lpoo viou 13 AEE Yjuotot@arak ov fEfou I§ fEX D}
l« VSE]I JE 1°50 C] ,v °E E | C wveoitdl kuvwets]SE
C & Suls U }o CfefCo RfEofRfvi\C AE fufl@oA Ai]l EF\
T ulv 1 &E]J-]v ]Jo o C Jou I8 JEX hCPRY U
VIbE §,Eo0 E]v }Cus A o) dXj[b I®&HY”3[Barksdale &
Bachus, 1983).

d o} iXiX RJ]”"]Il A] @ §,Eo0 E]v }Cus A I c
(Barksdale ve Bachus, 1983)

RfEofl :2t4ton
Boy :2t45m
%0 :0.36t0.46 m
‘0 166 t 160 HP
Frekans : 1800t 3000 devir/dk
Ekantrik yanal itki : 12 t 28 ton
U% 0]S5°8 :7 116 mm

7u o & Zflf :10t30 m/saat

d]%]l ]E A] & &, E°v P,E°vouo. A2(d)a, &bl vis E3] IBJo
rotasyonu iseb 1X2(b)fle A EJou]”3]E



Vibra§,Eo E ~d]SE "Juo] o] ]Jo E-

Uzatma borusu

EsanSE]l R
Konik burun <@_
(@) (b)

b 1102. (@)d]% ]l A] & §,E P, EP)esarfrik Il %3 otasyonu
(Kirsch ve Kirsch, 2010)
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1.5. Kaynaklar

ASCE (1968""% ] o }v( &€ v }v Wo u vS Vv /[u% E}
S} "U%o %} ES NHCEEgedigsE ASGCE, SMFD, Cambridge, Mass.

BarksdaleR.D.ve BachusR.C.(1983. »# ¢]Pv v }veSEQN S]}v }(
}ouuyveUS Federal Highway Administration, Report No: FHWA/RD-
83/026.

Goughnour,R. R, Sung,J. T. ve RamseyJ.S.V 15,0 ,EWN. ve E]P
Bachus, R. C. (1991""0] }JEE S]}v C ~S}v lopu
Foundations Improvements: Design, Construction and Testing, ASTM, STP
1089, syf: 131t 147.
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D §Z} « U "%1}v WE *+U Vv Ju% @s]1883syf.d ColE v

Murugesan, S. ve Rajagopal, K. (20¥Bjudies on the Behavior of Single
and Group of Geosynthetic Encased Stone Columds Geotech.
Geoenviron. Eng ASCE 136 (1): 1299.

Steuerman, S. (1939" New Compaction DA] , ENR.
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I ulv]v eflf’u «fvf « Ro C | C 38 C 3]5E "Juo E] }o}
Al @ §, &M Ifof(f AE +]v I] T u]lv U 3s°u E]vo]l ]

R]”7u C vU C 38 C ]vul]l IpuAA 30 E YupEP b vfilHE!/
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D}3}JEo0o E o0 ISE]l A C Z] E}o]l P° | Cygulam&Hd ]o
lpoo vfo v w}lIS)E&]IBY o E]5P tU80&WMOE ofRfv R]"u I3
JOpu% U u leJupu 171 It[SFTEX 71] A C Z (1o % &E
le« VEE]I 1°30 0 E]v E}S «C}v Zflo Ef o ISE]Jlo] u}
(E | vefv Rof G} 3P E\WRZVoaMR°, 11 Cv Rf § 1di] A C
[MSU%o *°EC"OV Rof }200Erpmee§a 25@apm, 60 Ho v P°
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elektrik motoru
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eks vSCE]I I°

[}v]l

ﬁl it

b IJo TXiX sKedi (Kitseéh ve Kirsch, 2010)

VIbE &, E°v C § C °io u |fosilasyontwfy éwi, 2=U A] E §,E
}JCuv b .PX TP, 8 &Jo |R] P]] o]v & }o & I, RJ]"u I8
Al & §,E°v v | Roinv®k3°v]3f(JE U Ronik aisunda

u leJupu R E ¢ Z]%S]EX D leJupu R Eo E ¢« E 35 « ¢
[}Jvuu « I}"poo Efv il uu Jo A1 uu & «fv R]"u 1§ ]
U leJupu }o PRP p  V}IS e (AR @& l*Jupu R E

po "ualolup, p R & AIP u &S <]v | & fl Jofw IS JEX
E}S *C}v ZfVibrAsyonun u% 0]8Po°E | § vfuo vuf’$fEX

Eks VSE]Il 1°Sb6vi®}S cClvu v ofv C & 353fRfi ¢ &I 11 vl
((4 L /gAR% A] E §,E°v S u - Z o]v }Jo uRp 1 u]lv Ceol C
IHAA 8] }o E | 3I]C & | 1 u]v]v eflf’u «fv v v }ou I§

RfEofRfv Rof }o & | u (@&l IIE JaAMIE] IE E ofRfv
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

R]"u 18 JEX d o} TXiJ Povoyoj lpoo vfo v A] G
verilimektedir (Kirsch ve Kirsch, 2010).

1
i
! 1 2
L
i
]
I'\\ll
" 1
IR
ﬁlﬁf
| 3"
HIR 3 4

\

A
\ e

| N
|
]
-!- A eksantrisite =
L I ¢eks VEE]I 1°80 N
i =W A] E *C}vuv u%o0]3° ©

-‘H*\"‘A‘

—_

|
&+ 2= | &W A] & §,E°V  %of
— = AW E}§ «C}v Zfif
GW u EI1l TpAA

b IJo MbikI}u% I+]C}v % E ve] ] A C § C idrhesinin A] &
} o u” u(Kirsch ve Kirsch, 2010)

s] € §S,& § « CEfufv |I] v ,vuo] IE]S ®Go E v ]JE] uf

§11o0] }Jo | ]JE& A] & *C}v  U%O0]%° °v°v « Ro v ]
U%O0]3AP & §,E& Jo 1 u]lv §&l]lo "Ju]v Rof }ou% ( &
Cvf « Z cCsc A E]vo]l }Cuyv R]” Jou I&

op & *Clv v efv A] & §,E°V % E(}EuU vefvf ]Jlo u
oflf?u ofvfv Je3 v v °IC P E lo "% P & lo "u ]F
u fCo +]e3 u 1f Qo O '05 JEE ] o u ddpmp@aX opgrasyon
<OE o]V

- v] & §,E°v E]vo]R]v]

- m}&)Eo & ] Ifufvarmhperid] W C Z] E}odf «fv f

- 0% E *Clv (E | vefvf

- h A AC ep ofv fvf
*°E lo] }o dadebilméktedir.
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d o} IXiX hCPupo u

lpoo vfo v A] (Kirséh @ &ir€ER2Q10po]lo E]

Operasyon

ANVEE](T E

U %o 0

hCPpo Cf f MakinaTipi Boy(m) % ~L RfEofl'® ~It&CE v« f Kuwveti (kN) (mm) Pi oo
Vibroflotation V10 2.73 248 820 70 60 150 10 el, c
Soletanche Bachyv23 3.57 350 2200 130 30 300 23 el, c
(Vinci Grup) V48 4.08 378 2600 175 25 472 48 el, c
Keller Grup MB1670 3.20 315 1700 70 50-60 157-226 7 el, v
MB1650 3.20 315 1700 55 50 157 7 el, v
S340/34 3.10 421 2900 120 30 340 29 el, c
S700 4.30 490 4400 180 25 742 50 el, v
38 690 15
Bauer Grup TR17 3.30 298 1400 112 &3 @93 5 hyd, v
TR75 4.20 406 2580 235 &3 @13 11 hyd, v
HD130 N/A 310 1850 98 50-60 140-202 16 hyd, v
Pennine HD150 N/A 310 2250 130 50-60 200-288 22 hyd, v
(Balfour-Betty) BD300 N/A 310 2575 120 30-36 175252 28 hyd, v
BD400 N/A 400 4400 215 30-35 310426 36 hyd, v

ZW Al & §,E°V U pv

c: sabit operasyon frekanfl

AW R]"lV }% @& *C}v (E | veof
oW o ISE]Io] «°E&®°”
ZC W Z] E}o]l «°Eo°”
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Derin vibrot «flIf"Sf@Eu

MHCPpO u o Efv 3 v ES 3% A

u HCPuv RJ]"]I A] & §,Eo0 E P 0]"8]E]ou]E(FNA |
AC ,io u o@E1]]v P o]"$]E]oBR) VEE MWEH |Xb
2.3(b)) ve Y-Propo & f®.3{d). | X

Japonyd P olud]@Ediwo p pl A] E §,Eo0 E 1° °1  %o0f %d

°f E]v 1°° }CusSop

Jou]” ° f 1§ v
" 1lo 1% E fRf

|l u ®o vu Sl]Jo E]v]v

300
S

1660

(@)

b 1]Jo KGR po u

lou”u 18

]"0 & uProblarispdd]” ] ®X & "1]o

fEX p *]*3 u]lv A] & *C}vo
JoRAvu ISIgEEfVidfi}o uRU % E} o E ]

(b)

L e]*S u }op"u fRFf ]( ]Jou
| i
4}, — i Y S
§é\ ‘ 1500
d i&'——-—- 2000
I
. 1500
A‘ \ [0
i EE | E 3>
ll—
|

| d°u TETuo & Ll

lpoo vfo v
Al E} p upl Arob (Massarcsh ve Fellenius, 2005)
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s] & §,Eo0 E]v Pl oo]lo E]

Vibro p pl ¢]*8 u]v]v 7+A [§ P 0]"8]E]od|8 PRES|E]E 5] %0
k v $of E §,Eo E ]EX muukjvd wR ifv JE p plnfl EJv iX
E oflo Eo wu}vd mi@ MO UX@ipvopRuv E C o f lo E

Jop”u I8 fEX pn C,v3 u ]C] «fIf"3fEfouf” I ufvo E % E
oflIfvdfo & ¢ ” v fRf Jo]vu IS JEX

b I < v 3GfE §, ®asdd@csh ve Fellenius, 2005)

mi E]v v Ei] SE& ve( E]V] z Sl]v Ifo v o]Jlo CE]v }o
(MRCV & $,Bo @2AX[SP,*S E]Jou]”"S]EX

z %fu C,v3 u]l]v v Rfuefl
§1]0] of” u u «f A
nedevo &] § ”

}Jo E | pCPuo u o E A] E s,
H1}50 E C 8§ Eo] Cv o lu]Jv 8§
[}o}vo Efv 0% MmpS]Ii ATeufv C 8§ Eo] <flf’u
* Rovuuls fEX pv vo =« Z 0¢85 C %f Jv” S0 Ef ,\
05ufo]l JE I If C %fo E | C E]v «flf"§fEfouf” PE v°o E
, Vv E]lou I§ JEX '€ v°o & "]JoS v]v u]v]upu G JofwdERT Ti

L
JOu% p I 3uv Cvfluv ]JE E da]’® AIEG }J&§ GEAEX
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b i25.DZ 3§]%] e<v | A](MEssarcErovedEellenius, 2005)

2.2. Vibro"fIf"S§fCEEuUu ]Jo 7CJo "S]CEu d Iv]R]

A" 1 A }ESE «flf & u]l lpuo & A] & <C}v &l1]+]Co
}Poulo Efv 1 ou «f Abir |&Jor EGvio "u f e}vp u Z
IJvpu P ou I8 ]JEo EX R]"Ju " u §]6Ha}o &
P,e§ EJou I3 ]EX

' Agk Flotasyon NELF

N D T T

b4 44+ 1
cccoo
++4+44 ~
F4 4444

A b b A

mZ=D> e

b I]Jo6.Mbro-«flf"3fEu ]”0 u]v 1 u]v ]Clo "8§]Eu u |
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Vibro-A fIf"§fEu Jo 7CJo "8]Eu d IV]R]

s] & *C}v &l]*] o&fv 1] «flf’u u]l8 Ef A] E «C}vuv ,I
1 oo]lo E]JA] & *C}v UCPuO u «fvfv «°E «]v Rof }o & |
s] & S,E°v <flIf"SfCEuU §1]*] MCPpo u Vv}I§ «fv v ullo
e.vouo vu I§ JEX MfIf"§fCEu §11¢] v | 1 u]v voE& &
*OES°vu ]JE& v Jv]v "fou ektefls. polvploly E "&IEuUu o E
P, Gvibrasyonun zemin danelerini 0.5g mert «]v ]JE JAu C po "SfCE f
HEMHU JES C flv Jvu]l P EJou o E PE v°o E | u]v
flf"u ul v]iu efvfy "o uef ]]v uCPpv JE& }ES u C
7Alrpy ESu *fv % E o0 }o E | lpupv | Cu € vfuf 1 o
2.0g ivmeler mertebesinde C vfuou{&]upu R €&®o &E ]Jvu I§ JEX
v}lg I ulv C %fef 1f"l v JE I}vpu Pouls JEX 7Au
E3f fv Au 3u-+] uEpuUpvV ~EiPe 1T u]lv C %ofefv
Jop'u 1§ fEX vo E]v JAu ] Jo | Cu C vfuf E «f\
27~ ¢[" u 8]l }o E | P, CEJou I§ J& ~Z} P EBU i6066+X

Vibrasyon uygulanan noktadan olapl lofR Rof }o & | R]"]I AC
] Juo E]v]v }ES C fISfRf Z ol 0 & }oubuasysn fEX p
MCPpo vv Vv}IE v pllof"BM WoOP U %0 +3]d® "u]
fIf"SfEfouf® elastk ,0P}o E | P o]"u IS JEX s] E §,E 5
ui 1ofR  Rof AE vf” ] Juo Gl J&Ju]Z] 1] ROEBFI b I
27~ [ "u ]l Jo & | P,+% EJou 13 JEX

Vibro-«flf"SfCEu PCPHO U of e}vpuv ofIf”u & -+]v] Sl]o
"Rf A E]ou]"3]EW

- HCPpo u ,v <] 1T u]vl]v C}RuvouRp

- lTu]lv v ©°C°lo°R?°

- Tulv v "lo0] A PE +C}vyu

- T u]v]v ,IiP°0 RfEofRf

- MUCPpoO u E]Jvo]R]

- T u]vlv P JEP vo]R]

- A] & «C}vpv (E | vefU u%o0]3° °U =« ofvfuo Efv ]

u EI 1l ITpAA §
- A] E sC}lVuV °E -]
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< 1 A
DIl v AE|vAE Vf
0.5g 1.5g 3.0g
Danelerin ivmesi
(a)
| : s
5 1171 v 0P e BT
s 2Wo +8]lo "uf / .‘z} VoA
N 3rfIf sfEfoulf |\ \ - S ) )
; 4 0 3]l 0P N I
> i e i
Y | |
I 1

VO |
sl ! | !
El 1! 2 3 L4 :17(;]0 SIEU
() i | i i
N : : ! o v JEJu RfEOTfI

s] & §S,E Vv |
(b)

b IJo7XX'E v°0 E | u]lvo E]v A] & «C}v 35l]+] o03fv

23.hCPpo u

hCPpo u
hCPupo v
ou C
kumun A]
vi IS

viig «fv Al E

\Y

E
]lo

.

o
S,
v

(Rodger, 1979)
z,vS u]

§,E |l oof "faB ouEip&E] A v of
H i8] A Al @ §,E RfEofRfvfv 3§I]«]C
EX H "u e ofv i (lo RCA™ §Jowr]o
E Jo Tulv @& «fv I] }’opls v Ce°i C
euCuv Z u] C°le | SpSpou IS fEX s] (

17



hCPupuo u z,vs u]j

sl ulv | Ef"fuf «fAfvfv «]EI°0 «C}lvu A] E,&,@v % Vv 3
,0° Zflov fEuU I8 fEX

Suya doygun olmayan kunB ep *]EI°0 «C}lvpy A A] Gna,E v C C
gerilmeleriileeuC  }Rpkumndakil Cf( Ju v3}o vu $l]Jo E]Jv] A o}l
I}Jvo Efv JE v ]v] }JES Vv IofEul]]lvCs Eo] }ould f

Derin uygulamalarda (>20mA] €& §,E S3E& (fv 1] «fAf «]J]EI°0 «C}vp
% Eo E]v v C Cfo v «flu | Cf%o Ef v Vv]Co 1 uvo
]*3 vv °1 C 3Spudpo Jou ] ] ]v e<fneohA Z A Roov&f «]
§°%0 E] °l E]v C Eo "§]EJo v «fv of +pa gerslo Ef ]o
duyulu 1S fEX <pEPM lpuo E i i S] PCPpHpO vu u f pE|
SE (fv oflf” v. 1 u]v ]JE <°E JVE Al E §,E°\
durdurabilmektedir. Uygulama A] & §,E°v Jo o u ZfIf 1]%u v A
1 o0o0]lo E]v RGNy | EE #fv R]"u 1§ JEX

70 Eo u ev ofv IT v§E]I 1°30 v]v E}S «C}vp A] E 5, E

yaratabilmektedir. Bu harekeA] € §,E°v g uv C Eo "8§]E]Jo v | v §o0
engellenmektedir. s] & §,E°v C°l C ofvi% 8 IE & o fEfou
u} oo E HCPuo u E]Jvo]R]WA] B 3fdasyodEn t€Es

C,v AE]ou *]JU ¢]*3 u J*SeuwPk o }owPPd EE X

hCPpo u E]uo]Rflor fRfv ZA A eu i3] Avo Ef
| % Sfou I§ A C Ifefo E | +fv o E u]v]u o Bal ¢ ©°7°¢
a” u Al @ §,E°V & %o <]V ev | Ro v&f v}I§ «fv C |

yerle”§]E]Jou]” }o v CoVe P"°4fx ojfuo] *p i 3] &E CEXfvu
M MCPpo u vfv u fU IpCu ] EJe]v ]J& S "0 u C %fo

[°S0 o CE]Jv IpuCpu 8§ vfv %0 E | «flIf"S§fE&fou «fv C E fu
]S u A EJov epZ u]l] Al E §,E S3SE (fv I] «fAf «]EI°0
eu | lo Efvf 3§ IA]C |l °I C }ou of fEX

Hedeflenev E]vo]R po "fo flI§ v «}vE A] E §,E°y ©°"°f
I[Jou #¢ SE (fv I] T-UFVBIE fEX p " u Al E §,E ]
SE (fv I] T u]Jv]ME-flijfvs | 1 E]J-]v }ou «f RKSE lu IS ]C
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

MEHUO E Al E §,E°v - piimakta %e SSIEW] |E fIf"SfCE
* Rovuuls fEX

AMIFPSfEU  ]"o0 ud.@E] 1% oflo Eo <°CE °E°ou IS JEX
Al & §,E& C°ls 03]ou v leonmdktetE E+kEKIi sistemlerd® ©

luoo vfufviv A C Z] El}o]l +]*8 uo & C R ofv fvf
}Jo hPRH R Eo E po "3$fRf A EJo E] o ekijoedie]v A
devam edilmektedir. Uygulamada her kademedd o u +° E30il&9D sn

E <fv R]"u I§ JEX

Vibro-«flf"Sf@&u C,vS u] pCPpo v fRfv Al E §,E S3E&E
lould fEX pZ Ju fIf"8fEfo v I ulv I°30 ] A CPOI
bir dooPp u ol u ] Jo vP ovu Il§ JEX " &Gf v uo
C %fou fRf pEpuo E U T ulv C°l Clv }SuEuU o E
oturmalar }&]Ji]v o 1 u]v]v ,l oo]lo E]Jv A uCPpo v v
v]S o0]R]v Rof }o B | ]G]lo "§]&E]ad merdebelerine &ddan f R f v

fl Jou IS JEX

Vibro-«f1f"8fEu  ]"0 u] “}v@E gyE°v AE *]Jv  C}Rpvoupl
fIf"S§fEfouf” ]J& Ilpu I1}o}vu }op”u IS fEXulaqu |}plv

ITE | ,oP «] A u &Il v pllo "8fl C}RuvopRpu I
1°30 }ou’SpEuU I8 fEX p 1°30 v]v % & VedEyglkanani u]v
A] E} <]*3 u]v ,i oo]lo E]lmila Rof o@& | i R]"u I§ ]

hCPupuo u v}ls o Ef & +fv I] ues (0 E pGCPuv JE
MEUUMUV S°u o v ]S v v «fIf"§fCEu o E « Ro vuf”

E fv 1] ues (0 E "l vE °P vnkiaSSEw]vE K
Jou I8 U Z & uCPpo u ni}Ig]kfYE ifo v | &E «fIf"SfEu
olabilmektedir. d u]l lpuo & C %fo v uCPupuo u o & S |
« 30]lI ]JE A E ]C 0p0lonffbCl TiUJEuU]v 1°30 *]

<fIf"$fE Jou I8 JEX

s] & §,E°v " lo] A C°I ¢ C Ifv &E]vo]lo E 1 u]v
°"o| }ou f v vo E] Jo 1 u]vi QAKk b@ katmanda etkin bir
fIf"§SfEEu « Ro v uuls fEX ' & Ilo] P,E°dntaR® pud
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hCPupuo u z,vs u]j

konvansiyonel C°1 Ce o0 +flf"$fCEu ~A] E §,E0° «]Jo]v |Eo E
1Glo "3]E]o Jou I8 JEX

Vibro-«fIf"§fE u C,v$ ulv R]”]l ,1 oo]lwmistEBmlers Z]% A
lpoo vfou IS fEK : Ped Yy BVikkolkompozew E lpoo vkd E | § 7
edilen «flf"§fEfouf” lpu | iflo &f C,v& u] C CPfv }o ¢

uygulamalardan biridir (Kitazume, 2005).

AEPSfEfouf” lpu | 1flo @ fvlyucoP uio wkefapode} sistemi ve

[}o}v Ju o § " u o2&f PIXS EJou IS JEX ~]*Su ]JE& (o}
°] E]v u}vs Jou]” RfE JE A] E §,EU A }Eu ] &
Zlv v }lop'uld fEX ]JR E C,v3 uo E v ( Elof }o E | |
°” C §]SE "Juo E pCPpo u IS fEX s] & dudafaPL ° Jo ]Jo
borusu «°CE l10o] }o & | lpu Jo }o pEpou IS U 00] E]Jvo]l

[]0]% IpCun S viv |] lpu }oPucC o fEfo E | S]S
ofIf"&fadd C v o }o E | ,5 0 vV]% |}ojekteditscf B ¥]6oud]o
luCuvpv 3 u uf }o pEpov | E SI1E Eo v E | A u

IMCH v ofvfi@ENX

AIfrP8fETfouf” lpu | [flemC koBeaydnlu hem de kohezyonsuz

l ulvo E pCPpo v Jo v ]JE C,y¥9)] Gapoenydia Zignia X

§ vf ]JCJo "§]CEu o E]vV C CPfv }o B | Ipaw/Yfou IS fC
hCPuo u o]l Ifo%do ¥EEuda 150 cm aradsvy R]"u Ve

I ulv I}"uoo Efv A A] & §,E P° oy Rof JEEA | lpu I}
u$E }Cusuv fl Efo Jou |3eljiEnatd) 982)C u A

Met} pv A v io EfW; jXnplipd }bEUWS ” A C Ifo }E vo |
Jou «fVKIQX ] Eo Efvfv «°E borli il deBteklenrodsi; iv:

b°C°l % of I}o}v o dirko JioA 3 io Gkém] doyuniixX

| Cu & v ] fefviv & " }oPuC }eiio kil femindgou «f
JEUVUV IuCp ] @EEEFU CCYR v }Jo E | P JEP vo]l A -«
.1 oo]lo E]Jv]v }opuepl Cdir. 3l1]Jo vu <]
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

N ‘o&o' ’o&o] 4
Muhafaza < ‘0&01 Q
borusu Kum ‘o&o] Q ‘o&o'
I} \Q S (
A )

=
=

B

b 118, AfIf"$fEfouf” lpu | 1fl Ju (Beigado ud.69YE)f
2.4. Vibro"fIf"§fCEu hCPpo v ]Jo]& e+« u]Jvo &

Vibro-sfIf”§fCEu C,vS u]v]v Sllv J& ” I]o MCPupo v ]
l ulvlv PE vPo E JE PE +C}v « Z]% }ou «fle]v u
1}3Z 1C}vpvpv }ou u «f A C ulvl]u o °I C }ou «f P E
(1977) Zflof JE ,v R EoQ VEU]JJFHe "S]E]Jou]” « u]v Af
Sistemi (USC8y P,E 3§ vfuo vuf” I u]v 8°Co E]Jv HCPpo
.1 30 v ]JR] ” I]o R o v JEu]"S]EX

7C]l e @ vul” [fooVE W C'Lt E MCPuo v Jo]E&U
[]%u vo E lpoo vfo fRfv Jo Eo u P° 0°R° C " v ]o]

<,§° E o vu]” °](}E&u &Jf&Q U }W puRu pEPUO
u EilJv o ]CJo "u e« Ro vVfEU puCPpo u ,vv-E}OIfEXEU
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Vibro-*f1f"§fEu hCPpo v ]Jo]& « u]jvo &

Silto] A 1]Joo] If@GC:E]W IE Afviv E 9T U «]Jos }E viviv E ¢
1}"uoo E +flf"8fEu « Ro v u IX

7C] & o vu]” IMyeS@Uv MM CPuo viddad zenierdir.

<,5YeCE o0 vu]” °V](}ESEPIgye&EG T }o PRy pEHUO E
u EiljJv o ]CJo "u * Ro vfEU uCPuo u vV E}?bINEXEuU Y

Siltli kumlar, SMW z,vS8 u ¢]Jos§ }& vfvfv E 96 }o puRuy pEMU ne

Killi kumlar, SGVW z,vS u l]o }@&i ovf]yRp pE U HCPpo v u IX
BudeR BEo v |Eu o E wills0D6ulwV}EYWO[pL "u C v lpu

A Ifoo GE HMCPpo v ]Jo R]JU ¢]os8 udzsdaboisef kil ESSTRT
] Eu -] HEMHUPV fIf"SfEu vfv u E&i]Jv o }o Rf

A
vP oo v R] vo "fou l§ fEX
Vibro-«flf"SfCEu C,vS u]v]v pCPpo va ienjid@esih@ididsiport X X0 [
.1 00]R]v Rof }o E | P,*8 EJou I8 JEX '"E Llvp ~ _
Jv. uolu }E vf 9ii[gp "u C vtemin]w@PEoCyv]o R]] o
l ulvo E JEX v Rbduwf]l 1 1v | o v iyi dpvezede
fIf"S§fEfo ]Jo]E& }ou lo ]Eo]IS ES v Ifo A o}l ull
P JEP vo]l | §«GEfePmisn[C C o "§fRf 1}"woo & +p | Cf°
E3u 1§ A A] E §,E°v Jomékiedin. *] VP 00
'@ +C}v ,l oo]lo &] ~ _ ,0P <]v }o wydulahawlirE C,v$

olmakla birlikt C § Eo] «flf’u viv «ZRopluvepflf i@ 0w E]Vv]
P & IS]Eu IS }Oou% ,VMC,v¥ uJvw vu v E]Jou IS ]JEX M
,oP 1] T ulvo E % EuyffydiEs 10P&¥sn[ v Z ©°7°]

Jou of WEpupv A] E §, ®uoo,EB® uG]JA "o u I3 fEX
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

Kil Silt Kum Ifc
100 oy 7
90 g /
/ . /
80 1 A
70 l’ / /
> 'l / / /
60 D ﬁl‘C B A 3
o 50 ! 4
© 40 : [ / /
1 7
30 : / /
20 ,1’/ // ,ll
10 P ";/ pd /
ot=*1 "’——// /
0.0006 0.002 0.006 0.02 0.00.2 0.6 2.0 6.0 20 60 200

Dane boyutu (mm)

b I]®.Mbro-+flf"$fEu C,v3 u] ] ]Jv uCPuv I u]lv PE
(Degen, 1977)

z,vS ul]v MCPpo v ]odr€El [DIRR)S [E « ¢f vkonik penetrasyon
deneyi (CPTu direncine(M Rof }o & | bddR,PXitE[Jou IS ]JEX s
sisteml  «fIf"$fEfou C udpPywd EW <°ESOv(d) JPME] vivi
"u fRfM>3MNNflo uRp llea}o & | § vfuo vu I8 fEX D
«flf”u vfv « Ro v Jo JR] | u]l]vo G ]+.0 ¢°i®&°ya v}& v
direncinin 1t3MN/m? €& ofRfv  }o v 1 u]Jvo € ]JEX

Zeminlerin P ]JEP vol]l .1 oo]lo EAN]EfFEWRA] EE,vS u]v
uygulanabiliriR]v] em¥i ,0 ° §1Jo ]JR]v] S I1E & ApEPuoO
P,E°0u ISW]EX ]Jo]3 | 36=Q&iMbw] v Z ©°7°] }ou of
HEpUPVY Jo Eo u Zfif «}v  EG>10° Al¥v ®? IJE®EP vo]

R Eo EJv ] "fESf opu | Cf% cirEehglle@kedE °v Jo Ec

Brown (1977), Rfvs&Xi[ 8§ vfuo vv ]JE& uPCPuvolbl) | S« ¢
, Vv Eu I§ JEX
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Vibro-*f1f"§fEu hCPpo v ]Jo]& « u]jvo &

50Ls&'1""u E > E >

8l &S &4
& i Zemin danelerinin 90 [¢]v]v 1° °I }o PRy v %o f
&; 4. Zemin danelerinin 20 [¢]v]v 1° °1 }o URu v %o f
& 4. Zemin danelerinin ¥® [pvpuv 1° °1 }o pRu v %o f

<% pCPpuvopul I §« Cfo EEEeVS}o]eE | pCPpo v ]Jo R]v
SulsS JEX hCPuvoul I[59=CAD tEfivfv RerBo uo "SfRf
zeminlerde vibrosflf"SfCEu C,vS u]Jv]v puCPpo vu f ,v EJou u IS

S R -
— g o Y—
ks L 00 8t ] 0
= = -
= RO O = 6(5\'
F 104 s
. Egy ,%'b
3 T S
S 5t &
©
=
1
0 1 2 3

NOESOvVU (%) U

b 1]adXWd Y& v ]v Rof }Jo E | 1 ulJvo E]v «flf"§fE
(Massarsch, 1994)

hCPuvopl | H0CfeviT u v «flf’u e}vu g Jop” v Z Ju | Cf
geri doldurmak] ]Jv lpoo vfo v PE v°0 E u ol u o E]v HCPu
C vefSu IS fEX, RERuROWUlI | Se Cfe(¥Q rRal@Emelerin
uygunluk derecesi Tablo 22 |] P] ] «fvf(o v fEfou IS fEX
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

d o0} IXIX '"E v°0 E u ol u o E]v UCPRYEUIUCT UG OfIV
derecesi (Brown, 1977)

hCPuvopul < 560 C{Ef o Uygunluk Derecesi

1tii

10 t 7i

20130 Orta

30 t50 Kalitesiz
E Ai

2.5. Vibro"fIf"SfEu d «téfu z,v

"A” 1 lpuo Efv A] &} C,v3 uo & lpoo vfo E | «flf’
" Rf 1] ]J¢€Jo "§]CEu o E] Z (o u ls§ JEW

i. (JE&u «C}v u} °o0° R E]v]v C°le oS]Jod& | <8
Jv ull C°lo E o8fv }3pEu o Efv | oSfou «f

ii. <pupv | Cu C vfuf % E u SE o E]Jv]v C°l-
Po oyoy ESSfEfou «f A  IpupvP A A opka&] R
1CGJo "S[E]Jou -] )

ii. Kumun Rfo C}RuvopR§¥uEfo E | fAfo "u %o}
°o"OEOQy o]

<}Z IC}vepul T ulvo & ]JCJo "8]Eu 1 u]vlv ] E]-]v
kum- 1fo u ol u vlv T ulJvl Cvolo &Il .,50u-+] }E p
Z Ju 1 ou «f Jo }ES C BuflnlalSiriki€EsY s E "dauljw hacim

R]”Ju]v]v }ou”u efv Vv uo] Sl]e]oldkaKESfEE U}V
]Clo "8§]Eu  }vE «f T u]lv]v Z}u}li v JE C % Phsfof%]%
C €&o "S]EJo v I}o}vo Efv E]J]i]So]R]v]v C EuSo Rf
edilmektedir.
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Vibro-AfIf"§fEu d » Efu z,vS u]

TasaE fu v o]Jlo lpupv « Z 1] uA us8 pEPUPVH C vefsd

AC % E us3SEo E] 0]Eo]CUoo]3|EX PEVRIVCT( I u]v

konumwnun }"opl }@®Yyvf Rfo C}R (& 8RTi direnciqy) veya CPT

U ]JE MIPJ] % @ u SE o E v JEI fAC & uuflo §
puvp 3 1] v Z (ovv ]Clo "8]Eu u ES ] ]]1v u Ay

parametrelerdeki gerekli minimum ESf"o & o] ERP@®&w; RIRTE

]JE v Jv IJ(¢@E&St "ol }E viv (JARAEEA"p JE v STl

(¢cMA X }o CIg@o”u <}vE «f po "fou e paPaniEtréeiinP, E°o0 v
R Eo E]U ,Ev R]WyLVOGE (J@ECRT [direncidy oL Ny E ¢ M

§ e Efu IE]S &] }o E | Z (0 vu ISmEXKJujURJESPITE C]"0

direnci Ogolan kumun vibrosflf”SfEuU <}vE <fv AO4d}ouRfE] V]V

gereklidir.

Kum ile ilgii & ,vR o v JEu C %u | u fQoveritkno} TXi[$S
I}& o *C}vo & lpoo vfo Jo]EX

Tablo2.3.Suya}CPpuv lpuo Efv (]Ji]le o ,1 co]RO EJVEC vefd
(Kirsch ve Kirsch, 2010)

}I A & VARV }I
A A7 | KES flf SEIf

Rfo C}REM®NIU <15 15t35 35t65 65t85 85 t10

SPTt 0 (darbe/30 cm) <4 4110 10 t30 30 t50 > 50

CPT M(MN/m?) <5 5t8 8 t15 15t20 >20

]JEJu Z Ju,RBfEof]

(KN/m?) ~ f+ 0 suyta doygun) <14 14 t16 16 t18 18 t20 > 20

Odometrik deformasyon

u} ©o0JMN/m) 15t30 30t50 50 t80 80 t100 >100

Efektifk Cu JE& v ]

A <30 30t325 325t35 351375 >375
Oz (¥

< Cu OoP «B@IMU <150 220 350 450
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'E v°0 E * u]vo-Guu%s]l<EG}v z,vS u.

'oyoy©°]l  |lpoo vio v A] E §,Eo Eo fIf’§fEuUu KEPMO
E <fv 1] ues (0 & Pnilaodlilo Ei-fv R]"u I§ JE&X
kumlu zeminlerin vibrosflf"SfCEu C,vS u] lpoo vfo E | ]CJo ”
§ ¢« Efuo & lpoo vfo Jo | v « Roflof C,v3 u @& I

HCPupo u § Co Efvfv o0]Eo vu ] JEX

Pv uo] A | %o uortle, %vi@g-+fof"SfTEU Vv}IS o Efviv o
MCPuo u & oflo EGfvfv § *%]8] ] ]v J]E& ,v v u
,v E]Jou IS JEX PEv | 1E v u of”u 2Mifv S C
P, E]Jou IS JEX10H &EIwvfl&v}IS ofIf"§fCEuUu pPCPpO u
%0 vo vuf”SHKKEXzeRinin mevcut durumu Elof v}ISSPT @eya

Wd <}v o u o Ef ]Jo o] Epouydulaa ,y <{wvVilg Elof
noktada CPTC %o fouf’2f@E}vE 20U[X P,*5 E]o ktada vibjo-
fIf"SfEuU pCP.Uygulamasfl&E «f o ]Jo v 1@dmirnhS]E&]o
1 oo]Jlo E]]” & S0 v v Ospiikglilu]® IE @33 E]Jo ]R] P
| & oi olv@®'fofl Wd ]JE v Pv]iJou]”®]@o0 v v | u]\
hedefo v v ]CJo "§]IEuUP]E lo] WH vy] R E&]v | &"f§
C Eo "Ju & (Mdséley vé@li@be, 1993).

< Eoi Avf

AIf"SfEuU v3iIS o o
hCPupuo u ,v <] W
hCPuO u <¢}vE -of

b 1]alX d]% ]I J]& ,v Vv u of’u «f ,Ev R] ~D}* o C
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Vibro-AfIf"§fEu d » Efu z,vS u]

Derin  vibro-flf"S$fEu C,v3 u] uC P poharyonsiEf vzemirin

]JClo "u ¢*]JU C v o A] & *C}v UCPpo u *f e}vu p 1 u]v ] E
JES C flu ISul]J& ] EJe]v so VvV ITEUY 3foAu @I lu
lTul]vl] CvoloEI ,0uls8 JEX CEf Tu]jv] E]-]v
AC Ifo u ol u A] & §,E°v Cul Ef Il]lou ] ev ofv e
Atvp S JR o Tulv ] E]]v fIf"SfEfouf” P& v°o &E
edilmektedir. Japonyd C CPfv }o E | lpoo vfo v «flf"SfEfouf” I
]Jo ofIf"SfEU <}vp p S]SE "Juo] }CEHN %fv v JE& ul]ls E
[}o}vo CEf }op”u IS fEX

e ujJv] EJ]*]v C o "S]E]Jo v PE v°o & I}o}vo Efv %0
Z ulv v A puCPuou }Cuv v § Zulv Su | ulul®°v °EX C
§]1%3 I] A] & §,Eo E]Jv "]%0] 1 ulJvo E |] wCFp®lwlo Ef

vV Cluo E Vv % (Vi " u efv topu” | l}o}v %f C lo "fl
§ Zu]v }opv Jou IS JEX <}o}wa olsafhilivmeési darumunda
0] & S°E [}o}v C Eo "]Jul]v] oJ]Eo u C C,v o]l 8§

,v E]Jou IS JEX
Kohezyonsuz zeminlerl] § « Efu |E]S & dakE liygulsénplacdap,
1 oo]lo A" flIf"§fEfouf” <pu < Iflo EW ~<< [ I],P,lou A
C & Eo vfo E | P 0]”3eESLemhtsi] M385; JGE&7 1998; Esig v
Bachur, i66i*X Pv EJov § e+ Efu C,v3 uo E}F Rbdv «flf
C}RUVOPRUEESESETfo E | «fAfo "u E]el]v]l]v }JES v | o f(
}Jo E I A EJou lo ]JEo]lIE U IE]S Eo & 1 u]v]v eflf"u

C vfufv vP,E°0 v EPBf” oE®EHOE ve Boitano, 1969).

IXAXiX du]l]l AC 7v D olu KEvf °"° <puo E

g ,0°u & Co Ef A EJov § « Efu C,v8 u]JUpv200u ol u }
Vuu CEelekten P wveya v %0 0.074mm) %20 flen az olan kurol

zeminler ] Jv P 0]"S]E]Jou]”"S]EX d « Efu ¢ 0= C &E R]”
lpu | Iflo Efvidpd ® X EJo v R]1"]I € o "JUOT[EYV ] ]V R
hesaplanabilmektedir.
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'E v°0 E ¢ u]vo-&Bu%]l<EG}v z,vS U’

<& C Eo mP@ Eo "

b 11ol2X <pu | Iflo Efv R]”]I C Eo "Juo E]
<E ¢C Eo "Ju]]v ov (C E R"S]EU }E v~
=3 L #eo# L #5020
mPv G Eo "lu]l]v ov_C E&R|'S]EU }E vf "
=y L #g0# L t #5ok¥uG oL sawteed

RIVEXT[ #% lpu | 1fRfv | «]&slo &y, #: 8 | lpu | 1fRfv
§11o] }o pRu 1 udvs 6 MV | IfRfv O%neridezden merkeze
| 1flo @ €& «fus( JEX

NIT"STEU  %bBEIX BRI flo vu IS fEX 7CJo "S]gAU <}
Z ulv " R E ul]ls & lpu U "o ¥y Efpa®ld] zEmi ]

] E&J]*lv C Eo "3§]E]ou]” }ou }JR ddEHXu]RFdCiefGbopul
JE W R E]v °"°E°0u°"S°EX o Vv C(f JRIE]EE vF
cinsinden RfviSXi[S I] P] ] Z « %0 v Jou IS JEX

=L ASEAMNL:AFARSERMN

13 & 3°E A EJo vU lpuop I ujJvo E 3 v @% % Vv
T ulvlv °” C (18]( ,®%UCPIG]wWv }’oul}@& vf Rfo
VORRUY @& +fv U 1T u]v]l]v PE «C}v ,lawodlbm E]v]

«Clvo EtbRY§XEJouU 1§ ]EX

O — V
-~
;Un_n
o=

1} E
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Cul &f [Jou ¢] v ofy IMCH ] 1] *0 U JEUS UV v
uolu-e]Jo }o EX "}vE «fv A] E §E §" }oPuC
1}o}v u ol u ] «fIf"$fEfofE A C v o }o & | JEX V%

~ ~

170 u I[WCuvuv § u uf }o pEpopv C I E S IE Eo0 Vv (
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hCPpo u z,vs uo &E]

S —

i

Tt
W

b IJo iIXTX ]%38 Vv <0 u-Q]ELRN AJEE} C,vS u]
(Keller Grubu, 2015)

<}o}v Ju o &fv 40iuut § v }CuSpv « Z]% Ifo A C IfCE
u ol u lpoo vfou «f ,v EJou I3 JEX

o°u 1[ floSMfUsf@Kuouwifl z,vs @vfiuv 1}Z iC}vop

l ulvo @ & ” I}o}v Ju o 8o Efv Ilpuoo vfou I§ fEX
royoyoj §7” 1}lo}v Ju wsSo €fv o]l }o EI § ¢ o vuf” |
ekipmano E o C %fo Jou I§ JEX Pl o 1]%u vo E E «fv

JERepuvpv A] E §,E°v | E Mhiro-ke@i @vocat]KiEdsh (&R ]

Kirsch, 2010) sistemi ve €& o] A] €stémi@i (Sentez-Geopier
Foundations Grubu, 2015)yeou 1§ fEX

Vibro-kedi sistemi dipten beslemeli ku@,v3 u }ou% ,1 o A] & §,E°v §
b IXXi[§ A EJou I§ JEX p <]*3uo & "l]Jo kgstv l}o}vo
JOU"SHEU I8 A § « Efu " RE ]JE& o0l *]8 ,vO"SOo(E®°
P v oo]Jlo }®S "] 88 ~C lo "fl n E+ J%Wux A i 8] ]
]Jo o u P°°U ]Jo o u Zfif A puCPuo u E]vo]R] }o
Z A vsiof l}vpu fEX
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<}Z IC}vop » ulvo E s] €} z E ROGI&EuU z,

E o] A] E §,EGehpier® Fduridations &p g 8§ E (fv
l[poo vfou IS fEX & o] IfEuUu § " l}o}vo CE (}E& iof |,
R]"]l C,v& uo % "lIJo Jou I3 ]JEX

D olu P
ve hava kilidi

Ro v3f $°%o0 C
s 0O u °v
Tis ev | Ro vsf u

b IJo iXiXkedi %] A] E §,E0 E]v § C P,E°v®
(Kirsch ve Kirsch, 2010)

&} Edadeli kfE u &ofonlarfvs "I]o]wrguop (}E i Clwdouyfo & |
§ « Efu ,VP,E°0 v % AUCUE]VOJIEX <uCu %0 C
olmakla birlikte genelde 750 mm mertebesindedir. Kuyunun tabanC lo "fl
30cm | ofvofRfv u leJupu V uChsy ifiEu § ” C Eo ”
z Eo "$§]EJo v IfEuU §” & | «fU IpCu  %fv 1] ,1 0
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hCPpo u z,vs uo &E]

Cole | AJ]Eo] °” C A] & +C}vo E ov E | «fIf"§fETfo
IfEu §” & | «f CvoE JREW PV]"0C EI| ]E ]% -
AE 1] Cuup” | 1 ulv] Qinmiktayoe fE”§f E u fDaiele@X

Il ( sFfuCpu v fl Efo E | I[pCCI fFV@&FREVII IfEEU § " }o uE|
A ©°"C A] & *C}vo <flIf"8fEfofEX u ]”’0 uo ElluCu Coli
$I1E Eo viE A 37 I}o}v }ou"SuEpoupn” }Oou&EX z %fu
P,*S EJou IS JEX

NN
R
NI
LA

©)

b l1]Jo iXdX &}E& iof @& o] IfEuU § " I}o}v C %fu " |
(Sentez-Geopier Foundations Gruk2015)

For i« fdarbeli kf Eu %olonlar C, v §iru 05 p p,l o e]o]v JE]I «flf"§
[ («f " lo]v }Jov 1] } " (83U 1 ulv °" ¢ A] & +C}vo
JOU'SHEMUOUEX <uCH JOU"HUM oV ofv I ulv luCu v fl
}o I ,5 o vu]” }ouls§ fEX <uCpup ]1°t%$S BaslanehR ]v v
[fEEu § " }" 7 (§fv ] ]v }o HEHOUEX b (Sfv IpuGpup ] ]v
| o fEfou «f Jo 7 (3fv A |1 o «flf"8fEu | ( «fvfv ] ]Jv v
§ vfv |f3fofEX me33 v A] E «Clvou ]JE +]*5 uo IpCp :
[fEu § " °" C }o B | «fIf"SfFEfofEX ,Co C vo E }RC
JOU"HE A <}JR vV  AE «]Jv I] Tulv Cvo }o EI «fIf'$fE
]1v 1] " (8 SI1E & Cul &Ef | o fEfou <u& 35]Co C 3§ E]
Jou’SuEpoup” *}R VEFFOF@EAV °" C A] E +Clvop fIf"8fEuU
Jo @ I 1}o}v 3§ "llo]v Au Jo]J]E A Cvf ]"0uo E "
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<}Z IC}vop » ulvo E s] €} z E ROGI&EuU z,

}C  pupo "fofv C | & Au S3]EJo]EX iXxiksfu
P,+% Elou I3 JEX

I
L A A I A |

@ @ S

b IJo iXAX &XEE iflIf Eu § " 1}o}v C %fu " u o G
(Sentez-Geopier Foundations Grubu, 2015)

33.d " <}o}v D ol u o E]

<}o}v § "l]Jo]v popuv Jol]o]lU ]CJo "S]EmPud Vv ulv |

C,v$ u Rof }o & | R]"]l PE «C}v IfEul$o” A
uoluoEIluoo viou I§ fEX <fEu § "fv CEf"u uf’uU
R E]v]v diii E}§ «Clv  98A[S v | ~ ~AdD iiie A |
]JEv] v _Cgl]v ~~dD 66« RfCEofl | ¢ fvfv 9idA [] "u
o] Jou ] ,v EJou I§ JEX hCPpupo u C CPfv
PE +C}lvo E d o} iXi] A Elouls JE ~ Ele o
hCPpo u i AT viop PE +C}vo Efv lpoo vfou «f § |

E v i*fl I Cu C vfuf Ai QEIuz ©°’°| }o v IJoo E P
Jv. PE <C}vo & A C Ipu lpoo vfou f ,v EJou I8 ]C
JE viviv 9iA[8 v 1T A }ES o u v 9% ©Pflv }DXiT e i u |
gereklidir. D leJupu % %0 Efvfv °¢35§ vsistenolerdeo]00 s o0 |
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d” <}o}v D ol uo E]

mm, dipten beslemeli kurue]e$ uo & A uu Jo efvfEof Sus
,v E]Jou IS ]|@& Ydcgshm, 1991).

Tablo3.1.hCPpuo u C CPfv }o & | lpograddsyonlag ” [}o}v
(Barksdale ve Bachus, 1983)

o | floAlternatif1  Alternatif2  Alternatif 3 Alternatif 4
~]v e z°l ' vz°l ' wvz°l ' wvz°l ' v
4 t t 100 t
3.5 t t 90-100 t
3.0 90-100 t t t
2.5 t t 25-100 100
2.0 40-90 100 t 65-100
1.5 t t 0-60 t
1.0 t 2 t 20-100
0.75 0-10 t 0-10 1055
0.50 0-5 t 0-5 0-5

d ” I}o}v u ol uo E]Jvl]v e Ju] Jo JoP]o] }o"@ol v,A°u T1Xd]
Brown (1977)8 & (fv v ,v GE]Jo vuGRrdvoul | Qi ~
Ilpoo vfou 1§ fEX

Z %ofo v v .CeoO of’u o Efv <}vu o Efy 19B7;,E ~ &
Greenwood, 1991) vibro-fIf"SfEu § IV]R]vV | proalzenfielexinihp u
*°ES°vu ]E v ]° ilécdZRS lijiiu [fo | Ef"fdloile®&=AR oi
E ofv R]"$1R] 1( Jou 1§ JEX <fEu $§ " u ol o E °I
}CuSopn © le vo] efv v Co E]Jv e<°ES°YW5°]|E v ] f
E «fv  }o uRp o0]Eo0 vu]"§]@®di"PUPZVIUEIAIX AE « o

fv o E o08fv e<°ES°vu fo Efv ]JE °7°” }o Rf P,I
Kirsch ve Kirsch (2010)f1f I1foo & °I E]Jv C %fo v © |« vo] o fy
[uSpuep v C e}vp o Efv v o Jov | Cu 64)]E v ] f

mertebelerini Tablo 3.2 1] P]I]80 u |5 Tao 3.4 V dyw © [ vo]
ofv v.ClJU AW | su Ip&Bpsgwe & 6W pCPupo vv AGE
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<}Z IC}vopu » uljJvo E s] &} z & R]"3$]Eu z,

efv o Efviv ulvlupu A u le]updy y®R 6o E]Uo °0 v
| Cu JE& v ] fo Efvfv ulvlupu A u leJupu R Eo &E]

Tablo3.2.& Elof I}o}v u ol u 0o E] ,0 °ou®” | Cu JE
(Kirsch ve Kirsch, 2010)

Malzeme 68acsit gy Bausf OET e oo
<]E -5xf€Eu {631 50 53.8 200 DS

E df 58.8 50 51.9 200 DS
Bazalt 70.0 8 51.1 120 X
<pus "f 60.1 27 37.4 695 X
Dolomit 64 15 43.0 500 X

&E o] C,v@6hao %oof «flIf"$fEfouf” § ” l}o}vo E °1 E
C°lo u v Co GEim t50iuu & ofRfv P& <*C}lv ¢ Z]%
uoluoE]v (}EuU *Clv u} °aalam® 3SEMN/M }o pRpu
E %}E Jou]”3]dOHPVauwblv(1977)E 1] v Co E] <}vu |
l}o}vo & (JEu *C}v u} NoWyBalaain [1978) 50 MN/m
Englehartl ve Kirsch (1977) 58 MN/AnDatyeve Nagaraju (1975) 48 MN/m
u &5 ¢]Jv }o MPRuvHE E %}E Su lS JEo EX < C ~i
12.7 mm olan kir § "fv v o Jou]” IfCEu & ” u ol uo E
[ vo] ofv v Co E]v *°ES°vu ]E Na]48.180 ET
}Jo MRpvpU  9f1 | vd uibeco Q@ ®l 8 ;L zxrré, ;426
IJE o *C}vpv v o ]Jo Jo R]¢ EAEAWE) SUMI]|E -~

d” I}o}v u ol uo E]Jvl]v C & 08f spuCpuv v I1JuC « o }o
Al & §,E°v "fv fEf f §]3E "Juo E]Jv v IJou C Ilpu
Jou «f P & lul8 JEX D oluv]v PE +Clvp I}o}vpuy
flIf"§fEfo Jou «]Jv A Cole | (& P JEP volR
VP oou C | v]3 0o]l8 lJou «f P E lo] JEX AEU%
V] E §,Eo0° E]v +flf"$fEu C-VSAuo EEJUSAEWIIBHEGEU
uoluo E]v (]I]1l* o ,l col]lo ] HE Cofs3Tul}dlw u
P & lo] ,l oo]J]lo ] A CGu 1§ JEX
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Z %fu z,v3 u]jvl]v d ” <}o}vo Efv AE vfi’fv 3§l]o E]

34.z %fu z,v8 u]v]v d ” <}o}vmaEtkileri AE vf"f

d” l1}o}v § « Efufv ,v ul}o}y® § Ev] ,vP,E°0u |15 A
l[}o}vo Efv § "fu gerBkse® zemine uygulanacakC ® | osfv 1]
(}J&uU sC}vo E Z » %0 vV E | » JoV % S EV]V S ]Jo]S -]
Pv § « Efu " u «fv I}o}vo CEfwenellikie 260°kR\& %00 kN,
l}Jo}Jvo E @& «f u e« (v]vi]Jo A l}o}v % iilddl.2ijo}v %0
A l}o}v }ConmEEBBuUT E ofRfv }o Jo R] | °00 E] C %f
Z o]l }o I I}o}v }Cuso GEf <« Z 1] T u]lv I}"poo Ef\
u ol u-e]vl]v ,l oo]Jlo E]Jv U +« Jou]” A] @ §,E A l}o}v
Rof fEX

PEV,RJvC JCPUV  °"°] %0 *3]+]8 o] 1 u]vsiltkEkil ~lpuop
C 0% I *]Jv C E ov Iu]vo G« u®ul®°v }o puRpuv °oco|
luoo vfou I8 U C %fu C,v3 u] }o E | feo |l C,vda 0] A C Ip
C,vS ud & ]z Jou IS JEX pu I}"poo E lomflem I}o}v %

Z P v]” }louls fEX JRE& § & (Sv I S&flloo & zZ |°
(E | veof A] & §,E0 & lpoo vfou of fEX < §f IJoo E }o
08m[ v Z 1° °|S°EX

Dipten beslemeli sistemlerde}o pRpu P] ] 8§ 7 1}o}v Ju o §fv Z
C & R]"S]CEuU e e0of ]E Ju 0o § CnVS"ul}eR/P P&y (ffRfwvl]
lulv C&8CP EJouo E JE ESf” }ou I§ fEX pvuv e}
CVvVo 3}%CE I ofv f | e Cfef A (JEuU «C}v u} °0
Cole ou IS JEX pnu E&Sf’0 E | of f fEX <]Ee Z ~71i0e
l ulvo E [Jo}v 8 "1I]o] v Vv]Co inwkv ddor@Esyen o E]v
u} °o°voy R]1”Julv] A Il}o}v v }opu” v PEU% O E E |
0] Eo WBU&dr&derde kolon %0 U AXd}o}v }Q6 nidfarak
rapor edilmektedir.

b 170 @XO «Clpv &8 1] §}% E | «fv f | &« Cfefviv I}o}v & "I
A v <]v ] R Eo EGJYyo}&E uéviyv v pul lofR Rof }o (
R]"Ju] P,*§ EJoulIZ6@EEX P JE°0 °R° P] ] I}o}v lefv v &
% U (-, RE]v @I AEvVv E&f"0o E Jio Vu]”’§EX
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<}Z IC}vopu » uljJvo E s] &} z & R]"3$]Eu z,

*Jos 1 u]v z 0]EP]v ]EX WE +]C}lu $@mininv Co
(}JE&uU «C}v u} °o°v I] ESf([ E Roerilhmektédino Kolon

S "l]o] e}v@&umiw siltli zeminin (}E&u *C}v ul}oo¥ lefv v

yine 4t 0 % u e« (0 E IXA | § b EHuibse [f@EX' 4

]Clo "8§]@E]Jou]” 1 u]l]v %,deu'§@Vo]E]JY "u ,v <] Tu

parametreleri veT kolon ekseninden mesafedir.

2.07 3.07

1.8 2.5;

2161 o Siltl kil 52.0-;

Y ] o Kumlu 15-:

2. 4 . : 17 Ly

21.47 silt 5 ] LRy
1 Ul.O-: NS s
12y 7 ; 0.5 :
1.0—""I""I“"1""[""]"" 0:lll\illllllllllll-{[l|)I[||ll|11ll|llll
0 2 4 6 8 10 12 o 2 4 6 8 10 12 14 16
Kolon ekseninden mesafezap Kolon ekseninden mesafezap

(a) (b)

bi36.d” I}o}v SE (fv Iwjvaigw]wR E]Jv 1] R]"]Ju
(Kirsch, 2004)

B €& "SfEU | %o ufv GoEy R]"MUEuU C,vS8 u]l]Co Ju
[}Jo}vo E C S C P EBlJou E&Sf"o0 Edménk etotBrfaudaC vef
]Jv o vu]"S]EX ~}vp o & b IX iX06] P,*S Elamel IS ]
P v]”of &Qtthave UW }SpEu ]JCJo "§]Eu }E vf fE

<}o}lv PEM pVvpXe oC U Vv AE Bf7@)b IR,E°0 °R° P] ] I}
§ "l]lolwly @]l }o E | AE vf” C vefSfou «f pEPUPV
]Clo "u Z (lo }ouls fEX >]8 & §°E ,v EJo v
Piebe (1995) M3} u p  AGE vfi’f C vefd ]8ua(dsse pErHab |X
]Cloo "u (1S,&Eo0 E]v]v Il}o}v C Eo "S]CEuU Sl]o &
ofvu fRf pEpuo & 1] ( Elof R Eo E]v] C vefSu I8
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Kalite Kontrol Kriterleri

Gerilme 1 (kN/m? Gerilme 1 (kN/m?
- 0 50 100 150 200 250 300 = O 50 100 150 20
6 0_,‘;.llll|llPl|'iI|['l!'i‘!!lgll"|l"l 2.5 PR IEEIC N B I A
E ] OPriebe -~ .
A ] aGoughnour ve % 7 __,/\@
= 0.01+ Bayuk (mod.) | -
> ] —@@uge&ko | 220
— 0.02-  etuileri 2 i
& u} 00 vu]
— . —(B)-Numerik S5 i
[e) 003- ~C C&o S]GEH]_S_
- X etkileri P,1 E} f= "~ INumerik:
i Jou]” 8] En Ta:C Eo "§]Eu  §l]o|E]
'_Ei004f Numerik X Tu} o0 vul"s]E
w ’ (tabii zemin) : W C Eo tdgrdu,1 E |f
0.051 1.0 loul”S1CE
(a) (b)

b IJo iX6X <}o}v & "I]Jo] A §l]+]v]v vou E]I C,v3 uo Eo
(Kirsch ve Kirsch, 2010)

3.5. Kalite Kontrol Kriterleri

d " I}o}v § « Efufvuo]Wew E u SE o E " Rf I] }CusSo E }c

i. l}o}v  %of
i. 1}o}v & ofRf
ii. kolon boyu

iv. 1}o}v u ol u *]v]v E]i]30]R]
v. k}o}v u ol u ¢]Jv]lv I Cu JE v ] fof

Pl ooJlo 1}o}vo v%e€ E R]"$]Eu }E vifvf 0]Eo ]R]v

}o pRpv * Roflof }o E I Jo]Jvu o] JEX D} @v ]S uo
flo v fRf P]] Tuv A E]vo]R Rof }o E | Ju o § s\
o ISE]l Ifuf lpoo vfuf A C Z] E}o]l sffacnfiiyhaggo o vfo v

ofv f A Ju o 3°CEdo0]]}o EilébillCIE JEX p A E] S viv v
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<}Z IC}vopu » uljJvo E s] &} z & R]"3$]Eu z,

[}o}v %o fvfv E]vo]l }Cuv R bojuthiniA belki@ngeko u
uul®°v }o Jou IS JEX <}opv,0}Quo Eo I|}vEE}o ]Jo ]

]JR & ,v uo] | MW Ealé¢@E ol u Jvljv Il Cu JE v ]
f % @&} 1] Jul vo GE Rof }o E | o }(@& kepide E
kutusu deneyleri veya sahada direk kesme deneyleri ile belirlenebilmektedir.
If % E}i @h@da direk | <u vC] JEJuU Z° E % E ve]
C % fou IS fEX ip C % Coo udEurlarda, kolon malzemesinin
I Cu ]E v ] fef ] Bvi ,B°EJX Vv IE]S Eo E lpoo vfo
R & ofv Jou I§ JEX

d” 1}o}v u ol u-«]vlv « ESo]l A “"fvu ]E 3fo E]
§ vfuovv v Co BEo ~ ~dD iiie A ~ ~dD 0606u% C]v
E "SfEfou f P & lu I§ JEX

d IJo § " [}o}vuv - [}o}v o vfvfv C°lo vu «Jo"@&o]vV
[}o}vpuv (JE&u «Clv u} °o°vov o] Eoolvp &1V I¥gvol]l
PEp% o Efviv }SpuEuU AE v fvf C vefSu u I3 fE)

PEu%o Efvfv C°0 v ]JR] % E}3}58]1% E 1] vigo E
] EJelv ] AE vi"o Ef b IX 1X0] [fC 0 vu IS fCE;
tekil kolonun oturma mikt Ef Cvf P E]ou osSfv PEWU% |
IfC «0 Z 070|§°EX d I]Jo I}o}v C°lo u v .C e}lvu
E]i]S0]R] ~ (}EuU «C}v u} °0°e oJ]Eo v Jou B U u
[Ju%}118 1 ulvl]v  (}@Eu *C}v u} °0° Zir %0 v Jou I3

d” I}o}vo E °I E]v }SuE v ” E]3 3 u e pbthtip AE
~P & | }CuSop- v Co Eo S.*%3SEVVSEH]da B ||®
l}o}v °I E]v }SpHE v §1]o 8 u oo E]v « Z AE vi’f
edilmektedir (Kircsh ve Kirsch, 2010).

d " lI}o}vo Eo ]CJo "S]EJo | Cpup” I 1]Jo § | «fvfv C

]JEJu Z° & % fvfv A | §fvf "u fRf pnuEpuo E L
C &Eo "S]E]Jou]” ]JE]Ju ZzZ° & o vfv ¢ Z]1% JE& S u o
uyguo vuf” § " I}o}vo Efv }SuCEu %15 eR]IC d(v] C
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Kalite Kontrol Kriterleri

Jou 1§ JEX Pv ElJlov Vv C P }luSE]e] b IX ITXd] P, &
Kirsch, 2010). Burad&zW ]JE]Ju Z2° E o ¥WIVEPTIZR E o vi fE:

Gerilme (kN/rrd)
0O 100 200 300 400 500 600 700 80

0 " 1

g \g_ ‘ \‘
= 20 B *T—e—Tekil kolon
o %0 | C°lp
>
@ 40 deneyi
£ "Ep% 1]
2 60 — tekil kolon
a AE virf

80

100

b 1]o iX6X dPI{®BU% ] |-MEE €Ol AGE vi~f, 2004) +I]v

6 T T
XV L :pdJa aéip;pf"l‘
A
N\
4
g 3 \x
D>< \
S~
2
1
0
0 2
JE]Ju Z° Ep, %o
(a) (b)

b 1Jo iX6X d | I}o}v °l E]Jv }SpE v ]JEJu Z° E o viv
C°lous-+]]]v,v Elov v _C °vR]~<]EsZA <]E-
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<}Z IC}vopu » uljJvo E s] &} z & R]"3$]Eu z,

] vCgC v o ]e}é uEd R & he$aplanabilen ” R &
(JEuU «C}v uY“YooRSvEf iXi[ 1] P]] & viuo vu I8 fE

'O e Go5, as;
Burada; %W " R & [}o}eW }g@Buo v v °v](}E&u 5 :Cfof
,0 °0 v }SpCEuU fEX " R E I139fv [E&Ju bZPXE %o f

(}vie]C}lvu }o E | A EJou I8 JEX pu A EJo E v PEy
] Jv Rfvsf iX7T ,v E]Jou]”"S]E

6 Uo5, L 'YL 1605,

Burada; 553sW § 7 IgroBwnun}SpE wefW P &E | § " I}o}v }CH
S vfuo vuf"sfEX M C,vS u % E u SE]l <}vop o0 u
S°C S]ou]” }ou% °C°l ,0 lo] « Z v Co E] Jo IRC
Bu nedenle,b | X (bX [ P,*S E]Jo v vC ° v R] lpoo vfo
}REpo vavsiyé edilmektedir.

>]8 E S°E & " I}o}vo E ]Jo ][CJo "3]E]ou]” ¢ w]yR]E]
Al v o]Jlo E] E %}E Jou I8 JEX v Co GE
3 1o vu]” C°l Ce 0 % uoo E]v COHramaudayE] vA”fvEg9l
0J]E&o0 vu ¢]Jv] | % u IS fEX z°lou %E}s °Eo E]
Suls U ,Ev R]Jv € %fo v & "STEu R & S "fu P°P©°
C°lonin § « Efu C°l°vev 9ifAi[*{V RoCEuU}SpEuU o Efv §
C,v o]l ]+ ZI EuC®llv }SuCEuU o Efv «,voyaterval] «RidE] vV
§ uuo vu f ~ Ev R]v }3u@uwl ZIFfPDE X0 P,E°ou |15 ]
§°CC v Co E C°le« |l uo]C 380 Ev vVv]Co }Ruvoulo
A Elo E ]l | ¢uE$ RE]o "8]E]Jou u]” Flowimdv Co
AE vi”")t BR]ngdenle,*}vu o  fvotedsikGanalizlerle irdelenmesi,
zemin profilinin ve,1 oo]lo E]v]v uul®°v }o pRuv P & I ]
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5 10 15 20 25
0 0.0000 0.0000 0.0000 0.0000 0.0000
1 0.0012 0.0020 0.0025 0.0028 0.0031
2 0.0024 0.0040 0.0050 0.0057 0.0062
3 0.0036 0.0060 0.0075 0.0086 0.0094
4 0.0048 0.0081 0.0101 0.0115 0.0126
5 0.0060 0.0101 0.0126 0.0145 0.0159
6 0.0072 0.0122 0.0152 0.0174 0.0191
7 0.0085 0.0143 0.0179 0.0204 0.0224
8 0.0098 0.0165 0.0205 0.0235 0.0258
9 0.0110 0.0186 0.0232 0.0266 0.0292
10 | 0.0123 0.0208 0.0260 0.0297 0.0326
11 | 0.0136 0.0230 0.0287 0.0328 0.0360
12 | 0.0150 0.0252 0.0315 0.0360 0.0395
13 | 0.0163 0.0275 0.0343 0.0392 0.0431
14 | 0.0177 0.0298 0.0372 0.0425 0.0467
15 | 0.0190 0.0321 0.0400 0.0458 0.0503
16 | 0.0204 0.0344 0.0430 0.0491 0.0539
17 | 0.0218 0.0368 0.0459 0.0525 0.0576
18 | 0.0232 0.0392 0.0489 0.0559 0.0614
19 | 0.0247 0.0416 0.0519 0.0594 0.0652
20 | 0.0261 0.0440 0.0550 0.0629 0.0690
21 | 0.0276 0.0465 0.0581 0.0664 0.0729
22 |1 0.0291 0.0490 0.0612 0.0700 0.0769
23 | 0.0306 0.0516 0.0644 0.0736 0.0808
24 |1 0.0321 0.0541 0.0676 0.0773 0.0849
25 | 0.0337 0.0568 0.0709 0.0810 0.0890
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5 10 15 20 25

26 0.0352 0.0594 0.0742 0.0848 0.0931
27 0.0368 0.0621 0.0775 0.0887 0.0973
28 0.0385 0.0648 0.0809 0.0926 0.1016
29 0.0401 0.0676 0.0844 0.0965 0.1059
30 0.0418 0.0704 0.0879 0.1005 0.1103
31 0.0434 0.0732 0.0914 0.1045 0.1148
32 0.0451 0.0761 0.0950 0.1087 0.1193
33 0.0469 0.0790 0.0987 0.1128 0.1239
34 0.0486 0.0820 0.1024 0.1171 0.1285
35 0.0504 0.0850 0.1061 0.1214 0.1332
36 0.0522 0.0880 0.1100 0.1257 0.1380
37 0.0541 0.0912 0.1138 0.1302 0.1429
38 0.0560 0.0943 0.1178 0.1347 0.1479
39 0.0579 0.0975 0.1218 0.1393 0.1529
40 0.0598 0.1008 0.1259 0.1439 0.1580
41 0.0618 0.1041 0.1300 0.1487 0.1632
42 0.0638 0.1075 0.1342 0.1535 0.1685
43 0.0658 0.1109 0.1385 0.1584 0.1739
44 0.0679 0.1144 0.1429 0.1634 0.1793
45 0.0700 0.1179 0.1473 0.1684 0.1849
46 0.0721 0.1216 0.1518 0.1736 0.1906
47 0.0743 0.1253 0.1564 0.1789 0.1964
48 0.0766 0.1290 0.1611 0.1842 0.2023
49 0.0788 0.1328 0.1659 0.1897 0.2083
50 0.0811 0.1368 0.1708 0.1953 0.2144
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5 10 15 20 25

51 0.0835 0.1407 0.1758 0.2010 0.2206
52 0.0859 0.1448 0.1809 0.2068 0.2270
53 0.0884 0.1490 0.1860 0.2127 0.2335
54 0.0909 0.1532 0.1913 0.2188 0.2402
55 0.0935 0.1575 0.1968 0.2250 0.2470
56 0.0961 0.1620 0.2023 0.2313 0.2539
57 0.0988 0.1665 0.2080 0.2378 0.2610
58 0.1016 0.1712 0.2138 0.2444 0.2683
59 0.1044 0.1759 0.2197 0.2512 0.2758
60 0.1073 0.1808 0.2258 0.2581 0.2834
61 0.1102 0.1858 0.2320 0.2653 0.2912
62 0.1133 0.1909 0.2384 0.2726 0.2993
63 0.1164 0.1962 0.2450 0.2801 0.3075
64 0.1196 0.2016 0.2517 0.2878 0.3160
65 0.1229 0.2071 0.2587 0.2958 0.3247
66 0.1263 0.2128 0.2658 0.3039 0.3337
67 0.1298 0.2187 0.2732 0.3123 0.3429
68 0.1334 0.2248 0.2808 0.3210 0.3524
69 0.1371 0.2311 0.2886 0.3300 0.3623
70 0.1409 0.2375 0.2967 0.3392 0.3724
71 0.1449 0.2442 0.3050 0.3488 0.3829
72 0.1490 0.2511 0.3137 0.3586 0.3937
73 0.1533 0.2583 0.3226 0.3689 0.4050
74 0.1577 0.2658 0.3319 0.3795 0.4167
75 0.1623 0.2735 0.3416 0.3906 0.4288
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E viluvlge Cfo Efv ]
7, (%) & EJpfR Eo G ] ]v
5 10 15 20 25
76 0.1671 0.2816 0.3517 0.4021 0.4414
77 0.1720 0.2900 0.3621 0.4141 0.4546
78 0.1772 0.2987 0.3731 0.4266 0.4683
79 0.1827 0.3079 0.3846 0.4397 0.4827
80 | 0.1884 0.3175 0.3966 0.4534 0.4978
81 0.1944 0.3277 0.4092 0.4679 0.5137
82 0.2007 0.3383 0.4225 0.4831 0.5304
83 0.2074 0.3496 0.4366 0.4992 0.5481
84 0.2145 0.3616 0.4516 0.5163 0.5668
85 0.2221 0.3743 0.4675 0.5345 0.5868
86 | 0.2302 0.3879 0.4845 0.5539 0.6081
87 0.2388 0.4025 0.5027 0.5748 0.6310
88 0.2482 0.4183 0.5224 0.5973 0.6558
89 | 0.2584 0.4355 0.5439 0.6219 0.6827
90 0.2695 0.4543 0.5674 0.6487 0.7122
91 0.2819 0.4751 0.5933 0.6784 0.7448
92 0.2957 0.4983 0.6224 0.7116 0.7812
93 0.3113 0.5247 0.6553 0.7492 0.8225
94 ]0.3293 0.5551 0.6932 0.7926 0.8702
95 |0.3507 0.5910 0.7382 0.8440 0.9266
96 | 0.3768 0.6351 0.7932 0.9069 0.9956
97 0.4105 0.6918 0.8640 0.9879 1.0846
98 0.4580 0.7718 0.9639 1.1021 1.2100
99 0.5391 0.9086 1.1347 1.2974 1.4244
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