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ABD
ASTM
CD
DKF
EPS
EVA
HDPE
NBDOT
PE

PP
PVC
USCS
XPS

LY SR . WESo1] 5SaESitSin

American Society for Testing and Materials
Consolidated-drained

5N6S8 1SY SitSy'y'S FI-{d 1IN

Expanded Polystyrene

Ethylene Vinyl Acetate

High Density Polyethylene

New Brunswick Department of Transportation
Polyethylene

Polypropylene

Polyvinyl Chloride

Unified Soil Classification System

Extruded Polystyrene
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ABSTRACT

INVESTIGATING THE EFFECTS OF THE USE OF COMPRESSIBLE BEDDING
ON THE BEHAVIOR OF BURIED FLEXIBLE PIPES

Emre AKINAY

Department of Civil Engineering
PhD. Thesis

Adviser: Assoc. Prof. Dr. I I-901-yall YL[14

A buried thermoplastic pipe installed with conventional method deflects vertically
downwards under soil load. Because the displacement of the pipe crown is more than
that of the sidefill soil, differential settlements in the soil medium over the pipe crown
level take place. Differential settlements lead to the development of a mechanism called
"positive soil arching" within the soil medium and, consequently, a vertical stress smaller
than the geostatic stress acts on the crown of the thermoplastic pipe. The degree of
arching depends on the magnitude of the differential settlements. Therefore, the degree
of arching can be increased by placing compressible materials, which will increase the
magnitude of the differential settlements, around the thermoplastic pipe when the pipe
is being installed. The increase in the degree of arching will provide less vertical stress
on the pipe crown and an improved pipe behavior.

In this thesis, the effects of compressible materials placed around the pipe on the
thermoplastic pipe behavior was investigated by 1:1 scale laboratory tests and
numerical analyses performed using finite element method. Five different
pipe-compressible zone configurations are designed to investigate the effects of
compressible zone geometry on the pipe response. Expanded polystyrene (EPS) was
selected as the compressible material for the reasons that it's a manufactured material

XXXii



and minimum requirements for its engineering properties are specified by standards. In
order to investigate the effects of the density of the compressible material on the pipe
response, tests were performed using EPS products with two different densities. A
comprehensive instrumentation was implemented both for the soil medium and the test
pipe. Soil medium was instrumented with settlement plates and earth pressure cells in
order to measure soil settlements and soil stresses, respectively. Test pipe was
instrumented with potentiometric displacement sensors and biaxial strain gauges in
order to measure pipe deflections and pipe wall strains, respectively. Numerical
analyses were performed for each test condition by using PLAXIS 2D software, a well-
known finite element code. Measurements collected from laboratory tests were
compared with calculated values obtained from numerical analyses. It's concluded that
the use of compressible bedding material around the thermoplastic pipe provides the
degree of positive soil arching on the pipe to increase regardless of the vertical
deflection of the pipe and, consequently, relatively very small pipe deflections to occur.
The configuration that provides the greatest improvement in pipe behavior provided a
reduction in vertical soil stress on the pipe crown up to by 77%, in vertical deflection of
the pipe up to by 89%, in horizontal deflection of the pipe up to by 96% and in the
maximum bending moment around pipe wall up to by 78%.

Keywords: Soil arching, EPS Geofoam, HDPE pipe, 1:1 scale test, PLAXIS 2D

YILDIZ TECHNICAL UNIVERSITY
GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
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FPo1-oMHES al-KIL) 2tRd:Edz &2yA00zy1- dzEI-6Y i onse hiAI-yA Y IHTSY SESuly KIFiFL 8N{aST
APol-oiEES al-KIL) 85 FINSOS RNGNT Y I-61eSith 26Y 1-8y1- UGy, bu malzemelerin zaman
leSUayRS ole2t201 elTNYY'S 6eNINY'So W&l 1ySYth ol RSTI-GIyiIRMY a017SS S
+Halya1 ounnnd el TNYY'S &2y00d 620t 2i:8Y 18 RildzYdyRIl- 4SOl
1SY SHtSy'Y Syty” 3586S0Sely 39S 6dz RazidzY dzy” 6oru RI-GHl-yro? NTSUYRS 1ySYth oMl a2yl
R2EGNY 1-81-01-€ry? OSENEY 160N dnéo . dzy1- LIHIBPYT YWTST @R omdmo 39S wizRS omdrrepo 21418
KSyRS1 8 1YISY Iyl d:83zfl-yRre? mym 1£eS1f RSYS&ESIRS 2031yi1 Y HISY Syly el TNy'Y Sai
YORSYH IS 620dzRI- BI-LPAI-E KI-AIHEH) 26dzoidzEdzyfz INTESYESY10dM 610] [11].
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~a

1.1.2  wili aSyristSily” | I8 1SyRS | 1YESY1 IS 516SyRIEh - 1P 1 &3dtl-Y 11

.0z I olof] MiPyRI- Wi Y SyrSTESity” 8118 KSyRS elyiSY S RISSyRIEN fiiSHI-GNIS
YIS oMl-e dRIdY 181- M6y 1TSH oSy LI-BEl-oYPaire _dz ¢23azfl-Y HIMRI- TSY Y
(SLIEYE JITESYESY'ST Y 100 1S SyailazY Iyil-ag2y de3dtlyYs 2Ll 1-8y1y HeNY S
uy3azl-Y YRy LISIF20Y 1ya KI-PyRI- 1-2RAYEIHIOP OIS GSIY STESRM

Vaslestad vd. (2011) 1988-1991 &P Hil-#yRI- b2UdSenisS &lile KSyRST &1yiSYh iS
R13SySy 85 NTSItSityS 11y (2L01-] R263dzE1 tyol- SRSy RING RS et Y Sy*ST NTSlityS
etkiyen zemin gerilmelerini @-{f1-6"] 1n &% &NIS 1S INTESYES Y160 [12]. Bu menfezlerden
NeN 6Si2y1H1Y'S 621dz2 oM i3S &SliyRS R 1NESy 60l-i-in-place) betonarme bir kutudur. Rijit
Y SyrSTES NTSUyRS L2 TSYly” 1SY SutSy'y Saiyly” 3St6Y'Sal 1Y 0P 1S 37P61-61
malzeme olarak 82€qytiz€iz Hn 13kYj olan 3ISYISEiMIEY 10 LI20&iNSY 09t{0 of2{fM
kuftl-y¥Y il Menfeze etkiyecek TSYly ISUIEY StSlityry” 1eNEY Sl iety” (20017 ol-apy0?
KNOUSESIN @S 9t{ of21EHIRI- 20d20Y 1Py 1eNEY Sat iety” 20d0Y 1 LIE-T KR dzttl-ypeYpoine
(IR KSYRST RIGSY'SESIL XS et 1-8ipy@ell - STE mondie GSIMEYA0lNe _ IF{E1-6F] Hn &y
sonunda menfez (1-0Py1- Si118Sy RNoS@ 3SIEY'S Fl-yNESH Y IHTSY S 1S I YESUESY'S &I-Lkl-y
RIGSY'SESIRS INGN &NN 3Silimesinin %23-1pll, 12KSTe2yflz YIHISY'S XS I1YSSYS
8Pty RIGSY SRS 1aS TGN 8NN 3SHiimesinin %npli olarak HeNEY NGiN Bununla birlikte
EPS bloklardaki 6511 RSEIBINY S JN-yNESH Y IHISY'S 1S 1Y ES1ESY'S 8l-Lrtl-y R16SY SESIRS
%28-38, kohezyonlu malzeme ile INYSUSY'S &HFtly RIGSYSRS 185 %54 olarak
HeNEYNOiND _dz HeNYESIT 8118 KSyRS] elyiSyl #S R16SySy ol Y'SyFST lely” 1él
AP0PEYPS IN-YNESH Y IHTSY'S 1S INYESUSY'S LAY 1-aryry 1S Y IR 20181 128'Y dzoidzig
D236z ySI-EWAY (1Y 1Y ELyY 18y HIRPYRIY 3SeSy dNISRS Y SyFST (1-0n1- Sii1eSy RNGSe
ASWEY'SRS MIiPs Y'SERIYI- 3SEY'SRIEL 0S 9t{ bloklardaki 3S1it RSEIGIY SESity” oNEN]
o HINY NyNy R23dz tyG1-3 &01-3ryR1- Y SERI-yI- ISERIEL NI-LI2N SRIEY Ao



Dolgu y¢zeyi Dolgu y¢ zeyi
Kaya dolgu Kaya dolgu
EIDANGER, 1988 SVEIO, 1989
™ H=15m
im i 3m v
0.5m
0.5m 05m
N _ 0.2m
195m ,;;: 171m
Kumlu -akél (0-16 mm) R Kumlu -akél (0-16 mm)
Dolgu y¢zeyi Dolgu y¢zeyi
Siltli kil dolgu Kaya dolgu
HALLUMSDALEN, 1989 TOMTEBEKKEN, 1991
H=10.8m 2m 1m H=22m
0.5m
[0.3m
~05m 0.5m
I [0.3m
2m
1.85m
1.73m
Siltli kil Loy [oam Stkextréimék yatak - F0.4m

S{it me4 Yapay hendek RI6SY Sat G1-aHPY” -8Ry [12]

McAffee ve Valsangkar (2005, 2008) YIyI-RMyPybS& . lizyagi01 SeIHSlyRS 111821 lydl-
elPOY IHHP 1MUY YRI- 81U KSyRST 81YISYH MS RIGSySy oMl Wi Y SyFST NTSuyS
etkiyen zemin gerilmelerini @S TSYly R2f3dédz JeSialyRS @Solitt y2iI-HHIRI Y SERIYI-
3SESy (a0 1P RSESIESYRINY 16ESURMI [13], [5]. Bu uygulamada rijit menfez RS @l-L? momc
m olan bir betonarme borudur. YILJI-2 KSyRS1 RI6SY S& KS I3k G1-alPY 4Py Concrete
tilS 5583y alyuzlfRly INGSYH] ISNIS1eSaH iS ety alliEizy” (N1 ¢S20isi dikkate
HYHI-] @HLRE? OSEMBEYIGiN [14], [15]. Betonarme boru NISHyRS L2TiF TSYly
18Y SHtSy'Y Satyhy 3560 Sal 1Y 107 IS & 7p01-00M Y I1SY'S 2¢MI1- KPTHI (2Tdz dztl-ypeY Paiio
{610l 6135 o2d R elLP ISytiElyRS @S 62l RO el-Lpyly &HpE {1-0yBEryRI-
G1alElyYroie 118 KSyRST RIGSY'Sa MS Xfl I1-8ipyletll S mophiS ASUEY g
Betonarme boru mmty Y'S{IS eN71aS16€lyRS oMl TSYly R2f3dzadzyzy” dI-01y?y1- R16SyY16



olup, boru {10 NTSItyRS R2f3dz 8N1aS1fieh a1-t1-6P mnty Y SNSRI /2y0NSiS LIS 55313y
alyilt iHIPYRIY 1YSIMRIE olelY RS 0Si2y1IYS 621dzyzy” oM L2 T LI2eS a2yt 62l
2Raz€d RNSNYNESIST &1ty G1-aHPY RI- 62z NTSWyS Si11e50571 TSY Iy 8NN TGN eNNyNy
mop 0P 26E1H01- KSEIFLELyYY iR - dzylzyEl- oNET0ST RSEWYAESY 6HIiy1-Y SRSy & ptl-y &I-LI1-8
KSyRS1 @ 1yISY 1 lely 2Ly G1-a1MPY RI- 621z NTSUlYS $i11@S057 TSY Iy NN TGN eNNyNy
not 1P 2flrak KSaILEyYolRn . Si2y1Y'S 62idzytzy” 1Sai 1TSS boru NTSIYS TGN
aNNYNy o 11-0° N7 35505e1 1200zE IIT 1yNyRS odzfizryRaziizt - oSHUESyY 16l Boruya
etkiyecek TSYly” SUEY StSuyly” 1eNEY Sl iety” (20011 o1-apy0P KNOUSESHE ¢S 3TYNEY'S
201-YYRIF Y'SERIYI- 35E5051 oturmaftHiry” HeNEY Sal ety 2020y 1- L HEIHP dzttl-ypeY 0.
5230 ys1-Hiryry G1-Y 1Yy Y 1-80yy HIRRYRIY boru {I1-0%y1- SiiieSy RNGSe TSY hy" 33ty Sal
N @NN 3SIEY Satyy > Hn-ocldp 26011 1eNEY NOIND . 6z a2yl aliaizy” N1 ¢S2uaiyly”
5SSt INGSyAAES oM 2118 KSyRS1 RIGSY Sal (1-aHPY?yI- 211 al-EfREP 0S1fiyRe
&2z Y tlyY 0l . Si2y1iY'S 621z diLiinin yapay hende 8 1YESY 1 d1-4HPY PyRI- KSal-Lly1n
&N1S 3INS oStNESYY Sat ile RIKI- S12y2 Y11 oM eI TNY SERS SRIEYIG(NG . 21z &1y RauzdHPyRI-
yanal zemin gerilmesi IiN 8NINyNy %332 nddz 26H01- HeNEY NGIND . 20z i1-0py1- SiIeSy
RNGS& 3SIEY Syry 3S 621z &1y Ruzd1-py1- SiieSy &Iyl 3y Syhy 621z dI-0° NTSIlyRS R263dz
eN1aS1tiel T Y'SiNSeS wtl-sireryRI- Al-0MitSyRIEN 8 R2f3d: tydl-Hiryy (1Y 1Yty Y 1&yRIy
a2yNI- 3SeSy” 1) et aNUSelS 270 IR RSEIGLY tSIYE™2 HIRSY RIKI- {NeN{ 2fRdzEdz
oSEiEY 16N 52630 ol -iry?y G1-Y 1Y ElyY 1-dyPy HIRPYRIY 896 1-0EM) 0 1£3S Nad eNTS8lyRS
Y SERIyI- ISy 20dY |- mmc Y'Y 1-2yP 120 NTSIyRS 350 R2636z Y IHISY SalyRS Y SeRIy1-
3SESy 20Y - 1S yo Y'Y 26H1- HeNEY'NOiNr. %BSY ly R2t3déd ieSiNalyRS THITR 20d0Y 1-14py
o020z i1-OPyRIy oty Y dzMPRI- RI- Y'SERIYI- ISTRIEN odzylzytl- oME10S o2l dI-0pyRIy cto Y
8dz MPRI- THIE 20dz0Y 1Py Y SERI-YI- 3SEY SRIEN GSEMGIEY 16000 . dz &2z 62z G1-0PyR 1y 0tch
Y HN cto Y &dzq PRI ol S8l 2d02Y 1- RNTES Y iyhy @I 26Raz€dz 651 HyRS @212y tl-y'Y P



Dolgu yuzeyi

Zemin dolgu
e | | o
Hizar tozu
q F
Geri dolgu Geri dolgu
(No 10. Ustii <%10, Sy l-_ S -_l' 1= (No. 200 alti <%?25)
No. 200 alti <%10) g T o
-. - L - u
- B, . o r
- . T
Dogal zemin yuzeyi e e .". Betonarme boru

(lc gap 900 mm,
Dis ¢cap 1160 mm)

S{it me5 Yapay hende RI6SY Sal (1-alHPY" 1-&pyGreIHIP [13]

tHISU 2Re oHnnyl YIVIRIMYY bS& .liiyasi0] SeISiyRS 1MHI-e2f ol el-t6Y 1P
U-LIAIFYPYRI- 818 KSYRS] @1yiSY1 iS R1GSySy oMl i Y SyrST NTSlyS SiieSy 15y
33y StSityd ¢S TSY Iy R23dzadz ieSiatyRS eSoiit y21-IHIRI Y SERI1- ISy 2(dziy 11
RSESIESYRIYIGESURMI [16]. . &z dz&3dzkl-Y I-RI- ekl Y SyFST R el 3.75 m olan bir betonarme
o20zRdzi _ ILI1-8 KSyRST R16SY Sah IS i3t dI-21HPY -y /2y 0NSiS tiLIS 58313y al-yal-iR 1y
ANGSyE 3SUSTSal S @ U-FEl-y aliad2y”, N ¢S20ian RI{ -GS IHpy1H1-1 & 1-LERPE? GSTNUIEY MGG
[14], [156¢ . Si2y1HIY'S 62lidz NTSIYRS LI2TiiF TSY 1y 1SY SitSy'Y Satyry 3566 Y St 1-Y'1-00 1S
610K YIHISY'S 26101 KeTHI §21d Ldttl-yY i {p1201-040 61635 n Y ISymstictyRS S
HTp Y UHPYBENRI- (1-aMIElyYPsipe  1SyRS] INGSyBEL 1T 1yNyRS odzfizyRazidzE Il
FPS1-0MN YIHISYS 1 1o1FY 1P 26101 @SutSolnieyisine | 1318 KSyRST R16SY Sl iS i3
I-&IPyGREID - STE mocRI- GSINEY Mol . Si2yIY'S o2k (1-00 NTSIyRS R2f3d 8N1aS1fiEl mon
Y SNSRI | 118 KSyRST @1yiSY1 lely @I-Lptly (1-aHPYRI- 62z NTSUlYS etkiyecek zemin
NN INGN BNNYNy nope 0P 261011 KSalLIEly YR . Si2y10Y'S o2idzyazy 1581 1TSETESIN
boru NTSlyS IWIN eNNyNy ntpc {10 &N 35505l 1260t AT 1yNyRS odzfdzyRazidztHil-1
oStltSyY1aiile Boruya etkiyecek TSYly” ISUEY StSiyry” 1eNfY'Sat iety” (2L01-1 ol-4y0r
9



KNOWSESIN @S I1YNEY'S 20i1-Y?yRI- Y'SERIyI- 355057 oturmathpy” 1eNEY Sal lely” 20dziy I-
LIE-L P dzEEl-yPEYRsin. B2Udz dl-0Py1- SiieSy” ortalama RNoSE TSYly” 3SHiEY'Sat dolgu
IoI-LiyRY (1Y 1Y Ey Y 18yry HIRPYRIY DN 8NN 3SIEY Salylye 2 ndll R2636z JyGI-1-iryty”
WY 1Yy Y FyRIY G 87 a2y 13S TGN 8NN ISINEY Satymy” = pih 2101-1 1EeNEY NN 6g 8HRI-
%78 azalma) [17]. -2liz &ly RizdMHPYRI- ortalama yanal zemin gerilmesi ise dolgu
WOI-GAY (1Y 1Yy Y 1-8yRy HIRPYRIY TN 8NN gerilmesinin %390z R263dz lyoI-1-iryry”
I-Y YTy Y 18y HIRYRIY1ES THGN 8NN ISIEY Salyiy > oyth 261H01-1 1eNEY NN of 8%RI-
%3 azalma) [17]. a01TiSS @S +Ialya{Hpy (2005, 2008) clf6Y I-ayRI- ly0StSySy
G836l-Y IRI- 2R&z€iz 3168 bu uygulamada da betonarme boru tipinin yapay hendek
21YISY Jely” hesaplanay” 8N1S 3INS oSHNESyY Sal S RIKI- S12y2Y1 oMl elTNY elde
SRIEY 160 [13], [5]. 523 iyBI--iyry 1Y 1Y El-yY 1-8yRy HIRPYR -y 897 701-00E0 6 138 NTSIYRS
meydana gelen zemin oturmaa nHc Y'YT I-2y? 124 NTSilyRS 621z d1-07y8y'y Y SilS 1-ereryRI-
meydana gelen zemin oturmad? 1aS onm Y'Y 2€HiI-{ HeNfY'NGiNW Bu bulgu McAffee ve
Valsang Py 6Hnnpl Hanyl el-B3Y 1-yRI- SRS SRIESy” odzdz S Gzl IfPRA dm3], [5]. Bu
120011 THE 2001 YI0HRYRI- R263d WyBI--iryry (1Y 1Y Ty Y 1-yry HIRYRIY 3SeSy ¢
&MRI- 11-8RI- RSESI ol RSEIOY 26Y I-RRE? NIFLI2N SRIEYI6GNN . dz (2ldy” ¢ Y'SINS NTSIyRS,
beklenilenin aksine, &7701-0itl 6135 NTSIYRS Y S&RIyI- 3StSy TS Yy 2(dziY I-3pyPy 621z
Q-0nyry vy YSUS 1ereyRI- YSERIYI- 35Sy TSYly 20dlY I-yRIy RIKE T 2Rd:Eiz
oSHAIEY Gt
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Dolgu ylzeyi

19.4

Yapay hendek

Asama 2
. Yapay hendek
Geri dolgu 4 Asama 1
- "
~ - o
b, '!. i
- -
3187
. i
=
.

Geri dolgu F \ Betonarme boru
(No 10. ustii <%10, - (Ig cap 3000 mm,
No. 200 alti <%10) Eh 1.2 Dis ¢cap 3750 mm)

5.5 5.5

200 mm hafifce
sikistinlmis geri dolgu

STt mo6 _ I8 KSyRST RIGSY Sal (1-alpY 1-21pyGreIP om6]

Sun vd. (2009) TYSINI- -WESal 5SEESiESuyRy” YSylk018 9el€SiyRS ISNeSTESoiMMSy
V828 Wyl elBoY HHP {I-UAIFY?YRI- bir 8SilyRS RITNSY d01-4d-in-place) betonarme
kutu menfezin iki kesitinde &I KSyRS @1yiSY Iy dz&3utl-Y? @S Y SyrST NISiyS
SieSy 1SYly 3Suey'StSin S &sl-oitll Y IMISYSRS YSeRIyl- ISty 2ddlY 1HPp
RSESIESYRIYIGESIRM [18], [19]. Yezidz Y SyrSTiy ke ISyActiEr netn Y1 e N{aS1HEN Honn YT
RazdI4 St UI-PyBE? ntom YT 101y R16SY Sal {I-0yBEP noen Y @S dI-01-y R16SY Sat {1-yBE? nice
m olarl{ oSty 1sime wli (dzidz YSyrST NTISHyRS L2Tii TSYly 1SY SutSyy Saiyty
3St6Y'Sal Y0P S @sl-oitll YIKISY'S 26110 cn OY IPyPENRI- ve 21.6 kg/mj
d2¢ehytizEaryRI- ISYESHINEY IS LI20&NSyY 09t{0 of2fH d:ttl-yrY 0l Menfeze etkiyecek
1SYly” ISy StSuyry” 1feNfY'Sat Jely” d2L01-] ol-aydr KNOUSESIE @S EPS bloklardaki
oturmathHpy” HeNEY Sat Jely” 20d0Y 1 LE-U-HP dzte-yseY 2oin0. 9yadidY 1yhl-ae2y Ne 15a1iS
R3dEly'YroiPle _dz 1SaNitSiy” ollyOialyRS menfezin NTSUydS YSyiST Rro 3SyioficlyRS:
ikincisinde ise menfezin NTSilydS Y SyIST R 3Syrstictyly mop I-0P ISymstictyRS 9t{ 621
a3 Y 1{1-RM0 | 1-LI-8 KSyRST @ 1YES Y yly dzé 3zt l-yRre? 111 1SaMi RS com Y dzldzy/dzEdzyRI-RMo
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«eNyON 1531iiS &S elile KSyRS1 RIOSYSal  d@3wtlyY lFYirw 9t{ of21tHpy
aSNESaimntY SayRSy” 1y0S Y SyrST NTSilyS on 0Y 1-ByBENRI- 6l 162" &l-i1-1 AY I SRIRIER
oSty 1aine aSyrST NTSityS mcinc Y @N{aSTHEYRS oMl (2L01-] R263d tydl- SRIEY 1aie
5230 oIy U1-Y 1Y EyY 18 1S omfiliS 1feNtSy” gerilmelerin Rizll-&f RazldzY |- 3SERIEL
JNINEY NGIN 16100 p 8y &@2yAzyRIT &L KSyRS1 RI6SY Salyly” ad3dfl-y'Y I-RreP
15a1i0Sy 14y 1y 1EeN Y ESH KES IHIBREI-GUPRERPEYRIT Y SyFST NTSIYS Si/eSy RN6Se ISty Syly”
Y'SyIST R 3SymoficlyRS 9t{ of2{fHpy” (diflyrRre? 158105272 b RNTSEYRST Y SyrST R
3Syrstictyry” mop 1P ISyRstictyRS 9t{ of2{fIHpy” dztil-yptReer 1SaMiiS 14572 mm RNTSBIYRS
2fRiz€k  INNEYNGINWG IR KSYRS1 RIGSY Sayly™ d@3dflyY I-RE? 1SaliiS menfez
Ruz@ryda 1eNiSy'yanal gerilmenin Y SyiSTRIGSY Sal NTSIyRS 1£eNtSy'RNGS& 3SUiEY Syry”
2" modchaP RNTSelyRS 2fRdz€dz, &l-LIe KSyRS1 R16SY Salyly” dzeuztl-yRre? 1SaIESIRS 1feNtSy”
yanal gerilmelerin RS 6dz RSESNS &I-%y” 2tRaz€dz FNINEY NGiNW aSyTST Rre ISyAoticiyry” mop
-0 3SyH06170S 9t{ ot27EHPY dzttl-yAtRIEP 1SaNITS Y SyrST RazdHPy1- SiieSy &l-y1£ 3SueY Syry”
20061 nn - O@HPYRE RIKI TITEE 2fRk€i 6SENGIEY 10l Dolgu  lyGl-aryry
iFY 1Y tlyY 1-8yRIy hemen sonra EPS bloklardaki otullY I-f1Hp Y SyFST R ASyIstictyRS 9t
of2{f1MPy dztl-yPtRIEP 1SANIIS %57.4 ve Y'SyFST R 3Syroficiyry mop 0P ISyMoficlyRS 9t
of27tHPy 1dzEt1-yPRrEP 1SANIGS ise %55 261HI- 1eNEY NOiNID TESNESESy TI-Y 1y IS oMifidS 9t
bloklarda 2] RNON{ ol KPTEl- 20d0Y 1Ry RSEIFY Siiel ve yIfI-67 p &My &2yayRI- 1
kesitte de EPS blok 2t -8y "2 pdy RNTSBIYS dzfl-o0re? oSy 1o

- -
I____
.-'--- EPS B T
____.-" S (3.4mx0.6 mx6.1m) -

(49mx0.6mx6.1m) EPS yok
61m 61m 7.6m

STt mo7 _ I8 KSyRST RIGSY Sah G1-alpY 1-21pyGreIP om9]
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1.1.3 Kemerlenme Olgusu

Kemerlenme; TSYIyESIRS Sy @183y 261Hil-1 ININESy 2tgulardan biri olup, hareket eden bir
1Syly” NitSayRSy” 12Yed Ril-€ly TSYly  NGESESiyS Ny IFEHpEY 12 21
UyPY Ty Y IR [2080 YSY SIESY'Y ST 1-8Ir01- FINSOS KINIS1Sity” 2EY -8 RazliizY dzyRI- RI-
meydana gelmektedir [20]. _ I > 020zt -pyPy eAeE], letyRS I1Y NN odzfizyRaz f14P TS Yty
201-Y PPy IRIGAEYRSY THITBRAN - dz YSRSYEST 02idzyzy NTSIYS &S 11y TSY Iy LT Y 1-8P S
12Y 86 TSY y LY MR HI-82yRI- o) IINSOS KINIS1S0 21T 12yfadzRdzio . 6z J1S0S KIS Siity”
21yN ¢S GNENTNEN 621z NTSIyRS1 RNGSe eNqNy oNeNTINENYN Sifitemektedir.
BSY y INGESE IeSinatyRS FNSOS leitieS ol-€6 26101 1SY SISy Y'S -l 6LI2Thino S&l- LI-a
6yS3I-iiF0 261-0o 10I-EPRI- odz U-GNI-Y I o 1-81 oM IlyST IS pal-0l- Fep{fl-y'Yroil (24]:

BSY Iy eSiatyRST 8L TSY IyRSY RIKI- #7761-0 2(RdzEdz RazldzY RI- 1-108F 1S Y StSy'Y'S
meyRIyI- 356 6 STt moyl-00 | I-LIPyPy @6V 1-89 ySRSyA IS 11 ¢S _ . RNTESYESIyRS THIP
2000y 1HH) Y SERI-yI- 358 39S KIHIS1Sh SRSY TSY Iy LNATY 1-49 4S 12Y 6z TS Yty LITY 1P 1401
BNTSRESIYRS KIHISTSity & IyN 1S iSHia & 1yRS -2 I- 1d:00SGtSIn 2fz6az00 . 18(SHES RS 21y
NTSWyS SiqieSy ISty StSi 12 oiz TSY hy INiitStSiyS SiieSy gerilmelerden daha az olur
6 STt 1.8000 , LIWRY aryW2llY &POY I RazlizYdzyRI- 11 ¢S .. RNTESYfSUyRS &lirea
SieSy 3SuneY StSu L10SESIRS Y yRY dzY Razll @S Y SISTS R2€Niz 1Hiiro F1&0S o St 1.8b).
YSY Yy BHLIRIY RIKI- &1%01-0W 2RizEdz RazlizY RI- 1&S LIFIF 1SY SIESy'Y'S Y S&rI-y1- 35t
odzyfzy” &2yG06: 2(H1-0 RI- 8Lyl NTSIyS SiqieSy” ISty StSi 12Yodz TSYhy” INGtStSiyS
SISy 3SueY SESIRSY RIKI- TI-TEl- 2z 6 STE 1.9600 , LY dzyW20Y #16Y -3 RazldzY dzyRI-
11 S .. RNTESYtSIlyRS &I-Lrel- SiieSy aSuey StSi 1165ESIRS Y 1-{atY a2y Razll 84S Y SU1STS
R2€Ndz 111606 31&0Su 6 St 1.9b).

Kemerlenme IS 1316 dNNSTSy @S Sy &l-a3ry 26I4I-] oiflySy Nee dS201eS 1oy’ I-8iryire olt3h
I-G1-EPRIF I 61-68TEHIRI- 1€0PYRI- SN LY 1-01-RM0 oz GS2IESH Qu2y2E2017 &MI- XS WI-yaaSy Silo
¢S20Ma oll-yaaSyr myppll aliaizy” N1 ¢S20E éaliaiz2y ve Anderson, 1913) ve Terzaghi
YSY SitSy'Y'S ¢S20ia1RM 6¢SNTI-KA Moo [23], [24], [20].
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(P gerilmesi uygulandiginda)

(a) Yapinin cevreleyen zeminden daha sikisabilir oldugu durum igin
Ps gerilmesi uygulandiginda meydana gelen yer degistirmeler

i

(b) AA ve BB dizlemleri lizerinde diisey gerilme dagilimi

ﬂ

I—

S{it w8 Aktif (pozitif) kemerlenme [22]
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(Pg gerilmesi uygulandiginda)

(a) Cevreleyen zeminin yapidan daha sikisabilir oldugu durum igin
P¢ gerilmesi uygulandiginda meydana gelen yer degistirmeler

[T

(b) AA ve BB duzlemleri Gzerinde diisey gerilme dagihmi

S/t m9 Pasif (negatif) kemerlenme [22]
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1.1.3.1 Janssen Silo Teorisi

a2 G1-ol-ypyl- SiURSY RNOSE 3SIEY'S KSal-o? ety 1] RSTI- -yEaSy omydpu G1HI1-FyR1-y oMl
Sohifi ASHEINEY 6l 62360 {it28d R2ERAIIY IN-YNESH Y IHISY'S ietyRS &1l ol RIEYY ety
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W T 5ifly” Nad eNTSelyS Siiasy RNSE 8N 6co
W + dW = Dilim I 8NTS&lyS SISy RNGSE 8N1 (F)

4KW
2
pDﬂb

SIftY 8l-y @NTS8lyS Si{ieSy y2UY 1€ 38y S 1 =, = (1.1)
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151> AKWtan , i,
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1T nlely WT n 2RezEGyRIyT
y a175_ 29
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1.1.3.2 allEizy N1 ¢S20a

Marston ve Anderson ompmod R2E 1 6 1IESESy'Y SY 160 TSY Iy leSinatyRS U-TrEY?0 3INS0S RIHI
ol KSyRS1 JeSinalyS aSUtSsinneSy meii ol 62idz NTSUyRSH 8N 1200EH4py?  SUE mo11 ile
ISy 6l 124).

Marston @S 1yRSia2y ompmos IS R263d Y I1SY Satyty” KSyRS] RazdHIfHPy1- dz&3dztl-Rre?
By MUYl URY |- 1d00SitSutyty” 26iz0Y I-89y1- ySRSy 2Raz€dryz 1I-RS Sliy'16 @S 38 R263d:z
Y IHISYSalyRS Y'SeRIy1- 35Sy 20y Iypy” KSyRS1 RuGMIEHRYRI- U-2Y1- 10:00S(itSiyry”
202 Y 'z hehy 8SASHB ONENTINTES 26RazEdzyz IR Y PGP [24].

LA

FIEY RS _azyl- ST 2601 620dzyGzy” 3SI R2f3dz Y IHISY SalyS 201yl @2 RIKI- W2k
2EY 18 ySRSYA 1S LI oySaliifo 1SY SUtSy'y'S Siial RS alT 12ytadRizly alaizy ve
Anderson ompmol  Odz  YSRSYESIRSY” IININ  KSyRS{ RadIMiEHRYRI- 3SH6SY” U-L8YT-

IFIRS Sty ioii [24].

Marston ve Anderson ompmol KSyRS1 leSiiatyRS &SUESOuNESy i ol o21dzyazy” oNiNy IS
R2t3dzylzy” I-EMIPE? S KSyRS1 RazdMHPYRI- 3SH6SY YUYl 1a00SiS Hl-ayRI-{ THIP
010781615051 U-RIMI INGEN 2€Y'1-8p ISUSTEIY FIRS SliYio 0S &N dS2anyt RS odz 1SY SES
RI-BIYRAY R0 [24].
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l-e d 2
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B4 (V +dV)=B4V - 2K>IVdH (1.24)
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dvv - _ok>13H (1.25)

Bg
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IF R ey v = ;_' StRuERYRIYI

d
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¢Ba * By
aL o
[sabltl]———[sabltz] |n§—8 (1.29)
d -
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H
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o28dzifiz 2610111 SES 1°yY I-BRMY ¢z ySRSYEST NNy SAURIET RINGISy” II-ypy” PPl 1SyHPp
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2llly? Y, olarak ifade edilir ise zemin diliminin sayfa RNTESYlyS LIHIISE 26l-y 8NTS&tSiyS
SRSy dz 1P & 1yIN U-2Y I- 1020050 Kz>VBadH 261 81160 5170 SRIESOSE NTSIST al-871-
RNTES Y tyS LIMIIHSE 261y eNTSeSIRSTH aNUiNyY'S TSY hyhy leaSt aNNiNyy St 1S I6 R 0>
(1y> (0 BSYly RIENYIyly” al-8fl- RNTESYIne dik 2ty eNTSetSiyS Y>'VZR1 oNeNTINENyRS
Sz P YN U-BYI- 16:00SGSIn STy STaSRMe Yeal- aNNoHER 8NN SEThY St RazlizY dzyRI- R
UyBENYRIFUI RIELY Aty RNGSE BNTESH RSy3Sah 96iitiq omdopiniS izt dzcildziy
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LGI-R 1y 90111 omooch SERS SRIEY
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EPS EPS Boru - Sékékabilir Malzeme
Deney # . - S
Yogunlufu Geometrisi Konfig¢rasyonu
3
o0 EPS
la 10 kg/m?® Panel
3
o] EPS
1b 15 kg/m® Panel
2a 10 kg/m?® Panel
| ROEPS 3
34
2b 15 kg/m?® Panel
34
3
3a 10 kg/m?® Panel
REEEPS 5]

(Béten @l-¢ler cm birimindedir.)

St 2.15 T{yOH 161-Y |- laboratuvar RSyS&tSit ety KI-TE1-y1-y" RSySe Li23NI-Y pypy”
I-8IPyUPEIHPY 5SySE 1Ml 5SySe 1Mol 5SySe IHIT 5SySe 110 §S 5SySe lol-
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EPS EPS Boru - Sékékabilir Malzeme
Deney # o - C
Yojunlugu Geometrisi Konfig¢ rasyonu
34
m:ﬁ BEHEPS BT
3b 15 kg/m® Panel
BEHEPS BT
4a 10 kg/m® 90°-Semer
38 _
mi: EPS j_
o
. 90k 2
4b 15 kg/m® 90°-Semer %
EPS
38 _
0 EPS 2
5a 10 kg/m® 180°-Semer %
EPS
38
1
10 EPS 2
5b 15kg/m® | 180°-Semer %
4
EPS

(B¢ ten ©l-¢ler cm birimindedir.)

§1it 2.16 T{lyO1 191-Y'I- laboratuvar RSyS&tSil iety” KI- TPy 1y RSySe Lii23l-Y yhy”
I-3IPyPEHPY 5SySe 106! 5SyS8 Inli 5Sy5e 1n61 5SySe Ipl- ¢S 5SySe 1po
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2.4 Enstrumantasyon
2.4.1 Boru Enstrumantasyonu

2.4.1.1 t2llyaR2YSing . S 5Seiny S {Sya s

AAAAA

orta uzunluktaki enkesitine iki adet Burster 8709-pmnn Li20il-yaie2Y Sl &SIl RSeIinyYS
ASyA NN 8SUESaIMEY 6N ¢ SUE Hom7). SNoSE @S &l-ile elysStiyfl potansiyometrik yer
RSe1iNYS aSyalutSuyly” HeiNEN RSESIESH &2U1-4° IS né ¢S nE sty IS S T 1aliSueY sl

149.5 mm

Metal destek
elemané

14 Somunlar CM
\ g4 mm

=[=m—[]=m
H:mmm

M4 sonsuz vida Potansiyometrik
yer degiktirme sens®ry,

(kekil ©l-ekli olup verilen ©I-¢ler anma ©I-¢ leridir.)

§7it 2.17 5SyS@ 62ldzadzyzy” 2i1- dzTdzyEiz01-1 Sy1SalinyS eSutSolnneSy Li2il-yae2y Syling
&SI RSEIGINY'S aSya INESiyry 6SY I-iE
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‘\~ p"\ \ /g

1470 ‘

mm Boru duvar profilinin i¢ ylizeyde cukur, astar ve dis ylizeyde sirt ve gévde konumlarina gerinim pullari yerlestirilmistir.

= Boru duvar profilinin yalnizca i¢ ylizeyde gukur konumuna gerinim pullari yerlestiriimistir.

S1it 2.18 Deney borusu NTSlityRS @ifi S1aSy® ISIyRY” Lidztel-pyry 12yarY P

S1it 2.19 . 2tz RizGIMP NTSUYRS €SY 0SSt ISuyrY 35 o2&fl-Yal€ ISiyrY oD 1iast
(S 3R

2.4.2 Zemin Enstrumantasyonu

2.4.2.1 ¢2LN1- . 1-ary0p ENONSESIA

2l G101 S 020k dl-olyiyl- Si1eSy” RN6Se TSYly” ISy StSilyr 1feY'ST Jely” odz
konumlara TML KDG-pnn Yt ! {2L01-] ol-ary0r KNOUSESIA 04PI-&P 1S tm @S tHil 62ld &l-y
Ruz@IMERYT- Si{IRSy eyl TSYly ISy StSulyh ey Sq Jely” o6z 12yiY tHl- ¢a[ Y5D-200
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op 0Y R2&dzadzyRI- §S 62z i1-01-yPyry op 0Y 6l-iP&yRI- §S op OY R2€dzédzyRI- RNoSE TSYly
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g4 mm
Potansiyometrik

25 mm (en) x 25 mm boy x 3 mm
(kalénlék) boyutlarenda metal plaka
yer deJiktirme sens°rg,

[k

139 mm
18 mm \

k- @l-¢leri 18 mm (en) x 18 mm
(boy) olan metal kutu profil

I

450 mm (Boru tabané alttnda)
570 mm (Boru yanlarénda)

L
150 mm (en) x 150 mm boy x 5 mm
(kalénlék) boyutlarénda metal ayak

(kematik ©l-ekli olup verilen ©l-¢ler

anma ©l-¢ leridir.)

S 2.20 hidlY I- L 1-4 6SY iR
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EVA katmané L EVA katmané b

P: Toprak basénct h¢cresi CL
. 5 '
S: Oturma plakast ' XPS
halka
3 75
! 60
P5 '-I ) P1, P5, P6
. gnl |
' Y
é P4
Z S2
3 — - P3 3 é - 0
— - % 1
7
7
7
o
[\ S r
p7 7 p2,P1, PB\
o ! N S3
o : o
) i N
~ &
Deney N kn ™~ L L
borusu s B 5l 8 20 65
.
1 Deney
borusu
L L
L |
150 150

(kematik ©l-ekli olup verilen ©I-¢ler anma ©l-¢leridir. B¢ten ©l-¢ler cm birimindedir.

ST 2.21 . MyOr 181-Y' - RSySetSIRS TSY ly SyallizY 1-yiil-a82yayRI- dzttl-yrly 1eNY
-2 GEHPYRY 12yG Y EHPY {2€ GG 52€- . 1-0p R2ENttdza0zT al-€ G011 Yd1S8-DNySe
R2€Ndzfiidzaz

EVA katmang o EVA katmang b

’I;‘?El'aosgroarl baséncé h¢cresi C:L
S: Oturma plakasé ! XPS

35 40 halka

\ \ 75

34 3 \
P5 Pil P6 ‘ P1, P5, P6 ‘ 80
REHERS 1061 o I TTErS 8303

134

N S2 S2
P = ; Z %4

150

P7 P8 P2, P, PS\
~ h ~
o ! 354 o S3 sS4
) ' o
~ ' ja
Deney o ~ \_ L
borusu S Ay 5 8 20 65

Deney
borusu

L |

150 150

(kematik ©l-ekli olup verilen ©I-¢ler anma ©I-¢leridir. B¢ten ©l-¢ler cm birimindedir.

St 2.22 Y2yHaANNI-ER2y Im kety TSY ty SyaildzY 1yil-ae2yazyRI- (dztil-yply HeNY
-8Ry 12y 0 Y THPY {26 G-Il 52€0- . 0P R2ENztidzAdE A1-€ tarafta Kuzey-DNySe
R2&Nztldzad
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EVA katmané w0

W2
Notasyon: ‘ !
P: Toprak baséncé h¢cresi CL
S: Oturma plakasé ! XPS
‘ halka
40 3 ‘ 75
60
P5 P1, P5, P6
[2222227/) ! 7222277/
S1 é S2 -
2 > s 4 - -
4
%
. | BEREE EPS Bgses
N p7 f N o P2PT. Ps\\SA
" Deney o |9 NS4 ’ ‘ ”
borusu A A v 5 & » 20 65
Deney
borusu
150 150
(kematik ©l-ekli olup verilen ©I-¢ler anma ©l-¢leridir. B¢tgn ©I-¢ler cm birimindedir.
871t 2.23 Y2yRaNil-ag2y 1x ety TSYly SyaiiY 1yil-a2yiyRI- (attyriy 1eNY
-eFPUEIPYRY 1 2YT Y THRY {2 UINI-FUl- 52Edz- . 1-UP R2ENdzEtdzAdzE Al-€ U-II-Ful- Ydz1 Se-DNy'Se
R2ENdztiidzadz
EVA katmang b EVA katmané o
g:mTa:JSgr[;rl‘(: basénct h¢cresi ch
S: Oturma plakasé | XPS
. 35 40 halka
| I 75
—_— s
P5 AL P6 : P1, P5, P6 =
2222227} 724777} |7 /) o EPS V77770
P4
° s1 < s2 %
e Ig0S! EPS
5 p7 & & P2PT. P;\S4
" Deney o o | NN 4 ‘ ‘ ”
borusu ! 20N R Gl §l B 20 65
i Deney
I borusu
L
150 150

(kematik ©l-ekli olup verilen ©I-¢ler anma ©l-¢leridir. B¢ten ©l-¢ler cm birimindedir.

St 2.24 Y2yHaANNI-E82y 1o lely TSY ly Syallit Y 1-yil-a82ytryRI- 1dttl-yAly HeNY
I-RFPEHPYPY 1 2y8Y THPY {26 (1701 52€0- . 10 R2ENzEtdzadT Al-€ G-I Ya1Se-DNySe
R2&Nztldzd
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EVA katmané 0

EVA katmané 0

i ’//////////////////////////////////////////////%7/////////////% /
'F\":D }ra:;t;rl\(: basénct h¢cresi CIL
S: Oturma plakasé ! XPS
- 40 halka
3&3 [ | 75
r”—blw 3
P5 PL P6 P1, P5, P6 &0
T EIINL 2 . i
23 % P3 % P4 2 E o % [
El ‘ EPS
5 p7 p:z sa P8 & s’ P2PT. P8\54
© . s4 o
Deney | o 91D ~o~l o \_ \_
borusu ! - 2 I 5 dl ® 20 65
Deney
borusu
. I
L (
150 150
(kematik ©l-ekli olup verilen ©I-¢ler anma ©l-¢ leridir. B¢tgn ©l-¢ler cm birimindedir.
11t 2.25 Y2yRaNi-as2y 1n ety TSY Iy SyailaY 1yil-as2ytyRI- (dtl-yrly 1eNY
FaFHtHAPyRy 12yBY EHIBY {26 Gl 52€0- . 16 R2ENdttdzad: A1-€ GHINTGL YaTS8-DNySs
R2ENdztudzadz
EVA katmané 0 EVA katmané 0
Notasyon: : ! !
P: Toprak basénct h¢cresi CL
S: Oturma plakasé | XPS
| 35 40 halka
| I 75
38
F—T‘ 3
P5 911 P6 P1, P5, P6 =
! T P4
2 2 P3% 3)‘«?7 §P4 Z o
= E : EPS C A o i R AR ]
& P7 ;a:zi s P8 & P2PT. P;\S4
© L sS4 ‘ 3
Deney | @ @ q N~ o
borusu A A P 5l g b 65
Deney
borusu
L
150 150

(kematik ©l-ekli olup verilen ©I-¢ler anma ©I-¢leridir. Biten ©I-¢ler cm birimindedir.

§7it 2.26 Y2yHaANNI-E22y 1p lely TSY ly Syalit Y 1-yil-ae2ytryRI- 1d:ttl-yAly HeNY
[ GEHPYRY 12y Y EHPY {2€ GG 52€0- - 1-0p R2ENzttdza0zt &l-€ G011 Yd1S8-DNySe
R2€Ndzfiidzadz
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HI-3PYRI- HIFBNTSE RIRIYPY PR Y 20MITS 261-01-€P 39S dzaTdztl-y1-y 8NNy oM 1Y ryry 2ii1-21-
IFTI- lyRIESY ST 1Y 107 1S KSU 6l RSYSERS (i1-y Raz@IHEHRYT- ¢23y2y R0 oMt G-I1-TPYR Iy
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Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3)

O Dogrudan élgiim (y, = [Tanka yerlestirilen kum kutlesi] / [katman hacmi] x 9806.65)
- a- Dogrudan 6lgim (y, = [Proctor kabini dolduran kum kutlesi] / [katman hacmi] x 9806.65)
—e— Dolayli élgiim (y, = 0.441 x [GeoGauge rijitlik 6lgimi] + 13.38) [Esitlik 2.6]
Dolayli él¢tim (y, = 0.441 x [GeoGauge rijitlik 6l¢imdi] + 13.38) [Esitlik 2.6]
(Vucut yukiine maruz kalan alanlardan alinan élgiimler)
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O Dogrudan élgiim (y, = [Tanka yerlestirilen kum kutlesi] / [katman hacmi] x 9806.65)
- a- Dogrudan 6lgtim (y, = [Proctor kabini dolduran kum kutlesi] / [katman hacmi] x 9806.65)
—e— Dolayli élglim (y, = 0.441 x [GeoGauge rijitlik 6lgimu] + 13.38) [Esitlik 2.6]
Dolayl él¢lim (y, = 0.441 x [GeoGauge rijitlik 6l¢imi] + 13.38) [Esitlik 2.6]
(Vicut yikine maruz kalan alanlardan alinan élgiimler)
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102



Bagil sikilik (%) Bagil sikilik (%) Bagil sikilik (%) Bagil sikilik (%)
10 31 52 73 10 31 52 73 10 31 52 73 10 31 52 73

150 \\\\\\ ‘ \\\\\\ ‘ \\\\\\\\\\\\ ‘ \\\\\\ ‘ \\\\\\\\\\\\ ‘ \\\\\\ ‘ \\\\\\\\\\\\ ‘ \\\\\\ ‘ \\\\\\
F-@f-—-——--—~ 3 T E-@------—--= 5 FA@F - - - - - - -~ 3
Zemin Yiizeyi| Zemin YUzeyi Zemin Yiizeyi| Zemin Yiizeyi|
120 + - - = - -
E
s LT ____4 L e~ 4 LT _______4 L ag________
S 90 - - 1 F - -
% L -
2 Boru Bolgesi| Boru Bélgesi]| Boru Bélgesi]| Boru Bélgesi]
g
L _ o - ____ _l o e e _l
g 60 i il i w 7 i 7 i il
N
30 - e - - = - -
L i \ \
\ \
- O ] TOA O r o r A o
@ i r (b) i (e i F(d)
O ] | ‘ | ‘ | ] | ‘ ] ‘ | ] | ‘ ] ‘ | ] | ‘ ] | ‘ |

146 152 158 16.4 146 152 158 164 146 152 158 164 146 152 158 16.4
Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3) Kuru b. h. a. (kN/m3)

O Dogrudan dlgiim (y, = [Tanka yerlegtirilen kum kutlesi] / [katman hacmi] x 9806.65)
- a- Dogrudan 6lgtim (y, = [Proctor kabini dolduran kum kutlesi] / [katman hacmi] x 9806.65)
—e— Dolayl 6l¢lim (y, = 0.441 x [GeoGauge rijitlik 6lcimi] + 13.38) [Esitlik 2.6]
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S 2.61 200 kN/muy aNIGIHR ASEY"Sal IiryRI- 621z Je ENTSE RizgH) eizqdzldzyRI- &1-yPT01-

®SY 0SISt R2&NztldzR -1 1SESIESE ISEY'S YSRSYR IS 2161y @SY oSuaSt ISUyRY ESH
(a) Deney #1a (b) Deney #1b
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2.8.2 Deney #2a ve Deney #2b

2.8.2.1 ¥SY Y hidY I-HHPp

53yS8 1HHRI- 05 55yS8 1HOIRS o2l 8l-yEHPYRI- HeNiSy TSYy 200y HHP - S HIcHIRS

ve 62z (I-01y? IiPyRI- HeNSy TSY Iy 20diY 1P ST HoconiS wSTSII-ya 5SySers 1eNtSy

RSESIES S UHIGPI-00Y 16 26101-1 GSIEY M6 - 200z d1-01y? IHipyRI- 1feNESy 9t 20d0Y 1P
STt HocntliS ASUEY 16de Han UokY'y aNIGI-R ISIEY SaN IiryRIY

1 .2ldkyiy olp 65 R2ed GHIFEHRYRI- TSYly 200 IHHP 5SyS8 ITHHRI- 818 IS
Ay [ pimy Y'Y 0S4 T cony YY1 5Sy58 1HO0RS 185 8U1-47 1S 4w = 6.31 mm ve 1t
' nono Y'Y 26011 1eNEY NGiNe

T .20 dI-oly? HiyRIF TSY1y 2060 118 5Sy58 THHRI- 4 T ntnn Y'Y 05 5SyS8 1HAIRS
4T nopn Y'Y 26101 HeNEY NodNie

T .2 i1-oly? iryRI- 9t 20V I8 5SyS8 IHHRI- 4eps = 21.57 Y'Y @S 5Sy58 1HOIRS
Aeps T MOtHP Y'Y 2€11F] 1eNEY NOGNID

St 2.62 . 2z 81yEHPYRI- NSy TSY 1y 20d0Y IHHP (a) Deney #2a (b) Deney #2b
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