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BOLUM:1G1R1$
1.1.Cal1§n1a111nAmacl

Bugahgma,OrtaDoguTeknikUniversitesi,Deniz
BilimleriEnstitiisiitarafmdan9507.01.04nolus6zle§mekapsamlnda,EMT—Ayd1ne1‘Ortakl1g1ad1na
gergeklegtirilmigtir.Cal1§manmamacl,k1y16tesiboruhatlarlmnp1an1anmas1ve montaj1iginve aymzarnandaikiadetteknoktah
§amand1rave demirlemeyerlerininara§t1r11mas1igingerekliolanjeofizikselve jeoteknikverilerieldeetmektir.Bu
amagla,sismikveriler(derinlik61<;iim1eri,yiiksekaymmlxyanslmaprofilleriVesonarkayltlarl),uzaktankumandah
denizalucihaz1(ROV)ilevideokayltlarxve sedirnan
numuneleritop1anm1§t1r.Burapor,ManavgatCaylSuTemin
Pr0jesi’nir1,jeofizikselvejeoteknikara§t1rmasonuglarlmkapsamaktadlr.Eldeedilensonuglar,1/5000élgekliharitalara
aktanlaraksunulmugtur.Sahac;a11§ma1ar1,7-14Haziran1995de
gergeklegtirilmigtir.
1.2.Ca11§maalzmmlngeneliizellikleri

Cal1§masahas1,KuzeydoguAkdeniz’deyeralanAntalyaK6rfezi’ndekiManavgatCayxagzmmklyxétesini
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kapsamaktadu.Busaha31°27’00"-31°33’O0"kuzeyenlemlerive 36°41’30"-36°45’00"doguboylamlarlarasmda
bulunmaktadlr.Ca11§maalamyak1a§1k30kmzlikbiryiizeygeni§liginesahiptir.Jeolojikolarak,bubélgePaleozoikzamandanberi
gegitliorojenikhareketleremaruzka1m1§t1r.Bunlarm
ba§l1ca1ar1HersinyenVeAlpinorojenezleridir.CahgmasahasmmkuzeyindeyeralanTorosDaglanas11olarakAlpinorojenezinde01u§mu§1ard1r.Genellikle,Tiirkiyening?neyk1y1lar1,denizedikbiregirnledalarakk1y1kesimindeyarlar01u§turmaktad1r1ar,ancakAntalyaveAlanyaarasmdaki
daglark1y1dankarayadogruuzakla§maktad1r.ManavgatCaylk1y1dakidagku§a,<'g1ndaderinbirvadiyesahiptir.DaglarmdenizebakantaraflarmdaKuvaterner
sedimanlarmdanoluzganaz egimligeni§kxylsalbirdiizl?k
vardn‘.K1}/1,genigkumVe§ak11l1—kumplajlarlilebu
plajlarmkarakesimindekigeni§kumtepeleriylegevreIenmi§tir.Cahgmasahasmmdogutaraflndakik1y1kesimindegiincelgiment01a§m1§(kalsiyumkarbonatile)kayapargalarxbulunmaktadn‘.Butiiryumu§akkayaglargeneldeya11kayas1olarakisimlendirilmektedir.



BOLUM:2ARASTIRMACHIAZLARI
2.1.A1'a§t1rmaGemisi

C)nerilenhatlarboyunca,gerekligahgmalanger<;ekle§tirmekamacxile,DenizBilimleriEnstit1'isii’n1'ir1R/V
B1L1Maragurmagemisikullannngur.R/VBiL1M,0§inog1‘afikamagllbiraragtlrmagemisiolarakin§aaedi1mi§olup,1983yxlmdadeuizeindirilmigtir.Uzunlugu40.36m,
genigligiise9.47m dir.

Ayrxca,k1y1yayaklnyerlerdekiara§t1rmaIariginkiigiikbirbotkuI1an11rm§t1r.
2.2.MevkiBulma

Bugal1§masiiresince,a§ag1dadeginilenhassaskonum
belirlemesistemleri,hemk1y16tesindehemdes1gsularda
kullan1lm1§t1r.
2.2.1.TrisponderSistemi

Cahgmaalanlarmda,DECCATrisponderMevkibulma
sistemiyaygmolarakku11an11m1§t1r.Busistembirigemidebulunanbir"Master"iinitesiileikisiklyldabulunankara
iinitelerindenmeydanagelmektedir.Gemidebulunan?nite
aracxllgxyla,0.5m sn likkxsadalgaboyundaradyofrekanslx
sinyallergénderilmekteve bugénderilensinyallerkarada
bulunanheriki?nitetarafmdana1g1lar1maktad1r.Sinyallerin



gidi§gelig,siirelerilcullamlarak,gemidekitiniteninheriki
karaiinitesineolanmesafeleri,uzakllkélgen?nite(DMU)tarafmdananmdahesaplanmaktadlr.Buiglemler,golcklsa
zamanarallklarxyla(milisaniyemertebesinde)devam
etmelcteclir.

Bugal1§mada,tic;adetkaraiinitesi(T1,T2VeT3)l<1y1yakurulmu§tur(Haritalar1-7).Buiinitelerinmevkileriyiiklenicifirma(EMT—Ayd1nerOrtakhgl)tarafmclansaglananDistomat
sistemiilebelirlenmigtir.Bunutakiben,klyldakiiinitelerin
mevkileri(T1,T2veT3),TiirkiyeUlusalGiridSistemi’ne
sahipolanVe1/10000,l/5000iilqekliolarakhazlrlananVe
aymzamandagal1§maalanmlkapsayanharitalara
aktar1lm1§t1r(Haritalar,1-7).Trlspondersistemi,gal1§ma1arbaglamadan'o'nce700In
likbiruzakhkiginelektronikolarakkalibreedilmi§tir.
2.2.2.GlobalKonumBelirlemeSistemi(GPS)Bugal1§malars1rasmda,R/VBilimgemisinemonte
edilmi§olanTrimblemarka(NT200D)globalkonum
belirlemesistemidel<ullan1lm1§t1r.Busistemdebulunan
elektr0nil<birkartyardnmileara§t1rmagemisinindeniz
ortamlndakikonumu,amndaekraniizerindegézlenebilmigtir.



2.3.DerinlikC)1giimSistemleri’ Denizara§t1rma1ar1s1ras1nda,tiimga11§maalanlarmda
a§ag1da1<ihassasderinlikélgerlerku11an11m1§t1r.T?mderinlik
élgerler,su kolonundaki1470m/snlikses h1z1temel
ahnarakkalibreedi1mi§tir.Aynca,bucihazlarmderinlik
okumadegerlerigubukyéintemiyard1m1ilekontrol
edilmigtir.
2.3.1.RaytheonDE—719B

Busistem,tagmabilirhassasbirderinlikkay1tedicicihazdlr.Cihazbirkay1tedici?niteile208kHzfrekanslx
aI1c1/Vericiiglevinigdrenbirelemandanolu§maktad1r.Bu
derinlikdlgerinderinlikokumakapasitesienfazla123
metredir.Cihazmhassasiyetiderinlikdegerinin1.27%si
kadardxr.

Bucihaz,sxgkesimdeyeralanve belediye’yeaitolan
auksuborusununara§t1r1lmas1iginkiigiikbirbotamonte
edilerekteku11amlm1§t1r.Aymzamandabucihaz,planlananboruhatlarmmdogrultularxboyuncaROVcihaz1yard1m1ile
gergeklegtirilenvideokay1tlar1sxrasmdada(Harita3)kullamIm1§t1r.



2.3.2.AtlasDESO-10
AtlasDESO—10,R/VBlLlMgemisinemonteedilihassas

birderinlikkayltedicidir.Bucihazmtemelpargalarl§unlard1r.- kayltiinitesiATLAS—DESO10
- kontroliinitesiATLAS—DESO10
—a11c1/Vericielemanlar(33kHzV6210kHzfrekanslarmda)- ATLAS—EDlG10(say1salolarakverit0play1c1)AtlasDeso-10cihazlmnazamiderinlikokumalimiti
1400metredir.Busistem,verilerisayxsalolaraktoplayanAtlasEdig—1Oyardlmliletiimderinlikokumalarlsayxsalolarakkay1tedebilmektedir.

Busistemarastlrmalarmheragamasmdakullamlmlstlr(Haritalar1~3).
2.3.3.JMCDerinliliOlger(ModelV-144)JMCcihazldagemiyemonteedilmis,hassasbirderinlik
blgerdir.Cihaz1s1yahassaskagltVegokignelibirgiziciarac1l1g1ilegrafikselolarakkay1tyapabilmektedir.Bu
cihazmazamiderinlikokumalimiti2600m dir.Bucihaz,
gallsmakosullarmabagllolarakikifarkllfrekans
l<ul1anabilmel<tedir(28,200kHz).Derinlikleraymzamanda
renklibirmonitérdengdzlenebilmektedir.



JMCve AtlasDESO—1Oderinlikblgerleribirlikte
kul1amlm1§t1r.
2.4.UniboomDipaltlSismikProfilAlmaSistemi

Sismikhatlarboyunca(Harita1),dipa1t1yap11ar1n1nara§t1r11mas1iginEG&GMarkaUniboomyiiksekaymmhsismikyansnnaprofilalmasistemikul1an11m1§t1r.Sistemin
ana pargalan§un1ard1r:
-Model230-1SesKaynag1—Model234EnerjiKaynag1—Model265A11c1
—Model255SismikKay1tg1

Uniboomsistemi,300Jou1e’liikc;1k1§seviyesinde,400-
1400Hz’likgeni§birfrekansbandmdave 0.2milisaniyeuzunlugundabirakustikdarbe?retmektedir.Sinyalinpenetrasyonutabandakimalzemelerinijzelliklerinebagholarak75m yekadarulagabilmektedir.Yansxyansinyaller,sekizelemanhbasmgdegigiklerinehassas(hassasiyeti=-8db/v/microbar)biral1c1ile
toplanmakta,yiiksekfrekansll(>7kHz)giiriiltiilerekar§1siiziilmekteve gidi§geligzamanmm(tw0—waytraveltime)
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fonksiyonuolarakgrafikkay1tedicitarafmdankayltedilmektedir.
BirkatamaranijzerinemonteedilmigolanElektro—

mekanikseskaynag1,denizyiizeyindengekilmektedir.Ses
kaynagldeniz—havaortamlarasmdayans1yansinyallerielimineedecekgekildetasarlannngtlr.Bu'0'zellil<,bilhassa
deniztabanmayakmyerlerdeyiiksekayrlmlllxgmelde
edilmesibakmnndanénernlidir.Katamarangeminindiimen
suyununbirtarafmda,al1c1isedigertaraftaolacakgekildegemininarkasmclangekilmektedir.Budadipaltmdangelensinyalinbirdenfazlayanslmasma(multiple)angelolabilmektedir.

Bugallgmadakatamaranve al1c1,R/VBlLlMgemisinin40m arkasmdangel<i1mi§tir.GemininkonurnuVeal1c1
arasmdakibumesafefarl<1,analogkayltlariizerindekifiks
gizgilerininélgekliolarakkaydmlmasxylagideri1mi§tir.Sismilcverilerinyorumlanmaslesnasmda,zaman
birimlerininderinlikve kalmhkbirimlerinegevrirni,sediman
igin1700m/snve su igin1500m/snlikses h1z1degerlerikullamlarakyap1lm1§t1r.Budegerlerigingubukélgeklersismikkesitlerclegésterilmektedir(UniboomU2,U3,U8,U11,U12VeU14profilleri).
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2.5.YamTarayanSonarSistemi
Seyirhatlarxboyunca(Harita2)deniztabamm

g'0'r1"mtii1en1ekiginBG&Gmarkayamtarayansonarsistemi
ku11am1m1§t1r.Busisteminanapargalanvec_;a11§rna
bzellikleria§ag1daverilmektedir.

Sistem,a11c1/verici(tranducer)ihtivaedenbiradet

yedekteQekilenbahkilegiftkanalhbitkaymediciden
meydanagelmektedir.Kayxtedici,aymzamandasisteminin
kontroliiniisaglamaktadu‘.Yedektegekilenbahktabulunan

transducerler,hiizmegeklindeyiiksekfrekansh(~10SkHz)
vek1sadarbeli(0.1milisaniye)akustikenerjilerini,balfgm
herikitarafmdangbndermektedirler.Deniztabamndan
yans1yanbusinyalleraymtransducerlertarafmdanalmarak,
kaymedicicihaztarafmdanprosesedilmekteve kargxhk
gelentarafakay1tedilmektedir.Bugekildekay1t,deniz
tabamndaku§akgeklindebiralamkapsar.Deniztabam

malzemelerininigeriklerine,boyutlarmaVeyedektegekilen
bahklaolangeometrikiligkilerinebagholarak,deniz
tabammnfarkhézellikleri,akustikenerjilerifark11_
§iddet1erdeolacak§ek'111erdeyans1t111r1ar.Budaonlarmkay1t
iizerindefarkhgekillerdevefarkhrenktonlarmda
gériilmelerinisaglamaktadlr.Akustikhiizmeninyatayayr1mh11'g1(hattaparalel),
hiizmenina§1s1(1.2°)ve1<ay1t1nmenziliiletayin
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edilmektedir.Ca11§mahattmadik(menzilayr1m1111g1)kay1t1nayr1m111xg1,teorikolarakakustikdarbeninuzunluguyla(0.1milisaniye)belirlenmektedir.Pratikte,budaherikitaraftaki
kay1tgenigligiyleslmrlanmaktadlrVebumesafe125mmdir.
2.6.UzaktanKumandahDenizaltlCihazx(ROV)Hemboruhatlarmmrotalanboyunca,hemdebelediyeauksuboruhattliizerinde(Harita3)videogériintiikay1t1ar1eldeedebilmekigin,BenthosmarkaMKIIUzaktan
KumandalxDenizaltxCihazl(ROV)kul1an11m1§t1r.Geminin
konumuve bunakar§111kgelenvideokay1t—zaman1ar1Tablolar1,2ve3deverilmektedir.

Busistem;kontrolkonsolu,videografikVeri
géir?ntiileyicisi,ellekumandabirimiVey?zerkablodan
meydanagelmektedir.Cihazazami300m derinligekadar
gérselincelemeyapmakapasitesinesahiptir.Bugal1§mada,ROVcihazxR/VBILiMgemisininyedegindegekilmigtir.DenizsuyuderinlikleriRaytheonderinlikkaynedicisiilekontroledi1mi§tir.Videokayxtlarmmincelenmesis1rasmda,ROVcihazlmnderinlikkalibrasyonuyap11mad1g1ndand01ay1,ROVhatlarxboyuncakiderinlik
élgiimleriigin,batimetrikonturlarl(Harita4)kullan11ma11d1r.

13



TABLO1:ROV—1hatt1boyuncafikslerve bunlarakar§111kgelenVideoka§Ht-zan1an1arLROV-1LINE
Fixes Times FixesTimes Fixes Times

H M S H M S H M S
1 7 O9 21 34 11 41 57 45
2 22 35 14 42 59 10
3 23 37 01 43 1 00 38
4 10 46 24 3755 44 1 0147
5 11 55 25 39 02 45 1 O325
6 1333 26 40 07 46 1 04 53
7 14 58 27 41 19 47 1 06 O7
8 16 20 28 43 55 48 1 O701
9 17 09 29 44 45 49 1 07 44

10 18 36 30 4529 50 1 O840
11 20 24 31 4526 51 1 io03
12 22 05 32 48 36 52 1 11 30
13 23 54 33 49 32 53 1 12 38
14 25 26 34 5027 54 1 13 47
15 27 16 35 51 25 55 1 15 11
16 28 16 36 52 16 56 1 16 42
17 29 44 37 53 27 57 1 17 46
18 30 48 38 5425 58 1 18 50
19 31 46 39 55 40 59 1 20 26
20 33 28 40 56 38 60 1 22 22
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TABLO2:ROV—2hatt1boyuncafikslerve bunlarakargllxkjelenvideokaylt-zamanlarl.ROV‘2LINE
Fixes Times Fixes TimesH M S H M S

1 0 38 21 25 27
2 1 S2 22 26 24
3 2 56 23 27 16
4 4 04 24 29 03
5 5 03 25 30 17
6 6 27 26 31 47
7 7 09 27 33 14
8 8 25 28 34 58
9 9 33 29 36 53

10 10 50 30 38 56
11 12 28 31 42 00
12 14 02 32 43 08
13 1521 33 4431
14 16 19 34 46 14
15 17 47 35 47 00
16 19 04 36 48 34
17 20 16 37 50 19
18 21 53 38 51 57
19 22 54 39 52 48
20 23 56 40 54 17
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TABLO3:ROV—3hattlboyuncafikslerve bunlarakar§111kgelenvideokayxt-zamanlarl.ROV-3LINE
FixesTimes FixesTimesH M S H M S
1 57 40 6 1 1051
2 5824 17 1 11 25
3 59 O5 18 1 1228
4 59 35 19 1 13 29
5 1 DO28 20 1 14 28
6 1 01 17 21 1 15 37
7 1 0225 22 1 1620
8 1 O312 23 1 1726
9 1 04 29 24 1 19 07

10 '1 O529 25 1 20 17
11 1 06 21 26 1 21 03
12 1 O713 27 1 22 45
13 1 08 11 28 1 23 51
14 1 08 57 29 1 25 27
15 1 10 15 30 1 26 49

31 1 27 58
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2.7.DenizTabamOr11el<1e111esiDeniztabamérneklemesiiginag1r11k11sonda
kul1an11m1§t1r.Ancak,ag1r11kl1sondaérnekleyicisininkullamlamadlggdeniztabamnmkabataneli(kumboyutunda)sedimanlakapholduguk1y1istasyonlarlnda,DietzLafonde
kepgeéirnekleyicisideku11amlm1§t1r.Ornekleme
istasyonlarmmkonumlarxHarita3dei§aret1enmi§tir.Her
érneklemeistasyonundakiderinlikélgiimleri,derinlikélgerler(AtlasDESO—1OandJMC)kullamlarakgergek1e§tirilmi§tir.Ag1rl1kl1sonda90cmuzunlugunda(numunetiipiiniinuzunlugu),5cmgapmdaVeyak1a§1k20kgagxrhgmdadlr(ilaveagxrllkz4x25kgchr).Ag1r11khsondacihazl;anagfjvdetiipii(iistpargaveaglrhkta§1y1c1),adaptbr,baglanukulpu,aglrhktutucu(herbiri25kgolan4veya6tamekurgunag1r11kigin),numunetutucu,numunekesmeagzlVeplastiktiiptenmeydanagelmektedir.Sondajuzunlugu,sisteme
eklenenaguhklaraVedeniztabammnyapxsmabag11d1r.Aletinag1r11g1,sondamnsu igerisindeserbestd1'i§me
yapmasmaVedeniztabanmagarparakyeterliderecede
penetrasyonsaglamasmayard1mc1olmaktadlr.
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BOLUM:3s0NU(;VE(')NERiLER
3.1.(;a11§masahaslnxnbatimetrisi

Tiimsismikara§t1rmahatlarlboyunca(Haritalar1,2,ve
3),derinlikélgerlerdeneldeedilenderinlikokumalarlbir
bazharitaiizerinei§aret1enmi§vebirbatimetriharitasx
(Harita4)haz1r1anm1§t1r.Cahgmaesnasmdakiazamideniz
seviyesisahmmlarl:17cmcivarmdaolmasmdandolaylderinlikdiizeltmeleriihmalediln1i§tir.Buharitada(Harita4)derinlikkonturlarlarahklarl,7ve 100I11Iikderinlikler
arasmda1’ermetrearahkh,Ve100In dendahabiiyiikderinliklerdeise5’ermetreara11k11d1r.Bunailavetenéjnerilen
boruhatlarmmrotalarlboyuncaeldeedilendegerlerkullamlarak,hazlrlananharitaélgegindeikiadetkesit
haz1r12mm1§t1r(Kesitler1ve 2).K—GVeKD—GByéjnleribuyuncauzananikiadetdeniz
a1t1kanyonu,ga11§1lanbélgenintemelmorfolojikézelliginiyans1tmaktad1r.K-Gyijniindekideniza1t1kanyonuyakIa§11<50m liksu derinligindeba§lama1<tave 360m yekadar
u1a§maktad1r.ikincikanyonise,100m den280m liksu

derinliginekadaruzanmaktadxr.Bukanyonlarbirbirlerinden
gal1§masahasligindekidarbiryiikseltiileayrllmaktadxrlar.Bukanyonlar,muhtemelengahgmaalammnd1§1ndakidaha
derinalanlardabirbirleriylebirIe§mektedirler.Denizalu
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kanyonlarlmn<;eVrelerindekimorfolojikdegi§ik1ik1ergelftekineotektonikhareketlervefakhsedimantasyonmiktarlarl
tarafmdankontroledilmigtir.Deniztabamrnorfolojisiningézegarpanbirdigerézelligideb'o'1genindogutarafmdabulunans1gl1kt1r.Busxghkdeniztabanmdan6m likbiryiiksekligesahiptir.Bu
bélgedekibatimetrikkonturlar9ve 11m lerde
kapanmaktadlr.Sonarkay1t1ar1nadayamlarakbubélgekayamostraslolarakyorumlanmaktadu(birsonrakibtiliirnebkz.)Batimetrikkonturlargenelliklek1y1yaparaleldir.30H1
likderinligedogru,konturgizgilerininarallklarxgeni§tir.Bu
derinliginétesindekonturlarmdaralmasxdeniztabammn
egimininarttlgmai§areteder.

Kesit—1iizerinde,k1y1dan23m liksu derinliginekadar
olandeniztabammnortalamaegimiyakla§1kO.91°dir.Bu
egimdegeri70.7m yedogru1.93°yeula§maktad1r.Kesit—2iizerinde,egimdekidc-gi§ik1ik32Inde
olu§maktad1r.K1y1ile32mliksuderinligiarasmdakiegimyak1a§1k1.27”dir.Buegimdegeri80.8m Iikderinligedogru3.10°yeulagmaktadlr.Bu6I<;1'i1n1er,doguboruhattlrotasmmbat1boruham
rotasmdandahaegimlioldugunubelirlemektedir.
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3.2.Deniztabamnlnyiizeytizellikleri
Ara§t1rmahatlarxboyunca(Harita2)toplananyam

tarayansonarverilerinedayanarak,birsonarkayltlarlyorumharitaslhaz1rIanrn1§t1r(Harita5).Bolgenindeniztabamesasolarakkurnluve kurnlu
gamurmalzemeleriigerenikisedirnanterort?ylekarekterize
edilmektedir(Harita5).Kumluzemin,bolgenin25n1dendahaaz derinliklerdeki
slgk1s1mIar1n1kaplamaktadn‘.SonarverilerineVeROVvideo
kay1tlar1nadayamlarak,buzondakumdalgacxklarlve deniz
0tlar1gibibazlolugumlarmvarhg1g6zIenmi§tir.Kumlu
materyallerinVekumdalgaclklarmlnmevcudiyetiyiiksekenerjiliortamozelliginiyans1t1r(ak1nt11arvedalgaaktiviteleri).Deniztabammn25In dendahaderinolanbélgelerindegamuraglrhkhmalzemelerdahayayglndlr.Bubélgedegamurunbirikirni,dL'i§1'ikenerjilik0§ullar1nVarhglnlgostermektedir.Bubulgulardanba§ka,deniztabammndigerbir
ozelligide§a11§maa1an1n1ndogusundayeralanbolgedebulunankayamostras1d1r.Bukayarnostraslmn,deniz
tabanxndanitibaren6n1likbiryiiksekligivard1r(bkz.3.1).Buyap1,daglmkhaldekumluzeminiizerindeyeralankayapargac1k1ar1y1agevrelenmigtir.Benzer,kayapargag1klar1
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bélgenindogutarafmdayaklagxk60m likderinliklerdede
g6z1e11mi§ti1‘.
3.3.Deniztabammndipaltl?zellikleri

Cahgmasahasmmdipaltxyaplsmmayr1nt1l1olarak
incelenebilmesiigin,yiiksekaymmhsismikyanslmaprofileriseyirhatlar1boyuncatop1anm1§t1r(Harita1).Sismikverilerin
yorumlanmaslsonucunda,iisttenaltadogru?g
sismostratigrafikbirirnin(A,B,C)varl1g1saptanm1§t1r.Bu
birimlerinstratigrafikézellikleria§ag1daagklanmaktadlr.
3.3.1.ABirimi

Abirimien iistekisedimanbirimidir(UniboomU2,U3,
U8,U11,U12,ve U14profilleri).Bubiriminiists1n1r1

bugiink?deniztabamolaraktammlanmaktadlr.Temel
olarak,sert1e§memi§giincelsedimandepolanmalarnnihtiva
etmektedir.Sismostratigrafikolarakbubirimparalel
yansnnagekilleriylekarekterizeedilmektedir.

AbirimininkalmllgmmalansaldaglllmlHarita6da
sunulmaktadlr.Buharitaiizerindeg61‘1'i1d1'ig1"1gibi,en yiiksekkalmhkdegeri23metreolarakdogubélgesiboruhattmda,en di'1§1'jkkalmhkdegeriise1metreolarakbatxbijlgesiboru
hattmdag6z1enmi§tir.
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Abirimininkallnhgmlnalansaldegi§imi,sedimantasyonmiktarmdakive Bbirimininpaleo-topografyasmdakidegigimlercekontroledilmektedir.Kxylyayakmyerlerdekiyiiksekkalmllktakisedimantasyondegerleri,gelfetagmansedimanlarlnbiiy?kbirk1sm1n1ngelfinigkesimlerindeve

aymzamandagiincelp1aj—tepelerindetutuldugusonucunu
yansltxr.

Digertaraftan,boruhatlarmmrotalarlboyuncaA
birimininkalmhkdegi§imleriKesit1ve 2deverilmektedir.
DogukesitiboyuncaAbirimininkalmllgmln,batlkesitinden
dahafazlaoldugugézlenmigtir.Geneldeherikikesit
boyuncaAbirimininkalmhgl5n1denagagldiigmemektedir.
3.3.2.BBirimive toplamsedimankalxnlxglBbirimiyamsertlegmigalttakisedimanterbirimdir
(UniboomU2,U3,U8,U11,U12,ve U14profilleri).Bubirim
AbirimitarafmdaértiilmekteVeCbiriminir}iizerinde
uzanmaktad1r.Sismostratigrafikolarakbubirim
paralel/azparalelyans1ma§eki11eriy1ekarekterize
edilmektedir.

Sedimanterbirimlerin(A+Bbirimleri)toplamlcahnllklarmlnalansaldag1l1m1Harita7desunulmaktadu.Bu
haritaiizerindegériildiigiigibien y?ksek(63m)ve en a2
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(1m denaz)kalmllkdegerleribatlboruhattlbéilgesindegézlenmektedir.Baz1sismikkesitlerde;k1y1yayakmyerlerdekitekrarh
yanslmalar(multiple)ve derinsulardazayxfpenetrasyonlarnedeniyletoplamsedirnankahnhglhesaplanamanngtxr(Harita7).
3.3.3.Cbirimi

Sismostratigrafikolarakbubirim,karma§1kveazparalel
yansxma§eki1leriilekarekterizeedilmektedir.Bubirim
zeminkayaolarakyorumlanmaktadlr.Bunun?styiizeyibir
agxmmVefaylanmaézelliginiyansxtmaktadlr.Bazlya§11fayizlerizeminkayaigerisindeg6z1enmi§tir.Ancak,iistteki
sedimanterbirimlerin(AveB)fay1anrnas1y1ailgiliherhangibirbelirtiyoktur.Budagéizlernlenenfaylarm,depolanrnadangokéncemeydanageldiginiVeg1"m1'in1?zdeaktif
01mad1k1ar1n1gdstermektedir.Bubiriminengézegarpanézelligi,gahgmaalanmm
dogusundave deniztabanmdamostravermesidir(bbliim3.1
V63.2).
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3.4.DeniztabannnnJeoteknikOzellikleri
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MANAVGATUNDERSEAPIPELINEPROJECTSOILINVESTIGATIONREPORT

ProjectNo.295-03-03-03-15
Thesoilinvestigationincludesrecoveringgravitycoresamplesat20locationsshowninFig.1.Fromlocations(2-10)and(13-20)inclusivethesampleswerereceivedinplexy-glasstubes
havingdiameterof50mm.Thesamplesfromlocations1,11and12werereceivedinjarsindisturbedform.
Oncoresamplesthefollowingtestswereperformed2

Specificgravity(75)Saturatedunitweigth(yn)Naturalwatercontent(W,,)LiquidLimit(LL),PlasticLimit(PL)andPlasticityindex(Pl)LaboratoryVaneShearTestsFallconeteststocorrelatetoundrainedshearstrength(Cu)ConsolidationtestonremouldedsamplesSieveanalysisandHydrometertests
Ondisturbedjarsamplesonlysieveanalysistestswereperformed.
ThetestingproceduresandstandardsaregiveninAppendix2.Thefollowingaresome
interpretationsregardingthesoilmechanicslaboratorytestresults:

Ingeneralallsampleshavesimilarsoilcomposition,plasticity,shearstrengthandcompressibilitycharacteristics.

PlasticigrCharacteristics:

TheplasticitycharacteristicsofthesamplesareshownonCasagrandePlasticityChartgivenin
Fig.2.Majorityofthesamplesareclassifiedasclaysoflowplasticity(CL)accordingtounifiedsoilclassificationsystem(USCS).Consistencylimitsvaryoverthefollowingranges:

Property Ranqe Average
LiquidLimit,LL(%) 34-40 37PlasticLimit,PL(%) 20-25 22
Plasticityindex,PI 11-17 15

Station2sampleisclassifiedasnon-plasticsilt(ML).



GrainSizeCharacteristics:

GrainsizedistributioncharacteristicsofthesamplesareshowninFig.3.AsshowninFig.3the
samplesprimarilyconsistofsiltsizeparticleswithsomeclayandminoramountofsand.The
followingsaretheaveragesand-siltandclayfractions.Sand:4.5%Silt: 67%Clay: 28.5%
Thesoilsdonotcontaingravelsize(>4.76mm)particles.Grainsizedistributioncurvesare
giveninAppendix1.

WaterContents- UnitWeights:

Thenaturalwatercontentsofthesamplesvaryoverarangefrom47%to57%whicharewell
abovetheliquidlimitsofthesamples.ThenaturalwatercontentsrelativetotheconsistencylimitsofthesamplesareshowninFig.4.
Thesaturatedunitweightsofthesamplesvaryoverarangefrom16.8kN/mato17.6KN/m3asshowninFig.5.Theinitialvoidratiosrangefrom1.2to1.6asshowninFig.6.
ShearStrengthCharacteristics:

Thesampleswereverysoftintheirnaturalstate,thereforeitwasnotpossibletopreparestandardshapetriaxialtestspecimens.
Theshearstrengthofthesamplesweredeterminedusinglaboratoryvanesheartests.The
resultsaresummarizedinTable1.Theundrainedshearstrengthofthesamplesasobtained
fromvanetestsarealsoshowninFig.7.Theundrainedshearstrengthsvaryoverarangefrom
6.5kPato9.0kPaaveragingabout7.2kPa.
FallconetestshavingweigthW=80gandapexangle0=30degreeshavealsobeenusedto
correlateshearstrengthtopenetrationofthecone.Theconefactorofk=1isusedtocalculate
theundrainedshearstrength.Theundrainedshearstrengthsobtainedfromfallconetestsare
summarizedinTable1andshowninFig.8.Theresultsareconsistentwithvanesheartests
revealinganaverageundrainedshearstrengthofC”;7.5kPa.

compressibilityCharacteristics:
Thee-logPcurvesofthesamplestestedaregiveninAppendix1.Allsamplesshowanormallyconsolidatedbehaviorasexpected.Ingeneralthecompressionindexvalues(C¢=Ae/AlogP)varyoverarangefrom0.27to0.33averagingaboutCc=0.3asshowninFig.9.
SpecificGravity:
ThespecificgravityofthesamplesarelistedinTable1.Thespecificgravitiesrangesfrom2.66
to2.75.
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MANAVGA1:SUALTInonummrnonasiZEMINDENEYLERIwonu

ProjeNo.: 95-03-03-03-15
Zeminara§tIi'rnasIkapsaminda§ekil1'degésterilen‘Z0de§i§ikyerdznaélriikustii?ylekarat
numuneleriaI|nmI§tir.(9-10)ve(13-S20)noluyerlerdenalinannumuneier50mmgapindakipieksiglastiiplerigerisinde,1,11ve19nolulokasyoniardanahnannumunelerisekavanozlar
igindegetiri|mi§tir.
Karotnumuneler?zerindea§a§Idakideneyleryapiimi§tIr:

-—C?zgiila§Ir|Ik(’Y,)-- Doygunbirimaénrlik(’Y,,)-- Tabiisui<;eri§i(Wn)-—LikitLimit(LL),PlastikLimit(PL)VaPiastisiteIndisi(Pl)-- LaboratuvarVeynDeneyleri-—Drenajsizkaymadayammi(Cu)iiekorelasyonamaciyladL'J§enkonideneyleri-- ‘/o§ru|mu§numuneierLizerindekonsolidasyondeneyieri~- ElekanaliziveHidrometredeneyleri
Bozuimu§kavanoznumuneleriCizerindesadeceelekanaiizidenzyleriyapIlmi§tir.
DeneyusiillerivestandartlanEk-Tdzveriimi§tir.A§a§1dazeminIaboratuvardeneysonuglariileiigilibazidzézrlzndirmelereyerveriilmi§tir.
Geneiolarakbiit?nnumunelerbenzeryapl,piastisite,kaymamukavemetivesIkI§abi|ir|ii<ézellikierinesahiptir.
i!la5_tlkl1k_151el1lki_¢1l3
Numuneierinplastiklikézellikleri$ekilS2'deveriienCasagrendePiastiklikgra?éindegésterilmigtir.Numunelerinb?yiikbirbéium?Birie§tiriimi§zeminsiniflandxrmasistemine(USCS)géredLi§t'1kplastisiteiikiller(CL)oiarak5|l'1|fia|'1d|f|||'1'll§|?r‘d|r.Kivamiimitieria§a§ndavzriienlirnitlerarasinda
dz§i§mektedir.

Qzgliik_ .SIm[DstisdglQnalama
LikitLimit,LL(%) 34-40 37
PiastikLimit,PL(%) 90-25 22
Plastisitelndisi,Pl 11-17 15

Qnolulokasyondakinumuneplastikolmayansilt(ML)olarakSihlflandlfllm?tlfi

~, ~ *-_,_L_,,.,-»»



Dans:J1ma1J>a§J11mL('iLeJ1IkLzLl.;
Zeminnumunelerinindaneboyudaélhmlézeliikleri$zkil3'degt'>steri|mi.<,tir.’.§ekil3'degésterildiéigibinumuneiergoéuniuklasiltboyutupargaclklarazkilvegokazkumboyutudanelerdeno|u§mu§tur.A§a§Idaortalamakum,siltvekiloranlarlverilm6§tir.

Kum: 4.5%Silt: 67%Kil: 28.5%
Zemindeqaknlboyutu(>4.76mm)malzemebulunrnamaktadur.DaneboyudaémmeérilzriEk-1'deveriImi§tir.
m m
Tabiisuigerikleri47%ve57%araslndade§i§mektedirvebusuigeriklerinumunelerinlikitIimitlerininepey?zerindedir.$ekil4‘deklvamlimitlerivetabiisuigzrikleriveri|mi§tir.
Numunelerindoygunbirimn§«r|1klan16.8kN/mgile17.6kN/maaraslnda$ekil5'degessterndigagibide§i§mektedir.Ba§lang1<;bo;lukoranlan1.2-1.6araslnda$eki|6'dagésterildiéigibide§i§mektedir.

Zeminnumuneleridoéalhallerlndeqokyumusakolduklarl|<;instandart£1;eksenlldeneynumunelerininhaznrlanmaslmijmkunolmam?tnr.
Numunelerinkaymadayanlmlanlaboratuvarveyndeneyikullanllarakbu|unmu§tur.SonuqlarTablo1'de<3zet|enmi§tir.Veyndeneylerindzneldeedilendrenajslzkaymadayanlmlanayrlca?ekil7'deg<")steri|mi§tir.Drenajsnzkayrnadayanlmlan6.5kPaile9.0kPaarasxndaortalama7.2kPadeéeriniverecekgekildedz§i§mektedir.
D(l§znkonideneyleriu§Ir|1§I,W=803vetags:6=30dereceolankonilerkullanllarak3er<;ek|e§tirilmi§vekonipenetrasyonuilekaymadayammlkorelasyonuyapI|mI§tIr.Drenajslzkaymadayammlmnhesaplanmasnndakonifaktér?k=1kullan?mlgtlr.DiJ§enkonideneylzrindeneldeedilendrenajsazkaymadayanlmiarlTablo1'de<'5zet|enmi§ve$ekilB’deverilmi§tir.OrtalamaslCu;7.5kPaolandil§enkonideneysonuglanveyndeneysonuglanileuyurnigerisindedir.
S1k1sma.61zJJ1kLm_:
Konsolidasyondeneyinetabitutulannumunelerine-logPeérileriEk-1'deveri|mi§tir.B?t?nnumunelerbeklendiéigibinormalkonsolidasyonézelliéig6stermi§tir.Gene!olaraksxkn§maindisi(Cc=Ae/Alo3P)dzéerleri0.27-0.33arasmdade§i§mi§ve$zki|9'dagr':'>sterilmi§tir.Ortalama5IkI§maindisidegeriCC:03‘dur.

Numunelerinézgiila?nrhklarlTablo1’degésterildifgigibi2.68Hz2.75arasmdade§i§mektedir.
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IF1956
M.E.T.USOILMECHANICSLABORATORY
O.D.T.UZEMiNMEK/\NiGlLABORATUVARI

VANESHEARTEST
KANATLIKESMEDENEY1

PROJEEZT:MANAVGATDEN1ZALT1BORUHATTI ‘DATE:5/TEMMUZJ1995
PROJE “TARIH
BOREHOLE:2 SAMPLE:2 DEPTH:
SONDAJNO: ORNEKN0: DERENLEK:

1[5od5r1.)1(DnqrzalDarr»c6)1[N-Cm)

TEST:1[_ 1onum 1BAPMA10 6 1 0 1 0 1 1
F 10 1 9.5 12.51 0.945 12.51910.027:1F20 1 10 4 1 1.43913.93510.041J
F30 1 10 4 1 1.43913.98610.0414
F40 1 10 4 1 1.439 13.98610.o41jF 50 1 10 1 4 1 1.45913.99510.041

1 1 1 1 J1 1 1 1 J1 1 1 1 J1 1 1 1 1 J
TES-T22F 0 1 7 1 0 1 0 1 1 J

T10 1 10 1 3 1 1.110 13.07510.031<1
V20 1 12 1 5 1 1.768 14.09710.050<1
F30 1 13 1 5 1 2.097 15,80810,059J
T40 1 13 1 6 1 2.097 15,30510.059

F 50 1 13 1 5 1 2.097 15.50910.059

F60 113 15 12.09715,00910059i1» 1 1 1 1E 1 1 1 1 J
TEST13V0 1 6-5 1 0 1 0 1 J

T10 1 10 13.51 1.274 13.530 0.035

F20 1 11.5 1 5 1 1,75914.99710.050

V30 1 12.5 1 5 1 2,097 15.90910.059

V40 1 14 17.51 2.590 17.17510.073

F 50 1 14 17.51 2.590 17.17510.073

1:50 1 15 13.5 1 2.919 15.09510.052
70 1 15 15.51 2.919 19,03510.002

r B0 1 15 10.51 2.919 19.09010.092-

1»90 1 15 1 15 1 5.057 114.00910.140
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Q91956
M.E.T.USOILMECH/\N1C5LABORATORY
O.D.T.UZEMiNMEKI'\N1GiLABOKATUVAR1

VANESHEARTEST
KAN/\TL1KESMEDENEYI

PROJECT:MANAVGATDEN1ZALT1BORUHATTI DATE:14r1’_EMMUZ/1995
PKOJE I _ TARJH
BOKEHOLE:'3 SAMPLE:3 DEPTH:
SONDAJN0. DKNEKNO: DERlNL1K:

HME 5PKJNGDEFLECTIDNTORQUE COHE51DN

1—4ZAMI\N1YAY5A17MA’:I11TOKK
(55:/5:1.)(D:.a3r:dD£(¢¢‘-0](N—Cm)

1KEAUNGDEFLECUON1TEST:1 o1<uw-. SAPMA

F 0 F 6.0 10.01 0 1 J
F 10 1 8.0 12.01 0.701 12.164 0.022

T20 1 10.014.01 1.439 13.906o.041jF 30 1 10.014.01 1.439 13.98610.041<1
F 40 1 11.0 15.01 1.760 14.09710,050<1
F 50 1 11.0 15.01 1.760 14.09710.050J
1 60 1 11.015.01 1.760 14,09710.050:1V70 1 1 1 1V80 1 1 1 1 J
F 1 1 1 1 J

TEST:2 0 6.0 0.0 0 <110 9.0 30 1.110 3.0750,0:11<120 11.0 15.01 1.76014.097 0.05oJ
F 30 12.0 16.01 2.097 15.00010.059J
1%40 14.0 10.01 2.755 17.63110.070J
1 50 1 14.0 18.01 2.755 17.63110.070J

so 1 14.0 10.01 2.755 17.63110.070

1 1 1 11 1 1 1V 1 1 1 1 J
TEST:3

F 0 1 7.0 10.01 0 1 1 :1V10 1 9.5 12.51 0.94612.61010.027

F 20 1 11.0 14,0 1.439 13.9061o.041j30 1 12.015,01 1.76014.09710.050
40 1 13.016.01 2.097 15.00010.059<1

F 50 1 13.516,51 2.261 16.26410.064

1:60 1 14.017.01 2.426 16.72010.069
70 1 14.017.01 2.42616.72010.069

F 110 1 14,017.01 2,426 16.72010.069

F90 1 1 1‘ 1 1

B. EMDAROJsolojiY.M?h.U
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M.E.T.USOILMECHANICSLABORATORYo.D.T.0ZEMINMEKANIGILABORATUVAKI

CONS/NLIDATIONTEST
KONSALIDASYONDENEYI(c-/cal’)

BOSLUKORAN}
—VOWDRATIO

LJO PROJECT/PROL;jvE: MANAVGATDENiZALTIBORUHATTI
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1®M.E.T.U50|LMECHANICSLAEOKATOKYV/\NESHEARTEST
1351;0.0.1.0ZEMINMEKANIGILABOR/NTUVARIKANATLIKESMEDENEY‘1

PROJECT:MANAVGATDEN1ZALT1BORUHATT1 DATE:14/TEMMUZ/1995
PKOJE TARIH
BOKEHOLE:4 SAMPLE: 4 DEPTH:
5ONDAJNO: ORNEKNO: DEK1NL1K:

HME 5I"'KJHGDEFLECHONTORQUE COHESKJN

VZAMAN1YAY5/WM!-5|1TOKK KDHFZYON
(5a:I5n.)(D..,m/mm.)' (N-Cm) run. 1..,/cmz

1READING1DEFLECTICIN
TEST:1 DKUMA SAFMA

0 1 5,0 1 0,0 1 0 ‘11%10 1 9,0 1 3,0 1 1,110 3,075 0031*]1 20 1 10,01 4,0 1 1,439 13,9551o,041<11*30 1 10,01 4,0 1 1,439 13,90510,041_140 1 11,01 5,0 1,759 14,99710,050<150 1 11,01 5,0 1,768 14,9971o,05o?150 1 11,01 5,0 1,750 14,59710,050J
V70 1 11,01 5,0 1,768 4,59710050
V50 1 1F 90 1 1 J

TEST:2F 0 1 7.0 1 0.0 1 0 1 1 J10 1 10,01 3,0 1 1,110 13,07510,031A20 1 12,01 5,0 1 1,750 14,99710,050j30 1 13,01 5,0 1 2,007 15,80810,059
40 1 15,01 0,0 1 2,755 17,53110,075_150 1 15,01 9,0 1 3,004 19,54210,0a7j1 so 1 15,01 9,0 1 3,054 10,54210,007

r 70 1 15,01 9,0 1 3,004 19,54210,0a7’_1
F 50 1 15.01 9,0 1 3,054 19,54210,097_1
T 90 1 1 1 1 1 J

TEST:3
V0 1 1 1 1 1 J
1:10 1 1 1 1 1 J20 1 1 1 1 1 J
V30 1 1 1 1 1 J
1:4° 1 1 1 1 1 J150 1 1 1 1 1
1 60 1 1 1 1 1 J
V70 1 1 1 1 1 J
1:80 1 1 1 1 1 J

90 1 1 1 1 1 J

B.TurgayALEMDAROGLUJeolojiY.M?h.
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®M.F..T.USOILMECHANICSLABORATORY19'38 O.D.T.UZEMiNMEKANEGTLASOKATUVARI‘AN/\TL|KESMEDENEYi
PROJECT:MANAVGATDENTZALTIBORUHATTI .DNE;14/TEMMUZ/1995
FKOJE TARMDOKEHOLE: SAMPLE: 6 ‘ ‘ DEPTH:
SOND/\JN0: CKNEKNO: m=_K|NL11q

TIME smx-Ism1-'u'cuoz-I Iorzaur. couzsnorn
'/AM/\N mySAPM/\5| mm: KDHFZYON
(rm/5...) (\'1:gr:¢/|'7:r:c:)[N—Cm)10’. r;.yc.n2

RF/\|'>lI-AGr>s:ru=,cnox4
TEST:1 OKUMAsam/\

0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,985 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059

TEST:2 0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,5 5,0 1,768 4,397 0,050
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7,5 2,590 7,175 0,073
50 15,0 8,5 2,919 8,086 0,082
50 16,0 9,5 3,248 8,997 0,092
70 17,0 10,5 3,577 9,909 0,101
80 18_0 11,5 3,906 10,8200,110
90 18,0 11,5 3,906 10,8200,110
100 18,0 11,5 3,906 10,8200,110

TEST:3
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K/\NATLIKESMEDENEYS

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995
PROJE TARIH
BOKEHOLE: SAMPLE: 7 DEPTH:
SOND/\.JNO: GKNEKNO: DEKINLIK:

IIME SPRINGDFFLECIIDN IORQUF CDHEE-ION
'1'/\M/\t-I Y/\Y5/\PMA5l ION? KOHF'/.YOH
(50:/5:1.)(?cqrtr/Parana)(H-Cm) KP; I xycm:

}'LFJ\D1NGWFFLECYION
TEST:1 oxuwx BAPMA

0 6,0 0,0 0
10 9.0 3,0 1,110 3,075 0,031
20 10,5 4,5 1,603 4,442 0,045
30 11,5 5,5 1,932 5,353 0,055
40 13,0 7,0 2,426 5,720 0,069
50 13,5 7,5 2,590 7,175 0,073
50 14,0 8,0 2,755 7,531 0,070
70 14.0 0.0 2,755 7,531 0,078
80 14,0 0,0 2,755 7,531 0,070
00 14,0 8,0 2,755 7,531 0,070

TEST:2

TEST:3
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®1955
M.E.T.USOILMECHANICSLADORATOKY
O.D.T.UZF.MiNMEK/\NiGiLADOKATUVAKI

VANESHEARTEST
KANATLIKESMF.DENEYE

PROJECT:MANAVGATDENTZALTIBORUHATTI DATE:14/TEMMUZ/1995
1720.15 TARJH
BOKEHOLE: SAMPLE: 0 DEPTH:
SONDAJNo. 0KNF.KNO: nEr<1NL1n

HME SFKIIIGl'7Fl:LFCIlOI»lIDRQUF COHE5lDH
'/AMAN YAY5/\PM/‘.51 1091 KOHEZYDN
(5zrJ5u.)[|'3:grcc/Dzrscc)(H-Cm) KP. R5/uni.‘

Rf’/WINGDFFLECIIOM
TEST:1 oxuwx 5/xrwx

0 0.0 0.0 0
10 9.0 3.0 1.110 3.075 0.031
20 11.0 5.0 1.768 4.897 0.050
30 11.0 5.0 1,758 4.897 0.050
40 12.0 0.0 2.097 5.909 0.059
50 13.0 7.0 2.420 5.720 0.009
00 13.0 7.0 2.425 5.720 0.059
70 13.0 7.0 2.420 5.720 0.059
90 13.0 7.0 2,425 5.720 0.009
90

TEST:2
0 0.0 0.0 0
10 11.0 3.0 1,110 3.075 0.031
20 13.0 5.0 1.709 4.597 0.050
30 15.0 7.0 2.425 5.720 0.059
40 16.0 8.0 2.755 7.631 0.078
50 17.0 9.0 3,004 9.542 0,007
60 18.0 10.0 3.413 9.453 0.096
70 19.0 11.0 3.741 10.3640.106
80 19,0 11.0 3.741 10,3640.106
90 19.0 11.0 3.741 10.3040.105

TEST:3

WJaolojiY.M011.
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®M.F_.1.U50|LMECHAMC5LADOKATOKYVANFSIIFAKTFET
1956 O.D.T.UZEMiNMEK/\NiGiLADOKATUVAKIKANATLXKESMEDF_NEYi

PROJECT:MANAVGATDENiZALTIBORUHATTI DANE:14/TEMMUZ/1995
PROJE T/\KiH
BORFHOLE: SAMPLE: 9 DEPTH:
SONDAJNO: 0KNEl<NO: DF.KlNL|K:

IIMF SPRINGWFFLFCHOH IDKQUF CDHFSION
7/\M/\1I ~r/xv5/xm/x51 1o1:x xonrzvon
(Era:/511,){?cgrzc/Dcreza)(mm...) mm L1;‘,/5...:

KFADINGn1=1-'u=c11on
TEST:1 orxuwx 5/\PMA

0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,04130 10,5 4,5 1,500 4,442 0,045
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
90

TEST:2 0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,397 0,050
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7,0 2,426 5,720 0,06950 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9,0 3,084 8,542 0,087
90

TEST:3
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(D1956
M.F_.T.USOILMECHANICSLABORATORY
O.D.T.0ZEMiNMEK/\NiOiLADORATUVAKI

VANFSHEARTEST
KANATLIKESMEDENEYi

PROJECT:MANAVGATDENTZALTIBORUHATTI DATE:14fTEMMUZ/1995
PROJE T/\KlH
BOKEHOLE:10 SAMPLE: 10 DEPTH:
SONDAJNO: 0KNEKNO: DEKINLIK:

IIMF ammonmrcnon TORQUE conseuon
uww Y/\YSAPM/\51 mm; xonszvow
[Sec/5n.)(I7zgrccJT3:rzc¢)[N-Cm) KPA K5/5...:

KEADII-10DFFLECIION
TEST:1 onuwx 5/xm/\

0 8,0 0,0 0
10 8,0 2,0 0,781 2.164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 11,0 5,0 1,768 4.897 0,050

. 60 11,0 5,0 1,768 4,897 0,050
70 11,0 5,0 1,768 4,897 0,050
80
90

TEST:2 0 7,0 0,0 0
10 7,5 0,5 0,288 0,797 0,008
20 8.0 1,0 0,452 1,252 0,013
30 10,0 3,0 1,110 3.075 0,031
40 11,5 4,5 1,603 4,442 0,045
50 12,0 5,0 1,768 4,897 0,050
60 13,0 6,0 2,097 5.808 0,059
70 13,0 5,0 2,097 5,808 0,059
80 13,0 6.0 2,097 5,808 0,059
90

TEST:3
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M.E.T.USOILMECHANICSLABORATORYVANESHEARTEST
1956 O.D.T.UZEMiNMEKANEGILABORATUVARIKANATL!KESMF.DENEYI

PROJECT:MANAVGATDENiZALT]BOHUHATTI DATE:14/TEMMUZJ1995
FKOJE TAKJH
BOREHOLE:13 SAMPLE: 13 DEPTH:
SONDAJNO: DKNEKNO: DEKINLHQ

IIME srmnanznzcnom IORHUE CDHFSION
7/\M/\N Y/W5/WM/61 TOKK KDHEZYON
(556/511.)[|'7c5r==/Dzrece)(N-Cm) KP; Kg/5171?.

RE/\r7INGDEFLECIION
TEST:1 oxuwx Eu/\PM/\

0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 11,0 5,0 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 8,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 5,0 2,097 5,808 0,059
90

TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,788 4,897 0,050
30 13,5 7,5 2,590 7,175 0,073
40 15,0 9,0 3,084 8,542 0,087
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 15,0 10,0 3,413 9,453 0,096
80 16,0 10,0 3,413 9,453 0,096
90

TEST:3
0 5,0
10 9,0 3,0 1,110 3,075 0,031
20 11,5 5,5 1,932 5,353 0,055
30 13,0 7,0 2,426 6,720 0,069
40 15,0 9,0 3,084 23,5420,087
50 16,0 10,0 3,413 9,453 0,095
60 17,0 11.0 3,741 10,364 0,106
70 18,0 12,0 4,070 11,2750,115
80 18,0 12.0 4,070 11,2750,115
90 18,0 12,0 4,070 11,2750,115

BTumavALEMDAROGLJeoiojiY.Muh.
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@M.F_.T.USOILMECHANICSLABORATORYV/\NF,E-HEARTEST
1955 0.0.1.0ZEMiNMF_KANiGiLADORATUVAKIKANATLIKESMEDENEYI

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUU1995
PKOJE TAKEH
BOKEHOLE:14 SAMPLE:14 DEPTH:
BOND/\.JNO: DKNEKN0. DEKINLIK:

[IMF SPKINGUEFLFCHON[ TORQUF COHFEKON
7AM/\H Y/\Y5/\?MI\5| IDKK KDHFZYON
(am-5.1.)(nagm/hum) (Nvcm) Km [ Anya-12AKFADINGUEFLECTION

TEST:1 DRUM/\ SAPM/\
0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 10,0 3,0 1,110 3,075 0,031

F 30 11,0 4,0 1,439 3,986 0,041
40 12,0 5,0 1,766 4,697 0,050
50 13,0 6,0 2,097 5,909 0,059
50 14,0 7,0 2,426 6,720 0,069
70 14,0 7,0 2,426 6,720 0,069
80 14,0 7,0 2,425 6,720 0,069
90 14,0 7,0 2,426 6,720 0,069J

TEST:2V 0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,603 4,442] 0,045
30 12,0 5,5 1,932 5,353\ 0,055!40 14,0 7,5 2,590 7,17510,073J50 14,0 7,5 2,590 7,175 0,073J60 15,0 6,5 2,919 8,086 0,052]70 15,0 9,5 2,919 8,086 0,052J90 15,0 8,5 2,919 8,086 0,082J90 15,0 8,5 2,919 8,086 0,092J

TEST:3 0 6,5
10‘ 9,0 2,5 0,946 2,619 0,027
20 10,0 3,5 1,274 3,530 0,036
30 12,0 5,5 1,932 5,353 0,055
40 14,0 7,5 2,590 7,175 0.073

F 50 14,0 7,5 2,590 7,175 0,073

? 60 14,0 7,5 2,590 7,175 0,073

F 70 14,0 7,5 2,590 7,175 0,073

I 80

I 90

Blmrgay/u:c11.'1DA'»T‘»JeolopY. GLU
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M.E.T.USOILMECHANICSLABORATORYV/\NF.SHEAKTEST
1956 O.D.T.UZEMINMEK/\NiGiLADORATUVAKIKANATLIKESMEDENEYi

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995
FROJE TAKIH
BOREHOLE:15 SAMPLE:« 15 DEPTH:
EONDAJNo. OKNEKNO: DERJNLHQ

HMF. SFKJIIGDEFLECIKONIORQUE COHESIDN
7/\MAN YAYSAFMAEII FORK KOHEZYON
(ems...) (U543retJ[7:rzze}(N-Cm) KP: K5/cm’:

. KBKDINGDEFLECTIDN
TEST:1 OKUM/\ 5/wwx

0 5,5 0,0 0
10 10,0 3,5 1,274 3,530 0,035
20 11,0 4,5 1,503 4,442 0,045
30 13,0 5,5 2,251 5,254 0,054
40 14,0 7,5 2,590 7,175 0,073
50 15,0 8,5 2,919 5,035 0,092
50 15,0 8,5 2,919 0,055 0,082
70 15,0 5,5 2,919 5,055 0,052
50 15,0 9,5 2,919 9,095 0,052

TEST:2

TEST:3'

-r1nL7.uvguI M;:u1nARQ
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@M.F..T.U50|LMECHANICSLABORATORYVANESHE/\KTEST
1956 O.D.T.UZEMiNMEK/\NiGiLADOKATUVARIKANATLIKESMEDENEYI

PROJECT:MANAVGATDENiZALTIBORUHATl’1 DME: 14/TEMMUZ/1995
PKOJE TAKIH
BOKEHOLE:16 SAMPLE: 16 DEPTH:
5oNnA.JNO: DKNEKND: DEKINLIK:

IIME EPRJNODFFLFCHON YDRQUE COHFSION
7/\M/\H Y/WBAPMASI YORK KDHEZYON
(5crJ5II.)(Wzqrcc/narcce)(N>Cm) xv. [ 8.,/2.1.2

KFADIHGDFPLFCIION
TEST:1 oxuwx SAPMA

0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 11,0 4,0 1,439 3,966 0,041
30 12,0 5,0 1,768 4,897 0,050
40 13,0 6,0 2,097 5,808 0,059
50 15,0 8,0 2,755 7,631 0,078
60 15,0 8,0 2,755 7,631 0.078
70 15,0 3,0 2,755 7,631 0,078
80 15,0 8,0 2,755 7,631 0,078
90

TEST:2
0 6.0 0,0 0
10 8,0 2,0 0,781 2,154 0,022
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,608 0,059
40 13,0 7,0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9,0 3,084 8,542 0,087
90 15,0 9,0 3,084 8,542 0,087

TEST:3

n.T..r:1,:AlFMDAEJeolojiY.Muh-GLU
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®M.E.T.U5o1LMECHANICSLABORATORY
1956 O.D.T.UZEMENMEK/‘\NiGiLADORATUVAKI

VANESHEARTEST
KAN/\TLlKESMEDENF.Yi

PROJECT:MANAVGATDENTZALTIBORUHATTI DATE:14/TEMMUZ/1995
FROJE T/\KiH
BOKEHOLE:17 5/\MF’LE: 17 DEPTH:
5oNoA.1NO: OKNEKN0: DERINLIK:

TIME SPRINGDEFLECT|ONTORQUE COHESION
'/AM/\N YAYEIAPMASI IDKK KOHFZYOII
(525/511.){Dcgrec/Dzrua)(N-Cm) 14?. T1<.y=m:

READINGDEFLECTION
TEST:1 OKUMASAPMA

0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,697 0,050
30 12,0 6,0 2,097 5,808 0,069
40 13,0 7,0 2,426 6,720 0,069
50 14,0 6,0 2,755 7,631 0,070
60 14,0 9,0 2,755 7,631 0,073
70 14,0 8,0 2,755 7,631 0,070
00 14,0 9,0 2,755 7,631 0,079
90

TEST:2 0 8,0 0,0 0
10 11,0 3,0 1,110 3,075 0,031
20 12,0 4,0 1,439 3,986 0,041
30 13,5 5,5 1,932 5,353 0,055
40 14,0 6,0 2,097 5,808 0,059
50 15,0 7,0 2,426 6,720 0,069
60 15,0 7,0 2,426 6,720 0,069
70 15,0 7,0 2,426 6,720 0,069
80 15,0 7,0 2,426 6,720 0,069
90 15,0 7,0 2,426 6,720 0,069

TEST:3
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(D1955
M.E.T.USOILMECHANICSLADOKATOKY
O.D.T.UZEMiNMEK/\NiGiLADOKATUVARI

V/\NESHEARTEST
K/\N/\TLlKESMEDENEYE

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14fTEMMUZ/1995
FKOJE TAKIH
BOREHOLE:10 SAMPLE: 18 DEPTH:
aoumuN0: OKNEKNO: DEKINLIK:

TIME SPRINGDEFLECTIONTORQUE CDHF5|ON
7/\M/KN Y/\YEIAFM/K51 YORK KOHEZYON
(euzsm) (Paqrsd?zrnce)(N-Cm) LP. K5/ch12

RE/\|'7|NGDFFLECTION
TEST:1 oxuwx 5/\PM/\

' 0 5.0 0,0 0
10 9.0 3.0 1.110 3.075 0.031
20 11.0 5.0 1.750 4.097 0.050
30 12.0 5.0 2.097 5.000 0.059
40 12.0 5.0 2.097 5.000 0.059
50 12,0 0.0 2.097 5.000 0.059
50 12.0 5.0 2.097 5.000 0.059
70
00
90

TEST:2

TEST:3

B.TurgayALEMDAROGLUJeolojiY.M081.
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®M.E.T.USOILMECHANIC5LABOKATOKYVANESHE/\K11:51
1355 O.D.T.UZEMINMEKANIGILABOKATUVAKIK/\N/\TLlKESMEDENEYi

PROJECT:MANAVGATDENTZALT}BORUHATTI DATE: ‘I4/TEMMUZJ1995
PROJE 1/0:111
BOKEHOLE:19 SAMPLE: 19 DEPTH:
SOND/\JNO: OKNEKNO: DEKINLIK:

TIME SVKIHGDEFLECHDN XDKGUE CUHl':5)ON
7AMAN YAY5A}’Mr‘€2| TDKK KOHFZYDN
(522/5...)(Ucgrcc/Prrtcc)(N42...) um [ 5,3/cm:

KP/\|7|NGDEFLECTION
TEST:1 oxuwx 5APw\

0 5,0 0,0 0
10 11,0 5,0 1,755 4,597 0,050
20 14,0 5,0 2,755 7,531 0,075
30 15,0 9,0 3,054 5,542 0,057
40 15,0 10,0 3,413 9,453 0,095
50 15,0 10,0 3,413 9,453 0,095
50 15,0 10,0 3,413 9,453 0,095
70 15,0 10,0 3,413 9,453 0,095
50 15,0 10,0 3,413 3,453 0,095

TEST:2 0 5,5 00 0
10 10,0 3,5 1,274 3,530 0,035
20 11,0 4,5 1,503 4,442 0,045
30 12,0 5,5 1,932 5,353 0,055
40 13,0 5,5 2,251 5,254 0,054
50 14,0 7,5 2,590 7,175 0,073
50 15,0 5,5 2,919 5,055 0,052
70 15,0 5,5 2,919 5,055 0,052
50 15,0 5,5 2,919 5,055 0,052
90 15,0 5,5 2,919 5,055 0,052

TEST:3
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T®M.F_.T.U50lLMECHANICSLABORATORYV/\NF.SHEARTEST
1955 O.D.T..L-JZEMiNMEK/’\NiGiLABOKATUVAKIK/\NATLlKESMEDENEYI

PROJECT:MANAVGATDENTZALTIBORUHATTI DATE:14/TEMMUZ/1995
PROJE TAKJH
BOKEHOLE:20 SAMPLE:20 DEPTH:
SONDAJNO: OKNEKN0: DEKINLIK:

[4TIME SFRIHGDEFLECHONTORQUE CDHEBION
'1/\M/\N YAY5/KPMASI TOKK KOHEZYDN
(52;/5.1)(D:.grc:./Darzzz](N-Em) K2. 1K5/znn?

KFAUIHGDEFLECTION
TEST:1 oxuwx SAFMAT

o 5.5 0.0 0
10 9.0 2,5 0,945 2.519 0.027
20 10,0 3.5 1.274 3.530 0.035

F 30 11.0 4.5 1.503 4.442 0.045
40 12.0 5.5 1.932 5,353 0.055
50 12.0 5.5 1.932 5.353 0,055
50 12,0 5.5 1.932 5.353 0.055
70 12,0 5,5 1,932 5.353 0,055

TEST:2

TEST:3
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APPENDIX2 : STANDARDTESTPROCEDURES
EK-2 : STANDARTDENEYYDNTEMLEFH



§HL2(a)
STANDARDLABORATORYMETHODFORDETER3-ll.‘llNGMOISTURECONTENT
owecr
Todeterminethemoisturecontentofsoilas a percentaqeofitsdr_ymass.
APPAR.-1.I‘U$
(l)Adryinqovencapableofmaintaininga temperatureoflO5toll0°C.(2)Abalancereadableandaccurateto0.01g.(3)Anair—tic;htmetalcontainer.
(4)Adesiccatorcontaininganhydroussilicagel.PROCEDURE
(l)Cleana metalcontainer,dry,andweighit tothenearest0.01q(MC).Crumblea sampleofat least30gofthesoil, andplaceit looselyinthecontainer,replacingthelid.Weighthecontainerandcontentstothenearest0.0lg(MW)(2)Removethelid,andplacethecontainerandcontentsintheoven
todryat lOS-llO°c.'(3)Aftera neriodoFl6to24hours,removethecontainerfromtheoven,andplaceit inthedesiccatortocool.
(4)Replacethelidandweighthecontainerandcontentstothenearest0.0]q(Md).CALCULAr1o.vs
Calculatethemoisturecontent(m)ofthesoilfromthefollowingformula:

.. _
m = _[’”__""x 100 (2)[71T M:where,
M”= massofcontainerandwetsoil(a);Nd= massofcontaineranddrysoil(q);r-.'= massofcontainer(9).

PEP-’7R."1'.‘.1'7or rer.<u1.r.,< _

Reportthemoisturecontent(F!)ofthesoilto twosionificantfiquresforvaluesuptolfll.Formoisturecontentsabove10!.renorttheresultstothenearestwholenumber.
2 1-‘-'<::=e-Forornanicsoilsandsoilscontaininqgypsum.a temperatureofnotmorethanRHOC,nnssihlykentfora lnnnerperiodthan24:H.'mv‘Sisall-zisabletoavoidoxidationandlossofwaterofcrystallization.
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SML3(a) ATTERBERGLIMITresrs
A. LIQUIDLIMITTEST
OBJECT
Todeterminetheliquidlimitoftheair—driedsoil,i.e.themoisture
contentatwhicha soilpassesfromtheplastictotheliquidstate,
as determinedbytheclosureofthegrooveoverl3mmby25bumpsinthe
Casagrandeliquidlimitdevice.
APPARATUS
(l)Liquidlimitdevice.
(2)Groovinqtool.
(3)Aglassplate.(4)Twopaletteknives
(5)Moisturecontenttestapparatus(seeSML2(a)).(6)400micronsieve(ASTMNo.40).PROCEDURE

(1)Adjusttheheighttowhichthecupoftheliquidlimitdevice
is lifted,so that,whenthecupisraisedtoitsmaximumheight,thel0mmgaugewilljustpassbetweenit andthebase.
(2)Takeat least200qoftheair-driedsoilpassingthe400micron
sieve,andplaceit ontheglassplate.’Adddistilledwaterver_vslowly,andusingthepaletteknivesmixupthesoilthoroughlyuntilit
becomesa thick,homogeneouspaste.Becarefulnottoaddtoomuchwater.
(3)AllowthepastetoStandinan airtightcontainerforabout24hours
toletthewaterpenneatnthroughthesoilmass.(NOTE.Thisstepmaybe
omittedforinstructionpurposes,andforsoilsoflowcla_ycontent.)
(4)Placea portionofthesnil—watermixtureinthecup(thecupresting
on thebase),andbymeansofa paletteknife,levelthesurfaceparalleltothebase.
(5)Dividethesoilinthecupbydrawinqthegrnovinqtoolalongthe
diameterthi'r:ur_1htheCentreofthehirvie,at thesametimeholdingit normaltothesurfaceofthecupwiththechaniferededgefacingthe
directionofmo-/ement.(ifthe/\STr-Itvpeofqroovin-1toolisused,the
excessmaterial,whichbuloesabovetheoriqinalsmoothedsurfaceofthe
soil,mustbescrapedofffromtheupperedrjesnfthegroove.)



-1]-

(6)Turnthecrankat therateoftworevolutionsperseconduntilthetwopartsofthesoilcomeintocontactat thebottonofthegroovealonga distanceofl3mm.If thenumberofdropsisbetween40and60whenthishappens,takeaboutl0gofthesoilfrontheportionsofthesamplethathavejustflowedtogether,usinga paletteknife,andplacethisina suitablecontainerforsubsequentdeterminationofthemoisturecontent(seeSML2(a)).(7)Repeatoperations(2)to(6)at leastfourtimesusingthesamesampletowhichfurtherincrementsofdistilledwaterhavebeenadded.Theamountofwateraddedmustbesuchthatwhenthemoisturecontentsare plotted,theywillbeevenlydistributedovera ranqebetween50and'0blow,T?‘Lt_eiL"‘.‘i5_t_al‘?3£PI_‘B9_"_f_"_°i"thed';i::<>.._t_"e_w_e_t_te_rconditionofthesoil(i.e.innocasemustthesoil—watermixturebeallowedtodryinordertoobtaina higherblowcountthantheoneobtainedlast).Eachtimethesoilisremovedfronthecupfortheadditionofmorewater.thecupandthegroovingtoolmustbecleanedanddried.Duringtestingofthesoilinthecup,keeptheremainderofthesamplecoveredwitha dampcloth.topreventrapiddrying.CALCULATIONS
Calculatethemoisturecontentsandplottheseas ordinatesonthelinearscaleofa semi-logarithmicchartwiththecorrespondingnumberofblowsas abscissaeonthelogarithmicscale.Drawthebeststraightlinethroughtheplottedpoints.Thisiscalledthe‘flowcurve‘.REPORTINGor RESULTS
Takethemoisturecontent,correspondingtotheintersectionofthe'flowcurve’withtheordinaterepresenting25blows,as theliquidlimit(HL)ofthesoilandexpressthistothenearestwholenumber.
E. PLASTICLIMITTEST
oeaecr
Todetenninetheplasticlimitofsoil,i.e.,theminimummoisturecontentatwhichthesoilcanberolledintoa thread3mmindiameterwithoutbreaking.APPARATUS
(l)Aglassplate.(2)Apaletteknife.(3)Moisturecontentapparatus.(4)M0mkmnsww.(5)Anon—corrodibleairtightcontainer.
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PROCEDURE
(1)Takeabout20goftheair—driedsoilpassingthe400micronsieve,andmixit withdistilledwateruntilit canbeformedintotwoballs.
Placeoneoftheballsintheairtiqhtcontainer,androlltheother
betweenthehandandtheglassplatetoformthesoilintoa thread.
whenthethreadreachesa diameterof3mm,kneadthethreadtogetherintoa ballandrolloutagain.Repeatthisprocedureuntilthethread
crumbleswhenitsdiameterreaches3mm.
(2)Placethecrumbledsoilthreadintoa suitablecontainerformoisture
contentdetermination.Sufficientmaterialmustbeusedtoensurethat
eachwetmoisturecontentsampleweighsat least5g.
(3)Repeatthetestusingthesecondball.
CALCULATIONSANDREPORTING02-"RESULTS
Calculatetheaverageofthemoisturecontentsdeterminedinthetwo
testsandreportthisas theplasticlimit(wp)ofthesoil,expressingit tothenearestwholenumber.
C.DETERMINATIONor THEPLASTICITYINDEX
OBJECT
Tocalculatetheplasticityindexofa soil.
PROCEDURE
Determinetheliquidlimit(IIL)andplasticlimit(up)bytheproceduresgiveninSectionsAandB,
CALCI/LATI01'i<'
Calculatetheplasticityindex(I?)fromtheformula:

IP=wr'—xv/PREPORTINGor RE.<HLT.s
Reportthenumericaldifferencesodeterminedas theplasticityindex
(I?)exceptunderthefollowingconditions:
(I)Nhentheplasticlimitcannotbedeterminedor whentheplasticlimitisequaltoor greaterthantheliquidlimit,reportthematerial
as non-plastic(NP).(2)ForsomesoilstheliquidlimitCannotbedeterminedalthougha valuecanbeobtainedFortheplasticlimit.Insuchcasesif a
measureoftheplasticityindexisrequired,it canbeobtainedbythe
useo‘thelinearshrinkagetestgiveninthenextsection.
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SML4(b)DETERMINATIONOFSPECIFICGRAVITYOFSOILPARTICLES
(2))Methodformedium-atzclcoar3e~gra1'nedsoils.
05.7551‘
Tofindthespecificgravityofthesoilparticlesofmedium—and
coarse-grainedsoils.
APPARATUS
(1)Apycnometerconsistingofa 1—1itreglassjarwitha brass
conicalcap,fittedwithrubbersealingwasher,screwedon top.
(2)Athermostaticallycontrolleddryingoven,capableofmaintaining
a temperature01’105-11006(75-80°Cforsoilscontaininggypsum).
(3)Abalancereadableandaccurateto0.5g.
(4)Adesiccatorcontaininganhydroussilicagel.
(5)Aglassrodabout30cmlongand6mmdiameter.
(6)Athennouieter,tocovertherange0-50°C,readableand
accurateto1°C.
(7)Asourceofvacuum.

(8)Atleast5litresofwaterwhichhasbeenallowedtostand_inthelaboratoryforabout24hours.
PROCEDPRE
(1)Obtain400-500goftheair-driedsamplehyquarteringor riFF1ing.
Breakdownanystoneslargerthan110mmdiameteruntiltheybecmne
smallerthanthisdiameter.Oven—dr_ythesampleat105-110°C.(Ifthe
soilcontainsqvpsum,dryingshouldbecarriedoutat75-80°Candfor
a longerperiodoftime.)
(2)Drythepycnometerandweighit tothenearest0.5g(Ml).(3)Allowthesoiltocoolinthedesiccator.Removethecapofthe
nycnnmeter,andintroduceahnutdnn—S00qofthesoilintoit.
weighthevvcnmnetertogetherwiththecapandcontentstothe
nearest0.9q(W7).

'

(4)Addwater.ata teuiperahn-et 2°Coftheaverageroomtemnerature
duringthetest.to thesoiluntilthejarisahnuthalf-full,and
stirthemixturethoroudhlvwiththeglassrodto rauoveentrappedair.
Thenreplacethecap.tntinncare thatthisiswater-tight,andthat
it isalwaystightenedto thesameposition(makelocatingmarkson the
can anithenlassjartoaidthis),matingthevolumenFthepvcnnmeter
constantthroughoutthetest.Fill thenycnnmeterwithwater.Removeany
remainingairhvshakinntheDvcno?eter,holdingonefingerover
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thehoieinthecap.Thentopupthepycnoneterwithwater.Drythe
pycnoneterontheoutside,andweighit tothenearest0.5q(M3).(5)Thenemptythepycnometer,washit outthoroughiy,andfill it
compieteiywithwaterat roomtemperatureuntilthesurfaceofthe
waterisfiushwiththehoieinthecap.Drythepycnometeronthe
outsideandweighit to thenearest0.5g(M4).(6)Repeattheaboveprocedurefora secondsampieofthesamesoil,
andobtaintwovaiuesofthespecificgravity.
CALCULATIONS
Caicuiatethespecificgravityofthesoiiparticies(Gs)franthe
fonnuia:

M2—M1G5=

(":1' "1)' ("J‘ "2)
where
M1= massofpycnometer(g);
M2= massofpycnometerandsoii(g);
M3= massofpycnometer,soilandwater(g);
M = massofpycnometerfuiiofwateroniy(9).wk
REPORTINGorRESULTS
Taketheaverageofthevaiuesobtainedas thespecificgravity
ofthesoiiparticies,andreportthistothenearest0.01.
Ifthetworesuitsdifferbymorethan0.03,repeatthetests.
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SHL6(a)DETERMINATIONOFPARTICLESI7EDISTRIBUTIONOF

MEDIUM—ANDCOARSE- GRAINEDSOILS
fa)Analysisbywetsieving
OBJECT
Todeterminetheparticlesizedistributionina soildowntothe
finesandsize.
REAGENT
Sodiumhexametaphosphate.APPARATUS
Sameas forSHL6(b).PROCEDURE

(1)Sameas forSML6(b).(2)Placethereducedsampleon a 20mmtestsieve,andbrushtheretained
particles.toremovefinermaterialadheringtothem,usinga wirebrushor
similarstiffbrush.Takecarewhendealinqwithsoftmaterialsto
ensurethatthebrushingisnotremovingpartsofthelargeparticles.(3)Placethematerialpassingthe20nmtestsieveina largetray,andcoverwithwater.
(4)Tothesoil—watermixtureaddsodiumhexametaphosphateat therate
of2qperlitreofwater,andstir.Allowthesoiltostandforat ieast
onehourinthissolution,andstirfrequently.(5)Thenwashthe.samplethrougha 2.5mmsieve,placedovera 63micron
sieve,allowinqthematerialpassingthe63micronsievetorun towaste.
If thematerialonanyofthetwosievesislikelytoexceedthemaximum
sieveloadsqiveninthelastcolumnofthedatasheetuivenat theend
ofSi‘-IL6(b),thematerialshouldbewashedinparts.(6)Continuethewashinguntilthewaterpassingthe63micronsieve
isvirtuallyclear.
(7)Tinall thematerialretainedon thesievesinrntraysor
evanoratirqdishes.anddrvinthenvenat l05- H00C.
(8)l-Thendry.sievethesamnle,inclnriinqanvmaterialretained
on the20mmsieve.as inS'iL6(Li).Heiqhtheamountsretained
on eachsievn.
(9)Determinetheamountnassinqthe63micronsievehvaddinrithe
massesnrrmrn.-ialretainndnn eachM thesievesusedandsubtractingthetotalFr/inthetntalllI'i’~i§recordedinslten(l).
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CALCULATIONSOfLhpxnhlvonthedatasheet(qivenatendofSHL6(h)),
Makinguse ymass)ofthemateriairetainedoneach
caicuiatethepnrtruid??(b

asWei]a5Ihupercentagepassingthe63micronsieve.Finaliy
sieve, niivepercentage(bymass)ofthematerialpassing
caicuiatethecmnul
eachofthesievva.
REPORTINGnr nnxuLTH
Reportyourresuii?
(m)asabscissaenn

9 linearscale.Reportthatwetsievingwasused.
nna sani-iogaritnnicchartwiththeparticlesize
thelogarithmicscaie,andthepercentaqepassinq

asordinateson1“
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SML7(a) DETERMINATIONOFPARTICLESIZEDISTRIBUTIONOFFINE—GRAINEDSOILSBYTHEHYDROHETER
OBJECT
Todetenninequantitativelytheparticlesizedistributionina soilfromthecoarsesandsizedown.Thetestisnotapplicableif lessthanl01ofthematerialpassesthe63micron(ASlMNo.2U0)sieveas measuredbywetor drysieving(SML6(a)or (b)).APPARATUS
(l)Ahydrometercalibratedtoreaddensity(g/ml)‘at20°C,(e.g.ASTMl5lH).(2)Twol0DOmlgraduatedglassmeasuringcylindersabout7cmindiameterand33cmhigh,markedat lO00mlvolume.(3)Athermometertocovertherange0—50°C.(4)Anelectricallydrivenstirrer.(5)Testsievesizes2.5mm,630Um,200um,and63um(ASTMNo.8,30,70,and200respectively),anda receiver.(6)Abalancereadableandaccurateto0.01g.(7)Athennostaticallycontrolleddryingoven,capableofmaintaininga temperatureofl05- llO°C.(8)Astopwatch.
(9)Adesiccatorcontaininganhydroussilicagel
‘Somehydrometers(e.g.ASTHT52H)aregraduatedtoreadconcentrationofsoilparticlesinonelitreofsolution(g/litre),assuminga certainspecificgravityashforthesoilgrains.Insuchcases,thereadingshavetobeconvertedintodensity(g/ml)byusingthefollowingfonuula:

Gs]:- I )ashRh= R (
whereR,Rh=thereadingobtained(afterapplyingthemeniscuscorrection)forhydrometersreadinging/litreandg/mlrespectively,thelatterbeingrecordedas explainedinCalculations,Para.3.
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(10)Acentimetrescale.
(ll)Fourporcelainevaporatingdishes.
(l2)Around—bottomedflaskofl0O0mlcapacity.
(l3)Al0Omlmeasuringcylinder.
(14)Aglassrodaboutl5—ZOcmlongand5mmindiameter.
(15)Aconstanttemperaturebath.
REAGENT
Sodiumhexametaphosphatesolution.obtainedbydissolving33gof
sodiumhexametaphosphateand7gofsodiumcarbonatein distilled
watertomakel litreofsolution.(NOTE.Thissolutionisunstable
andmustbefreshlypreparedapproximatelyoncea month.lhedateof
preparationmustberecordedonthebottle.)
peocenues
Calibrationnf hydrornet:-r
(:1)Volume
Determinethevolume(vb)ofthehydrometerbulbbyweighing
thehydrometertothenearest0.1g,andrecordingthemassingrams65

thevolumeV“inml.Thisvalueincludesthevolumeofthestembelow
thel.O0Ograduationmark.Forpracticalpurposestheerrorduetothe
inclusionofthisstemvolumeisnegligible.(2))C¢11ibr=lrx'oIi
(l)DeteimineUmsectionalareaofa 1000mlmeasuringcylinderinwhich
thehydrometeris tobeusedbymeasuringthedistancebetweentwo
graduation;(e.g.l00-900).Thesectionalarea(A)isequaltothe
volumeincludedbetweenthetwograduationsdividedbythemeasured
distanceincmbetweenthem.
(2)Measureandrecordthedistancesfromthelowestcalibrationmark
on thestemofthehydrometertoeachoftheothermajorcalibration
marks(eh).

i

(3)Measureandrecordthedistancefromtheneckofthebulbtothe
nearestcalibrationmark.
(4)ThedistanceR!covrespondinqtoa readingRhisequaltothesum
OFthedistauresmeasuredin(Z)and(3).
(5)Measurethedistance(mlfrontheneckto thebottmnofthebulb,
andrecordthisas vheheinhtofthebulb.
(6)Calculatetheeffectivedepth(up)correspondingtoeachofthe
majorcalibvationmarks(rh)usingtheformula:

. _ . I H _____“R‘ P:‘ '2(‘ A )
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whereH1:lengthfromneckofbulbtograduationRh(cm);
h = twicethelengthfromneckofbulbtoitsCentre

ofvolume(cm);
vh=volumeofhydroneterbulb(ml);A = areaofmeasuringcylinder(cmz).(7)PlottherelationshipbetweenHRandR“as a smoothcurve.

Usingthiscurve,constructa scaleofRHtotherightoftheHRscale(right—mostscale)on theattachednomographicchart(Fig.l)forthesolutionofStokes‘Law.
(C)Meniscuscorrection
(l)Insertthehydrometerina 1000mlmeasuringcylindercontainingabout700mlwater.
(2)Byplacingtheeyeslightlybelowtheplaneofthesurfaceoftheliquid,andthenraisingit slowlyuntilthesurfaceseenas an ellipsebecomesa straightline,detenninethepointwheretheplaneintersectsthehydrometerscale.
(3)Byplacingtheeyeslightlyabovetheplaneofthesurfaceoftheliquid,determinethepointwheretheupperlimitofthemeniscusintersectsthehydrometerscale.
(4)Recordthedifferencebetweenthetworeadingsin(2)and
(3)aboveas themeniscuscorrection9“.TESTPROCEDURE
(l)Oftheair—driedsoil,obtainbyrifflingtwosubsamplesweighing50-100gapproximately.Theactualamountofsoilrequiredwillvaryaccordingtothetypeofsoil,e.g.50gwitha claysoilandlOOgwitha sandysoil.Detenninethemoisturecontent(m)ofonesample.Weightheotheraccuratelytothenearest0.01g(Ma),andplaceinanevaporatingdish.
(2)TothesoilintheevaporatingdishaddlOOmlofsodium
hexametaphosphatesolution,andwannthemixturegentlyforaboutl0minutes.
(3)Transferthemixturetothedispersingcupofthemixer,bymeansofa jetofdistilledwaterfruna wash-bottle.Donotusemorethanl50mlofwaterforthisoperation.Thenstirthesoilsuspensionforl5minutesbymeansofthemechanicalmixer.(4)Transferthesuspensioninmediatelytothe63microntestsieveplacedon thereceiver,andwashthesoilon thesieveusinga jetofdistilledwaterfromthewash-bottle.Takeparticularcare towashoffalltracesofsuspensionadheringtothedispersioncup
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andbafflewires.Donotusemorethan500mlofwaterforthisoperation.Transferthesuspensionthathaspassedthroughthesievetothe1000ml
measuringcylinderandmakeuptoexactlylO0Omlwithdistilledwater.
(5)Transferthematerialretainedon the63micronsievetoan
evaporatingdish,anddryintheovenat l05- llO°C.Afterdrying,sievethismaterialon the2.5mm,630,,m,200um,and63umtest
sieves.Weighthematerialretainedoneachsieveandrecordthe
massespg,MC,onandp%respectively).(6)Inserta rubberbunginthemouthofthemeasuringcylinder,shakethisvigorouslyuntila unifonnsuspensionisformed,and
finallyinvertit endoverend.Immediatelytheshakinghasceased,allowthemeasuringcylindertostand,andstartthestopwatch.
Immersethehydrometertoa depthslightlybelowitsfloatingposition,andthenallowit tofloatfreely.Takethehydrometerreadingsafter
periodsofl/2,l,2and4minutes.Thenremovethehydrometerslowly,rinseit indistilledwater,andkeepit ina cylinderofdistilled
waterat thesametemperatureas thesoilsuspension.(7)Re—insertthehydrometerinthesuspensionandtakereadinqsafter
periodsof8,l5and30minutes,1,2and4hoursaftertheshaking.Removethehydrometer,rinseit andplaceit inthedistilledwater
aftereachreading.Intakingallreadings,insertandwithdrawthe
hydrometercarefullytoavoiddisturbingthesuspensionunnecessarily,allowingaboutl0secondsforeachoperation.After4hours‘sedimentation,
takereadingsonceor twicedaily,notingtheexactperiodof
sedimentation.
(8)Readandrecordthetemperatureofthesuspensiononceduringthe
first15minutesandthenaftereverysubsequentreading,with
anaccuracyofat leastI0.5°C.(9)Placeexactly50mlofthedispersingagentsolutionina weighedbeaker,andplacethisintheovenat lO5—ll0°Cuntilthewater
evaporates.Hencecalculatethemass (r%)ofthedispersingagent.Calculatethedispersingagentcorrection(x)fromtheformula:

x " EndThiscorrectionshouldbeapproximately4,if therecommended
concentrationofsodiumhexametaphosphatehasbeenused.
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CALCULATIONS
(1)Calculatethedrymassofthematerialtakenforthesedimentationanalysisfromtheformula:

M
Mb= a

l+ma
(2)UsethemassMbforthecalculationofthepercentagesof
materialretainedoneachsieveusingformulaesuchas :

MMaterialretainedon2.5mmsieve= ———E3——x lOO(1)b
Expresstheseas cumulativepercentagespassingeachsieve.
(3)Performthenecessarycalculationsforthesedimentationstageofthetestbycompletingthetableonthedatasheetattached.Inthistable,

RA= thehydrometerreadingat theupperrimofthemeniscus.Recordthisvaluebyreadingthedecimalsonlyandplacinga decimalpointbetweenthethethirdandfourthdecimal
places.Forexample,recordthedensityl.0285as

RA= 28.5;
c = meniscuscorrection;temperaturecorrectiongiveninFig.2;2 ll

dispersingagentcorrection.
(4)Determinetheequivalentparticlediameter(D)bymeansofthe
nomographicchart(Fig.l)forthesolutionofStokes‘Law.Todothis,obtaina valueoftheconstantB byplacinga straightedgeacross
thespecificgravity(GS)andtemperature(T)scalesat the
appropriatevalues.Notethevalueof 5 so obtained.Thenobtain
a valueofveleocity(v)byplacinga straightedgeacrossthe
hydrometerreading(Rh)andtime(t)scalesat theappropriatevalues.Finally,readoffthevalueoftheequivalentparticlediameter(D)byplacinga straightedgeacrossthevelocityandB '

I ll

scalesat thepointscorrespondingtothevaluesof v andB
alreadyfound.
(5)Calculatethepercentage(K)bymassoftheDanticlessmallerthan
thecorrespondingequivalentparticlediameterusingtheformula:

lOOGS,x = —-j (eh+n-x’)tMb(Gs-l)
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whereMb=totaldrymassofthesoiltakenforthesedimentationanalysis.
Gs=specificgravityofsoilparticles.REPORTINGor RESULTS

Plotthecumulativepercentagesofparticlespassingeachsieveobtained
formtheresultsoffinesieving,andthevaluesofK obtainedfrom
thesedimentationanalysisona semilogarithmicchartwiththeparticlesize0 (mm)asabscissaeonthelogarithmicscaleandthepercentagesfinerthanD as ordinatesonthelinearscale.
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SMLZ2
CONSOLIDATIONTESTONANUNDISTURBEDCLAY

OBJECT
Theobjectofthisexperimentis todetermine,foranundisturbed
saturated,cohesivesoil,therelationshipbetweentheeffective
pressureandvoidratioandthetime—settlementcharacteristics.
PROCEDURE _

l. weightheconsolidometerringandmeasureitsdepthandinternal
diameter,enteringthesevaluesinDataSheetI. Thenextracta specimen
bydrivinga special,thin—walledringhdthUeover-drivepieceattached)
intotheundisturbedsoilsample,andtrimtheendsas follows:

(a)FortheSoiltestInc.consolidometer(Fig.4),thethickness
ofthespecimenshouldbeslightlylessthanthedepthofthering
inordertoaccommodatetheporousstone.Whilethespecimenisstill
inthethin—walledring,trimoneend;then,usingtheextruder,pushthe
specimenthroughtheringfora fewmillimetresandcuttheotherend
flushwiththeedgeofthering.Measuretheheightofthespecimen,and
transferit intotheconsolidometerring.

(b)FortheKarol—NarnerInc.consolidometer(Fig.5),thereis no

needforsucha clearance.Thespecimenis thereforetransferredintothe
consolidometerringandtheendstrimmedflushwiththeendsofthis
ring.Measuretheheightofspecimen.

Loodmgcop Loodinqcop

I"-‘b_'r{7EJ_s’s'_lbn'e‘ 3~..,._... SESpecimen‘z-'esx4Av<<<*m~.r-'4\“/' P0_l'O\_JSsi_one__.

/// // p 23
F165.

SOILTESTlNC.CONSOL|DOMETERKAROL-WARNER|NC.CONSOL|DOMETERC-280 MODEL30!
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2.Takesamplesforthedeterminationofthespecificgravityofthesoil.
3.Placethespecimenwithitsringinanevaporatingdishandweigh.4.Hithfilterpaperdiscs(thesemaybewetforsoftclaysbutmust
bedryforstiff,overconsolidatedclays)placedon topandbottom
ofthespecimen,assembletheringintheconsolidationcellandmount
thisontheloadingdevice.
5.Adjustthedeflectiondialtogivesufficienttravelundertheproposedincrementofload,andtorecorda smallamountofgwelling.6.Loadingsequence

(a)Selectthesequenceofloadingtobefollowedfromthe
followingrangeofpressures(kPa):

l0,25,50,IOQ,200,400,800.1600.3200.Theinitialpressuretobe
appliedshouldbelargeenoughtopreventswellingofthespecimen;thisshouldbearoundtheeffectiveoverburdenpressureat thedepthfromwhichthesamplewastakenforstiffclays,andas lowas l0kPa
forverysoftclays.(b)Havingrecordedtheinitialdialreading,applytheinitial
pressureselectedabove,andinstantaneouslystartthestopwatch.Takefurtherreadingsofthecompressiongaugeat4.8.5,l5,23.5,
and34seconds,andthenat l.2.251.’,4,6.25,9,lZ.25,l6,E“,36,49,64,Bl,lO0,lZlminutes,etc.(Thetimessuggestedfacilitate
theuseofthe‘squarerootoftimefitting‘method.Readingstaken
atotherintervalscanalsobeplotted.)(c)Afterabout24hours,recordthefinalreadingsofcompressionandtime.Recordalsothedailymaximumandminimumtemperatureof
theroom.Thenincreasethepressuretothenexthighervalueinthe
sequencegivenin(a),andrepeatthepreviousprocedure.(d)Useanadequatenumberofstagesofloading(notlessthan4),ensuringthatthemaximumpressureon thespecimenisgreaterthanthe
effectivepressureexpectedinsituduetotheoverburdenandthe
proposedstructure.

*Thespecimenshouldbefloodedwithwateras soonas possibleafter
theapplicationofpressure.If thiscausesthespecimentoswell,
or thecompressiontoalmostceasewithina shorttime,increasethe
pressuretothenexthighervalueintherangegivenin(a),andre—start
readingthecompressiongaugeat thesuggestedtimeintervals.Ifswellingcontinues.thepressureshouldbeincreasedfurtheruntilthespecimencontinuestoconsolidateunderthenewload.it
SeeNOTEfollowingstep7,

O/\n:'U
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7.Un1o.ad1'n_<7
(a)Aftercompletingthereadingsunderthemaximumapplied

pressure,decreasethepressuretoa quarterofthemaximumpressure,
andthento lokPa,leavingeachpressureonforat least4hours.
(Nointermediatereadingsare normallytakenduringthereboundstages
ofthetest.)(b)Aftertakingthefinalreadingunderthel0kPapressure,
quicklydismantleUPapparatus.Removethefilterpapers,drytheexcess
wateron thesurfaceofthespecimen,andweighthespecimenwhilestill
insidethering.(c)Placethespecimenandringinanevaporatingdishanddry
intheoventoconstantweight.NOTE‘(forinstructionpurposesonly).Theproperconsolidationtesttakes
overoneweektocomplete.Inordertoobtaina rougheffectivestress-
voidratiocurveina 50- minuteinstructionperiod,thefollowing
procedureissuggested:Afterthe25-minreadingunderthefirstpressure,applytheremaining
pressuresinsequence,leavingeachpressureonfora periodof3minutes.
Donottaketime- compressionreadings;justrecordthelastreading
ofthedialgauge,beforeapplyingthenextload.Afterapplyingthe
lastpressureandkeepingit onfor3min,takea finalreadingofthe
dialgauge,removeallloads,andapplytherestoftheprocedures
inStep7(b)and(c).CALCULATIONS
1.PerformthenecessarycalculationsinordertocanpleteDataSheet1.
Z.FromthereadingsrecordedonDataSheetll,plotcurvesofthedial
gaugereadingsagainstthesquarerootoftime.Franthesecurves,
determine:9”,thetimefor901consolidation,usingTaylor'ssquare
rootoftimefittingmethod.Thisisdonebyextendingthestraight
portionofthecompression—timecurvetointersectthecompressionaxis
at thecorrectedorigin.Throughthispoint,a secondstraightline
isplottedhavingallabscissael.l5timesthecorrespondingvalueson the
firstcurve.Thepointofintersectionofthissecondstraightlinewith
thelaboratorycurvegives:90. Makinguse ofthe:90valuesdetegminethe

0.848H
c

whereHisonehalfoftheaverageofthicknessvaluesat the90coefficientofconsolidation,cv. usingtherelationav:
beginningand'attheendofa loadincrement
3.UsetheinfonnationonDataSheetI andthecorrectedcompression—time
curvesinordertocompletethetableonDataSheetIIL
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4.Plotthevoidratioofthespecimenasordinateona iinearscaie,
andthecorrespondingappiiedpressure,p . inkPaas abscissa
ona iogarithmicscaie.fordifferentstagesofthetest
5.Caicuiatethecoefficientofvolumechangemvinmz/kNfora pressure
incrementof100kPainexcessoftheeffectiveoverburdenpressureat the
depthfromwhichthesampiewastaken.Usethesemi—iogarithmicpiot
obtainedin(4),andthefollowingequation:

1 ) de" dp 1+ea iOO(i+a°)
wherede- changeinvoidratiocorrespondingtotheincrementof100kPa;

ea= voidratiounderthepresenteffectiveoverburdenpressure.
6.Fiata curveshowingthevariationofcoefficientofconsoiidation
cvwithaverageconsoiidationpressurep.
7.DeterminethepreconsoiidationpressurebyapplyingCasagrande'sconstruction(see,e.g.,Craig.1983)tothesemi-logarithmicplotobtainedin(4).8.Discussyourresuits.
REFERENCE
Craig.R.F.(1983).SoilMechanics,3rdedition,VanNostrandReinhoid.
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SML23
LABORATORYVANETEST

‘OBJECT
Todeterminethepeakandresidualundrainedshearstrengthofa soft,undisturbedor remouldedclay,assumedas saturated,usingthelaboratoryvaneapparatus.IWEORY
Usingyourlecturenotes,derivethefollowingexpression:

T= —§LD2.H.(l+—g%—) . c

whereD=dIameterofcirclecircumscribingvanes;H=heightofvanes;
c =mobilizedshearstressintheclaysamplewhenthevaneispushedwellintotheclay.anda torqueT isappliedtoit.APPARATUS

Givea linediagram,anddescribethemainfeaturesofthelaboratoryvaneapparatus.ThisinstructionisfortheuseoftheHykehamFarrancedevice,althoughthegeneralprocedureappliesfortheuseofotherequipment.pnoceoues
{a}Calibration
l.Applya knowntorquetotheverticalshaftcarryingthevaneandreadofftheangulardeflectionofthespring.Therequiredtorquecanbeappliedbymeansofa threadwoundroundthe9.5—mmdiametersectionofthevaneshaft,andpulledhorizontallybypassingit overa pulleysupportedindependentlyona horizontalaxis,andplacingweightsona hangerattachedtoitsend.
2.Readingsshouldbetakenforloadingandunloadingstagesandthemeanspringdeflectiondeterminedinordertoeliminatetheeffectoffrictionat thepulley.(b)TestingProcedure
l. Ifanundisturbedsampleisavailable,transferthisintoa Proctoror othersuitablemould".Otherwise,remouldabout1kgofAnkaraClaywithdistilledwatertoa consistencycorrespondingtoa watercontentofabout351.Filla C.B.R.mouldwiththisclay,mkingcarenottotrapanyairinthesample.Placethesamplesopreparedonthebaseplateofthevaneapparatus,centrallybelowthevane.

whie In thesamplingtube.'lf_fhe_Karol-Warnerdeviceistobeused,thesamplecanbetesteddirectly
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2.Rotationofthehandle,havinga horizontalaxis,rotatesa graduateddiscwhichiscoupledwiththetopofa helicalspring.(Fourspringsof
varyingstiffnessare available,andtheonegivingas widea rangeof
readingsas possiblemustbechosenaccordingtotheconsistencyofthe
sampletested,providedthatthespringdeflectiondoesnotexceedl80°).Thelowerendofthisspringiscoupledwiththevaneshaftandalsowith
twopointers.Theshorterofthesepointersreadsagainstthegraduateddiscandhenceregisterstherelativeangularmotionbetweenthetopandbottomofthespring,thatis,the'SpriHqdeflection‘.Thelongerpointerreadsagainsta stationarygraduateddialandhencegivesthe
angularrotationofthevane.
3.Setthetwopointersincontactwitheachother.withthelongerpointerreadinga valueclosetozero.laketheinitialreadingsof
bothpointers.4.Byturningthehandleat thetopofthescrewspindleanticlockwise,lowerthevaneuntilit isjustincontactwiththetopofthesample.Thengiveit l2moreturnsso thatthevanepenetratesthesamplebyaboutthreetimesitsownheight, H,inordertoavoidthesurface
irregularitiesofthesample.Takethepointerreadingsoncemoreto
checkwhetheranytwistofthevanehastakenplaceas it enteredthesoil.5.Thenapplya torquetothevanebya steadyclockwiserotationofthe
appropriatehandleat a speedofoneiquarterofa revolutionevery10
seconds.Duringthisprocess,takereadingsofthespringdeflection
(innerdial)andoftheangularrotationofthevane(outerdial)at
intervalsofl0seconds.Continueuntilthesamplefails,thisbeingindicatedbya reductioninthespringdeflection.Ifthespringdeflection
reachesl00°,stopthetestandrepeatwitha stifferspring.6.Rotatethevanerapidlythroughtwocompleterevolutions;thenreducethespeedofrotationofthehandletothevalueusedin(5).andtake
a finalreadingofthespringdeflectionandtheangularrotation.
7.Raisethevaneoutofthesamplebyrotatingtheverticalspindleclockwise.wipethebladesclearofadheringsoil.Shiftthesample50
thatthevanecanbeloweredtoa pointat least30mnfromthepointoftheprevioustestandrepeatSteps(4)to(6).8.Repeat(7)forat leastonemorepointofthesample.9.Taketwosamplesforwatercontentdetermination.
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CDHPUTATIONS
l. Plotthecalibrationcurves,forthespringsused,inthefem:
ofgraphsofappliedtorqueagainsttheaverageangularspringdeflection.
2.Foreachsheartestperformed,convertthevaluesofthespringdeflectiontomobilizedshearstressinthesamplebyusingthe
calibrationcurveforthespringusedandtheformulagivenabove.Plot
thesevaluesagainsttheangularrotationofthevane,thusobtaininga setofstress-straincurve;,Readoffthevaluesofpeakandresidual
undrainedshearstrength,3.Obtaintheaverageofthevaluesofpeakadresidualundrained
shearstrengthofthesoil.
4.Discussyourresults.
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CHAPTER:1INTRODUCTION
1.1.Scopeofthework

ThissurveywascarriedoutfortheEMT—Ayd1nerJoint
Venture,basedon thetermsofcontractnumber95.07.01.041
withtheInstituteofMarineSciences,MiddleEastTechnical
University.Thescopeofthesurveyistoobtaingeophysicaland
geotechnicaldataforthedesignandinstallationofoffshore
PipelineRoutes,twoSinglePointMooring(SPM)Locations,
andAnchorLocations.Forthisaim,seismicdata(echo-
soundingdata,high—resolutionreflectionprofiles,and
sonographrecords),ROV(RemotelyOperatedVehicle)video
records,andsedimentsampleswerecollected.Thisreport
coverstheresultsofthegeophysicalandgeotechnicalinvestigationsfortheManavgatRiverWaterSupplyProject.Theresultsare presentedon 1/5000scalemaps.

Thefieldworkwascarriedoutduring7-14June,1995.
1.2.Generalcharacteristicsofthestudyarea

ThesurveyareaislocatedoffshoreoftheManavgatRiverMouthintheAntalyaBay,Northeastern
MediterraneanSea,betweenthelongitudes31°27’00"-



31°33’00"Eandlatitudes36°41’30"—36°45’00"N.Ithas
a surfaceareaofnearly30kmz.

Geologically,thisareahasbeensubjectedtoVarious
orogenicactivitiessincethePaleozoictime.Theseare mainlytheHercynianandtheAlpineOrogenesis.TheTaurus
Mountains,locatedinthenorthofthestudyarea,were

mainlyformedduringtheAlpineOrogeny.Ingeneralthe
southerncoastofTurkeyischaracterizedbyhighmountains
whichplungeprecipitouslyintotheadjacentMediterranean
toforma coastlinedominatedbyseacliffs,butbetween
AntalyaandAlanyathemountainsrecedeinland.

ManavgatRiverhascuta deepvalleyinthecoastal
mountain—belt.On-theseawardsideofthecoastalmountains,thereisa gentlybroadcoastalplaincomposedof
Quaternarysediments.Thecoastisfringedbybroadsand
andgravellysandbeacheswithwidebeltsofhighduneson
theirlandwardsides.Fragmentsofrecentlycemented(bycalciumcarbonate)rockhavebeenthrownupon theeastern
nearshoreofthesurveyarea.Thiskindofsoftrockare

generallycalledbeachrocks.



CHAPTER:2SURVEYEQUIPMENT
2.1.SurveyVessel

ThelnstutituteofMarineScienceuseditsownresearch
VesselR/VBlLlMforperformingallaspectsofthe
proposedroutesurvey.Thevesselisdesignedas an

oceanographicvesselandwaslaunchedin1983.Ithasa
lengthof40.36m,anda beamof9.47m.

Additionally,a smallboatwasalsousedinnearshore
S1lI‘V€yS.
2.2.NavigationDuringthissurvey,thefollowingaccuratepositioning
systemswereemployedatbothoffshoreandtheshallow
water?.1I‘€3S.

2.2.1.TrisponderSystemADECCATrisponderNavigationSystemwasemployed
throughoutthesurvey.Thissystemconsistsofan onboard
"master"unitandtwoonshoreresponderunits.Short(O.5m
sec)pulsesofradiofrequencysignalsare transmittedbythe
masterunit,andresponsesofeachoftheonshoreunitsare
received.Usingthetimetakenfora roundtrip,distanceto
eachoftherespondersare measuredanddisplayedbya
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distancemeasuringunit.Thisoperationcontinuesatvery
shorttimeintervals(fewmilliseconds).Forthisstudythreeonshoreunits(T1,T2andT3)were
setupon land(Maps1-7).Theirlocationwasdeterminedbya DistomatSystemprovidedbyContractor(EMT-AydinerJointVenture).Followingthis,thelocationsoftheonshore
units(T1,T2andT3),weretransferredon the1/10000and
1/5000mapscalesoftheTurkishNationalGrid(Maps,1-7).Thetrispondersystemhadbeenelectronicallycalibrated
at700m distance,beforestartingthesurvey.
2.2.2.GlobalPositioningSystem(GPS)Thedifferentialglobalpositioningsystem,Trimble’s
NT200Dmodelmountedon boardR/VBilimwasalsoused
forthissurvey.WithitsSmartChartReaderoption,this
systemdisplayeda real—timeimageofthesurveyvesselover
an electronicchartofthesurroundingmarineenvironment.
2.3.EchoSoundingSystemsThroughoutthemarinesurveys,thefollowingprecisionEcho—Sounderswereutilized.AllEcho—Sounderswere
calibratedforthespeedofsoundof1470m/secinthe
watercolumn.Additionally,theirdepthreadingswerealso
controlledwiththebarcheck.



2.3.1.RuytheonDE-719B
Thissystemisa portableprecisionsurveydepthrecorder.Itconsistsofa recordingunitanda 208kHz

transmitter/receivertransducer.Themaximumdepthmeasuringrangeoftheecho—sounderis123meters.Its
accuracyis1.27%cmofindicateddepth.Thissystemwasmountedona smallboatandused
duringtheinspectionoftheMunicipalSewerLineinthe
nearshorearea.ItwasalsoemployedforrecordingdepthsduringtheROVvideorecordingsurveysalongthePipelineRoutes(Map3).
2.3.2.AtlasDESO-10

AtlasDESO—lOisa precisiondepthrecordermounted
onR/VBilim.Themaincomponentsofthisequipmentare;
- recorderunitATLAS-DESO10
—controlunitATLAS-DESO10
— transducers(ltransducer,33kHz;1transducer,210kHz)—ATLAS—EDlG10(Depthindication,fordigitaldata
acquisition)ThemaximumdepthmeasuringrangeoftheAtlas
Deso—l0equipmentis1400meters.Withitsdigitaldata
acquisitionunit(AtlasEdig—lO),alldepthreadingsare
recordedindigitalform.



Thissystemwasusedthroughoutthesurveys(Maps1-
3).
2.3.3.JMCEcho—Sounder(ModelV-144)JMCisalsoa vesselmountedprecisionsurveydepthrecorder.Thisequipmentproducesconventionalpapergraph
recordingsusingthermalpaperanda mu1ti—stylushead.Its
maximumdepthreadingcapabilityis2600m.Itusestwo
differentfrequencies(28,200kHz)dependingonoperationalconditions.Thedepthisalsodisplayedona colormonitor.

TheJMCEcho—SounderwasusedalongwiththeAtlas
DESO—lOsystem(Maps1-3).
2.4.UniboomSubbottomProfilingSystemAnEG&GUniboomhighresolutionseismicreflection
profilingsystemwasutilizedforinvestigatingsubbottom
structuresalongtheseismictracklines(Map,1).Themain
componentsofthissystemare:
—Model230-1UniboomUnitPulseBoomer
—Model234EnergySource
-Model265Hydrophone—Model255SeismicRecorder

TheUniboomsystemgeneratesan acousticpulseof0.2
millisecond(ms)witha bandwidthof400-14000Hzatan
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out—putlevelof300Joules.Thedepthofpenetrationcanbe
upto75m,dependingonmaterialproperties.Thereflectedsignalsarepickedbya hydrophonearray
ofeightsensitive(sensitivity:-8db/v/microbar)elements,
filteredforveryhighfrequencynoise(>7kHz),and
recordedbya precisiongraphicrecorderunitas a function
oftwo-waytraveltime.

Theelectro—mecl1anictransducerismountedona

catamaran,andtowedattheseasurface.Itisequippedwith
a shieldtopreventreverberationas a resultofreflectionof
thesignalat thewater—airinterface.Thisisimportantfor
theachievementofhighresolution,especiallynearthesea-
floor.Thecatamaranistowedasternon onesideofthe
ship’swakeandthehydrophonearrayon theotherside.
Thiseliminatesmultiplereflectioninterferencewithprimaryreflectionsfromthesubsurface.

Inthissurveythecatamaranandhydrophonewere
towed40m behindtheR/VBlLlM.Thisdifferencein
distancebetweentheship’spositionandthehydrophonewas
eliminatedbyshiftingthefixeslineson theanalogseismic
records.

Duringtheseismicdatainterpretationsdepthconversion
fromthetimesectionsweremadeusingseismicvelocitiesof
1500m/secinwaterand1700m/secinsediments.Barscales
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forthesevalueswerealsodisplayedonseismicsections(U2,
U3,U8,U11,U12andU14).
2.5.SideSc-anSonarSystemAnEG&GSideScanSonarsystemwasutilizedfor
imagingtheseaflooralongthetracklines(Map2).Thebasic
componentsofthesystemandtheiroperationalcharacteristicsaregivenbelow.

Thesystemconsistsoftwobasicelements:a towedunit
(fish)whichcontainstwotransducers,anda dual—channe1
recorderunit.Therecorderalsohasthecontrolsofthe
system.Thetowfishtransducerssendsshortpulses(0.1
millisecond)ofhighfrequency(~l05kHz)acousticenergyin
a fan—shapedbeamoneachsideofthetowingunit.The
reflectedsignalsfromtheseafloorare receivedbythesame

transducers,processedbytherecorderunitandrecordedon

charton thecorrespondingside.Inthismanner,therecord
coversa stripoftheseafloor.Dependingon theirmaterial
composition,dimensionsandgeometricalrelationshipswith
thetowingunit,differentobjectsor featureson thesea-
floorreflecttheacousticenergywithdifferentintensities.
Thisresultsintheirappearanceon therecordwithdifferent
shapesanddifferentpatternsoftonalities.
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Thehorizontalresolution(paralleltothecruiseline)of
thebeamisdeterminedbyitsangularwidth(l.2°)andthe
rangeoftherecord.Perpendiculartothecruisetrack(range
resolution),theresolutionoftherecordistheoreticallydeterminedbythelengthofthepulse(0.1millisecond).In
practicethisislimitedbythewidthoftherecordoneach
side,whichis125mmhere.

2.6.RemotelyOperationalVehicle(ROV)Benthos’MKIIRemotelyOperationalVehicle(ROV)
wasutilizedforvideorecordingalongboththepipe—lineroutesandmunicipalsewerline(Map3).Thissystemconsistofa controlconsole,a videographicdatadisplay,a handcontroller,an underwaterVehicleunit
andan umbilicalcable.Thesystemiscapableofvisual
examinationtoa maximumdepthof300m.

InthissurveytheROVwastowedbehindtheR/V
BlLlM.WaterdepthswerecheckedbyRaytheondepthrecorder.SincethedepthcalibrationoftheROVhasnot
beenappliedtothiswork,bathymetriccontours(Map4)
alongtheROVtracklines(Map3)mustbeconsideredduringtheplaybackoperationoftheVideorecords.Thepositionof
theshipandthecorrespondingvideorecordingtimesare

giveninTables1,2and3.
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TABLE1:Fixesandcorrespondingvideorecordingtimes
alongtheROV—1line.ROV-1LINE

Fixes Times FixesTimes Fixes TimesH M S H M S H M S
1 7 09 21 34 11 41 57 45
2 22 3514 42 5910
3 23 37 01 43 1 00 38
4 1046 24 3755 44 1 01 47
5 11 55 25 3902 45 1 O325
6 13 33 26 40 07 46 1 04 53
7 14 58 27 41 19 47 1 06 07
8 1620 28 4355 48 1 07 01
9 17 09 29 4445 49 1 07 44

10 18 36 30 4529 50 1 O840
11 20 24 31 4626 51 1 10 03
12 22 05 32 48 36 52 1 11 30
13 23 54 33 4932 53 1 12 38
14 25 26 34 5027 54 1 13 47
15 27 16 35 5125 55 1 15 11
16 28 16 36 52 16 56 1 16 42
17 29 44 37 5327 57 1 1746
18 30 48 38 5425 58 1 18 50
19 31 46 39 5540 59 1 20 26
20 3328 40 56 38 60 1 22 22
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TABLE2:Fixesandcorrespondingvideorecordingtimes
alongtheROV—2line.ROV-2LINE

FixesTimes Fixes TimesH M S H M S
1 O38 21 25 27
2 1 52 22 26 24
3 2 56 23 2716
4 4 O4 24 29 03
5 5 O3 25 30 17
6 6 27 26 31 47
7 7 09 27 33 14
8 8 25 28 34 58
9 9 33 29 35 53

10 1050 30 38 56
11 12 28 31 42 O0
12 14O2 32 43 O8
13 1521 33 44 31
14 16 19 34 46 14
15 17 47 35 47 O0
16 19 04 36 48 34
17 20 16 37 50 19
18 21 53 38 51 57
19 22 54 39 52 48
20 23 56 40 54 17
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TABLE3:Fixesandcorrespondingvideorecordingtimes
alongtheROV-3line.

ROV-3LINE
FixesTimes FixesTimesH M S H M S
1 5740 6 1 1051
2 5824 17 1 1125
3 59 05 18 1 12 28
4 59 35 19 1 1329
5 1 0028 20 1 1428
6 1 01 17 21 1 15 37
7 1 0225 22 1 1620
8 1 0312 23 1 1726
9 1 04 29 24 1 19 07

10 1 05 29 25 1 20 17
11 1 0621 26 1 21 03
12 1 0713 27 1 22 45
13 1 08 11 28 1 2351
14 1 08 57 29 1 25 27
15 1 10 15 30 1 26 49

31 1 27 58

15



2.7.SeaBottomSamplingForseafloorsampling,a GravityCorerwasused.
However,DietzLafondegrab(surface)samplerwasalso
utilizedatsomesamplingstationswheretheseabottomwas
coveredwithcoarsematerial(insandsize).Locationsofthe
samplingstationsare plottedonMap3.Depthmeasurements
ateachsamplingstationsweredoneusingechosounding
systems(AtlasDESO—l0andJMC).Thegravitycoreris90cmlong(coringlength),5cmin
diameterandweighsabout20kg(extraweightsare:

4x25kg).Thecorerassemblyconsistsofa mainbodytube
(upperassemblyor weightstand),anadapter,a bail,a collar
(4to6castleadweights,25kgeach),a coringtube(5cm
insidediameter,and90cmlength),a corecatcher,a core

cuttingedge,andplastictubes.Thecorerachievesits
penetrationbygravity.Specificgravityofthedeviceis
greatenoughtocausethecorer tofree—fallrapidlythrough
thewaterandstrikethebottomwithenoughforceto
penetratetheseabottom.
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CHAPTER:3RESULTSANDDISCUSSIONS.
3.1.Bathymetryofthestudyarea

Depthreadingsobtainedfromtheechosoundingdata
alongallseismicsurveylines(Maps1,2,and3)wereplotted
on a compositemapanda bathymetricmap(Map4)was

prepared.Themaximumsealevelfluctuationsduringthe
surveywerewithintherangeof:17cmandare therefore
neglected.Inthismap(Map4),contourintervalsare 1meter
betweenthedepthsof7and100m,and5metersatwater
depthsgreaterthan100rn.Additionally,twocrosssections
alongtheproposedpipelineroutesare alsopresentedatmap
scale(Sections1and2).Itisobviousthatthemorphologyofthesurveyareais
dominatedbytwosubmarinecanyons,alongtheN—Sand
NE—SWdirections.ThesubmarinecanyonalongtheN—S
directionstartsatabout50m depthandreachestoa depth
of360m.Thesecondcanyonextendsfrom100m to280m
waterdepths.Thesecanyonsareseparatedbya narrowrise
inthestudyarea.Theyprobablyjoineachotheratgreater
depths,awayfromthestudyregion.Themorphological
changesaroundthesubmarinecanyonshavebeencontrolled
byneotectonicmovementsandregionaldifferencesinthe
rateofsedimentationon theshelf.
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Theotherstrikingfeatureofthemorphologyofthe
seaflooristhepresenceofshoallocatedon theeasternside
ofthearea.Thisshoal,hasa 6m heightrisefromthesea

bottom.Bathymetriccontoursat thislocalityshowsclosure
at9and11meters.Basedonsonographsdatathisarea was

interpretedas a rockoutcrop(seenextsection).
Thebathymetriccontoursaregenerallyparalleltothe

coast.Towardsthedepthof30In thespacingbetweenthe
contourlinesiswide.Beyondthisdepthscontoursbecome
narrow,indicatingandincreaseintheslopeoftheseafloor.

OnSection-1,averageslopeoftheseafloorisabout
091°fromtheshoretothedepthof23m.Slopevalue
reachesto1.930towardsthe70.7In.

OnSection—2,changeintheslopeoccursatabout32m

depth.Theslopevalueisabout127°betweentheshoreand
thewaterdepthof32m.ThisValuereachesto3.10°
towardsthe80.8in.

Thismeasurementsindicatesthattheeasternpipelinerouteissteeperthanthewesternroute.

3.2.Surfacecharacteristicsofthesea floor
Basedonsidescansonardatacollectedalongthe

tracklines(Map2),a sonographsinterpretationmapwas

prepared(Map5).
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Thesea flooroftheareaisbasicallycharacterizedbytwosedimentarycovers,whichconsistofsandyandmuddymaterials.
Sandygroundcoverstheshallowerpartsofthearea,less

than25m depth.BasedonsonographsdataandROVvideo
recordingsinthiszonesomeoccurrencesofsandripplesand
seagrasseswerealsointerpreted.Thepresenceofsand
materialsandsandripplesreflecta highenergyenvironment
character(currentsandwaveactivities).Theseafloorwherethewaterdepthsare greaterthan
25m isdominatedbymuddymaterials.Depositionofmud
at thisregionindicateslow—energysettings.Apartfromthesefindings,theothercharacteristicof
theseaflooristheexistenceofrockoutcropintheeastern
partofthesurveyarea.Thisrockoutcrophasa 6m heightfromtheseafloor,(Sec.3.1).Thisstructurewassurrounded
byscatteredrockfragments.Similarrockfragmentswere
alsoobservedatabout60mdepthintheeasternpartof
area.

3.3.Subsurfacecharacteristicsoftheseafloor
Inordertoobtainthedetailedinformationfromthe

subbottominthesurveyarea,high-resolutionseismic
reflectionprofilingdatawerecollectedalongthetracklines
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(Map2).Interpretationofseismicdatarevealsthepresence
ofthreeseisinostratigraphicunitsfromtoptobottom(Units
A,B,andC).Theseare discussedbelow.

3.3.1.UnitA
UnitAistheuppersedimentaryunit(UniboomprofilesU2,U3,U8,U11,U12,andU14).ltstopisdefinedas present

seafloor.Itconsistsmainlyofunconsolidatedrecent
sediment.Seismostratigraphicallythisunitischaracterized
byparallelreflectionconfigurations.ArealdistributionsofthicknessoftheUnitAis
representedonMap6.Asseenon thismap,themaximum
thicknessvalueisabout23metersattheeasternpipeline
area,andtheminimumvalueislessthan1meterat the
westernpipelinearea.

ThicknessvariationsofUnitAare controlledbythe
sedimentationratesandpaleo—topographyoftheUnitB.The
highValuesinthenearshoreregionsuggestthata large
partsoftheterrigenoussedimentdeliveredtotheshelfhas
beentrappedintheinnershelfzoneandthemodernbeach-
dunesystem.ThethicknessvariationsofUnitAalongthepipelineroutesaregiveninSections1and2.ThethicknessofUnit-
Aalongtheeastsectionisgreaterthanthewestsection.In
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general,thethicknessofUnitAisgreaterthan5m along
theeachsections.
3.3.2.UnitBandtotalsedimentthickness

UnitBisthesemiconsolidatedlowersedimentaryunit
(UniboomprofilesU2,U3,U8,U11,U12,andU14).Thisunit
iscoveredbyUnitA,anditoverliestheUnitC.
Seismostratigraphicallythisunitischaracterizedby
parallel/subparallelreflectionconfigurations.Arealdistributionsofthicknessofthetotalsedimentaryunits(UnitA+UnitB)are presentedinMap7.Asseen on
thismap,themaximum(63m)andminimum(lessthan1m)
thicknessesvaluesareobservedat thewesternpipelinearea.

TotalsedimentthicknessValueshavenotbeen
calculatedatsomeseismicsectionsduetomultiplereflectionsinnearshoreareasandweakpenetrationindeepwaterareas.

3.3.3.UnitC
Seismostratigraphically,thisunitischaracterizedbysomechaoticandsubparallelreflectionconfigurations.Itis

interpretedas basementhardrock.Itsuppersurfacereflects
an erosionalandfaultedsurfacecharacter.Tracesofsome
oldfaultswereobservedwithinthebasementrock.Thereis,
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however,noevidencethattheuppersedimentaryunits
(UnitsAandB)werefaulted.Thisindicatesthatthe
observedfaultsoccurredlongbeforethedeposition
processescommencedandare notactivefaultsatpresent.

Themoststrikingfeatureofthisunitisthatitgives
an outcropfromtheseabottomattheeasternpart
(Sections3.1and3.2).
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3.4.Geolechnicalpropertiesofthesea floor
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c_;e§itliorojenikhareketleremaruzkaln11§t1r.Bunlar1n
ba§l1ca1ar1Hersinyenve Alpinorojenezleridir.Ca11§ma
sahaslmnkuzeyindeyeralanTorosDaglanas1lolarakAlpin
orojenezinde01u§mu§1ard1r.Genellikle,Tiirkiyening?ney
k1y11ar1,denizedikbiregimledalarakk1y1kesimindeyarlar
olugturrnaktadlrlar,ancakAntalyaVeAlanyaaraslndaki
daglarklyldankarayadogruuzaklagmaktadlr.

ManavgatCaylkxyldakidagkugagmdaderinbirvadiye
sahiptir.DaglarmdenizebakantaraflarmdaKuvaterner
sedimanlarmdan01u§anazegimligeni§k1y1sa1birdiizliik
Vard1r.K1y1,geni§kumve<;ak1l11-kumplajlarlilebu
plajlarmkarakesimindekigenigkumtepeleriyle
gevre1enmi§tir.Cahgmasahasmmdogutarafmdakik1y1kesirnindegiincelgimento1a§m1§(kalsiyumkarbonatile)kaya
pargalarlbuiunmaktadlr.Butiiryumu§akkayaglargenelde
ya11kayas1olarakisimlendirilmektedir.



BGLUM:2ARASTIRMACiHAZLARI
2.1.AragtlrmaGemisi

Onerile11hatlarboyunca,gerekligahgmalarl
gergekle§tirn1ekamaclile,DenizBilimleriEnstit1'is1'i’m'inR/V
B1L1Mara§t1rmagemisikul1anm1§t1r.R/VBiLiM,0§inografikamaglxbiraragtxrmagemisiolarakin§aaedi1mi§
olup,1983y1l1ndadenizeindiri1mi§tir.Uzunlugu40.361'11,
genigligiise9.47m dir.

Aynca,k1y1yayakmyerlerclekiaragtxrmalarigink?giik
birbotkullamlrmgtlr.
2.2.MevkiBulma

Bugallgmasiiresince,agagldadeginilenhassaskonum
belirlemesistemleri,hemk1y16tesindehemdeslgsularda
kullan1lm1§t1r.
2.2.1.TrisponderSistemi

Cahgmaalanlarmda,DECCATrisponderMevkibulma
sistemiyaygmolarakkullan11m1§t1r.Busistembirigemidebulunanbir"Master"iinitesiileikisik1y1dabulunankara
iinitelerindenmeydanagelmektedir.Gemidebulunan?nite
aracxllglyla,0.5m sn likklsadalgaboyundaradyofrekansh
sinyallergénderilmekteve bugénderilensinyallerkarada
bulunanheriki?nitetaraflndanalgllanmaktadnr.Sinyallerin



gidi§geligsiirelerikullamlarak,gemidekiiiniteninheriki
karaiinitesineolanmesafeleri,uzakhkblgen?nite(DMU)
tarafmdanamndahesaplanmaktadu.Buiglemler,gokklsa
zarnanarallklarlyla(milisaniyemertebesinde)devam
etmelctedir.

Buc;al1§mada,iigadetkaraiinitesi(T1,T2ve T3)k1y1ya
kurulmu§tur(Haritalar1-7).Buiinitelerinmevkileriyiiklenicifirma(EMT—AydmerOrtakhgx)tarafmdansaglananDistomat
sistemiilebelirlenmigtir.Bunutakiben,k1y1dal<i?nitelerin
mevkileri(T1,T2ve T3),TiirkiyeUlusalGiridSistemi’ne
sahipolanVe1/10000,1/5000élgekliolarakhazxrlananve

aymzamandagal1§maalanlmkapsayanharitalara
al<tar1lm1§t1r(Haritalar,1-7).

Trispondersistemi,galxgmalarbaglamadanénce700m
likbiruzaklxkiginelc':ktronil(olarakkalibreedilmi§tir.
2.2.2.GlobalKonumBelirlemeSistemi(GPS)

Bugal1§malarslrasmda,R/VBilimgemisinemonte
edilmigolanTrimblemarka(NT200D)globalkonum
belirlemesistemidekullanxlrm§t1r.Busistemdebulunan
elektronikbirkartyard1m1ilearagtlrmagemisinindeniz
ortammdakikonumu,amndaekraniizerindegézlenebilmigtir.



2.3.DerinlikOl§?111Sistemleri
Denizara§t1rmalar1sxrasmda,tiim(;a11§maalanlarmda

agagldakihassasderinlikélgerlerku11an11m1§t1r.Tiimderinlik
élgerler,su kolonundaki1470m/snlikses hlZltemel
almarakkalibreedilmigtir.Ayr1ca,bucihazlarmderinlik
okumadegerleriQubukyéntemiyardlmlilekontrol
edi1mi§tir.
2.3.1.RaytheonDE-719B

Busistem,ta§1nabilirhassasbirderinlikkayuedicicihazdlr.Cihazbirkayltedici?niteile208kHzfrekansll
a11c1/vericii§1evinig'0'renbirelemandan01u§maktad1r.Bu
derinlikéilgerinderinlikokumakapasitesienfazla123
metredir.Cihazmhassasiyetiderinlikdegerinin1.27%si
kadardlr.

Bucihaz,sxgkesimdeyeralanVebe1ediye’yeaitolan
atlksuborusununara§t1r11mas1igink?giikbirbotamonte
edilerekte1<u11an11m1§t1r.Aymzamandabucihaz,planlananboruhatlarmmdogrultularlboyuncaROVcihazlyard1rn1ile
gergek1e§tiri1envideokayltlarlsxrasmdada(Harita3)
ku1lan1lm1§t1r.



2.3.2.AtlasDESO-10
AtlasDESO-10,R/VBiLiMgemisinemonteedilihassas

birderinlikkayuedicidir.Bucihazmtemelpargalarl
sunlardlr,kayltiinitesiATLAS-DESO10
kontroliinitesiATLAS-DESO10
a11c1/vericielemanlar(33kHzV6210kHzfrekanslarlnda)
ATLAS-EDIG10(saylsalolarakveritoplaylcl)AtlasDeso—10cihazxnmazamiderinlikokumalimiti

I

1400metredir.Busistem,verilerisaylsalolaraktoplayanAtlasEdig-10yardlrmiletiimderinlikokumalansay1sa1olarakkayltedebilmektedir.
Busistemarastlrmalarmherasamasmdakullamlmlstlr

(Haritalar1-3).
2.3.3.JMCDerinlikélger(ModelV-144)

JMCcihazldagemiyemonteedilmis,hassasbirderinlik
élgerdir.Cihaz1s1yahassaskagltvegokignelibirgizici
aracllxglilegrafikselolarakkay1tyapabilmektedir.Bu
cihazmazamiderinlikokumalimiti2600m dir.Bucihaz,
gahsmakosullarmabagholarakikifarkllfrekans
kullanabilmektedir(28,200kHz).Derinlikleraymzamanda
renklibirmonitérdengézlenebilmektedir.



JMCve AtlasDESO—10derinlikélgerleribirlikte
kul1a1111n11§t1r.
2.4.UniboomDipaltlSismikProfilAlmaSistemi

Sismikhatlarboyunca(Harita1),dipaltlyap11ar1nmara§t1r11mas1iginEG&GMarkaUniboomyiiksekay1r1m11sismikyansnnaprofilalmasistemikul1an11m1§t1r.Sistemin
anapargalan§un1ard1r:
-Model230-1SesKaynag1—Model234EnerjiKaynagl—Model265A1101
—Model255SismikKayltgl

Uniboomsistemi,300J0ule’l1'ikg1k1§seviyesinde,400-
1400Hz’likgenigbirfrekansbandmdave 0.2milisaniyeuzunlugundabirakustikdarbeiiretmektedir.Sinyalin
penetrasyonutabandakimalzemelerinézelliklerinebagholarak75m yekadarulagzabilmektedir.Yanslyansinyaller,sekizelemanllbasmgdegi§iklerinehassas(hassasiyeti=-8db/V/microbar)biral1c1ile
toplanmakta,yiiksekfrekanslx(>7kHz)giiriiltiilerekar§1siiz?lmelctevegidi§geli§zamanmm(tw0—waytraveltime)
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fonksiyonuolarakgrafikkayltedicitarafmdankayltedilmektedir.
Birkatamaran?zerinemonteedilmigolanE1ektr0-

mekanikseskaynagl,denizyiizeyindengekilmektedir.Ses
kaynagldeniz-havaortamlarasmdayansxyansinyallerielimineedecekgekildetasarlann11§t1r.Buézellik,bilhassa
deniztabamnayaklnyerlerdeyiiksekayrlmllhgmelde
edilmesibakmnndanénemlidir.Katamarangeminindiimen
suyununbirtarafmda,al1c1isedigertaraftaolacak§eki1de
gemininarkaslndangekilmektedir.Budadipaltmdangelen
sinyalinbirdenfazlayanslmasma(multiple)engelolabilmektedir.

Bugalxgmadakatamaranve a11c1,R/VBiL1Mgemisinin40m arkasmdangekilmigtir.Gemininkonumuve al1c1
arasmdakibumesafefarkl,analogkay1tlar?zerindekifiks
gizgilerininélgekliolarakkayd1r11mas1y1agiderilmigtir.SismikVerilerinyorumlanmaslesnasmda,zaman
birimlerininderinlikve kalmllkbirimlerinegevrirni,sediman
igin1700m/snVesu igin1500m/snlikses h1z1degerlerikullamlarakyap1lm1§t1r.Budegerlerigingubukélgeklersismikkesitlerdegiisterilmektedir(UniboomU2,U3,U8,U11,
U12ve U14profilleri).
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2.5.YamTarayanSonarSistemi
Seyirhatlarlboyunca(Harita2)deniztabamm

gériintiilexnekiginEG&Gmarkayamtarayansonarsistemi
ku11an1lm1§t1r.BusisteminanapargalarlVega11§ma
ézellikleria§ag1daverilmektedir.

Sistem,a11c1/verici(tranducer)ihtivaedenbiradet
yedektegekilenbahkilegiftkanalhbirkayltedicidenmeydanagelmektedir.Kayuedici,aymzamandasisteminin
kontrol?n?saglamaktadu.Yedektegekilenbahktabulunan
transducerler,hiizme§ek1indey?ksekfrekansll(~105kHz)
ve klsadarbeli(0.1milisaniye)akustikenerjilerini,bahgmherikitarafmdangéndermektedirler.Deniztabamndan
yans1yanbusinyalleraymtransducerlertaraflndanalmarak,
kayltedicicihaztarafmdanprosesedilmekteVekar§1l1k
gelentarafakayxtedilmektedir.Bu§eki1dekayxt,deniz
tabamndakusak§ek1indebiralamkapsar.Deniztabam
malzemelerininigeriklerine,boyutlarlnave yedektegekilenbahklaolangeometrikiligkilerinebagholarak,deniz
tabammnfarkhézellikleri,akustikenerjilerifarkll
giddetlerdeolacakgekillerdeyans1t1l1rlar.Budaonlarmkayltijzerindefarkhgekillerdeve farkllrenktonlarmda
gériilmelerinisaglamaktadlr.Akustikhiizmeninyatayayrlmlllxgl(hattaparalel),h?zmeninag1s1(1.2°)Vekayltmmenziliiletayin
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edilmektedir.Callgmahattmadik(menzilayrxmhllgl)kayltm
aynmllllgl,teorikolarakakustikdarbeninuzunluguyla(0.1
milisaniye)belirlenmektedir.Pratikte,budaherikitaraftaki
kayltgenigligiyleslmrlanmaktadlrvebumesafe125mmdir.

2.6.UzaktanKumandahDenizaltlCihazx(ROV)
Hemboruhatlarmmrotalarlboyunca,hemdebelediye

atlksuboruhatt1iizerinde(Harita3)Videogériintiikayxtlarxeldeedebilmekigin,BenthosmarkaMKIIUzaktan
KumandahDenizaltlCihazl(ROV)kullan11m1§t1r.Geminin
konumuve bunakar§111kgelenvideokaylt-zamanlarxTablolar1,2Ve3deverilmektedir.

Busistem;kontrolkonsolu,videografikveri
gériint?leyicisi,ellekumandabirimiVeyiizerkablodan
meydanagelmektedir.Cihazazami300m derinligekadar
gbrselincelemeyapmakapasitesinesahiptir.Buga11§mada,ROVCihazlR/VBiL1Mgemisinin
yedegindegeki1mi§tir.DenizsuyuderinlikleriRaytheonderinlikkayltedicisiilekontroledilmi§tir.Videokayltlarmmincelenmesislrasmda,ROVcihazmmderinlikkalibrasyonu
yapllmadxgmdandolay1,ROVhatlarlboyuncakiderinlik
6lc_;1'imleriigin,batimetrikonturlan(Harita4)kullamlmahdxr.
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TABLO1:ROV-1hamboyuncafikslerve bunlarakar§1l1kgelenvideokaylt-zamanlarl.ROV-1LINE
FixesTimes FixesTimes Fixes TimesH M S H M S H M S

1 7 O9 21 34 11 41 57 45
2 22 35 14 42 59 10
3 23 37 01 43 1 oo 38
4 10 46 24 37 55 44 1 O147
5 11 55 25 39 02 45 1 03 25
6 1333 26 40 07 46 1 04 53
7 14 58 27 41 19 47 1 06 07
8 1620 28 43 55 48 1 07 01
9 17 09 29 44 45 49 1 07 44

10 18 36 30 45 29 50 1 0840
11 20 24 31 4626 51 1 10 03
12 22 05 32 48 36 52 1 11 30
13 23 54 33 4932 53 1 12 38
14 25 26 34 5027 54 1 13 47
15 27 16 35 51 25 55 1 15 11
16 28 16 36 52 16 56 1 16 42
17 29 44 37 5327 57 1 17 46
18 30 48 38 5425 58 1 18 50
19 3146 39 55 40 59 1 20 26
20 3328 40 56 38 60 1 22 22
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TABLO2:ROV—2hattlboyuncafikslerve bunlarakar§1l1kgelenvideokay1t—zamanlar1.ROV—2LINE
Fixes Times Fixes TimesH M S H M S

1 0 38 21 25 27
2 1 52 22 2624
3 2 56 23 27 16
4 4 O4 24 29 03
5 5 03 25 30 17
6 6 27 26 31 47
7 7 09 27 33 14
8 8 25 28 34 58
9 9 33 29 36 53

10 1050 30 38 56
11 1228 31 42 00
12 1402 32 43 08
13 1521 33 44 31
14 1619 34 46 14
15 1747 35 47 00
16 19 04 36 48 34
17 20 16 37 50 19
18 21 53 38 51 57
19 22 54 39 52 48
20 23 S6 40 54 17
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TABLO3:ROV-3hattlboyuncafikslerve bunlarakar§1l1kgelenvideokaylt-zamanlarl.ROV-3LINE
FixesTimes FixesTimesH M S H M S
1 5740 6 1 1051
2 5824 17 1 1125
3 59 O5 18 1 1228
4 5935 19 1 13 29
5 1 O028 20 1 1428
6 1 01 17 21 1 1537
7 1 0225 22 1 1620
8 1 03 12 23 1 1726
9 1 04 29 24 1 19 07

10 1 05 29 25 1 20 17
11 1 O621 26 1 21 03
12 1 07 13 27 1 22 45
13 1 O811 28 1 23 51
14 1 0857 29 1 25 27
15 1 10 15 30 1 26 49

31 1 27 58
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2.7.DenizTabanl6r11ek1e111esi
Deniztaban1érneklemesiiginaglrhkhsonda

ku1lan1lm1§t1r.Ancak,agxrhkhsondaérnekleyicisininku11amlamad1g1,deniztabanmlnkabataneli(kumboyutunda)sedimanlakapllolduguk1y1istasyonlarmda,DietzLafonde
kepgeérnekleyicisideku11an11m1§t1r.Ornekleme
istasyonlarmmkonumlanHarita3dei§aret1enmi§tir.Her
érneklemeistasyonundakiderinlikélgiimleri,derinlikélgerler
(AtlasDESO-10andJMC)kullamlarakgergekle§tirilmi§tir.Aglrhkhsonda90cmuzunlugunda(numunetiipiiniin
uzunlugu),5cmgapmdaVeyak1a§1k20kgaglrllgmdadlr(ilaveag1rl1k:4x25kgdn‘).Ag1rl1kl1sondacihazl;anagéivde
tiipii(iistpargaveagnrllkta§1y1c1),adaptéjr,baglantlkulpu,
aglrhktutucu(herbiri25kgolan4veya6tanekur§un
aguhkigin),numunetutucu,numunekesmeagzlveplastik
tiiptenmeydanagelmektedir.Sondajuzunlugu,sisteme
eklenenagxrllklarave deniztabamnmyap1smabaglxdlr.Aletinagxrllgl,sondamnsuigerisindeserbestd1'j§rne
yapmasmaVedeniztabamnagarparakyeterliderecede
penetrasyonsaglamasmayardlmcxolmaktadlr.
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BOLUM:3SONUCVE(")NERiLER
3.1.Cahgmasahasmmbatimetrisi

Tiimsismikaragtlrmahatlar1boyunca(Haritalar1,2,ve

3),derinlikélgerlerdeneldeedilenderinlikokumalarxbir
bazharitaiizerinei§aret1enmi§vebirbatimetriharitas1
(Harita4)haz1rlanm1§t1r.Callgmaesnasmdakiazamideniz
seviyesisal1n1mlar1¢17cmcivarmdaolmasmdandolaylderinlikdiizeltmeleriihmaledilmi§tir.Buharitada(Harita4)
derinlikkonturlanara11k1ar1,7ve 100In likderinlikler
arasmda1’ermetrearallkh,ve100Indendahabiiyiikderinliklerdeise5’ermetrearahklldlr.Bunailavetenénerilen
boruhatlarmmr0ta1ar1boyuncaeldeedilendegerlerkullamlarak,hazxrlananharitaélgegindeikiadetkesit
haz1rIanm1§t1r(Kesitler1V62).K—GveKD—GByénleribuyuncauzananikiadetdeniz
a1t1kanyonu,c_;a11§11anbiilgenintemelmorfolojikéizelligini
yansltmaktadlr.K—Gyéniindekideniza1t1kanyonuyakla§1k50m liksuderinligindeba§1amaktaVt:360m yekadar
ula§maktad1r.ikincikanyonise,100m den280m liksu

derinliginekadaruzanmaktadlr.Bukanyonlarbirbirlerinden
gallgmasahas1igindekidarbiryiikseltiileayrllmaktadlrlar.Bukanyonlar,muhtemelengal1§maalamnmd1§1ndakidaha
derinalanlardabirbirleriylebirlegmektedirler.Denizalt1
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kanyonlarmmgevrelerindekimorfolojikdegigikliklergelftekineotektonikhareketlerve fakhsedimantasyonmiktarlarl
taraflndankontroledi1mi§tir.Deniztabammorfolojisiningéizegarpanbirdigeréizelligidebélgenindogutarafmdabulunanslgllktlr.Bus1g11kdeniztabamndan6In likbiryiiksekligesahiptir.Bu
bélgedekibatimetrikkonturlar9ve 11m lerde
kapanmaktadlr.Sonarkayxtlarmadayamlarakbub'0'1gekayam0stras1olarakyorumlanmaktadlr(birsonrakibbl?mebkz.)

Batimetrikkonturlargenelliklek1y1yaparaleldir.30m
likderinligedogru,konturgizgilerininarahklarlgeni§tir.Bu
derinliginétesindekonturlarmdaralmas1deniztabamnm
egimininarttlgmaigareteder.

Kesit—1iizerinde,klyldan23m liksuderinliginekadar
olandeniztabamnmortalamaegimiyaklaglkO.91°dir.Bu
egimdegeri70.7111yedogru1.93°yeula§maktad1r.Kesit—2iizerinde,egimdekidegigiklik32Inde
olugmaktadlr.K1y1ile32mliksuderinligiarasmdakiegimyaklaglk1.27”dir.Buegimdegeri80.8m likderinligedogru3.10°yeulagmaktadxr.Buélgiimler,doguboruhattlrotasmmbatlboruhattl
rotasmdandahaegimlioldugunubelirlemektedir.
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3.2.Deniztabamnlnyiizeyiizellikleri
Ara§t1rmahatlarlboyunca(Harita2)toplananyarn

tarayansonarVerilerinedayanarak,birsonarkay1t1ar1yorum
haritaslhaz1rIanm1§t1r(Harita5).

Bolgenindeniztabanlesasolarakkumluve kumlu
gamurmalzemeleriigerenikisedimanterortiiylekarekterize
edilmektedir(Harita5).Kumluzemin,bolgenin25m dendahaazderinliklerdeki
slgk1s1mlar1n1kaplamaktadxr.Sonarverilerineve ROVvideo
kayntlarmadayan1larak,buzondakumdalgac1k1ar1Vedeniz
otlarlgibibaz1olugurnlarmvarllgxg6zlenmi§tir.Kumlu
materyallerinve kumdalgaclklarlnmmevcudiyetiyiiksekenerjiliortarnozelliginiyans1t1r(akmtllarvedalgaaktiviteleri).Deniztabamrnn25In dendahaderinolanbolgelerinde
gamurag1rl1kl1malzemelerdahayayg1nd1r.Bubolgede
Qamurunbirikimi,diigiikenerjilikogullarmvarllgmlgostermektedir.Bubulgulardanbagka,deniztabanmlndigerbir
ozelligidega11§maalanmlndogusundayeralanbolgedebulunankayamostras1d1r.Bukayamostras1n1n,deniz
tabanmdanitibaren6m likbiry?ksekligivardlr(bkz.3.1).Buyap1,dagmlkhaldekumluzeminiizerindeyeralankayaparcgaclklanylagevre1enmi§tir.Benzer,kayapargaglklarl
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bélgenindogutaraflndayakla§1k60m likderinliklerdedc
g6zlenmi§tir.
3.3.Deniztabammndipaltliizellikleri

Ca11§masahasmmdipa1t1yap1sm1nayr1nt111olarak
incelenebilmesiigin,yiiksekaymmllsismikyanslmaprofileriseyirhatlarlboyuncat0p1anm1§t1r(Harita1).Sismikverilerin
y0rumlanmas1sonucunda,iisttenaltadogru?g
sismostratigrafikbirimin(A,B,C)Varlxglsaptanm1§t1r.Bu
birimlerinstratigrafikézellikleria§ag1daaglklanmaktadlr.
3.3.1.ABirimi

Abirimien iistekisedimanbirimidir(UniboomU2,U3,
U8,U11,U12,ve U14profilleri).Bubirimin?sts1n1r1

bugiinkiideniztabamolaraktammlanmaktadlr.Temel
olarak,sertle§memi§giincelsedimandepolanmalarmlihtiva
etmektedir.Sismostratigrafikolarakbubirimparalel
yanslma§ekilleriy1ekarekterizeedilmektedir.

Abirimininkalmhgmlnalansaldag1l1m1Harita6da
sunulmaktadxr.Buharitaiizerindegériildiigiigibi,en yiiksekkalmhkdegeri23metreolarakdogubélgesiboruhattmda,
en diig?kkalmhkdegeriise1metreolarakbatlbélgesiboru
hattlndag6z1enmi§tir.
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Abirimininkalmhgmlnalansaldegigimi,sedimantasyonmiktarmdakive Bbirimininpa1eo—topografyas1ndakidegigimlercekontroledilmektedir.K1y1yayakmyerlerdekiyiiksekkal1n11ktakisedimantasyondegerleri,§e1feta§1nan
sedimanlarmbiiy?kbirk1sm1n1n§e1finig;kesimlerindeve

aymzamandag?ncelp1aj—tepelerindetutuldugusonucunu
yansltlr.

Digertaraftan,boruhatlarmmrotalarlboyuncaA
birimininka11n11kdegi§im1eriKesit1V62deverilmektedir.
DogukesitiboyuncaAbirimininkalmllgmm,bat1kesitinden
dahafazlaoldugugézlenmigtir.Geneldeherikikesit
boyuncaAbirimininkalmhgl5m dena§ag1df1§memektedir.
3.3.2.BBirimivetoplamsedimankahnllgxBbirimiyar1sert1e§mi§alttakisedimanterbirimdir
(UniboomU2,U3,U8,U11,U12,ve U14profilleri).Bubirim
Abirimitarafmda61‘t1"11me1(teVeCbirimininiizerinde
uzanrnaktadu.Sismostratigrafikolarakbubirim
paralel/azparalelyans1magekilleriylekarekterize
edilmektedir.

Sedimanterbirimlerin(A+Bbirimleri)toplamkallnllklarmmalansaldaglllmxHarita7desunulmaktadlr.Bu
harita?zerindegér?ld?g?gibien yiiksek(63m)ve en a2
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(1In denaz)kahnhkdegerleribat1boruhattlbélgesindegézlenmektedir.Bazlsismikkesitlerde;k1y1yayaklnyerlerdekitekrarll
yanslmalar(multiple)ve derinsulardazaylfpenetrasyonlarnedeniyletoplamsedimankalmhglhesaplanamamlgtlr(Harita
7).
3.3.3.Cbirimi

Sismostratigrafikolarakbubirim,karma§1kve azparalel
yansxmagekilleriilekarekterizeedilmektedir.Bubirim
zeminkayaolarakyorumlanmaktadlr.Bununiistyiizeyibir
a§1n1mve faylanmabzelliginiyansltmaktadlr.Bazlya§l1fayizlerizeminkayaigerisindegézlenmigtir.Ancak,?stteki
sedimanterbirimlerin(Ave B)faylanmasxylailgiliherhangibirbelirtiyoktur.Budagézlemlenenfaylarln,depolanmadangokéncemeydanageldiginivegiiniirniizdeaktif
olmadlklarmlgbstermektedir.Bubiriminengézegarpanézelligi,gahgmaalanmm
dogusundavedeniztaban1ndamostravermesidir(béliim3.1
ve3.2).
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MANAVGATUNDERSEAPIPELINEPROJECTSOILINVESTIGATIONREPORT

ProjectNo.I95-03-03-03-15
Thesoilinvestigationincludesrecoveringgravitycoresamplesat20locationsshowninFig.1.Fromlocations(2-10)and(13-20)inclusivethesampleswerereceivedinplexy-glasstubeshavingdiameterof50mm.Thesamplesfromlocations1,11and12werereceivedinjarsindisturbedform.
Oncoresamplesthefollowingtestswereperfonned:

Speci?cgravity(ys)Saturatedunitweigth(y,.)Naturalwatercontent(Wn)LiquidLimit(LL),PlasticLimit(PL)andPlasticityindex(PI)LaboratoryVaneShearTestsFallconeteststocorrelatetoundrainedshearstrength(Cu)ConsolidationtestonremouldedsamplesSieveanalysisandHydrometertests
Ondisturbedjarsamplesonlysieveanalysistestswereperformed.
ThetestingproceduresandstandardsaregiveninAppendix2.Thefollowingaresome
interpretationsregardingthesoilmechanicslaboratorytestresults:

Ingeneralallsampleshavesimilarsoilcomposition,plasticity.shearstrengthand
compressibilitycharacteristics.

PlasticigCharacteristics:

TheplasticitycharacteristicsofthesamplesareshownonCasagrandePlasticityChangivenin
Fig.2.Majorityofthesamplesareclassifiedasclaysoflowplasticity(CL)accordingtounifiedsoilclassificationsystem(USCS).Consistencylimitsvaryoverthefollowingranges:

Progem Range Average
LiquidLimit,LL(%) 34-40 37PlasticLimit.PL(%) 20-25 22
PlasticityIndex,Pl 11-17 15

Station2sampleisclassi?edasnon-plasticsilt(ML).



GrainSizeCharacteristics:

GrainsizedistributioncharacteristicsofthesamplesareshowninFig.3.AsshowninFig.3thesamplesprimarilyconsistofsiltsizeparticleswithsomeclayandminoramountofsand.Thefollowingsaretheaveragesand—siltandclayfractions.Sand24.5%Silt: 67%Clay: 28.5%
Thesoilsdonotcontaingravelsize(>4.76mm)particles.Grainsizedistributioncurvesare
giveninAppendix1.

WaterContents- UnitWeights:

Thenaturalwatercontentsofthesamplesvaryoverarangefrom47%to57%whicharewellabovetheliquidlimitsofthesamples.ThenaturalwatercontentsrelativetotheconsistencylimitsofthesamplesareshowninFig.4.
Thesaturatedunitweightsofthesamplesvaryoverarangefrom16.6kN/m3to17.6kN/maasshowninFig.5.Theinitialvoidratiosrangefrom1.2to1.6asshowninFig.6.
ShearStrengthCharacteristics:

Thesampleswereverysoftintheirnaturalstate,thereforeitwasnotpossibletopreparestandardshapetriaxialtestspecimens.
Theshearstrengthofthesamplesweredeterminedusinglaboratoryvanesheartests.TheresultsaresummarizedinTable1.TheundrainedshearstrengthofthesamplesasobtainedfromvanetestsarealsoshowninFig.7.Theundrainedshearstrengthsvaryoverarangefrom6.5kPato9.0kPaaveragingabout7.2kPa.
FallconetestshavingweigthW=80gandapexangle6=30degreeshavealsobeenusedtocorrelateshearstrengthtopenetrationofthecone.Theconefactorofk=1isusedtocalculatetheundrainedshearstrength.TheundrainedshearstrengthsobtainedfromfallconetestsaresummarizedinTable1andshowninFig.8.TheresultsareconsistentwithvanesheartestsrevealinganaverageundrainedshearstrengthofCu27.5kPa.

compressibilityCharacteristics1

Thee-logPcurvesofthesamplestestedaregiveninAppendix1.Allsamplesshowanormallyconsolidatedbehaviorasexpected.Ingeneralthecompressionindexvalues(Cc=Ae/A1ogP)varyoverarangefrom0.27to0.33averagingaboutGo=0.3asshowninFig.9.
SpecificGravig:

Thespeci?cgravityofthesamplesarelistedinTable1.Thespeci?cgravitiesrangesfrom2.68to2.75.
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MANAVGAISUALTIBORPHATI1PRO.|ESiZEMINDENEYLERIRAPORU

ProjzNo.:95-O3-O3-O3-15
Zeminara§tirmasikapsamlnda$ekil1’degissterilen20de§i§ikyerdenaéiriikusiiliiylekarotnumuneleria||nmI§tIr.(9-10)ve(13-20)noluyerlerdenalinannumuneler50mmqapindakipleksigiasti.ip|erigerisinde,1,11ve19noluIokasyonlardanahnannumuneierisekavanoziar
igindegetirilmigtir.
Karo:numuneler?zerindea§a§IdakideneyieryapI|m|§t|r:

-- Ozg?iaénriik('Y,)-- Doygunbirima§Ir|Ik(’Y,.)-- Tabiisui<;eri§i(W,,)-- LikitLimit(LL),PlastikLimit(PL)vePiastisitelndisi(PI)-- LaboratuvarVzynDeneyleri-- Drennjsuzkaymadayanimi(Cu)ilekorelasyonamaciyladi.'i§enkonideneyieri-- Yo§,ru|mu§numuneleriizerindekonsolidasyondeneyieri-- ElekanaliziveHidrometrzdeneyleri
BozuimugkavunoznumuneleriLizerindesadeceeiekanaiizideneyleriyap||mi§tir.
DeneyusiillerivestandartlanEk-2'deveri|n1i§tir.A§a§:dazeminIaboratuvardeneysonuglariileilgilibazide?erlendirrneicreyerverii|mi§tir.
Genelolarakbijt?nnumuneierbenzeryapi,plastisite,kaymamukavemetives|kI§abi|ir|ikézellikierinesahiptir.
?§?m
Numunelerinplastiklikéizellikleri$ekilS!'deverilenCasagrandePiastiklikgra?éindeg6si:eriimi§i:ir.Numunelerinb?y?kbirbélilmiiBir|e§tiri|mi§zeminsiniflandirmasistemine(USCS)gérediigiikplastisitelikiller(CL)olarakSlnlfldndlfllml?lafdlf.Kivamiirnitlzria§.a§|daverilenIimitlerarasunda
d¢§i§mektzdir.

?6nllIl% _Su1uJh§::l;1Qnalama
LikitLimit,LL(%) 34-40 37PlastikLimit,PL(%) 20-25 92PlastisiteIndisi,Pi 11-17 15

2noluIokasyondakinumuneplastikolmayansilt(ML)olaraksInIf|andIrilmi§tir.



DamB
Zeminnumunelerinindaneboyuda§IlImIézellikleri$eki|3'deg6steri|mi§tir.§ekil3’degésterildiéigibinumuneler<;o§un|uklasiltboyutuparqaclklarazkilvegokazkumboyutudanelerdeno|u§mu§tur.Agaéudaortalamakum,siltvekiloran?anverilmi§tir.

Kum:4.5%Siit: 67%Kil: 28.5%
Zemindegaknlboyutu(>4.76mm)malzernebulunmamaktadnr.Daneboyudaénlume§riIeriEk-1’deverilrni?tir.
&m
Tabiisuigerikleri47%ve57%aruslndadeéigmektedirvebusuigeriklerinumunelerinlikitIimitlerininepeyiizerindedir.$ekil4’dzklvamIimmerivetabiisuigerikleriverilrni§tir,
Numunelerindoygunbirima§Ir|Ik|an16.8kN/maile17.6kN/maaraslnda$eki|5’degésterildiéigibidefgigmektedir.Ba§|angIt;boglukoranlun1.52-1.6arasunda$¢kil6'dagésterildiiigibide§i§mektedir.

Zeminnumuneleridoéalhnllerindegokyumu§akolduklani<;instandartii;eksenlideneynumunelerininhaznrlanmaslm?mk?no|mamI§tnr.
NumunelerinkaymadayammlanIaboratuvarveyndenzyikullamlarakbulunmustur.SonuqlarTable1‘de<'5zetlenmi§tir.Veyndeneylerindeneldeedilendrenajsuzkaymadayammlanaynca$ekil7’dz
gésterilmigtir.Drenajsazkaymadayanlmlan6.5kPaile9.0kPaarassndaortalama7.9kPadecjgeriniverecek§eki|d¢de§i§mektedir.
Du’.1§enkonideneyleria§|r||§u,W=8O5veagnsn9=30derececlankonilerkullamlarak
ger<;ek|e§tiri|mi§vekonipenetrasyonuilekaymadayannmlkorelasyonuyap||mI§tnr.Drenajslzkayrnadayammnmnhesaplanrnassndakonifaktér?k=1kuI|anI|mI§tnr.DI'.':§enkonideneylcrindeneldeedilendrenajsuzkaymadayammlanTablo1'de6zet|enmi§ve$ekiIB'deverilmi§tir.Ortalamasl
Cu;7.5kPaotandI'.]§enkonideneysonuglarlveyndeneysonuglanileuyurniqerisindedir.
?h
Konsotidasyohdeneyinetabitutulannumunelerine-logPe§ri|eriEk-1’deverilmi§tir.B?t?nnumunelerbeklendi?igibinormalkonsolidasyonézelliéig<'$sterrni§tir.Genelolaraks1k1§maindisi
(CC=Ae/A|ogP)degerleri0.27-0.33araslndade§i§mi§ve$ekiI9'dag6steri|mi§tir.Ortalamas1kI§maindisideéeriCc=O.3'dt'.‘|r.

.6I4;?LA§m1k_:
Numuneleriniizg?laéurhklanTablo1'degésterildiéigibi2.68ile2.75araslndade§i§mek!edir.
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APPENDIX1 : RESULTSOFLABORATORYTEST
EK- 1: LABORATUVARDENEYSONUCLARI
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(DM.E.T.U50lLMECHANICSLABORATORYVANESHEARTEST
1955 o.D.T.DZEMINMEKANiGILADORATUVARIKANATLIKESMEDENEYE

PROJECT:MANAVGATDENIZALTIBORUHATTI mm-2:SITEMMUZ/1995
PKOJE ‘ITAKIH
BOREHOLE‘2 5AMPLE:2 DEPTH:
5ONDAJN02 6R.NEKNO: DEKENLNQ

“ME BFRINODEFLECTIQ4ICKQUE COHE5|CN
ZAMAN YAY5APMA5| YORK KOHQTON
(5od5rI.)(Degru/Darua)(NTCM)KPA Kdcmz

READINGDEFLECHON
TEST:1 OKUMAmm

0 6 O 0
10 8,5 2,5 0,945 2,6190,027
20 10 4 ‘.439 3,985 0.041
30 10 4 1,439 3,935 0,041
40 To 4 1,439 3.986 0,041
so To 4 1,439 3,986 0.041

TEST:2

TEST:3 0 6,5 0 0
10 10 3.5 1,274 3,530 0,036
20 11.5 1,768 4,897 0,050
30 12.5 5 2,097 5,808 0,059
40 14 7.5 2.590 7,175 0,073
50 14 7.5 2,590 7,1750,073
50 15 5,5 2,919 8,036 0,082
70 15 3,5 2,919 8,086 0,082
80 15 8,5 2,919 8.086 0,082
90 15 15 5.057 14,0090,143
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(DM.E.T.USOILMECHANICSLABORATORYVANESHEARTEST
1955 O.D.T.UZEMiNMEKANIGiLADOKATUVARIKANATLIKESMEDENEYi

PROJECT:MANAVGATDENIZALTIBORUHATTI DATE:14/TEMMUZ/1995
720.15 , TARJH
13012511015:'3 SAMPLE: 3 DEPTH:
SONDAJNO: DKNEKNO: DEKINLIK:

IIME SPRINGDEFLECHON IORGUE COHESION
ZAMAN YAY5APMA5| FORK KOHEZYON
(Sac/5n.)(Dagradmreca)(N—Cm)KP: I kg/1-.1112

READINGDEFLECTION
TEST:1 o1<uw\ SAPMA

0 0,0 0,0 0
10 0,0 2,0 0,701 2,104 0,022
20 10,0 4,0 1,439 3,900 0,041
30 10,0 4,0 1,439 3,900 0,041
40 11,0 5,0 1,700 4,097 0,050
50 11,0 5,0 1,700 4,097 0,050
00 11,0 5,0 1,709 4,397 0,050
70
so

TEST:2

TEST:3
0 7,0 0,0 0
10 9,5 2,5 0,940 2,019 0,027
20 11,0 4,0 1,439 3,900 0,041
30 12,0 5,0 1,750 4,097 0.050
40 13,0 0,0 2,097 5,909 0,059
50 13,5 0,5 2,201 0,204 0,004
00 14,0 7,0 2,420 0,720 0,009
70 14,0 7,0 2,425 0,720 0,009
00 14,0 7,0 2,420 0,720 0,009
90
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1956(DM.E.T.U501LMECHANICSLA_3oKA10KY0.0.1.0ZEMINMEKANIGILABORIATUV/KKI
VANESHEARTEST
KANATLIKESMEDENEY1

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995
FROJE TARIH
BOREHOLE: SAMFLE: 4 DEPTH:
5ONDAJNO: 6KNEKNO: DERINLIK:

we smuaDEFLECHON mmue coHE510N
ZAMAN YAY5A'MA51 TOKK KOHFZYDN
(5.:/5...) (DagruIDuIeu)(N-Cm) mu [ wan:

READINGDFFLECTION
TEST:1 oxuwx sarwx

0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,03120 10,0 4,0 1,439 3,986 0,04130 10,0 4,0 1,439 3,933 0,04140 11,0 5,0 1,758 4,397 0,05050 11,0 5,0 1,763 4,897 0,05060 11,0 5,0 1,768 4,897 0,05070 11,0 5,0 1,763 4,897 0,05080
90

TEST:2 0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,03120 12,0 5,0 1,768 4,897 0,05030 13,0 6,0 2,097 5,308 0,059
40 15,0 8,0 2,755 7,631 0,073
50 16,0 9,0 3,034 3,542 0,087
60 16,0 9,0 3,084 8,542 0,03770 16,0 9,0 3,034 3,542 0,087
30 15,0 9,0 3,084 8,542 0,037
90

TEST:3

00’B.Tu1gayALEMDAROGLUJeolojiV.M031.
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(DM.E.T.USOILMECHANICELABORATORYVANEans/\r<war
1955 O.D.T.ljZEMINMEKANIGILABOKATUVAKIKAN/\TLlKESMEDENEYI

PKOJECI:MANAVGATDENiZALTIBORUHATTI DATF: 14/TEMMUZ/1995
PROJE TAKIH
ESOREHOLE:5 SAMPLE: 5 DEPTH:
SONDAJN0: 0RNEKNO: DEr<iNLlK:

IIME snzmoDEFLECIION mnzour COHE5lOI~l
7AM/\H YAY5AFMIs5| [UKK k0HF7YOI~I
(92:/Sn.)(ntgrta/Unrest)(I-l—Cm) m. ] lg/cull’;

zmnmc.wrrwcnou
TEST:1 oxuwx sarws

0 6.0 0.0 0
10 3.0 2,0 0,731 2.164 0.022
20 10.0 4.0 1.439 3.986 0.041
30 10.0 4.0 1,439 3.986 0.041
40 11.0 5.0 1.768 4.23970.050
so 11.0 5.0 1.765 4,897 0.050
50 11.0 5.0 1.768 4.897 0.050
70
B0
90

TESTI2V

TEST:3
0 6.0 0.0 O
10 9.0 8.0 1.110 3,075 0.031
20 11.0 5.0 1.768 4.897 0.050
30 12.0 6.0 2,097 5.808 0.059
40 13,0 7,0 2,426 6.720 0.069
50 14.0 8.0 2.755 7.631 0,078
60 14.0 8.0 2.755 7.631 0.078
70 14.0 8.0 2.755 7.631 0.078
80
90

I

B.TuJaolojiY.M0“-
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PROJECT:MANAVGATDENiZALTIBORUHATTI : 14/TEMMUZ/1995PKOJE T/‘Kn-1BOREHOLF:6 SAMPLE: 6 pf-‘_PTH:SONDAJNO: ORNEKNO: DERINLIK:
[IMF SPKJI|GDIFLFCIIOII IOKGUE COHESIOH

7AMAH Y/\Y51/KFMASI IOKK KDHFZYON
(55215...)(Daqrazll'7ar:c¢)(N~Cm) LP. K4/51112

RF/WINGDFHFCHON
TEST:1 01<uw1 SAFMA

0 8,0 0,0 0
10 0,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,996 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,997 0,05050 12,0 6,0 2,097 5,909 0,059
60 12,0 6,0 2,097 5,903 0,059
70 12,0 6,0 2,097 5,000 0,05900 12,0 6,0 2,097 5,909 0,059

TEST:2 0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,5 5,0 1,768 4,097 0,050
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7,5 2,590 7,175 0,073
50 15,0 9,5 2,919 8,086 0,082
60 16,0 9,5 3,240 3,997 0,092
70 17,0 10.5 3,577 9,909 0,101
so 18,6 11,5 3,906 10,9200,110
90 19,0 11,5 3,906 10,9200,110
100 19,0 11,5 3,906 10,9200,110

TEST:3
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(EM.E.1.U50lLMECHANICSLABORATORYVANE51IFARTEST
1956 O.D.T.UZEMiNMEK/\NiGiLABOKA1UVARI KAN/\TLIKFSMFDFNEYi

PROJEC1:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZI1995FROJE TARIH
BOKEHOLE:7 5AMPLF.: 7 DEPTH:
50NnA.JNO: ORNEKNO: DEKINLIK:

IIMF SPRINGMIPLECIION IORQUE COHESIOH
ZAMAN YAYSAPM/\5l IOKK KOHEZYON
(en/5...) (negrtdntreca)(N-Cm) xr. [ x.,/cm:

RF/\|"'|NGDFFLECTION
TEST:1 oxuwx SAPMA

0 6.0 0.0 0
10 9.0 3.0 1.110 3.075 0.03120 10.5 4.5 1.603 4,442 0.04530 11.5 5.5 1.932 5.353 0.05540 13.0 7.0 2.426 6.720 0.06950 13.5 7.5 2.590 7,175 0.07360 14.0 8.0 2.755 7.681 0,078
70 14.0 8,0 2,755 7.631 0.07880 14.0 8.0 2.755 7.631 0.07890 14.0 8,0 2.755 7.531 0.078

TEST:2 0 6.0 0,0 0
10 9.0 3.0 1.110 3.075 0.03120 11.0 5.0 1.768 4.897 0.05030 13.0 7.0 2.425 6.720 0.06940 15.0 9.0 3.084 8.542 0.08750 15.0 9.0 3.084 8.542 0.087
60 15.0 9.0 3.084 8.542 0.087
70 15.0 9.0 3.034 8.542 0.087
80
90

TEST:3
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(DM.E.T.USOILMECHANICSLADORAIOKYVANESHFAKTEST
1955 O.D.T.UZEMiNMEK/\NiGiLADORATUVAKIKANATLIKESMFDENEYI

PROJECT:MANAVGATDENiZALT1BOFIUHATT1 DATE:14/TEMMUZ/1995
PROJE TAKIH
BOKEHOLE: EAMPLE: 8 DEPTH:
5oNDA.JNO: 0KNEKNO: DERINLIK:

nw 5-mynonmrcnon romur conrsnon
7/«MAN vmr5/NPMASI roux xonnvon
(5¢c/Em.)(nzgrndhzrece)[N-Cm) KP. K5/=...:

nz/mu-19DEFLECIION
TEST:1 OKUMA SAPM/\

0 6.0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 11,0 5,0 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 13,0 7,0 2,426 6,720 0,069
60 13,0 7,0 2,426 6,720 0,069
70 13,0 7,0 2,426 6,720 0,069
80 13,0 7,0 2,426 6,720 0,069
90

TEST:2 0 8,0 0,0 0
10 11,0 3,0 1,110 3,075 0,031
20 13,0 5,0 1,768 4,897 0.050
30 15,0 7,0 2,426 6,720 0,069
40 16,0 8,0 2,755 7,631 0,078
so 17,0 9,0 3,034 8,542 o,o37
60 18,0 10,0 3,413 9,453 0,096
70 19,0 11,0 3,741 10,3640,100
so 19,0 11,0 3,741 10,3640,106
90 19,0 11,0 3,741 10,3640,106

TEST:3
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M.E.T.USOILMECHANICSLADOKATORYV/\NFSIIFARTFST
1955 O.D.1.UZEMiNMEK/\NiGiLADORATUVAKIKAN/\TLlKESMEDFNFYI

PROJFC1:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995PROJE IAKIH
BOKEHOLE: 5AMPLF.:9 DFPTH:
5OND/\JNO: 01zNE1<NO: DFRINUK:

I|M|' SPRINGPFFLFCIIOII IOKQUF C01IFSIOM
7/\M/\H YAY5/KFM/\5| IOIZX KOHFKYO!I
(52:75...) (|"‘egr:rJ|":r:ce)[N-Cm) N7» wan:

KFADING|'W|-IFCYIOH
TEST:1 orzuwx SAPMA

0 6.0 0.0 0
10 3.0 2.0 0.781 2.164 0.022
20 10.0 4.0 1.439 3.986 0.041
30 10.5 4.5 1.60:3 4.442 0.045
40 12.0 6.0 2.097 5,808 0.059
50 12.0 6.0 2.097 5.808 0.059
60 12.0 6.0 2.097 5.808 0.059
70 12.0 6.0 2.097 5.808 0.05930 12.0 6.0 2.097 5.808 0.059
90

TEST:2 O 6.0 0.0 O
10 9.0 3.0 1.110 3,075 0.031
20 11.0 5.0 1.768 4.897 0.050
30 12.0 6.0 2.097 5.808 0.059
40 13.0 7.0 2.426 6.720 0.069
50 14.0 8.0 2.755 7.631 0.078
60 15.0 9.0 3.084 8.542 0.087
70 15.0 9.0 3.084 8,542 0,087
30 15.0 9.0 3.084 8.542 0.087
90

TEST:3
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0)M.F..T.U50|LMECHANICSLABORATORYVANFSHFARTEST
1955 0.0.1.0ZEMiNMEKANiGiLADORATUVAR!KANATLIKESMEDENF_Yi

PROJECT:MANAVGATDENiZALTIBOHUHATTI DATE:14r1‘EMMUZ/1995
PKOJE TARJH
DOREHOLE:10 5AMPLF..-10 DEPTH:
SONDAJNO: ORNEKNo. DEKINLIK:

IIME SPPJNGDEHFCIION TOKQUIT CDIIFSIOII
7AMI\N Y/W5/\PMI\5l YORK KDHEZYOM
(ams...) (Dzgru/|'7¢r¢c¢)[N-Cm) KP: 8.,/:1":

READINGDFFLECIION
TEST:1 onuwx 5/\FM/N

0 8,0 0,0 0
10 8,0 2,0 0,781 2,154 0,022
20 10,0 4,0 1,439 3,955 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,758 4,897 0,050
50 11,0 5,0 1,700 4,897 0,050

. 50 11,0 5,0 1,768 4,897 0,050
70 11,0 5,0 1,768 4,897 0,050
80
90

TEST:2 0 7,0 0,0 0
10 7,5 0,5 0,288 0,797 0,008
20 8,0 1,0 0,452 1,252 0,013
30 10,0 3,0 1,110 3,075 0,031
40 11,5 4,5 1,603 4.442 0,045
50 12,0 5,0 1,768 4,397 0,050
50 13,0 5,0 2,097 5,903 0,059
7o 13,0 5,0 2,097 5,009 0,059
80 13,0 6,0 2,097 5,808 0,059
90

TEST:3
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(DM.F_.T.U501LMECHANICSLABORATORYVANESHEARTEST
'1955 O.D.T.0ZEMiNMEK/\NiGiLADORATUVAK1KAN/\TLIKESMFDENEYi

PROJECT:MANAVGATDEN1ZALTIBORUHATTI DATE:14/TEMMUZ/1995
PKOJF TAKIH
BOKEHOLE:13 EIAMPLE:13 DEPTH:
BONDAJN0: 0KNEKNO: DEKINUK:

nmr smnaDFFLFCTION romu? conrenon
7/xww my5/\PMI\5l worm KOHF7YON
(ems...) (Degree/Derece)(N-Cm) KP: Kg/c|n2

KFADIHGDFFLFCIION
TEST:1 oxum/\ SAPMA

0 6.0 0.0 0
10 9.0 3.0 1.110 3.075 0.031
20 10.0 4.0 1.439 3.986 0,041
30 11.0 5.0 1.768 4.897 0.050
40 12.0 6.0 2.097 5.808 0.059
50 12.0 6.0 2.097 5.808 0.059
60 12.0 6.0 2.097 5.808 0.059
70 12.0 6.0 2.097 5.808 0.05980 12.0 6.0 2.097 5.808 0.05990

TEST:2
0 6.0 0.0 0
10 9.0 3.0 1.110 3.075 0.031
20 11.0 5.0 1.768 4,897 0.050
30 13.5 7.5 2.590 7.175 0.07340 15.0 9.0 3.084 8.542 0.087
50 16.0 10.0 3.413 9.453 0.095
60 16.0 10.0 3.413 9.453 0.096
70 16.0 10.0 3.413 9.453 0.096
80 16.0 10,0 3,413 9,453 0,096
90

TEST:3
0 6.0
10 9.0 3.0 1.110 3.075 0,031
20 11.5 5.5 1.932 5.353 0.055
30 13.0 7.0 2.425 6.720 0,069
40 15.0 9.0 3.084 8.542 0.087
50 16,0 10.0 3.413 9.453 0.096
60 17.0 11.0 3.741 10.3640.106
70 18.0 12.0 4.070 11.275 0.115
30 18.0 12.0 4.070 11.2750.115
90 18.0 12.0 4.070 11.2750.115

BTumavALEMDAROGLJeolouY.Mun.
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M.E.T.USOILMECHANICSLABORATORYV/\NESHEARTEST

TEST:3

1‘J56 O.D.T.UZEMiNMEKANiGiLABORATUVAKIKANATLIKESMEDENEYi
PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14fTEMMUZ/1995
PROJE T/\RiH
BOKEHOLE:14 SAMPLE: 14 DEPTH:
SONDAJNO: ORNEKN0: DF.RJNLiK:

HMF SPRINGDFFLFCIIOH IOKQUF CO|IFEIOII
7AM/\H YAY5/«PM/\5l IDKX KOHFZYON
(52:15...) (?egrcelnersca)(N~Cm) KP. wan:

KFADINGDFFLFCHON
TEST:1 DKUMASAPMA

0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 10,0 - 3,0 1,110 3,075 0,031
30 11,0 4,0 1,439 3,999 0,041
40 12,0 5,0 1,759 4,997 0,050
50 13,0 6,0 2,097 5,909 0,059
60 14,0 7,0 2,420 6,720 0,069
70 14,0 7,0 2,426 6,720 0,069
90 14,0 7,0 2,429 5,720 0,069
90 14,0 7,0 2,426 6,720 0,069

TEST:2 0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,503 4,442 0,045
30 12,0 5,5 1,932 5,353 0,055
40 14,0 7,5 2,590 7,175 0,073
50 14,0 7,5 2,590 7,175 0,073
60 15,0 0,5 2,919 9,095 0,092
70 15,0 9,5 2,919 9,096 0,032
90 15,0 9,5 2,919 9,095 0,092
90 15,0 9,5 2,919 8,086 0,092

..-4.11-.
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(DM.E.T.USOILMECHANICSLABORATORYVANESIIF./\KTEST

TEST:3

19'36 O.D.T.UZEMiNMEK/\NiGiLADORATUVARIKAN/\TLlKFSMEDENT-ZYi

PKOJECT:MANAVGATDENIZALTIBORUHATTI DATE:14fTEMMU7J1995
PROJE mam
BOKEHOLE:15 BAMPLE:15 DEPTH:
EONDAJNo. GKNEKNO: DFKINLIK:

IIME SPFLINODFFLECIIONTORQUE COHEEIOII
7/\MI\N YAY5/KPMASI TORK KOHFZYON
(ems...) (Viagra:/Dzracz)(N-Cm) RF: 1Kg/cmf‘.JKFADINGDEFLECIION

TEST:1 DKUMA5/‘PM/K
0 0,5 0.0 0
10 10,0 3,5 1,274 3,530 0,030
20 11,0 4,5 1,003 4,442 0,045
30 13,0 5,5 2,251 0,254 0,064
40 14,0 7,5 2,590 7,175 0,073
50 15,0 0,5 2,919 0,000 0,002
60 15,0 8,5 2,919 0,006 0,002
70 15,0 0,5 2,919 0,005 0,002
00 15,0 0,5 2,919 3,005 0,032

TEST:2
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(DM.E.T.USOILMECHANICSLABORATORYV/\NF,SHF,/\KTEST
1955 O.D.T.UZEMENMEKANiGiLABORATUVARIKANATLIKESMEDENEYE

PROJECT:MANAVGATDENiZALTIBOFIUHATTI DME: 14/TEMMUZ/1995
PKOJE TAKJH
BOREHOLE:16 SAMPLE: 16 DEPTH:
SONDAJNo. OKNEKNO: DEKJNLIK:

IIMF SPRING|'7FFlEC1lDN IORIIUF COHFSIDN
7/\M/\N YAYSAPMABI IOKK KOHFZYDI-I
(Sac/5:1.)(nqmxnnrm) mam) KP. 14.,/5...:

KFADXNGDFFLECIION
TEST:1 DKUMA SAPMA

0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 11,0 4,0 1,439 3,906 0,041
30 12,0 5,0 1,768 4,397 0,050
40 13,0 6,0 2,097 5,303 0,059
50 15,0 6,0 2,755 7,631 0,078
60 15,0 3,0 2,755 7,631 0,075
70 15,0 8,0 2,755 7,631 0,078
00 15,0 8,0 2,755 7,631 0,078
90

TEST:2 0 5,0 00 0
10 8,0 2,0 0,781 2,164 0.022
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7,0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,004 0,542 0,087
70 15,0 9,0 3,034 8,542 0,087
80 15,0 9,0 3,004 3,542 0,087
90 15,0 9,0 3,084 8,542 0,037

TEST:3
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(DM.F_.T.USOILMECHANICSLABORATORYVANESHEARTF51
1$155O.D.T.UZEMiNMEK/\NiGiLABORATUVARIKAN/\TLlKESMEDENEYi

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995
PKOJE TAKIH
BOKEHOLE:17 EAMFLE:17 DEPTH:
5ONDAJN0: ESRNEKNO: DFRJNLIK:

TIME SPRINGDFFLECIION IDFQUF COHESIOH
I/AM/\N YAYSAPMASI IOKK KOHFZYOH
(ems...) (Hague/Derece)(H»Em) N7. 342...:

RFADINGDEFLECTION
TEST:1 OKUMA SAPM/\

0 3,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,733 4,397 0,050
30 12,0 6,0 2,097 5,303 0,059
40 13,0 7,0 2,426 3,720 0,059
50 14,0 3,0 2,755 7,331 0,073
50 14,0 3,0 2,755 7,331 0,073
70 14,0 3,0 2,755 7,531 0,073
30 14,0 8,0 2,755 7,531 0,073
90

TEST:2 0 3,0 0,0 0
10 11,0 3,0 1,110 3,075 0,031
20 12,0 4,0 1,439 3,936 0,041
30 13,5 5.5 1.932 5,353 0,055
40 14,0 5,0 2,097 5,309 0,059
50 15,0 7,0 2,425 5,720 0,069
50 15,0 7,0 2,423 0,720 0,059
70 15,0 7,0 2,423 5,720 0,050
30 15,0 7,0 2,425 6,720 0,069
90 15,0 7,0 2,426 3,720 0,069

TEST:3
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0.0.1.0ZEMENMEK/\NiGiLADORATUVARI

V/\NESHEARTEST
KAN/\TLlKESMFDENEYI

PROJECT:
T
MANAVGATDENTZALTIBORUHATTI DATE:14/TEMMUZ/1995

PKOJE TAKJH
BOKEHOLE:18 5/XMPLE:18 DEPTH:
SONDAJNO: DKNEKNO: DEKINLHQ

IIMF SFPJIIGDEFLFCIIOH TORQUE COHFSTOIX
'/AM/\I-I Y/\Y5I\PMA5I YORK KOHFZYOH
(awe-1.) (|'7aqru/Dance)(N-Cm) KP: Kg/51112

KFADINGDEFLECHON
TEST:1 OKUMA SAFMA

' 0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,697 0,050
30 12,0 6,0 2,097 5,808 0,059
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70
so
90

TEST:2 0 6,5 0,0 0
10 9,0 2,5 0,946 2,819 0,027
20 10,5 4,0 1,439 3,986 0,041
30 11,0 4,5 1,603 4,442 0,045
40 13,0 6,5 2,261 6,264 0,064
50 13,0 6,5 2,261 6,264 0,004
60 13,0 6,5 2,261 6,264 0,064
70 13,0 6,5 2,261 6,264 0,064
60
90

TEST:3
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(DM.F..T.U5o1LMECHANICSLABORATORYv/we5141:./11:11251
1EISISO.D.T.UZEMINMEKANIGILABOKATUVAKIK/\N/\TLlKESMEDENEY'I

PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMUZ/1995
PROJE YARiH
BOKFHOLE:19 5/KMPLE: 19 DEPTH:
soup/1.1NO: GKNEKNO: DERINLIK:

TIMI"; SPRINGUFFLFCIION IOKRIJE COHEE-ION
7AMAN YAY5AFMA5| TOKK ROHFZYDN
(5.;/5.1.)(n..,m/cum) (Ncm) 1.1-. [ kg/cm'.‘.

FLFAUINGPEPLECTION
TEST:1 oxuw 5am/4

0 6,0 0,0 0
10 11,0 5,0 1,760 4,597 0,050
20 14,0 0,0 2,755 7,631 0,075
30 15,0 9,0 3,004 3,542 0,097
40 16,0 10,0 3,413 9,453 0,096
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 16,0 10,0 3,413 9,453 0,096
00 16,0 10,0 3,413 9,453 0,090

TESTI2
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,603 4,442 0,045
30 12,0 5,5 1,932 5,353 0,055
40 13,0 6,5 2,261 6,254 0,054
50 14,0 7,5 2,590 7,175 0,073
50 15,0 6,5 2,919 8,086 0,032
70 15,0 3,5 2,919 0,066 0,002
so 15,0 6,5 2,919 8,086 0,002
90 15,0 8,5 2,919 3,086 0,082

TEST:3

OJ’B.TurgayALEMDAEIOGLUPage1 JaolojiY.Mun.
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TEST:3

1956 O.l').T.UZEMiNMEK/\NiGiLADORATUVARIKANATLIKESMEDENEYI
PROJECT:MANAVGATDENiZALTIBORUHATTI DATE:14/TEMMU?1995
PKOJF. TAKIH
BOKEHOLE:20 5AMPLE:20 DEPTH:
5ONDAJNO: 0KNEKNO: DEKiNL|K:

HMF BPFJNGDFFLFCIIONTOKQUF CDHFSION
7/\M/\H YAY5/KPMASI YORK KOHFZYON
(5zd5n,)(Degrm:/Dcrecc](N-Cm) KP. wan:

READINGDFFLECYION
TEST:1 ORUMA5AFMA'

0 6.5 0.0 0
10 9,0 2,5 0,946 2,619 0,027
20 10,0 3,5 1,274 3,530 0,036
30 11,0 4,5 1,603 4,442 0,045
40 12,0 5,5 1,932 5.353 0,055
50 12,0 5.5 1.932 5,353 0,055
60 12,0 5,5 1,932 5,353 0.055
70 12,0 5,5 1,932 5,353 0,055

TEST:2

OJB.TurqavALEMDAOGLUJ6 \l \,4_,‘;{-,._
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APPENDIX2 : STANDARDTESTPROCEDURES
EK-2 : STANDARTDENEYY(3NTEMLERi



SML2(a)
STANDARDLABORATORYMETHODFORDEfER.*lINIléGHOISTURSCONTENl'
OBJECT
Todetenninethemoisturecontentofsoilas a percentaqeofits
dr_ymass.
APPARATUS
(l)AdryinqovencapableoFmaintaininga temperatureof105toll0°C.
(2)Abalancereadableandaccurateto0.01g.
(3)Anair-tiqhtmetalcontainer.
(4)Adesiccatorcontaininganhydroussilicagel.
PROCEDURE

(1)Cleana metalcontainer,dry,andweighit tothenearest0.01q(MC).Crumblea sampleofatleast309ofthesoil,andplaceit looselyin
thecontainer.replacinqthelid.Heighthecontainerandcontentstothe
nearest0.019(MN)(2)Removethelid,andplacethecontainerandcontentsintheoven
todryatl05-llO°c.'(3)Aftera periodofl6to24hours.removethecontainerfruntheoven,
andplaceit inthedesiccatortocool.
(4)Replacethelidandweighthecontainerandcontentstothe
nearest0.0]g(Md).CALCULATIONS
Calculatethemoisturecontent(m)ofthesoilfromthefollowing
fonnula: . _

m = __.E"?5———4——x 100 (1)r?- MCwhere,
M”= massofcontainerandwetsoil(9);
m1= massofcontaineranddrysoil(q);
._ massofcontainer(9).

PEPnR7raGor Rrsrmrs .

Reportthemoigturecontent(n)ofthesoilto twosionificantfiqures
Forvalue;uptoI01.Formoisturecontent;above10!,reportthe
resultstothenearestwholenumber.
Hote-Fnroroanicsoilsandsoilscontaininnqypsum.a temperature

ofnotmorethanRROC,nossihlykeptfora lnnnerperio?than
21hnnvsisaiwizabletoavoidoxidationandlossofwater
ofCry§tallizati0n.
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SML3(a) ATTERBERGLIMITTESTS

A.LIQUIDLIMITTEST
OBJECT
Todeterminetheliquidlimitoftheair-driedsoil.i.e.themoisture
contentatwhicha soilpassesfromtheplastictotheliquidstate.
as detenninedbytheclosureofthegrooveover13mmby25bumpsinthe
Casagrandeliquidlimitdevice.
APPARATUS
(1)Liquidlimitdevice.
(2)Groovinqtool.
(3)Aglassplate.
(4)Twopaletteknives
(5)Moisturecontenttestapparatus(seeSML2(a)).
(6)400micronsieve(ASYMNo.40).
PROCEDURE
(1)Adjusttheheighttowhichthecupoftheliquidlimitdevice
islifted,so that,whenthecupisraisedtoitsmaximumheight,
thel0Mngaugewilljustpassbetweenit andthebase.
(2)Takeat least200qoftheair—driedsoilpassingthe400micron
sieve,andplaceit ontheglassplate.Adddistilledwaterveryslowly,
andusingthepaletteknivesmixupthesoilthoroughlyuntilit
beconesa thick,hanogeneouspaste.Becarefulnottoaddtoomuchwater.
(3)Allowthepastetostandinanairtightcontainerforabout24hours
toletthewaterpenneatnthroughthesoilmass.(NOTE.Thisstepmaybe
omittedforinstructionpurposes,andforsoilsoflowclaycontent.)
(4)Placea portionofthesnil-watermixtureinthecup(thecupresting
on thebase),andbymeansofa paletteknife,levelthesurfaceparallel
tothebase.
(5)Dividethesoilinthecupbydrawinqthegroovinqtoolalongthe
diameterthrounhthecentreofthehinne.at thesametimeholdinq
it nonnalto thesurfaceofthecupwiththechamferededgefacingthe
directionofrno/enent.(IftheASlHtvpeofnroovinntoolisused,the
excessmaterial,whichhulnesabovetheoriqinalsmoothedsurfaceofthe
soil.musthescrapedoff{rantheupperedqesofthegroove.)



_]]_

(6)Turnthecrankat therateoftworevolutionsperseconduntilthe
twopartsofthesoilcomeintocontactat thebottunofthegroove
alonga distanceofl3m. If thenumberofdropsishetween40and
50whenthishappens,takeaboutl0gofthesoilfromtheportionsofthesamplethathavejustflowedtogether,usinga paletteknife,andplacethisina suitablecontainerforsubsequentdetermination
ofthemoisturecontent(seeSML2(a)).(7)Repeatoperations(2)to(6)atleastfourtimesusingthesame
sampletowhichfurtherincrementsofdistilledwaterhavebeenadded.
Theamountofwateraddedmustbesuchthatwhenthemoisturecontents
are plotted,theywillbeevenlydistributedovera rangebetween50
and'0blow_";t_eirwst_a1vey;p_rg§_d_Lr_o_mthe£v:i,eL.t9_,t.he_w_et_te_rconditionofthesoil(i.e.innocasemustthesoil—watermixturebe
allowedtodryinordertoobtaina higherblowcountthantheoneobtained
last).Eachtimethesoilisremovedfromthecupfortheadditionofmore
water,thecupandthegroovingtoolmustbecleanedanddried.Duringtestingofthesoilinthecup,_keeptheremainderofthesamplecovered
witha dampclothtopreventrapiddrying.CALCULATIONS
Calculatethemoisturecontentsandplottheseas ordinatesonthelinear
scaleofa semi-logarithnicchartwiththecorrespondingnumberofblows
as abscissaeonthelogaritlmicscale.Drawthebeststraightline
throughtheplottedpoints.Thisiscalledthe‘flowcurve‘.
REPORTINGor RESULTS
Takethemoisturecontent,correspondingtotheintersectionofthe
‘flowcurve‘withtheordinaterepresenting25blows,as theliquidlimit
(HL)ofthesoilandexpressthistothenearestwholenumber.
5. PLASTICLIMITTEST
OBJECT
Todetenninetheplasticlimitofsoil,i.e.,theminimummoisturecontent
atwhichthesoilcanberolledintoa thread3m indiameterwithout
breaking.AF?ARATUS
(l)Aglassplate.(2)Apaletteknife.
(3)Moisturecontentapparatus.(4)400micronsieve.
(5)Anon-corrodibleairtiqhtcontainer.
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pnoccnwze
(I)lakeabout20goftheair-driedsoilpassingthe400micronsieve.
andmixit withdistilledwateruntilit canbefannedintobuohalls.
Placeoneoftheballsintheairtightcontainer,androlltheother
betweenthehandandtheglassplatetofonnthesoilintoa thread.
whenthethreadreachesa diameterof3mm,kneadthethreadtogether
intoa ballandrolloutagain.Repeatthisprocedureuntilthethread
crumbleswhenitsdiameterreaches3mu.

(2)Placethecrumbledsoilthreadintoa suitablecontainerformoisture
contentdetermination.Sufficientmaterialmustbeusedtoensurethat
eachwetmoisturecontentsampleweighsat least5g.
(3)Repeatthetestusingthesecondball.
catct/Lano/vsANDREPORTINGor RES!/L'1'S
Calculatetheaverageofthemoisturecontentsdeterminedinthetwo
testsandreportthisas theplasticlimit(up)ofthesoil,expressingit tothenearestwholenumber.

C.DETERMIN.-12"IO!‘4'or THEPLIISTICITYnvpsx
OBJECT
Tocalculatetheplasticityindexofa soil.
PROCEDURE
Determinetheliquidlimit(wt)andplasticlimit(up)bytheprocedures
giveninSectionsAandB.
CALCI/1’./I7'I0r.is
Calculatetheplasticityindex(I?)fromtheformula2

Ip=wL-wpREPORTINGor RFSI/L‘1'S
Reportthenumericaldifferencesodeterminedas theplasticityindex
(Ir)exceptunderthefollowingconditions:
(l)llhentheplasticlimitcannotbedeterminedor whentheplasticlimitisequaltoor greaterthantheliquidlimit,reportthematerial
asnon—plastic(NP).(2)Forsomesoilstheliquidlimitcannotbedeterminedalthough
a valuecanbeobtainedFortheplasticlimit.lnsuchcasesif a
measureMtheplasticityindexisrequired,it canbeobtainedbythe
use0‘thelinearshrinkagetestgiveninthenextsection.
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SML4(b)DETERMINATIONOFSPECIFICGRAVITYOFSOILPARTICLES
(IJ)Methodformedium-andcoarse—grainedsoils.
OBJECT
Tofindthespecificgravityofthesoilparticlesofmedium—and
coarse-grainedsoils.
APPAPATUS
(l)Apycnometerconsistingofa l-litreglassjarwitha brass
conicalcap,fittedwithrubbersealingwasher,screwedontop.
(2)Athennostaticallycontrolleddrvinooven,capableoFmaintaining
a tenoeratureofl0S«ll0°C(75-80°Cforsoilscontaininggypsum).
(3)Abalancereadableandaccurateto0.5g.
(4)Adesiccatorcontaininganhydroussilicagel.
(5)Aqlassrodabout30cmlongand6mmdiameter.
(6)Athermometer,tocovertherange0-50°C,readableand
accurateto1°C.
(7)Asourceofvacuum.

(8)Atleast5litresofwaterwhichhasbeenallowedtostand
inthelaboratoryforabout24hours.
PROCEDURE
(l)Obtain400-500goftheair~driedsamplehvquarteringor riffling.
Breakdownanystoneslargerthan40mmdiameteruntiltheybecome
smallerthanthisdiameter.Oven-drythesampleatl05-ll0°C.(Ifthe
soilcontainsqvpswn,dryingshouldbecarriedoutat75-80°Candfor
a longerperiodoftime.)
(2)Drythepycnometerandweighit to thenearest0.5q(MI).(3)Allowthesoiltocoolinthedesiccator.Removethecapofthe
Dycnometer.andintroduceabout400-500qofthesoilintoiL
Weighthenvcnwnetertoqetherwiththecapandcontentstothe
nearest0.99(V7).

‘

(4)Addwater.ata temperature3 2qCnftheaveraqeroantennerature
duringthetest.tothesoiluntilthejarisabouthalf-full,and
stirthemltTHT9thnrounhlvwiththeglassrodto removeentrappedair.
Thenreplacethecan.tnvinncarethatthisiswiter-tight,andthat
it isalwaysriqhtenedto thesameposition(makelocatingmarkson the
canan1thenlassjartoaidthis),makingthevolumeofthepvcnnmeter
constantthrnnnhnutthetest.Fillthenvcnnmeterwithwater.Renoveany
renaininqairbvshakinqthepvcnaneter,holdingonefingerover
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thehoieinthecap.Thentopupthepycnaneterwithwater.Drythe
pycnoneterontheoutside.andweighit tothenearest0.5q (M3).(5)Thenemptythepycnometer,washit outthoroughiy,andfiiiit
canpieteiywithwaterat roantemneratureuntiithesurfaceofthe
wateris flushwiththehoieinthecap.Drythepycnometeronthe
outsideandweighit tothenearest0.5q(M4).(6)Repeattheaboveprocedurefora secondsampieofthesamesoii.
andobtaintwovaiuesofthespecificgravity.
CALCULATIONS
Caicuiatethespecificgravityofthesoiiparticles(Gs)fromthe
fonnuiaz

M2- :5as= ——————-———————-—————————~—

(”4' '41)' (M3' "2)
where
M1= massofpycnuneter(9);
M2= massofpycnometerandsoil(9);
M]= massofpycnometer,soilandwater(g);
M4= massofpycnoneterfuilofwateroniy(g).
REPORTINGor RESULTS
Taketheaverageofthevaluesobtainedas thespecificgravity
ofthesoilparticies,andreuortthistothenearest0.01.
Ifthetworesuitsdifferbymorethan0.03,repeatthetests.
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Sn‘-lL6(a)DElERl~llfh\lIOllOFPAQTICLESUEDXSTRIBUTIONOF

MEDIUW—ANDCGARSE- GRAINEDSOILS

(-3)Analysisbywetsieving
OBJECT
Todeterminetheparticlesizedistributionina soildowntothe
finesandsize.
REAGENT
Sodiumhexametaphosphate.APPARATUS
Sameas forSHL6(byPROCEDURE
(l)Sameas forSNL6(b).
(2)Placethereducedsampleona 20mmtestsieve,andbrushtheretained
particles,toraiovefinermaterialadheringtothem.usinga wirebrushor

similarstiffbrush.Takecarewhendealinqwithsoftmaterialsto
ensurethatthebrushingisnotremovingpartsofthelargeparticles.
(3)Placethematerialpassingthe20M1testsieveina largetray,
andcoverwithwater.
(4)Tothesoil-watermixtureaddsodimnhexametaphosphateat therate
of2qperlitreofwater,andstir.Allowthesoiltostandforat least
onehourinthissolution,andstirfrequently.
(5)Thenwashthesamplethrougha 2.5mmsieve,placedovera 63micron
sieve,allowinqthematerialpassingthe63micronsievetorun towaste.
Ifthematerialonanyofthetwosievesislikelytoexceedthemaximum
sieveloadsqiveninthelastcolumnofthedatasheetgivenat theend
ofSHL6(b).thematerialshnuldbewashedinparts.
(6)Continuethewashinguntilthewaterpassinuthe63micronsieve
isvirtuallyclear.
(7)Tinallthematerialretainedon thesievesintotraysor

evanoratirqdishes,anddrvinthenvenat 105- ll?oC.
(8)Hhendrv.sievethesamnle,includinqanymaterialretained
on the20mnsieve,as inSHL6(b).Heiqhtheamountsretained
on eachsieve.
{9}Determinetheamountnassinqthe5]micronsievehvaddinnthe
massesnFmaterialretainedon eachn‘ thesievesusedandsubtracting
thetotalFrmnthetotalmissrecordedinstem(l),
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CALCULAT1(JNF
MakingusenfumInlvlvonthedatasheet(givenatendofsr-1L6(M),
caicuiatethepvrIrH'JU9(byW555)OFthematerialretainedoneach

sieve,aswe11axthepercentaoepassingthe63micronsieve.Finaliy
caicuiatethecmnul
eachofthesievvn,

d‘iV9Percentage(bymass)ofthemateriaipassing
REPORTINGOFRFI.‘u‘1ll"|'-‘-'
Resortyourrcgultuuna sani—ioqarithnicchartwiththeparticiesize

(mm)as abscissnrnntheioqarithnicS6318.andthepercentaqepassinq
as ordinatesonthvlinear5C3‘8-Reportthatwetsievingwasused.
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SML7(a) DETERMINATIONOFPARTICLESIZEDISTRIBUTIONOFFINE-GRAINEDSOILSBYTHEHYDROHETER
OBJECT
Todetenninequantitativelytheparticlesizedistributionina soilfromthecoarsesandsizedown.Thetestisnotapplicableif lessthanl01ofthematerialpassesthe63micron(ASTMNo.2UO)sieveasmeasuredbywetor drysieving(SML6(a)or (b)).APFHRATUS
(l)Ahydrometercalibratedtoreaddensity(g/ml)‘at20°C.(e.g.ASTMl5lH).(2)TwolOO0mlgraduatedglassmeasuringcylindersabout7cmindiameterand33cmhigh,markedat l0OOmlvolume.(3)AthennometertocovertherangeO-50°C.(4)Anelectricallydrivenstirrer.(5)Testsievesizes2.5mu,630um,200um,and63um(ASTMNo.8,30,70,and200respectively),anda receiver.(6)Abalancereadableandaccurateto0.01g.(7)Athermostaticallycontrolleddryingoven,capableof
maintaininga temperatureofl05- ll0OC.(8)Astopwatch.
(9)Adesiccatorcontaininganhydroussilicagel.
‘Somehydrometers(e.g.ASTM152H)aregraduatedtoreadconcentrationofsoilparticlesinonelitreofsolution(g/litre),assuminga certainspecificgravityashforthesoilgrains.Insuchcases,thereadingshavetobeconvertedintodensity(g/ml)byusingthefollowingfonnula:

Gsl:_ I )ash
R = R (

whereR,Rh=thereadingobtained(afterapplyingthemeniscuscorrection)forhydrometersreadinging/litreandg/mlrespectively,thelatterbeingrecordedas explainedinCalculations,Para.3.
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(10)Acentimetrescale.
(11)Fourporcelainevaporatingdishes.
(12)Aroundvbottomedflaskof1000mlcapacity.
(13)A100mlmeasuringcylinder.
(14)Aglassrodabout15-20cmlongand5mmindiameter.
(15)Aconstanttemperaturebath.
REAGENT
Sodiumhexametaphosphatesolution.obtainedbydissolving33gof
sodiumhexametaphosphateand7gofsodiumcarbonatein distilled
watertomake1litreofsolution.(NOTE.Thissolutionisunstable
andmustbefreshlypreparedapproximatelyoncea month.Thedateof
preparationmustberecordedonthebottle.)PRCCEDUR5
Calibrationnfhydtometer
(a)Volume
Detenninethevolume(vhlofthehvdrometerbulbbyweighing
thehydrometertothenearest0.1g,andrecordingthemassingrams35
theVolumelbinml.Thisvalueincludesthevolumeofthestembelow
the1.000graduationmark.Forpracticalpurposestheerrorduetothe
inclusionofthisstemvolumeisnegligible.(b)Ccilibrafitaii
(1)DeteumineUesectionalareaofa 1000mlmeasuringcylinderinwhich
thehydrometeris tobeusedbymeasuringthedistancebetweentwo
graduations(e.g.100-900).Thesectionalarea(a)isequaltothe
volumeincludedbetweenthetwograduationsdividedbythemeasured
distanceincmbetweenthem.
(2)Measureandrecordthedistancesfromthelowestcalibrationmark
onthestemofthehydronetertoeachoftheothermajorcalibration
marks(nh).(3)Measureandrecordthedistancefromtheneckofthebulbtothe
nearestcalibrationmarl.
(4)ThedistanceMycorrespondingtoa readingRhisequaltothesum
ofthedistanrnsmnasnredill(7)and13).
(5)Measurethedistance(H)ironthenecktothebottomofthebulb.
andrecordthisas theheinhtofthebulb.
(6)Calculatetheeffectizedepth(Fr)correspondingtoeachofthe
majorcalibrationmarks(rhlusingtheformula:
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whereH1:lengthfromneckofbulbtograduationRh(cm);
h = twicethelengthfromneckofbulbtoitscentre

ofvolume(cm);
vb:volumeofhydroneterbulb(ml);A= areaofmeasuringcylinder(cm).(7)PlottherelationshipbetweenHRandRhas a smoothcurve.

Usingthiscurve,constructa scaleofR”totherightoftheHRscale(right—mostscale)ontheattachednomographicchart(Fig.l)forthesolutionofStokes‘Law.
(c)MeniscusCorrection
(1)Insertthehydrometerina l00Omlmeasuringcylindercontainingabout700mlwater.
(2)Byplacingtheeyeslightlybelowtheplaneofthe
surfaceoftheliquid.andthenraisingit slowlyuntil
thesurfaceseenasanellipsebecomesa straightline,detenninethepointwheretheplaneintersectsthehydrometerscale.
(3)Byplacingtheeyeslightlyabovetheplaneofthesurface
oftheliquid,detenninethepointwheretheupperlimitofthe
meniscusintersectsthehydrometerscale.
(4)Recordthedifferencebetweenthetworeadingsin(2)and
(3)aboveas themeniscuscorrectionch.rssr PROCEDURE
(l)Oftheair-driedsoil,obtainbyrifflingtwosubsamplesweighing50-100gapproximately.Theactualamountofsoil
requiredwillvaryaccordingtothetypeofsoil,e.g.50gwith
a claysoiland100gwitha sandysoil.Determinethemoisture
content(ma)ofonesample.weightheotheraccuratelytothenearest
0.0lg(mi),andplaceinan evaporatingdish.
(2)Tothesoilintheevaporatingdishaddl00mlofsodium
hexametaphosphatesolution,andwannthemixturegentlyfor
aboutl0minutes.
(3)Transferthemixturetothedispersingcupofthemixer,bymeansofa jetofdistilledwaterfroma wash—bottle.Donot
usemorethanl50mlofwaterforthisoperation.Thenstirthe
soilsuspensionforl5minutesbymeansofthemechanicalmixer.
(4)Transferthesuspensionimmediatelytothe63microntestsieve
placedon thereceiver,andwashthesoilon thesieveusinga jetofdistilledwaterfromthewash-bottle.Takeparticularcare to
washoffalltracesofsuspensionadheringtothedispersioncup
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andbafflewires.Donotusemorethan500mlofwaterforthisoperation.Transferthesuspensionthathaspassedthroughthesievetothe1000ml
measuringcylinderandmakeuptoexactlylO00mlwithdistilledwater.
(5)Transferthematerialretainedon the63micronsievetoan

evaporatingdish,anddryintheovenatI05- llO°C.Afterdrying,sievethismaterialonthe2.5mm,630,,m,200Um.and63umtest
sieves.Weighthematerialretainedoneachsieveandrecordthe
massespg.ME. phandMfrespectively).(6)Inserta rubberbunginthemouthofthemeasuringcylinder,shakethisvigorouslyuntila unifonnsuspensionisformed,and
finallyinvertit endoverend.Immediatelytheshakinghasceased,
allowthemeasuringcylindertostand,andstartthestopwatch.
Immersethehydrometertoa depthslightlybelowitsfloatingposition,andthenallowit tofloatfreely.Takethehydrometerreadingsafter
periodsofl/2,l,2and4minutes.Thenremovethehydrometerslowly,rinseit indistilledwater,andkeepit ina cylinderofdistilled
waterat thesametemperatureas thesoilsuspension.(7)Re-insertthehydrometerinthesuspensionandtakereadinqsafter
periodsof8,l5and30minutes,I,2and4hoursaftertheshaking.
Removethehydrometer,rinseit andplaceit inthedistilledwater
aftereachreading.Intakingallreadings,insertandwithdrawthe
hydrometercarefullytoavoiddisturbingthesuspensionunnecessarily,
allowingabout10secondsforeachoperation.After4hours’sedimentation,
takereadingsonceor twicedaily,notingtheexactperiodof
Sedimentation.
(8)Readandrecordthetemperatureofthesuspensiononceduringthe
firstl5minutesandthenaftereverysubsequentreading,with
anaccuracyofat least10.5°C.(9)Placeexactly50mlofthedispersingagentsolutionina weighed
beaker.andplacethisintheovenatl0S—ll0°Cuntilthewater
evaporates.Hencecalculatethemass(rh)ofthedispersingagentCalculatethedispersingagentcorrection(x)fromtheformula:

x ‘' Z?ldThiscorrectionshouldbeapproximately4,if therecommended
concentrationofsodiumhexametaphosphatehasbeenused.
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CALCULATIOMS
(1)Calculatethedrymassofthematerialtakenforthesedimentation
analysisfromtheformula:

MaMb=

l+m3

(2)UsethemassMbforthecalculationofthepercentagesof
materialretainedoneachsieveusingformulaesuchas :

Materialretainedon2.5mmsieve= -——Ei——x loo(1)
Expresstheseas cumulativepercentagespassingeachsieve.
(3)Performthenecessarycalculationsforthesedimentationstageofthetestbycompletingthetableonthedatasheetattached.
Inthistable,thehydrometerreadingattheupperrimofthemeniscus.Rh Recordthisvaluebyreadingthedecimalsonlyandplacinga decimalpointbetweenthethethirdandfourthdecimal

places.Forexample,recordthedensityl.02B5as

RA= 28.5;
ch= meniscuscorrection;
Mt= temperaturecorrectiongiveninFig.2;x = dispersingagentcorrection.

(4)Detenninetheequivalentparticlediameter(D)bymeansofthe
nomographicchart(Fig.l)forthesolutionofStokes‘Law.Todothis,obtaina valueoftheconstantB byplacinga straightedgeacross
thespecificgravity(G5)andtemperature(T)scalesatthe
appropriatevalues.Notethevalueof B so obtained.Thenobtain
a valueofveleocity(v)byplacinga straightedgeacrossthe
hydrometerreading(Rhlandtime(t)scalesat theappropriatevalues.Finally.readoffthevalueoftheequivalentparticlediameter(D)byplacinga straightedgeacrossthevelocityandE
scalesat thepointscorrespondingtothevaluesof v and3
alreadyfound.
(5)Calculatethepercentage(K)bymassoftheoanticlessmallerthan
thecorrespondingequivalentparticlediameterusingtheformula:

l00asx = —-—-—————~(Rh+M:- xlMb(Gs-l)
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whereMb=totaldrymassofthesoiltakenforthesedimentationanaiysis.
GS=specificgravityofsoilparticies.REPORTINGor RESULTS

Plotthecumuiativepercentagesofparticiespassingeachsieveobtained
formtheresuitsoffinesieving,andthevaiuesofK obtainedfrom
thesedimentationanaiysisona semiJogarithmicchartwiththeparticie
sizeD(mm)asabscissaeontheIogarithmicscaieandthepercentages
finerthanD as ordinatesonthelinearscaie.

..-N-nu
ru\



Slondpipe\

-53-

SML22
CONSOLIDATIONTESTONANUNDISTURBEDCLAV

OBJECT
Theobjectofthisexperimentis todetermine,foranundisturbed
saturated,cohesivesoil,therelationshipbetweentheeffective
pressureandvoidratioandthetime-settlementcharacteristics.
rnocsouns
l. Weightheconsolidometerringandmeasureitsdepthandinternal
diameter,enteringthesevaluesinDataSheetI. Thenextracta specimen
bydFlVIn93 Special,thin- walledrinqiwith?eover—drivepieceattached)
intotheundisturbedsoilsample,andtrimtheendsas follows:

(a)FortheSoiltestInc.consolidometer(Fig.4),thethickness
ofthespecimenshouldbeslightlylessthanthedepthofthering
inordertoaccommodatetheporousstone.whilethespecimenisstill
inthethin-walledring,trimoneend;then,usingtheextruder.pushthe
specimenthroughtheringfora fewmillimetresandcuttheotherend
flushwiththeedgeofthering.Measuretheheightofthespecimen,and
transferit intotheconsolidometerring.

(b)FortheKarol-WarnerInc.consolidometer(Fig.5),thereis no

needforsucha clearance.Thespecimenis thereforetransferredintothe
consolidometerringandtheendstrimmedflushwiththeendsofthis
ring.Measuretheheightofspecimen.

L°°dwgcap Loadingcop
Ring

,I‘o_rousstone.c,,.. . , §>n2{ZZ&;zZ4§§;4h‘V}Pbrobswane
Specimen?z.’{:t_zAr.'_A\u¢._\:a_\\‘I' Po_rous_st_one__.'\\ Specimen,‘\a/.L‘\)'/.'\s.".,’4<_*.v14u\2_1_u\'Porousstone_.

l////‘//7 //V / /7/ / in
FIG.4. FIG.5.

SOILTESTINC.CONSOLIDOMETERKAROL-WARNERINC.CONSOLIDOMETER
C-280 MODEL30!
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2.Takesamplesforthedeterminationofthespecificgravityofthesoil.
3.Placethespecimenwithitsringinanevaporatingdishandweigh.
4.withfilterpaperdiscs(thesemaybewetforsoftclaysbutmust
bedryforstiff.overconsolidatedclays)placedon topandbottom
ofthespecimen,assembletheringintheconsolidationcellandmount
thisontheloadingdevice.
5.Adjustthedeflectiondialtogivesufficienttravelundertheproposed
incrementofload,andtorecorda smallamountofswelling.
5.Loadingsequence

(a)Selectthesequenceofloadingtobefollowedfromthe
followingrangeofpressures(kPa).

l0,25,50,l0Q,200,400,800,l600,3200.Theinitialpressuretobe
appliedshouldbelargeenoughtopreventswellingofthespecimen;
thisshouldbearoundtheeffectiveoverburdenpressureat thedepth
fromwhichthesamplewastakenforstiffclays,andas lowas l0kPa
forverysoftclays.(b)Havingrecordedtheinitialdialreading,applytheinitial
pressureselectedabove,andinstantaneouslystartthestopwatch.
Takefurtherreadingsofthecompressiongaugeat4,8.5,l5,23.5,
and34seconds,andthenat1.2.25’.4.6.25,9.12.25,l6,z;**,36,
49,64,81,I00,lZlminutes.etc.(Thetimessuggestedfacilitate
theuseofthe‘squarerootoftimefitting‘method.Readingstaken
atotherintervalscanalsobeplotted.)(c)Afterabout24hours.recordthefinalreadingsofcompression
andtime.Recordalsothedailymaximumandminimumtemperatureof
theroom.Thenincreasethepressuretothenexthighervalueinthe
sequencegivenin(a),andrepeatthepreviousprocedure.

(d)Useanadequatenumberofstagesofloading(notlessthan4),
ensuringthatthemaximumpressureon thespecimenisgreaterthanthe
effectivepressureexpectedinsituduetotheoverburdenandthe
proposedstructure.

‘Thespecimenshouldbefloodedwithwateras soonaspossibleafter
theapplicationofpressure.Ifthiscausesthespecimentoswell,
or thecompressiontoalmostceasewithina shorttime,increasethe
pressuretothenexthighervalueintherangegivenin(a),andre—start
readingthecompressiongaugeat thesuggestedtimeintervals.Ifswelling
continues,thepressureshouldbeincreasedfurtheruntilthespecimen
continuestoconsolidateunderthenewload.
‘geeNOTEfollowingstep7.



-65-

7. Un1o.ad1‘ng
(a)Aftercompletingthereadingsunderthemaximumapplied

pressure,decreasethepressuretoa quarterofthemaximumpressure,
andthentol0kPa,leavingeachpressureonforat least4hours.
(Nointermediatereadingsare normallytakenduringthereboundstages
ofthetest.)(b)Aftertakingthefinalreadinqunderthel0kPapressure.
quicklydismantleHeapparatus.Removethefilterpapers,drytheexcess
wateronthesurfaceofthespecimen,andweighthespecimenwhilestill
insidethering.

(C)Placethespecimenandringinanevaporatingdishanddry
intheoventoconstantweight.
NOTE(forinstructionpurposnsonly).Theproperconsolidationtesttakes
overoneweektocomplete.Inordertoobtaina rougheffectivestress-
voidratiocurveina 50- minuteinstructionperiod,thefollowing
procedureissuggested:Afterthe25-minreadingunderthefirstpressure,applytheremaining
pressuresinsequence,leavingeachpressureonfora periodof3minutes.
Donottaketime—compressionreadings;justrecordthelastreading
ofthedialgauge,beforeapplyingthenextload.Afterapplyingthe
lastpressureandkeepingit onfor3min,takea finalreadingofthe
dialgauge,removeallloads,andapplytherestoftheprocedures
inStep7(b)and(c).CALCULATIONS
1.PerformthenecessarycalculationsinordertocompleteDataSheet1.
2.FromthereadingsrecordedonDataSheetll,plotcurvesofthedial
gaugereadingsagainstthesquarerootoftime.Franthesecurves,
determine:9”,thetimefor901consolidation,usingTaylor'ssquare
rootoftimefittingmethod.Thisisdonebyextendingthestraight
portionofthecompression-timecurvetointersectthecompressionaxis
at thecorrectedorigin.Throughthispoint,a secondstraightline
isplottedhavingallabscissael.l5timesthecorrespondingvaluesonthe
firstcurve.Thepointofintersectionofthissecondstraightlinewith
thelaboratorycurvegives:90. Makinguseofthe:90valuesdeterminethe

0.848H2
t9ocoefficientofconsolidation,cv. usingtherelationcv-

whereHisonehalfoftheaverageofthicknessvaluesat the
beginningandat theendofa loadincrement.
3.UsetheinfonnationonDataSheetI andthecorrectedcompression-time
curvesinordertocompletethetableonDataSheetIll.



-55-

4.Plotthevoidratioofthespecimenasordinateona linearscale,
andthecorrespondingappliedpressure,p , inkPaas abscissa
ona logarithmicscale.fordifferentstagesofthetest
5.Calculatethecoefficientofvolumechangemvinmz/knfora pressure
incrementof100kPainexcessoftheeffectiveoverburdenpressureat the
depthfromwhichthesamplewastaken.Usethesemi—iogarithmicplot
obtainedin(4),andthefollowingequation:

I ) de" dp 1+ea l0O(l+eo)
wherede- changeinvoidratiocorrespondingtotheincrementoflO0kPa;

eo= voidratiounderthepresenteffectiveoverburdenpressure.
6.Plota curveshowingthevariationofcoefficientofconsolidation
cvwithaverageconsolidationpressurep.
7.DeterminethepreconsolidationpressurebyapplyingCasagrande'sconstruction(see,e.g..Craig.1983)tothesemi-logarithmicplotobtainedin(4).8.Discussyourresults.
REFERENCE
Craig,R.F.(1983).soilMechanics,3rdedition,VanNostrandReinhold.
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SHL23
LABORATORYVANETEST

OBJECT
Todeterminethepeakandresidualundrainedshearstrengthofa soft,undisturbedor remouldedclay,assumedas saturated,usingthe
laboratoryvaneapparatus.rneoer
Usingyourlecturenotes.derivethefollowingexpression:

V_ 2 or- —2—D.H.(l+—3H—).cwhereD=diameterofcirclecircumscribingvanes;
H=heightofvanes;
c =mobilizedshearstressintheclaysamplewhenthevaheis

pushedwellintotheclay.anda torqueTisappliedtoit.
aepaaarus
Givea linediagram,anddescribethemainfeaturesofthelaboratoryvaneapparatus.ThisinstructionisfortheuseoftheHykehamFarrance
device,althoughthegeneralprocedureappliesfortheuseofother
equipment.Peoczouns
la)Calibration
l.Applya knowntorquetotheverticalshaftcarryingthevaneandread V

offtheangulardeflectionofthespring.Therequiredtorquecanbe
appliedbymeansofa threadwoundroundthe9.5-mmdiametersectionofthevaneshaft,andpulledhorizontallybypassingitovera pulleysupportedindependentlyona horizontalaxis,andplacingweightsona hangerattachedtoitsend.
Z.Readingsshouldbetakenforloadingandunloadingstagesandthemean
springdeflectiondeterminedinordertoeliminatetheeffectof
frictionat thepulley.
(17)TestingProcedure
1.Ifanundisturbedsampleisavailable.transferthisintoa Proctor
orothersuitablemould”.Otherwise,remouldaboutl kgofAnkaraClaywithdistilledwatertoa consistencycorrespondingtoa watercontent
ofabout351.Filla C.B.R.mouldwiththisclay,mkingcarenottotrapanyairinthesample.Placethesamplesopreparedonthebaseplateofthevane apparatus.centrallybelowthevane.

'if_he_Karol-Warnerdeviceistobeused,thesamplecanbetesteddirectlyuh!e In thesampingtube.
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2.Rotationofthehandle,havinga horizontalaxis,rotatesa graduateddiscwhichiscoupledwiththetopofa helicalspring.(Fourspringsof
varyingstiffnessare available,andtheonegivingas wideArangeof
readingsas possiblemustbechosenaccordingtotheconsistencyofthe
sampletested,providedthatthespringdeflectiondoesnotexceedl80°).Thelowerendofthisspringiscoupledwiththevaneshaftandalsowith
twopointers.Theshorterofthesepointersreadsagainstthegraduated
discandhenceregisterstherelativeangularmotionbetweenthetopandbottonofthespring,thatis.the'Sprinqdeflection‘.Thelongerpointerreadsagainsta stationarygraduateddialandhencegivesthe
angularrotationofthevane.
3.Setthetwopointersincontactwitheachother,withthelongerpointerreadinga valueclosetozero.laketheinitialreadingsof
bothpointers.4.Byturningthehandleat thetopofthescrewspindleanticlockwise,
lowerthevaneuntilit isjustincontactwiththetopofthesample.Thengiveit 12moreturnsso thatthevanepenetratesthesamplebyaboutthreetimesitsownheight, H,inordertoavoidthesurface
irregularitiesofthesample.Takethepointerreadingsoncemoreto
checkwhetheranytwistofthevanehastakenplaceas it enteredthesoil.
5.Thenapplya torquetothevanebya steadyclockwiserotationofthe
appropriatehandleata speedofoneequarterofa revolutioneveryl0
seconds.Duringthisprocess,takereadingsofthespringdeflection
(innerdial)andoftheangularrotationofthevane(outerdial)at
intervalsofl0seconds.Continueuntilthesamplefails,thisbeingindicatedbya reductioninthespringdeflection.Ifthespringdeflection
reaches100°,stopthetestandrepeatwitha stifferspring.6.Rotatethevanerapidlythroughtwocompleterevolutions;thenreduce
thespeedofrotationofthehandletothevalueusedin(5).andtake
a finalreadingofthespringdeflectionandtheangularrotation.
7.Raisethevaneoutofthesamplebyrotatingtheverticalspindleclockwise.wipethebladesclearofadheringsoil.Shiftthesampleso
thatthevanecanbeloweredtoa pointatleast30mnfromthepointoftheprevioustestandrepeatSteps(4)to(6).8.Repeat(7)forat leastonemorepointofthesample.9.Taketwosamplesforwatercontentdetennination.
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conpurarrows
l. Plotthecalibrationcurves,forthespringsused,intheform
ofgraphsofappliedtorqueagainsttheaverageangularspringdeflection.
2.Foreachsheartestperfonned,convertthevaluesofthespringdeflectiontomobilizedshearstressinthesamplebyusingthe
calibrationcurveforthespringusedandtheformulagivenabove.Plot
thesevaluesagainsttheangularrotationofthevane,thusobtaininga setofstress—straincurves.Readoffthevaluesofpeakandresidual
undrainedshearstrength_3.Obtaintheaverageofthevaluesofpeakadresidualundrained
shearstrengthofthesoil.
4.Discussyourresults.


