2. TOPRAKLARIN GENEL
OZELLIKLERI



Topraktaki Uc Faz
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(1) Bosluk orani (Void ratio), e, (ondalik V.

olarak sunulur, 0.65)
o Volume of voids(V,)

~ Volume of solids(V.)

-— _< —_— :<—|- -
¢ 1

(2) Porozite (Porosity), n, (yiizde olarak sunulur 100 %, 65 %)

Ve e (%) = Volume of voids(V,)

n= = : x100
V. (1+€e) 1+e Total volume of soil sample(V,)

(3) Doygunluk derecesi (Degree of Saturation), S, (yiizde olarak

sunulur 100 %, 65 %)
Total vol f voi ntains wat
S(%) = otal volume of voids contains water (V)

Total volume of voids(V,)

x100




Tipik Degerler

Dry Unit
. : 2 re Weight
Void Ratio  Porosity (%
Y8 (kN/md)
Dmripﬁon max ©min "max "min Ydmin Vdmax
Uniform spheres 092 035 476 26.0 — —_
Standard Ottawa Basit kiibik (SC), e = 0.91,
sand 0.80 0.50 44 33 14.5 173
Clean uniform _
sand 10 040 S0 29 130 185 .... | (%)
Uniform inorganic
silt 1.1 0.40 52 29 126 18.5 ....
Silty sand 09 030 47 23 13.7 200
Fine to coarse . —
sand 0.95 0.20 49 17 13.4 21.7 K tibik-tetrahedral (CT)’ e= 065’
Micaceous sand 1.2 040 55 29 119 189
Silty sand and
gravel 085 014 46 12 140 229 % ::::
After B. K. Hough, Basic Soils Engineering. Copyright © 1957, -

The Ronald Press Company, New York.

(Lambe and Whitman, 1979)



Doygunluk derecesi (Degree of saturation), (S)

Total volume of voids contains water (V)
Total volume of voids(V,)

S(%) = x100

e Timduyle kuru zemin S=0%
e Timuyle doygun zemin S = 100%

e Doygun olmayan (kismen doygun zemin) 0% < S < 100%
Su icerigi (Water content) (w)

M, W

w

W(%)= X 100

MS WS



Yogunluk ve birim hacim agirhk

e Kitle madde miktaridir ve
evrenin her yerinde aynidir.

o Agirlik kitleye etki eden
yercekimi kuvvetinin
bayuklagudur. (Newton‘un
ikinci yasasl F = mg)

 Hesaplamalarda genellikle
birim hacim agirlik tercih edilir.

 BiRIM CEVIRME

. Mass
Density , p= ———
Volume
Unit weight , y = ETE _ Wless -

Volume Volume

g :accelerati on due to gravity
y=p-g=p-980_

Water ,y = 9.8 k%3

Gszpszps.gzys
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BiRiM DONUSTURME

UNUTMA

Alan olguleri 100’er buyiir veya kiigiiltr.
Hacim oOlclileri 1000°er biiylir veya kucguliir.
1kg > 9.81N

F=1kg*9.81m/s*=9.81kg * m/s?>=9.81N
= F/A

1 N/m2=1Pa

1 kN/m2=1 kPa



Yogunluk ([ )-Birim Hacim Agirlik ([ ) Donilisimii

e 1g/cm3

- ? kN/m?3

1 gram *103%9.81 * 103

g > kg > N - kN

1 cm3*10°

cm3-> m3

9.81 kN/m3




Birim Hacim Agirlik () - Yogunluk ([ ) Donlisiimii

e 25.6 kN/m3

%

? g/cm3

25.6 *103* 103

KkN>N->kg>g

9.81 * 10°

m3 - cm?3

2.61g/cm3




Gerilme Donlusumi (kg/cm? - kPa) Doniisumii

e 10 kg/cm? - ? kPa

10kg *9.81 * 103 [N - kN
1cm2*10*4 cm?2-> m?

981 kPa




Gerilme Donusumii (kPa > kg/cm?) Donlisiimii

e 981 kPa

%

? kg/cm?

981 kN * 10°

kN> N - kg

1m2*9.81

mZ

10 kg/cm?




Agirhk Iliskileri

(1) Su icerigi w (%)

Mass of water (M)

w(%) = , .
Mass of soil solids(M,)

Bazi organik topraklarda w> %100,
% 500’e kadar ulasabilir.

(2) Suyun yogunlugu (sicakhga bagl
olarak ¢ok az degisir)

r,=1g/cm’®=1t/m*=1Mg/m®

(3) Topragin yogunlugu

a. Kuru yogunluk

Mass of soil solids(M,)

e Total volume of soil sample(V,)
b. Toplam, nemli (dogal) yogunluk

(0%<5<100%, Kismen doygun)
_ Mass of soil ssmple(M_;+M,,)
" Total volume of soil sample(V,)
c. Doygun yogunluk (S=100%, V, =0)
_ Mass of soil solids+water(M,+M,,)
P=t =T otal volume of soil sample(V,)

p

d. Batik (Submerged) (Buoyant) yogunluk

P =P —Pu



Diger lliskiler

(1) Ozgul agirlik (G,): kati tanelerin agirhginin kati tanelerin hacmi kadar
suyun agirligina orant:

G G _Ps _7Ts Py S €=W-pyg
® V.xg, S B
N Pw Yw S-e=w-G,

(2) Ozgiil hacim (Specific volume, V’): toprak hacminin birim kati tane
hacmine orani

G.tS.e
V, e o= Gy
=1+e n=

V. e / 1+e X
r

w

r



Tipik 6zgul agirhik degerleri

Table 3.1 Specific Gravities of Minerals

Quartz
K-Feldspars
Na-Ca-Feldspars
Calcite
Dolomite
Muscovite
Biotite
Chlorite
Pyrophyllite
Serpentine
Kaolinite

Halloysite (2 H,0O)
Illite

Montmorillonite

Attapulgite

2.65
2.54-2.57
2.62-2.76
.72

2.85
2.7-3.1
2.8-3.2
2.6-2.9
2.84
2.2-2.7
2.61°
2.64 £+ 0.02
2.55
2.84*
2.60-2.86
2.74*
2.75-2.78
2.30

* Calculated from crystal structure.

(Lambe and Whitman, 1979)

Table 2.2 Specific Gravities
of Common Minerals®

Mineral G
Halite 2.1-2.6
Gypsum 2.3-24
Serpentine 2.3-2.6
Orthoclase 2.5-2.6
Chalcedony 2.6-2.64
Quartz 2.65
Plagioclase 2.6-2.8
Chlorite and illite 2.6-3.0
Calcite F Iy |
Muscovite 2.7-3.0
Biotite 2.8-3.1
Dolomite 2.8-3.1
Anhydrite 2.9-3.0
Pyroxene 3.2-3.6
Olivine 3.2-3.6
Barite 4.3-4.6
Magnetite 4.4-5.2
Pyrite 4.9-5.2
Galena 7.4-7.6

* A. N. Winchell (1942).

(Goodman, 1989)



Faz problemlerinin ¢6zimu

Asagidaki kurallari unutma:

1. Basit tanimlariunutma w, e, p,, S, vd.

2. Faz diyagramini ciz.

3. V.=1veya V=1 olarak kabul et (eger verilmemis ise).

4. Builiskiyi cogu kez dene; p,Se=wp, ve/veya Se = wG,
- G,tS.e a,

/ 1+e »\r

r w



Kivam Limitleri (Atterberg Limitleri)
ve
Kivamlilik Indisleri



Kivam Limitleri

* ince taneli zeminlerde suyun varligi miihendislik davranisini dogrudan etkiler.
Bu etkileri tanimlayan referans indekslere gereksinim vardir.

Toprak
zemin-su
karisimi

Su icerigi
artiyor

Kuru toprak

Sivi (Liquid) durum
Likit (Liquid)

Limiti, LL
Plastik (Plastic) durum

Plastik Limiti, PL
Yarikatl (Semisolid)
durum

BlUzllme (Shrinkage)
Kati (solid) durum Limiti, SL




Likit (Liquid) Limit-LL

*(ASTM D4318-95a)

*Prof. Casagrande, testi

standartlastirmistir. *Bu yontem the Transport and Road
Research Laboratory, UK tarafindan

gelistirilmistir.

e(BS 1377: Part 2: 1990:4.3)



Casagrande Yontemi

oAlet "

10 mm gage for checking
height of fall of cup

Casagrande
grooving tool

Brass cup _ Remolded soil sample

Height of fall N=25 dU§Um /

v _—of cup

10+
L Kapanma boy
e 12.7mm (0.5 in)
(Holtz and Kovacs, 1981) TANIM: 25 distm ile kapanma boyunun 0.5 inch

(12.7mm)’e ulastigi andaki su icerigi



Casagrande Yontemi

e Cok noktal grafiksel ¢oziim

Das, 1998




Casagrande Yontemi

« Akis egrisinin egimi sabit kabul NP
edilir. | 55

o Egim 767 liquid limit testsile N = number of blows

belirlemistir. : :
W, = correspondl ng mMoisture content

tan3 =0.121
Sinirlamalar:

e B ampirik katsayisi her zaman
0.121 olmayabilir.

e Dislm sayisinin 20 ile 30
arasindaki degerleri icin daha iyi
sonuc alinir.



Konik Penetrometre (Cone Penetrometer)
Yontemi

e Alet |

Mass of
assembly
80-00g

Hollow stem
Gauge plate
Lead shot [ ,

3 — [
xWarn tip
35mm
|
1-50mm dia
b

Fig. 2.12 Details of cone for penetrometer

Transport and Road
Research
- L aboratory.

(Head, 1992)

(a)
Fig. 2.11 Apparatus for cone penetrometer liquid test: (a) Cone penetrometer with automatic timing device, (b) cone
and gauge plate



Konik Penetrometre Yontemi

Konik penetrasyonu
(mm)

LL

Quicerigi, w (%0)



Karsilastirma

300
LIQUID P J//
LIMIT / |
(B.S.)cone ,/
test
W e Wis = Wi _"_\,//
L
200 /
Vi
/ .
/ Tentative correlation
\ curve
100
0
0 100 200 300 400

LIQUID LIMIT (Casagrande test) w, .
Fig. 2.9 Correlation of liquid limit results from two test methods

Littleton and Farmilo, 1977 (from Head, 1992)

LL <100
Icin
sonugclar
uyumludur.



Plastik Limit-PL

JEriF ar arur ar i drarar AR

(Holtz and Kovacs, 1981)

Ovularak silindirik sekle getirilen toprak zemin 6rneginin 3.2 mm ¢apa
eristiginde kilcal enine ¢atlamalar gozleniyor ise, bu 6rnegin su icerigi PLdir.

ASTM D4318-95a, BS1377: Part 2:1990:5.3



BlzlUlme (Shrinkage) Limit-SL

(Das, 1998)

TANIM:

Kurumaya bagli olarak
hacimsel  kugllmenin
durdugu andaki su
icerigi SL dir.



Blzulme Limiti-SL (Cont.)

Porcelain—§
ol
dish

Toprak hacmi: V;
Toprak kutlesi: M,

Toprak hacmi: V;
Toprak kutlesi: M,

Porcelain
dish

(Das, 1998)

(b)

SL =w. (%) — Aw(%)
M,—M, V. -V,
=( v j(loO) [ v j(pw)(loO)

2 2



Kivam limitleri icin tipik degerler

Table 10.1 Atterberg Limit Values for the Clay Minerals.

Liquid Plastic Shrinkage
Limit Limit Limit
Mineral® (%) (%)
Montmorillonite 100-900 50-100 8.5-15
Nontronite 37-72 19-27
Illite 60-120 35-60 15-17
Kaolinite 30-110 25-40 25-29
Hydrated Halloysite 50-70 47-60
Dehydrated Halloysite 35-55 30-45
Attapulgite 160-230 100-120
Chlorite 44-47 36-40
Allophane (undried) 200-250 130-140

(Mitchell, 1993)



indisler

ePlastik durumun gecerli oldugu su P Dogal nem icerigine gore zemin
icerigi araligini ifade eder. davranisini yorumlayan bir
indistir.
PI=LL-PL
] ~w-PL w-PL
Pl LL - PL
Liquid Sate  C w isthewater content
Liquid Limit, LL

Pl Plastic Sate B

plagic Limit, L LI <O (A), makaslaninca kirihr.

Semisolid Sate A O<LI<1 (B), makaslaninca plastik davranir

ShrinkageLimit, S LI >1 (C), makaslaninca sivi olarak
Solid Sate davranir.




Indisler

(Skempton, ¥ Normal killer: 0.75<A<1.25

1953) ® Aktif olmayan killer: A<0.75
r Aktif killer: A> 1.25
_ Pl Y tiksek aktivite:
%Kil yUzdesi(agirlikca) Islaninca yiksek hacim degisimi,
Kilylizdes :<0.002mm Kuruyunca ylksek bztlme orani

Table 10.4 Activities of Various Clay Minerals.
°

Mineral Activity®

Kivam limitlerini etkileyen kilin .
Smectites

ve yorumlamayi Ilite

amadar. Kaolinitce
Halloysite (2H;0)
Halloysite (4H,0)
Attapulgite
Allophane

-7
1
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1.2
1.4




