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Standard Penetration Test, SPT
Cone Penetration Test, CPT
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Pressuremeter Test, PMT
Dilatometer Test, DMT
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California Bearing Ratio, CBR
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Anvil

Drill Rod

Split-Spoon
rive sampler
2” 0D
1-3/8” ID
30” Long
No Liner

Seating Spoon 6” (150 mm}

Second Increment 6” (150 mm) }

Third Increment 6” (150 mm)}

140 Ib (63.5-kq)
Hammer dropping
30” (0.76 m)

Drill Rod Sizes
Symbol OD, in
A 1-5/8
N 2-3/8

SPT Resistance
(N-value) is
total number of
blows to drive

and 379 6” (150

| } sampler the 2™

mm) increments
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Safety

QHHammer
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<+—— Sleeve
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Centering Rod

E-——Plug

| «——— Drill Rod

Cylinder ——»

Window —

Hammer
Sprocket —_

Chain —p

Tooth i

Anvil

Drill Rod
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=L ol wlaxio bl

‘el b2 B
Meyerhoff (1956)
| Standar_‘d Static Cone Angle of
Relative Penetration . Internal
. . Resistance .

State of Density Resistance (q.) Friction

Packing (N) ‘ (¢)

Tsf or

y ] <20 <4 < 20 <30
9[3(’30:25‘9 20 — 40 4-10 20 — 40 30 — 35
Combact 40 - 60 10 =30 40-120 35 -40
Denpse 60 — 80 30-50 120 — 200 40 — 45

> 80 > 50 > 200 > 45

Very Dense




2o b S &lascien bLS |

Correlations Based on N-values

Sands (Reliable) Silts and Clays (Unreliable)
Ne, | Relative Density N¢o Consistency
0-4 Very loose 0-2 Very soft
5-10 Loose 2-4 Soft
11-30 | Medium Dense 5-8 Medium
31-50 Dense 9-15 Stiff
> 30 Very dense 16-30 Very stiff
Over 30 Hard
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SPT tsbojl cilowseas

Cy=(F, /G;G)Dj )
,:)L")M 61ﬁ,w ]
Joes 0 gog0e Sge 250, 5 (100 kPa) S anas] a8 P o1 s as

By 55 camd jlooliial b ol (oo 1) 5 diged 4 00l e 55,51 @

Sipl A S disad d ool Jdiie 8ls o5, s a5 (Energy ratio)
So & by e E., 5N, Sdyge yo ol plas (he)e & )ga) el S8
ol wb ail e plor o o5 bl bae B s Vs Gl
E,y XNy = E;2 X Ny

E, X Ny




TABLE 2. Corrections to SPT (Modified from Skempton 1980) as
Listed by Robertson and Wride (1998)

Factor Equipment variable Term  Correction
Overburden pressure i Cy (Pio )"
Overburden pressure —_ Cw C,= 17
Energy ratio Donut hammer Ce 0.5-1.¢
Energy ratio Safety hammer Ce 0.7-1.2
Energy ratio Automatic-trip Donut- Ce 0.8-1.3
type hammer
Borehole diameter 65-115 mm Cs 1.0
Borehole diameter 150 mm Cs 1.05
Borehole diameter 200 mm Cs 1.15
Rod length <3m Cx 0.75
Rod length 3-4m Cr 0.8
Rod length 4-6 m Cr 0.85
Rod length 6-10 m Ce 0.95
Rod length 10-30 m Cr 1.0
Sampling method Standard sampler Cs 1.0
Sampling method Sampler without liners Cs 1.1-1.3

(Nso = N,CvCeCpCrCs

(8)

SPT lowas

:(N1 )6I{]
61)'.' a..L;:'f C)L‘A N

5 yhoed| So b
Se,95 60% 65 5



T o il
SPT gulojl Canddl g 8,8
Soil | D, | ¥ K, |OCR|S; | sy, | ¢ [EG| M |G| k | ¢
Type
Sand | 3-4 | 4 5 3-4 | 4-5 4-5
Clay R 4 5 |34 5 45| 5 |45 5] 5

1 =high: 2 = high to moderate: 3 = moderate; 4 = moderate to low: 5 = low;
Blank = no applicability

Type of Soil Pile Bearing Settlement | Compaction | Liquefaction
Design Capacity Control

Sand 2-3 1-2 2-3 2-3 1-2

Clay 3-4 3-4 4-5 4-5 1-2

Intermediate Soils 3—-4 2—3 3-4 4-5 1-2

Reliability rating: 1 = High; 2 = High to moderate; 3 = Moderate: 4 = Moderate to low;

5=low




SPT N Value, Blows/ft or 305mm

0
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~ 1L
[e}
.
(Vg
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S wlasin

Hatanaka and Uchida (1996); @'= V20N +20°

¢'= 12N 5 +20°

A lower bound for the above equation is given as;

¢'= 12N

IV 45 +15



Vertical Effective Stress, o7, (Ib/ft?)

.

Sl Olasiw

Holz and Gibbs, 1979
=~ == Bazaraa 1967 0

D, ’= (Nl)éo / Cp Ca Cocr

Where the factors for particle size (Cp), age (C4) and overconsolidation ratio
(Cocr) are given by the following:

CP =60 +25 lOg D50 (D50 n I‘I]ITO

o’, (kPa)

Ca=1.2+0.05log (t/100) (t in years)

Cocr = OCR ' (OCR=0",/06)

SPT Ngy Value

. Relative Density, Dr, determined from SPT N4y and the vertical effective stress,

rr,_.,, at the test location (Adapted from USBR, 1974; Bazaraa, 1967)
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Undrained Shear Strength, C,, (kN/m-)

Approximate Correlation between Undrained Shear Strength and
SPT-N values (After Sowers, 1979)

500 T T 7 T T /- T Y ./1 T

| Soil groups refer -
to Unified system /
400 I N
~

~ J
~
- -1
SC-
-— = -
Terzaghi and Peck (1967)
0 10 20 30 40 50 60
SPT N-value (blows/300mm)

Table 4. Stroud (1989) recommendation for ¢, (¢, = f1 * Ngo)

Soil Type fi (kN/m?)
Overconsolidated clays
IP = 50% 4.5
IP = 15% 5.5
Insensitive weak rocks -
5.0

Neo < 200




E.i'
; 25 (kg/cm?
E)s/q¢ o 9
SPT
24 , | | 120
20 4 100
OC SANDS
16 - 80
2<0CR<8
12— - 60
8 | [dc=5Nspr - 40
“= kg/cm?
4 - 4 20
NC SANDS — —————.
—_—_"'_'—'—-—--
0 | | | ]
0 20 40 60 80 100

RELATIVE DENSITY (%)

Correleation between deformation modulus, E; and SPT N-value for granular

oS 30 SPT Gislojl gulis o 8

100

.- MN/m 2
L L
o o

Deformation modulus, E
H
o

N
o

S Olaziv

1Y ] ' L) l

Overburden pressure - kPa

|

0

. 3 | B 1] 1

20 40
SPT N-value - blows/300mm

soils (after Menzenbach, 1967)

60
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Equations for stress-strain modulus E; by several test methods

E; in kPa for SPT and units of g, for CPT; divide kPa by 50 to obtain ksf. The N values should be

estimated as NVsz and not Ny. Refer also to Tables 2-7 and 2-8.

Soil SPT CPT
Sand (normally E; = 500(N + 15) E; = (2to 4)q,
consolidated) = 7000 Jf_t.f — 8000 ﬁ:
= 6000N ———
- E, = 1.2(3D? + 2)q.
1E, = (15000 to 22000) - InN *E, = (1 + D?)q.
Sand (saturated) E, = 250(N + 15) E, = Fq.

Sands, all (norm.
consol.)}

Sand (overconsolidated)

Gravelly sand

Clayey sand

Silts, sandy silt, or
clayey silt

Soft clay or clayey silt

e=10 F =135
e =06 F=10

fE; = (2600 to 2900)N

tE, = 40000 + 1050N E, = (6 to 30)q.

ED(OCR} ==IEr‘f.rm:\/‘)E
E; = 1200(N + 6)
= 600(N + 6) N=15
= 600(N + 6) + 2000 N=>15

E, = 320(N + 15) E, = (310 6)q.
E;, = 300(N +6) E; = (1to 2)q.
If g. < 2500 kPa use SE! = 2.5q.

2500 < g. < 5000 use E! = 4q. + 5000
where

P N — E"(l _ ”) = ]
E, = constrained modulus = (T + p)1 -2 T om,
E, =3t B)Qt
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Overconsolidation Ratio, OCR

iy SPT fubojl gulis 0,5
S Olaziv

S0

r T T l T 1 17T I 1 /;. DII' l ,’T
L ; &
I>e /l =
B fissured _—._/L % e / -
i o//we@
\',/,_a
=
OCR=0.58 Npo/&vo A

'O (n=112, r2-0.661 ¢ < =]

g e ) — s = "

» .0.=3.82 < .

- \ A crao %En i

S >> % q": =

- S 4 0&;" i

B> o) :?Q?oa <
- Ab § Q -
So o,
2r N ®0 g0 48 intact clays ]
© A 00 3 fissured clays
l‘,. AL L/):, s S T EEE | 1 ! M

l 2 5 10 20 50 100

SPT N Value,N p /7, (blows/ft or 305mm)

OCR 1n clays using SPT



CPT _isbosl

Cone rig with hydraulic pushing system
- -

Cone Penetration Test (CPT)

10—

* ASTM D-5778 Field
Test Procedures
» Continuous push at ;
20 mmvs Electronic Penetrometer

» Add rods at 1-m u o
vertical intervals lc = inclination

-
-

5
-,
.
l" T
.
-

T fs = sleeve friction resistance

¢ e enlargement T T
H
wl el o —» Uy, = porewater pressure
ql '~ % =
- i \/ = measured tip resistance
Readings taken N e 4

every 1or5cm B s u) ¢ = total cone tip resistance
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Incliry
L clinometer,

® .

M~
>eophone &

Friction

7 Slesve™_

f]ﬁil

o

1]

L. Pressure
Transauce

2 locatio

Ut location

>°;ls<

~
rans "
Porous Filter (
u ion

\/ Porous Filter

7
N

Source: NCHRP Synthesis 368

Standard cone dimensions: tip 10
cm?, sleeve 150 cm?, 1.44-inch
diameter

Another common conflguration tip
15 cm?, sleeve 225 cm<, 1.75-inch
diameter

9, 10, 15-ton load capacity cones
most common

Tip resistance (q.)
Sleeve friction (f;)

Induced pore pressure and pore
pressure dissipation (U4 2 3)

Shear wave velocity
Soil resistivity
Inclination
Temperature
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Sleeve Friction Porewater Pressure Friction Ratio

Tip Resistance

U; (kPa)

f. (kPa)

dr (MPa)
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gg CLIENT

Depth (ft)

40—

100 ——-

Site: SITE Engineer: JDOE
Sounding: CPT4 Date: 10/19/2007 08:28
ts fs(ts u (psi Rf (% SBT
G (tsT) 700 0 s (tsh) 0 15 ) £ (%) 0 o b5
FEd ol o 5 P O P |2 R = 1T [ T T 11 Illllilllllllllll
= = ] = ; — Chy =
e 2] i _ )
s o [ c -
o
—»AR!PLE i 7 I 7 7
60— = — — i — " —
— |—, — Sandy :lh&uéhyay:ﬂl —
‘Eg’ : : p Sanay sik & obyey sit :
— — — : i S:iﬂ —
o i — f—. 4 — i —
PAMPLE ; . i —
lllillll_ 1= lillll_ ""‘!llllillllllllllr

| I
Max. Depth 130.085 (f1)
Avg. Interval: 0 164 (ft)

SBT: Soil Behaviar Type (Robertson 1990)
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Interpreting results

When pore pressure is collected, referred to as piezocone
or CPTu sounding. Three basic measurements qc, fs, U>.

dc Is typically corrected for pore pressure effects (q).

gt = qc + Ux(1-a), where a is net area ratio of tip, ranges
from 0.6 to 0.8 depending on probe design.

Normalization for overburden stress.

Qt = (9t-0vo)/C'vo
Fr =100%[fs/(qt-0yo)]

Bq = (U2-Ug)/(dt-Ovo) = pore pressure parameter
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D,  Relative density

¥ State Parameter
E.G Young’s and Shear moduli

Soil | D | ¢ | Ko OCR | S | s | ¢ |EG )M G | k | o OCR Over consolidation ratio
Type Sy Undrained shear strength

Ch Coefficient of consolidation
Sand 2-3 2-3 5 5 2-3 2-3 | 2-3| 23 3 34 L|)' Friction anglc

Ky  In-situ stress ratio
Clay 2 1 2 12| 4 2.4 23] 24 | 2-3 |23 Gy Small strain shear moduli

M Compressibility
St Sensitivity
k Permeability

[ =high, 2=high to moderate, 3=moderate, 4=moderate to low, 5=low reliability, Blank=no applicability, *
improved with SCPT

Type of soil Pile Bearing | Settlement* | Compaction | Liquefaction
design capacity control

Sand 1 -2 | -2 2-3 | -2 1 -2

Clay -2 ) 23 34 1 -2

[ntermediate soils 1 -2 2-3 2—-4 2-3 1-2

Reliability rating: 1=High; 2=High to moderate; 3=Moderate; 4=Moderate to low; 5=low
* improves with SCPT data
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CONE RESISTANCE, q /p,

1000 T T TTTTT

Zone Soil Behavior Type

T T

L L1l

Sensitive, fine grained
Organic soils - clay
Clay — silty clay to clay
Silt mixtures — clayey silt to silty clay
Sand mixtures — silty sand to sandy silt
Sands — clean sand to silty sand
Gravelly sand to dense sand
Very stiff sand to clayey sand*
Very stiff fine grained*

|
|

g

T

O Co o Dy o R Lo bo e~

-l
o

* Heavily overconsolidated or cemented

P, = atmospheric pressure = 100 kPa = I tsf

I N
0.1 1 10

FRICTION RATIO, Ry

CPT Soil Behavior Type (SBT) chart
(Robertson et al., 1986, updated by Robertson, 2010).



Dimensionless
Soil Unit Weights, y/v,,

(Y = unit weight of water)

1000 U 1 LI I U LI LA
S
E" Y/Y\\‘
z 8 |
=
C = 2.1
= @
5 i 2.0
£ O
5 i 1.9
L -
= =
5 - 1.8
@) u
L 1.7
i 1.6
1 - 1.5
0.1 1 10

Friction Ratio, Ry= (f/q,) x 100(%)
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Clay Clayey silts Sandy silt Silty sand Sand
10 & silty clay & silt
— —

T LR 0 Tl e

Data from 18 sites

0 u il I.I.I.II.I.I L L 1I.I.IIII 1 1 Ii!lll!
0.001 0.01 0.1 1

Mean particle size D, (mm)

CPT-SPT correlations with mean grain size
(Robertson et al., 1983)
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(kPa)

VO

N
W
o

200

250

Vertical effective stress ¢
w
o
o

350

400

0

Cone resistance q, (MPa)
40 50

10 20

30

\§§
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\\
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\AN

N

AN\

—

\

\

AN

|

30° 32°

|\
|\
)

L .

Note: 0.1MPa=100kPa=1 bar =1 tsf = 1 kg/cm’

tan ¢' = L[log(, de \l +0.29

2.68
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_q'r"Po
304 Ne
L \v:=50
\\ Range in §,
ql o G\-‘ -t mh\i;q
Sy = = 10°25
Nkl *3 N ~2
2 ao
24
§ 15 NP 4-7
5.5 -
Nir = 13+ —1Ip
50 10
|
%10

Plasticity index Ip, %,
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Undrained shear strength s

10.0

overburden stress o',

o
o o

>
o

2.0 |-
154~

1.0
0.8

0.6 -

0.4

0.2

0.1

CPT qls (bl 2 5,195, ampsus ;U

Z 7 T INNNNNS

/

OCR =

Preconsolidation stress p',

Overburden stress o',

0 2 4 6 8 10 1214.151820222426 28

30 10203040 50
Plasticity index |,
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CPT qls (bl 2 5,195, ampsus ;U

1 Ay -
OCR = 2» ;= ——= "% (q/g)=7/F

c S u(Rem) kt

VO

For overconsolidated clays:

(50/6"o)oc = (54/0"vo)ne (OCR)"®

Based on this, Robertson (2009) suggested:

OCR =025 (Q) ' K,=0.1 [—q‘ - Ovo )
G v

Kulhawy and Mayne (1990) suggested a simpler method:

OCR =k [ﬁ} k Q,

)

Vi

or o'y =K (q — Oyo)

k=0.33
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24

20

12}
Aged NC
sands
8 -
4 |- Recent NG T,
o 1 1 1 1 ) B ) 1= | 1
20 50 100 200

Normalized cone resistance q 4
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VST o 5 iy s losl

Vane Push in Vane 4 Torquemeter
Rods at Bottom of '
Borehole

> TG

Lower Vane

to Bottom of

Prebored Hole
Four-Bladed
Vane Shear
Device:
D=625mm || | || A"
H=130 mm H= blade

e T | : :

B
B ool . d,-4B E

diameter .K

3. Perform an
additional 8 to
10 revolutions

blade width=D

- > I
<>
blade thickness = e ﬁ
4, Measure residual

torque T, for
remolded case

1. Insertion of Vane 2. Within 1 minute, rotate
vane at 6 deg./minute;

Measure peak torque, T,,.,

' Vane Shear Test (VST) perASTM D2573:

Undrained Shear Strength:| S,, =6 T/(TnD?)

In-Situ Sensitivity:

S, =8, (peak)/S,, (remolded)

For HID =2




VST oy (go g0 uwl.oﬂ

ADVANTAGES of VST

DISADVANTAGES of VST

® Assessment of undrained strength. s,
® Simple test and equipment

® Measure in-situ clay sensitivity (S,)

® [ ong history of use in practice

® Limited application to soft to stiff clays
® Slow and time-consuming

® Raw s, needs (empirical ) correction

® (Can be affected by sand lenses and seams
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orque

Rectangular (1; = 0° and i3 = 0°):

Nilcon (1 = 0° and 15 = 45°):

Geonor (1, = 45° and iz = 45°):

s, =0273T_/D?

uv

S, =0.265T, /D

s,. =0257T, /D

LE3Y
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Pressure Metere Test (PMT)

Pressuremeter

Test (PMT)
e ASTM.D 4719

Temporary
Casing

Pressuremeter
Probe:
d=73mm

L =440 mm

| o

Screw Pump:

1. Each Full Rotation of
Piston Cylinder Forces

an Incremental Volume of
Water (or Gas or Qil)

Into the PMT Probe,

2. Measure Corresponding
Pressure at each increment.

Drill Rod
( (IINII or
“A ” Type)

Lower Probe

Into Pre-Bored Hole
and Expand with
Pressurized Water

Rubber Membrane of Probe
Expands as a right cylinder.
Evaluated per Cylindrical
Cavity Expansion Theory.

Plot Pressure W versus

Volume Change AV (or

alternatively, Volumetric
i Strain or Cavity Strain) to

i Find Pressuremeter Parameters:

P, = Lift-Off Pressure
E = Elastic Modulus

T max = Shear Strength
P, =Limit Pressure

vV YoY




PMT olosT

(o smls) ol gl g i

o
s
TR
(535 ) |-:I
3 o e ) s
:5':‘3’: Sl = o
-,
Jela Taa ol L
Ll gla o
wl ol

_,jll-lri.j'h dj‘ - S— . ‘I -h;,,! . J,i..f*,
lJ L)

s pa gla ) st e

1% [yt a3 gk
I P L

68



PMT olosT




B | PMT _islojl

g.
3.
>
%J Yol
3 B
Py
Y iy
P. A
Y Aoy

Gl oas et g (V)

(a.Lic'jL.é'))L:.jb'._;-ﬁr:_w e 45|)|.L1.L=_‘-J§..if

seba it cLie a5 g b 3 sd o I3y e g dadoes (ol 48 gezes o ol (A 4B B) ) > s s
B)Y a3 d) oo ormb ey 53 (Po) (g lam 5 8 Gl 4 LSS jlads 5 ot 6lSs )l 40 JalS
Sy 1y S fag 2 b (K S o OIS s eag S LB OltS 1, (B
o e pl 50 ged e (G e _,L“.i_,.t'_g;..i‘!" A o 3 9d ol (Pyp) u s L B dadi o jLE3 o
S 3 93 o ol (ga Jolih Al o plouil o 45 diny 0 g 5 BU Sltde 4 g Bl il 31 IS i
FE Sl b SO 611 edd gy powe a5 Janl 5 50 0 50 e 0l (P) g L0 i cpl 5 Cilows
Sl 33 Be ho o UGl 5 g5 4y o 45 (65 L03 Uslae (g HLED lude (gals )l 3 ) by AL B ndy

-]

S g, oA

70



Fagew ) Ely]

(P.D.P) soww 5,8 (o b ogamw »

ﬁ1 CEJHJ-*‘M "J""J'-ful-"'n __].1); P o."uLni JLA&.}LanJ aS Loa JLﬁ*i P Ib._4:.‘,'__].Il.dl'..:l- ﬁ thhj'.."ﬁ
¥
salal JJL&MJLG;—-.—I _g'LgfL:;- fwjahjhwﬁ ;ﬂ‘-‘-:-'-‘J (MPM) J__].L'.n ._‘SLAJ'“_*J"*'} "J'""j'.."“"ﬁ
Y - -
saliw!  Ladile 04,5 5 15l Olg oo playld SN S Dy s O (X g ) adaies ..}:1:_].1}5 ball -

A e Ol ) Glrtn 5 glams SO aladowe b osdd g )l S 2o g C_g.l_g;{\—"f} JSS ges

(M.PM) $l4ius 4w PDP  slaea SSPDP

5 Jsy Sl s, (PDP) el (g s 2 (548 2 g

71



(S.B.P) ,lansg3 old ogmw

1 < - . " . ¥ * . - - . 1 .
Jﬁa_ulf_...u: Hﬁ1)1dﬁy.$§dﬂfﬁ- ﬁ;usulaf.nlf_u J_g.:-a.f.x.“_...n LrtLi-HJL’-" J_}ﬁ'éhﬁrﬁ

. ) y
(Y=Y IS5) Casl g e RSB.P wos,ls5,,8cans JL@.(‘....

FIF e

- -

i 3 g5 Fh g g,

72



(P.I.P) uufi.ﬂj duﬁaﬁﬂ*"’)ﬂ

3l pBas 53 Lgd e sdily pay 1 4 LI L 4S5 50 e 48 Sla e pw w15 6la e g
:tjj._.}'l slils Lﬁ.ﬁhlf_u: el ."u;.'fdu J‘J‘; n_gﬁ;ﬂ 3 ‘_A_gu"l_g-;‘_;ﬂ sily e J—"U Wkl boosle 2 g

3 r . . - - - Y Baw . ) . =
Jjﬂ;dnnJL“."_J M_gf;r uﬁLﬁ':'-"“J 33 Lg.h'g....u: 31‘,1 ﬁjjbd.!‘J___A e %&JJAE d.rL:mL:— s

L0F-Y) o jled I2)]

U5 B

Sl by e

ﬁ") Fagl canb

73



Ty

Bl 2 5. Sabowl b oS0 ga 5 5 o by & o 5 gl 0 b 3l a U S |y el wleS
3l il apd oa eds 8 ) Dgpn a e A S I e e s a0l
ph o g gla Sa ) s o 24500 )8 ala3le i sbul (gl SO S S sled sy,
Joloy colin STl a5l e Bl 8 5 S g Ko Jou K 530t ko5 sleds)

.AJAAl_,ﬁ-JSBJEJ_,L-; I:n"‘ll Ml;l_;;nhn:-_’_;_’

L gt 485 jLSa Joun 13 (5 lin SWSS (pa i & Sui 0 daogi 1 ) 0)low syl

gl bl GLE S 050 IS 14l gl abioen K 03031 5 ol 5 (g0 e Rala]
alaioe 395 gr (58030l 5L 5 e Dol i (DS Jaia) O g il e &S
SSs leelE IEIL () ) s g S8 DSy sleelE Al L (DD g 55 ()
A 3 s g b o8 LSS iy e o b S D) b el B 1 e
P L T P R P o RUTTE BI
35 dr s Ol il oS ol 0 e 31 S LA il el bl e 3 e — L
Ol o Do ge0 cpl 53 15 ABl dhiima b 6 055l bl ok slowl o i B aS ol ol
b olis g Ee b s 3,8 0 D e ol by S o i 45 A ke
b 5 S a5 S 03100 03 slowl pABeS1 5 mole S gy 451 o il ek 45 el 05
RH PP PSR 251 KE IPCHUPPN SN | B It 8 I P JEI B A-JCH JONF S SO Pt 5
Aol Josts 5,k w6503l 53 s pue 516 33,8 ot 5 odd Sl o5 4
S sS g A b i 053 b gl B (6 S e 53 5 sb e

Bl el LS s

,J._ll'a:w-'l&-jw*ﬂ-lhji alaase s «..!'SE'J Ot il

74



L [} )
¥ ,_,‘-:‘..-_‘,IJ-L-._,...;
% rann s T -
e s =
_} . -(:: _____ halasl ghsga %_
7 | '
O ;) o
e R
I I i s
3; . '!‘:- i | av I ar ‘ ,,f'—l.l".""J e
! B pp— =l
r-J F Fa =
s pesdi g (V) Glafu s 4 0s sl L2 (P) o
S Ay g Jogai = (0= 1=F) apled JSs 8 gy SNogei = (1T jled S
V-P oy fas e P-Veilhy 2y, 0
ISl S o 2 s s 22 = Ep
Gl Ead =V
53 a3l 3 ) es S0 Iy eoem 3 5 a 48 alfis diiou 80l Cead e =V,
(CIFV-F) SLISE]AP | blos ViP lssa o o 55 ool e S I= AV Ep= YO+UNV. + Vi) 57

I.[{lT-'_‘_f} g
S (AR -F) GUSE]AV | Blae VP s gl s coand 53 Yol 5125 bl = AP
L[{lT-'—‘—.f}

Jlao=1-F) 5 (I--F) slgdss] AV o 2l a3 gdoes b..-_}_;.'td.'l-')lh#| = Vi

75



(ISl o) g L Sk g g S oy £
VY b he >
/Y G e <Y |
T LY/A Dl g S ey
AN A VA o515 sy ’
o /A G e/¥ P_f‘ﬂf.ﬁ- dla
Y p S
Y G o g ale
1
Vo ¥ Ko
FLY I

1 et 5 4l




B15,86,8 st o

Ep o —(=F) oyl J

C_.,...ﬁ_,d....-h dosla ﬂ,._g'h' ey Sh—t_,;
1Al
> e =\ = = A\ il oSod
Ve BF 'Y BY VE A \R azily ,_g:.l..pl.._.i.n:
LY V¥ Ao Ao IR S 4
< ¥ < ¥ < 8 < 0 fn;_;_.,i:-:-}n.l_f-&;;;
Ep— Y(y + )G
Eqsq = Eplcx
(o) Ko o 5l8 anela &Y o Sl g 5
Al Al Al y a
¥ v Y v

77



Lres 9 03 pod s e
3 7 b
WY o
V-1 o-F vo-f¢ | | .
Cu (JSalskS) |Prop, (JKul oLS)
Py - Oy < Yoo
Q/0
F1-0he 4 vy > Yoo
‘D
) - ¥¥
S
ISl ol
P, -P, = Yo x (Y) JSl s
! v




Table 2.8 Correlations of PMT data with SPT, CPT and Laboratory data

Data type Parameter Soil type Correlation
PMT-SPT P, N Sandy silty clay A "
p)l_" — 59.451\{{.}”_ | 519.?
where pp 15 in units of kPa.
PL ge Clay 1
qc' - ")pi.
where g. and py are in units of kPa.
, Qe O Sand 1.75
P g ¢ g. =15(tang’)"” p,
where g. and py. are in units of kPa and ¢ in degrees.
PL: Qe Dense sand -
B q./p, =10
PMT-CPT T 7
y0se san / -
q./P; — J
Silt _
qt" I"I p)i o (}
Insensitive clay / A
q./Pp =2
Very sensitive clay _
q./Pr — 1.5
PMT Gy, S0 Clay _ .
Gw' o 40& u
where GH and s, are in units of MPa.
N, D Sand f .12 042
5 T _") ( )
D =25(c".) (W)
where D, 1s in % and o,, in kPa.
N, &' Sand 0.5
¢ ¢ =3.5(N)" +20
SPT where ¢' is in units of degrees.
N, s, Very soft to very stiff clays s, = 6.64 N
Very soft to stiff clays S, = 786 N
where s, 1s in units of kPa.
ge: D, Sand B - l ;‘( r )[1.5 J
D =-T74+66loglg_/\o,,
CPT where g. and @', are in units of ksf.
Qe ' Sand

¢’ =29+25(q. )"

where q. is in units of MPa.

For definition of symbols, refer to the list of symbols.
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(Plate Load Test) PLT : (gl asiw ¢ l35,L tole;l -
Sale! plonil 0gou

[ s __
Stacked plate -

O Sislasl ol o @
_____ T———— )hm }’94.,.4: 51 doeao
T-T T——T T-T‘I E#Ian:tﬁ vﬁ; 1, (30 cm) g SO
e oo 5 03,5 (5,135,
il=' e . -
{a) ) A Sl

* - FA : ﬁ

sy 5 &S oIl

i _— T = l:..s Lj.a
| 3 J..,Lal ‘o
Nﬂnhr:ar Il 5 ng
(Modulus of S

X max subgrade reaction,
5 —> a—> ..'Lwl.l e ks)
(b} (<)

/'f k depends on curve
coordinates used and is
generally nonlinear




Excavator
used as counter-weight

o~

axino (5,185, ool
Plate Load Test (PLT)




appliad load (F)
457 mm (18" & plate]
¢ /‘;_ 510 mm (24" @ plate)
| ' I 762 mm (30" @ plate)
I )

V_‘Z. - - = — . = — ‘m
s=alirg
materal 1
=r layer keing tested 7

Reaction
beam

= Load/unit area

Jack

Anchor
- pile

Test plate
diameter
=B

. i——— At least ————;- | W |
- 4B I Settlement (b)
(a)
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For footings on clay?
B,

k.f = kl?

For footings on sand (and including size effects)

_ B+Bl
m+ 0.5
ks = =5
m = L/B,

| Vesié (1961a, 1961b)|

;

. ’ & ‘:‘9 JSM

Range of modulus of subgrade
reaction k;

Use values as guide and for comparison when
using approximate equations

Soil k;, KN/m?
Loose sand 4800-16 000
Medium dense sand 9600-80 000
Dense sand 64 000-128 000

Clayey medium dense sand 32 000-80 000
Silty medium dense sand 24 00048 000

Clayey soil:
qs = 200 kPa 12 000-24 000
200 < g, = 800 kPa 24 00048 000

gz > 800 kPa > 48000
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Darya Khak Pay
Consulting Engineers

d"\'-_p Subsurface Exploration Log

Z-0Z LS dip

. Geoechnical N ans report for e _ _
Project: pelstzing project of Goiganar Baorehole No. : BH-03 ¥=  338387.90

S — — S .
Client:  Kayson-Faratahghigh joint venture Borehole Depth:  30{m) Y=  3223868.85 “ ( S “}w

Date Started: 20/07/2012 Date Completed: 210772012 I=
Dapth {[sam water w (Ll reffcaff @] v . .
Typs) N Symba ) Tat
P ST % || 5 [ % ||kl ceg e Description

H]cl U L]
— R EE L

1.0
s E 50 M| 19 Clayey sand with gravel (SC},
| 140m Very dense, Moist, Brown

2o |

2| 17 Clayey sand (SC),
Very dense, Moist, Brown

3-3 36 43| 22 Lean clay with sand (CL),

Hard, Maist, Brown

34 32| 18 Same az above

120m|

35 a2 2 Cean chay (CLY.,

3-8 a2

r| 18 Sandy lean clay (CL),
Hard, Mgist, Brown

g||||
= E XK XK

5.0
X 86
27am H
ro | | N
38 94 e 7| 2aff 17 Silty clayey sand (SC-5M),
| A 280m HHHH Very dense, Moist, Olive brown
8.0 | -

10 || 40| 20 Clayey sand with gravel (SC},
14 28 || 26 | 18.0||[DST|[Very dense, Maoist, Olive brown

|:|I|] | Single Corebarrs™:

—] 3-8 -
10.0 Piaa |
‘ LEGEND: SPT: N Shelby ﬁ U4: % Double Corsbarrel
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