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S5 Aigad sledy) 9 Jrlwg
(Sampling Methods and equipment)

COMMON SAMPLING METHODS

Sampler Disturbed / Appropriats Soil Types .. Method of % Use in
Undisturbed .3+ Penwtration Practice
Split-Barrel Distarbed Sands. silts, clavs Hammer driven 85
£ y 035 et _ _
ThinWalled | Undistarbed |  Clays, silts, fine-gramed soils, | Mechaacally Pushed 3
e Shelliz Tube H -
Continuous Partiaily “ailts. & clays "~ Hydiaulic push Witk 3
e e h
Piston m Siits and clays m 1
Pitcher Undicrarbed | S 1o hard clay, st sand. | Rotation aad bydeaniic | -1
partially ¥23ther rock and frozen pressare
Denison Undicrarbed | SHEE to bard clay, silt. ssnd aad | Rotation and bydeantic | 1
E%‘ weather rock: Sure
Modified Dietacoed | Sands, clays, and gravels iﬂ# dnven (large 3 |
Coliforsi -
Continuous " Distueoed "~ Cohesmve soms ﬁ w/ ﬁw <}
:\ﬂ.m — rrr—— m
Bulk Dustusbed Gravels. Sands, Salts, Clays Hand rools. bucket 1
Block Undisrorbed | & 50 Zen OF resa ﬂ mﬁs <l
3 .

Sy diged Sladyy 9 Joluwsg
(Split barrel sampler) 455 g0 .5 4.;,,.3|- \

Dgdenn dug 00,95 Cuwd diges (g, (pl ;0 @

(Split 4S5 g0 o5 aiges 5l eoliiwl S 0dsd Jguor 10 45 digSilen @F
(Standard s lailiwl .5 aigai ol glgil 51 S, 45 barrel sampler)
el 1 15 Wigas gleil pla 51 ien Gl e 4 Col sampler)

9 sy Lhalesl 3 55 digei ! &5 Cantsl o 8L jop 5 Lal cde OF
g o G SPT 5 lailiwl 3945

Yo o VE ledgb gzl YIO L VO slaykd 45 455 90 S8 ,u5 digei @
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sl gl VIO ka8 glyls o lasbinl 1.5 digei (Jg wigdue aisle gl
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S igas Sledy) 9 Jolwg
(Split barrel sampler) 455 g0 ;.5 digas -

7 M

(a) ®)

(b) Inside diameters from 38.1 mm (1.5 in) to 89 mum (3.5 in).
< a0 W/,”:/,,_',k e
: - e

- - - 5
2 o) SPT (Yo,

Figure 3-7: Split-Barrel Samplers: (a) Lengths of 457 mm (18 in) and 610 mun (24 in):

S5 Gges Slaedy; 9 Jalg
(Split barrel sampler) a55 g0 .5 diges -

(a) ) usf‘,y' (/,-\‘

Figure 3-9:  Split Barrel Sampler. (a) Stainless steel and brass retainer rings (b) Sample
catchers,
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S5 digai sledy) 9 Jolwg

(Standard Sampler) o ,laitiwl 1.5 diges -

0D =2.0in =
ID=1.5in e

ID =1.375in 0%y skl Gl s
AR =112% e Cud ol b

; Sguins diged 0l (S0,95 Cuwd el &5

45 90 5o digai oy

S5 diged Slaedy; 9 Jolwg
(Thin Wall Shelby Tube) L& S3U s .5 diges|- Y

31 00,956 s a5l digal dng gl o5 digai (pylgene @)
ol &l 35 sleS>

OD =76mm il 3 Olasl (61,10 Vgome 15 digal ol @Y
{ ID =73mm

AR =9%% il Cammd (lplis 9
5(,:..._.1.:.aY9|36\)E.:.a|\"L?Youln).!d,..;&l‘_ﬁ—)l:‘-ﬁ oy

o S praclea Qe BV e o sl Jsbo
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S5 digei sledy) 9 Jolwg
(Thin Wall Shelby Tube) L <350 Jas .5 diged -

1 Dot Walled Shelby Tubes.
Figure 3-10:Schematic of

Thin-Walled Shelby Tube

(After ASTM D 4700) 3-14

Figure 3-11:  Szlected Sizes and Types of Thin-

S5 diged Sledy; 9 Jolus
(Thin Wall Shelby Tube) L S5 o> .5 aiges -

Figure 3-12: Shelby Tube Sealing Methods, (a) Microerystalline wax (b) O-ring packer.
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S5 digad sleedy) 9 Jalwg
.5 diges Ao &ls.;l -

(Piston Sampler)  Jgimas yuf aﬁ

| (a)
sen Figure 3-13: Piston Sampler. (a) Picture with thin-walled tube
i cut-out to show piston, (b) Schematic (After ASTM D 4700).

Cummg

(b) . _’_'wlo)(.-;’dt: Jﬁ_:_f,:/ -::7/)

&S aigas Sladg) 9 Jolwg
.5 aigas ;50 glasl -

7 S digad|-s
(Pitcher Sampler)

Gk 4
Figiow 3-18 Seugsler. ey Bezag Lovienad 2 Dol Buke. i Seasis Doy ’
= w:(%lli«lsm? mnmmdw w Dee Sutls ‘—/

Cueteny of Molie Siiling. I "~ Figun 3-14: Fircher Tube Sampler. 6
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S5 digad sledy 9 Jolivg

(Rock Coring and Sampling) Xiw ;3 (55 digel g (5 la> -

FwwTang

Care barre! heset

F’"’”; A I l‘_1=ﬁ‘l‘ e ——
I.f I,!/%J’W, H._ '-”\! o)d’."; 902 9
(Single Tube and
Double Tube core
barrels)

(]

Figure 3-17: (a) Single Tube Core Barrel: (b) Rigid Tvpe Double Tabe Core Barvel: (c) Swvivel Type Double
Tube Core Barrel, Series “M" with Ball Bearings, (Courtesy of Sprague & Henwool, fuc.)

it

E i

S5 K90 lody, 9 Jolwg

(Rock Coring and Sampling) K ;0 (6,5 diges 9 (5 la> -

(Double Tube core barrel) o jlos 90 3 digei — <

(a)

{a) (b)
Figure 3-18: Double Tube Core Barrel. (n) Outer barrel assembly (b) Inner barrel assembly. 6
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SxS5 Gigad Sledy; 9 Jolug
S )3 (55 Wiged g (5 la> -
(Rock Coring and Sampling)

RQD =

(Rock Quality Designation, RQD)cwas S 51 o (oo 0043 (gu aib

Oly 9 M"s" RQD 1:" 3‘*-“)5 ol "“’ﬁ Syga ) g)li> Job Jf * tS)l" j
|.a| u..ﬁ..Suu.u osmf)Jsdp(&yunJ&&mmﬁw.u stau.a?l..o

RQD 3 oo Gl g,
(Rock Quality ~ Description of
Designation) Rack Quality 1 oual oy digei Jobo S Gpuizen @

;;2:0: :ocgl’oor ol 8o y0 &g | 55l Jobo S5 4 (1>
g S Ny L, L,M!,,G.(Recovery) sk g e,
A 9y P //J,J L) aame Las
75 - 90% Good ("u’ S et § A4
90 - 100% Excellent [q‘—(_/aadﬁj a);,,;;;[,ﬂux D

S (wfumdf A Lj,au/

S5 diged Sledy; 9 il
S 3 (55 Wiged 9 5 L8> -
(Rock Coring and Sampling)

Length of
2 Sound > 100mm
Core Pieces

Total Core Run Length

Cote Run Towl 1200 mm

RQD =

pQD = 25011902200 45
1200

RQD =53% (Fair) ))
;= SO

-
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S reS digas sladg; 9 Jolwg
S 53 (525 Aigad 9 5 la> -
(Rock Coring and Sampling)

RQAD yueas 5l Jl

Length of
Sound > 100mm
Core Picces

Total Core Run Length

Core Run Total 1200 mm

RQD =

250 +190 +200

RQD =
R 1200

x100%

RQD =53% (Fair)

(In-Situ tests) Joxo o eiliule;]

K W"&)L.J._Jb, @_:5”:’..:»*/'* ~

a4 S ‘53’.:)? Cawd pl s g dimae )8 u...tl.a 15,90 Joee yo 1, JL:)O |
Sy oo Jola>

(ain gliza oo ,)lS 5 bVl oo @Y

ean g Ngyme IS by casie glayesS 5 (PMT asle) Ll 5l cane

S5m0 fS2 18,928 o 3 Ly (CPT 1315 PLT L SPT sl S
o {1

(azily s PLT , PMT .DMT . VST 4 FVT . CPT . SPT il o lganel@¥

L&T PLT 4 FVT . CPT SPT (sletaloi b« yiim o, Lol Lo byl 10 8F

TP

/

S S S TN R TN TN e e e -

Bl TR T A .



4

:

:

.

d

|

[

I

£

I

c

]

M/Lfd"*"’f’d’/—"") ,M’uw 2D (NS T2 S .)g
: fgté’,é.;,)onﬁ;J, ,m,ufu d{/a’uo, {r"'y‘ur/,'d//o,a._v’iy-*
a2 S

N

£

I

.

g

l

I

M

- Wik
(PMT) ,U/L/o)w/-”u’,), M)L.s/ﬂj),.: Preswe. melie tesk X

1 -._.A.a}),{/’b-—’f/_)p’):?“’ W?@(&J«M\w —x.
-

ot St SPT r"""j(.)’(f///wtfu/}d FVT uuu,f,//cf'w
e

CPT 5 Cone pendlindion 25 bas

VT 3 Flled Voun, ek
AT s plats Lend ok 1l S

e
J




s = HSem =BxISCn

(In-Situ tests) Joxo jo ilisle;]

(Standard Penetration Test) SPT :s lastiwl 3585 g 400 tule;l -1

el 51 (63.5 k@) (sxss 140 (sl 453y 5,5 bgdus 5l eslazul b L;..iu)-i ol ).;). \
! 18 Jlade &) (gl 2 (2515 ki L) o labiul ;.5 diges  0.76 M) &1 30
(N3 50 92 SB B9y (el 45)
3 laitinl 3gai sae b1y ;51 (rewsiln 30) il 12 (gl p3Y Sl Slowi £oase
(o ol (N)
i | o jle 45 5 L S digal 4 00 Jizte (o5l oS54 ki 5] @Y
j- @: 63.5kg x9.807m /s> x0.762m = 474.5(N —m)
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(In-Situ tests) Joro y0 litsle;
(Standard Penetration Test) SPT s Jailiwl 985 g 4y Julesl -

e - 1 Standard Penetration Test (SPT) -

= t E_’,...Z.‘:.::"“ t i p.iasm b 1586
" i
Fadfing 0.78 m - »
A ¢ Heed to Cormct 1o 2 Aeteronce l.b| &IJJ ®
Anwil : ¢ Enorgy Efficiency of 80% by
(ASTH D 4033) SPT N L..'[
E s e b= LS 2 o L
- et g S
S . Deca
A™Typel E&fmmmmu
L/ (Drtve) Samptor
[Tirick Holiuw.
Tutie);
0,0, % 58 mm
10, = 38 mem
L= 780 mm
Rt
= ‘[ = ;E
= ] & A= ' ' EPT Realstinca (Nvaluny
_ Si s i First Incramant nr"lilpwwm"mf
= s —_— : : numbar of hiows to drive
= g 2 5 i ‘Sikoond Incremont arnpler kit 308 mm (or
.g\ - 5. blowa par fool),
=i = yld 2 23 = : :
+ & Third Incresnt

(In-Situ tests) Joxo yo oliakes]

(Standard Penetration Test) SPT :s lasbiw] 35& g 4,0 iulesl -
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(In-Situ tests) Joeo ,0 wliyle;]

(Standard Penetration Test) SPT =3 Justiw! 395 g 40 ule;l -

SPT tulejl culas g Llje
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(In-Situ tests) oo ,o Slisles
(Standard Penetration Test) SPT i luiliwl 358 ¢ 45,5 iulejl -

SPT tules] Sloeasuas

(Cp) St Jgd slo a¥ 5l (56 by o

(Cg) 55 aigai & 00l Jiin 55,1 @

s
(CR)Awmay Jate alis Jsbo @
(Cs) x5 aisaigsi® |
C (Cr s Co) 093 oo Jlael s jl 2o Ygana 650 5 )iy i (6l e

(Cp) ales ki@ |

(In-Situ tests) Joeo j0 Slisles
(Standard Penetration Test) SPT o Julbl 35a5 g 41,5 Liulesl -

SPT ulesl cilouas

/ § =t 0.5
Cy=(F,/0y) SR - ol
Joe 5> (53908 figa (RO, 5 (100 KPa) S jiunes] JLEBP, (] ;0 &5
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E, 5 o 3 00lizl b lgi 0 1) 5 diges 4 o Jiin (55,1 OF
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Ce cSafety hammac) > Ce (Dondt hacmer)

(In-Situ tests) Joxe o Sliske;l
(Standard Penetration Test) SPT & il 35 5 41,5 stolej -

TABLE 2. Cosmections to SPT (Modified from Skempton 1

Listed by Roberison and Wride (1998) . .
F - S - c' : SPT ula_.,:wu
Overburden pressure — £ (PJol)™
= "-L)"“ [Ovubmlmwm — C:" Cy s LY
. Energy ratio Donut hammer ——» Cg 05-1.0
-« 527! | Encrgy ratio Safcty hammer ——— C¢ 0.7-1.2
[Enargyrlio Automatic-trip Donut- Ce 0.8-1.3 . (Nl) *
type hammer 60
.. =~ | Borehole diameter 65-115 mm ok 1.0 N
Sy [maim 150 mm Cs 1.0: sy odw CELA N
Borehole diameter 200 Ca 1.1 : -
Rod length 3m Ca 0.75 § greees ‘ ‘f’ Jl*:*‘j’
Rod length 3-4m Ca 08 S5 ,955 60% (55
)b | Rod length 46m G 08s
- Rod X X
= R

* _ (Sampling method Standard sampler - G Lo
-?.—*‘(""G.’.‘ Sampling method Sampler without liners c. 1.1-13

(Moo = NLCVCCoCiCs @)

-~

AAsaad 'L)

&

—_— —

—

- .. =
- ..__.Jé;‘*‘—‘*'j’,--&_j).(:lﬂf‘ N L_S_’;(‘ ¢ ( T = Gn-g?_' C_) ),‘L":J)-G/:,;upf c u{g = }—-J—-_-”'—J(..ﬂ/) *

: (In-Situ tests) Joxe yo Slisles
(Standard Penetration Test) SPT s lasbiw! 358 g 4,0 iulejl -

& - - P
gr'-!.bﬂ Tl s
== 50 T T T T G.“‘"B‘-'))‘\:“".—\
e, | SomwsLrronsoUOATID wTUML DENSITY OF GRANULAR SOILS
50| COARSE SAND: Near- oo = SPT SPT
FINE SAND: u,-,%“ ‘ F \No W‘L“
a0l mm:t—-‘—h “0 k).:rﬂ__l-ﬂ_f-- Very Loose 0-4 0-3
b5 Loose 10 3-8
30 opr4s  Compact 10-30 i
A HZE Dense 30-50 %5-42
o= very Dense >50 >42
=1 use | -
YO ORI ?"c’ #—WU’@HESWESOIL;T B -
Mg - = v P R
m’- o 22| Deseription Pa)® ksH® N | e
B Very Soft <12 | <025 | <2
-1 20 a0 0 80 wo
Soft 12-25 |025-05 | 2-4
RELATIVE DENSITY, Dne%) Rom 2550 05-1 P
- . il st | s | 3z fa
o = s Very Stff 100 - 200 2-4 =
{‘ml I""""I . |_ I"‘El e[?'ud > 200 >4 >30
gy © 3 a = -2 = g
. Dlowa/foot! 3 /:. ) L. oo o - -
e DR =00 phaale SyU - a0 AT vl
Dp=_SHar=€ oo <0 pa sf — ki
R= Chas—Cmim e, W, % fop >4
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(N1)eo to a projected TABLE 2. Cormections to SPT (Modified from Skempton 1986) as
istment reshapes the Listed by Robertson and Wride (1998)
onsistency with CRR : :
g velocity i Factor Equipment variable Term Correction
d the original curve ~ gverburden pressure = Cv  (Plal)”
lata to constrain the e - Cw G =17
A Energy ratio Donut hammer Ce 0.5-1.0
t?r t to the present Energy rato Safety hammer Ce 0.?—122
»f the base curve as Energy ratio Automatic-trip Donut- s 0.8-i.2
‘ type hammer
h (personal commu- Borehole d}amctcr 65-115 mm Cs 1.0
and base curve plot- Borehole diameter 150 mm Cs 1.05
Borehole diameter 200 mm Cs 1.15
Rod length <3m Cq 0:?5
) 1 Rod length 3-4m Ca 0.8
- (@) Rod length 4-6 m Ce 0.85
o +45]° 200 Rod length 6-10 m Cy 0.95
e Rod length 10-30 m Cr 1.0
eo = 30, clean Sa.mplfng method Standard sampler C: 1.0
are classed as non- Sampling method Sampler without liners Cs I.I-1.3
n spreadsheets and
the clean-sand base
(N)eo = N.CLCeCpCrCs (8)

where N, = measured standard penetration resistance; Cy =
1. (1988} noted an factor to norr.nallze N, to a common reference effective over-
burden stress; Cr = correction for hammer energy ratio (ER);
Cy = correction factor for borehole diameter; C, = correction

faf:tor fm" rod length; and C; = correction for samplers with or
without liners.

sed fines content.
:ase of liquefaction
stance is not clear.

DENSITY OF GRANULAR SOILS CONSISTENCY OF COHESIVE SOILS
7}

e SPT SPT it S SPT
Description N & N)o © Description P ksD® NO

) i Very Soft <12 <025 <2

ety Tonse 40 140 g g Soft 12-25 | 025-05 | 2-4

Loose = = Firm 25-50 | 05-1 | 4-8
Compact 10-30 8-25 Stiff 50 - 100 1-2 8-15
Dense 30-50 25-42 Very Stiff 100-200 | 2-4 15-30

Very Dense > 50 >42 Hard > 200 >4 >30

(1) Only selected examples of the possible variations or combinations of the basic symbols are illustrated.

(2) Example: SAND, silty, trace of gravel = sand with 20% to 35% silt and up to 10% gravel, by weight.

(3) Approximate metric conversion.

(4) Fines are classified as silt or clay on the basis of Atterberg limits (refer to Plasticity Chart).

(5) Standard Penetration Test (sPT) blow count (uncorrected), after Terzaghi and Peck, 1948,

(6) Standard Penetration Test blow count, based on above N value corrected to 60% hammer efficiency and 96 kPa (1.0 ton/f)
effective overburden pressure, after Skempton, 1986.

i.e., 25, or unconfined compression test (gives 2 S.).
(8) ksf = 1000 pounds per square foot = 0.5 tsf (ton/ f) = approximately 0.5 kg/cm?.
(9) Very approximate correlation with Standard Penetration Test blow counts, after Terzaghi and Peck, 1948.

(7)  Undrained shear strength can be estimated by vane (gives 5. ), pocket penetrometer (gives unconfined compressive strength,

-
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. TABLE 34
" Empirical Vlluesfor¢,D,.andunﬁwelghtdgrnnnhrsmlsbmdcn
the SPT at about 6 m depth and normally consolidated [approximately,

lp = 28° + I5°D, (x2%)

Description Very loose Loose Medium Dense Very dense
Relative density D, 0 0.15 0.35 0.65 0.85
SPT Ny fine - -2 3-6 7-15 16-30 ?
medium 2-3 4-7 8-20 2140 > 40
coarse -/ 3-6 5-9 10-25 2645 > 45
&: fine 26-28 28-30 30-34 33-38
medinm 27-28 30-32 32-36 36-42 <50
coarse 28-30 30-34 3340 40-50
Yicerr KN/m? 11-16* 14-18 17-20 17-22 20-23

* Excavated soil or material dumped from a truck has a unit weight of 17 to 14 kN/m? and must be quite dense
to weigh much over 21 ki/m*. No existing soil has a D, = 0,00 nor a value of 1.00. Common ranges are from
0.3w0.7.

(In-Situ tests) Joxo yo cilisle;l
(Standard Penetration Test) SPT s luiliwl 3585 5 4,0 iule;l -
osipnz S - alej] gl jais

TAIILE 35
%,y,,,, Comstency of saturnted coheuive soils*

Consistency Nag §a kP2 Remarks
Very soft 2z 0-2 <25  Squishes between fingers when squedzed
Soft 2 8 2 3-5 25- 50 Very easily deformed by squeezing

. Medium = 69 50- 100

e Seff £ B 10-16 100~ 200 Hand to deform by hand squeezing

. Very siiff g 3‘2 17-30  200- 400  Very hard to deform by hand squeezing

o Hard <3 >30 >400  Nearly impossible to deform by hand

* Blow counts and OCR division are for a guide—in clay “exceptions to the mle_“ are very comumon.
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where: q is the corrected tip resistance

q. is the recorded tip resistance

u; is the recorded dynamic pore pressure behind the tip (uz position)
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recommended a formula to estimate relative
density from q.. A modified version of this
formula, to obtain D, from q, is as follows:

_| 1 0.
“EHﬂ
where:
Cy and C, are soil constants
c'e = effective vertical stress in kPa
Get = (Qe/ pa)/ (-G‘VJPn)M

= normalized CPT resistance, corrected
for overburden pressure

p. = reference pressure of 100 kPa, in the
same units as g, and o'y,
Q. = cone penetration resistance, in kPa

For moderately compressible, normally
consolidated, unaged and uncemented.
predominantly quartz sands the constants
are: C,=15.7 and C;=2.41.

Kuthawy and Mayne (1990) suggested a
simpler formula for estimating relative
density:

2 _ 9.
L e |
305Q¢ Qocr Q4
where:
Qe1 and p, are as defined above
Qc = Compressibility factor; ranges from

0.91(10?.‘ carrqwc.s_s.) to l.og(high wmme.ss.)
Qocr = Overconsolidation factor= QCR>*®
Qs = Aging factor = 1.2 + 0.05log(t/100)
Note that the correction factors, Qc. Qocr
and Q4 are approximate.
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proposed by Robertson and Campanella
(1983) is shown in Figure 6.

For sands of high compressibility, the chart
will tend to predict low friction angles.

Cone resistance g_ (MPa)

N ]
i \\\ \<\‘<f
NN
HINNNEAN
e IV NI
VN TN
SIRAVE
" m«ln\elt.n\xe \me \w X

Note: 0.IMPa=100kPa=1bar=11sf = 1 kg/em®

Figure 6. Friction angle, ¢', from CPT in
uncemented silica sand (after Robertson and
Campaneila, 1983).
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Geotechnical Parameters
Estimation of OCR and K, - cohesive soils

Overconsolidation ratio (OCR) is defined as
the ratio of the maximum past effective
consolidation stress and the present effective
overburden stress:

G.l
OCR=—_t
&3

i

For mechanically overconsolidated soils
where the only change has been the removal
of overburden stress, this definiton is
appropriate. However, for cemented and/or
aged soils the OCR may represent the ratio
of the yield stress and the present effective
overburden stress. The yield stress will
depend on the direction and type of loading.
The easiest and generally the most reliable
method to estimate OCR in cohesive soils is:

OCR =k [q' —: Oy )

;T

An average value of k = 0.3 can be assumed,
with an expected range of 0.2 10 0.5. Higher
values of k are recommended in aged,
heavily overconsolidated clays. If previous
experience is availzble in the same deposit,
the values of k should be adjusted to reflect

this experience and to provide a more
reliable profile of OCR.

For larger, mederate to high-risk projects,
where additional high quality field and
laboratory data may be available, site-
specific correlations should be developed
based on consistent and relevant values of
OCR. The estimated OCR is influenced by
soil sensitivity, preconsolidation mechanism,
soil type and local heterogeneity.

There is no reliable method to determine K,
from CPT. However, an estimate can be
made based on an estimate of OCR, as
shown in Figure 5 (Lunne et al, 1997;
Andersen et al., 1979). Kulhawy and Mayne
(1990) suggested a similar approach, using:

G, J

v

These approaches are generally limited to
mechanically overconsolidated soils.
Considerable scatter exists in the database
used for these correlations and therefore they

10.0

must be considered only as a gnide.
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Figure 5. OCR and K. from 5,/0°,, 2nd I, (after Andresen et al., 1979 and Booker and Treland, 1963)
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Meyerhof (1963).* See Table 4-3 for shape, depth, and inclination factors.

ﬂ.}w L’... (.,naﬂbu —Oan Qz__“ ﬂznh__..&ﬁ .._- N.z_ahn&a ..T pMJ‘.m.. z.wh.‘&.._
Ml Inclined load: | que = cNedeic + GNedyiq + 0.57B'Nydyiy

BB

N, = "™ tan’ Tu + mv

ﬂzﬁ = (N, - 1)cotd
N, = (N, — 1)tan (1.4¢)

¢ Hansen (1970).* See Table 4-5 for shape, depth, and other factors.

Quk = NS dicgeh, + GNgs,dyig8oby + 0.5yB'Nys,dyiy 8, by
=0

g = S.14s(\ + 5, +d, —i.— b, —g)+§

24t A s Sl 8. S M_ N, = same as Meyerhof above

N. = same as Meyerhof above
N, = L5N, - 1)tan ¢

18 Vesié (1973, 1975).* See Table 4-5 for shape, depth, and other factors.
d-sc 48 . Use Hansen's equations above. T PO G R, P S
N, = same as Meyerhof above
N. = same as Meyerhof above
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(depth factors) L d Ges i o0 ®

(Inclination factors) L i ,b ;o9 Jile culyo ®
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(ba-se factor) L'I.b GRS (_gﬁ.f)lﬁ 097U 4 bs.!)n ;_A.llrp ®

s S g sk Ced b Y-V

* Note that N, and N, arc the same for all three methods; subscripts ideatify author for N,

B ¢ N Ne N Neo' N NN 2unddl-singP  Colo

0 5.14* 1.0 00 00 00  0.195 0.000
5 6.49 1.6 0.1 0.1 04 0242 0.146 élf_N
10 834 25 04 04 1.2 0.296 0.241 = .hu‘
15 10.97 39 12 1.1 26 0.359 0.294 )

- 20 14.83 64 29 29 54 0431 0315 .
25 2071 10.7 6.8 68 09 0514 0311 o
26 2225 118 79 80 125 0533 0308 ol
28 25.79 147 109 n2 167 0570 0.299 (8 e
30 30.13 184 15.1 157 24 0610 0.289
) 3547 232 20.8 20 102 0653 0276 J,,_,,_ 99
34 4214 294 287 311 410  0.698 0.262 .
36 50.55 1377 0 400 < 444 562 0046 0.247
38 61.31 489 56.1 64.0 779 0797 0.231
40 75.25 64.1 794 936 1093 0852 0214

45 13373 1347 2005 2623 27113 1007 0.172
50  266.50 3185 5674 8717 7613 1198 0.131
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Shape, depth, and inclination facors for | NN

" the Meyerhof bearing-capacity equations

it 7 Factors Value For
i __ Shape: s = 1+02K,7 i Ao g es oS ol po alaly cpl 0 @
b s, =5 = 1+01K,>  ¢>10° . ]

" Nn I L & =0 nrro.v..nr.t...b_ rhu-.\bbbb_l..CDWm%.—.b
e 4 = 1+02/K;3 Any ¢ )18 9929 (5 25k byl alail,
it dy=dy = 1401 /K2 ¢>10 T = y
i " A. M,.naqu_ B - G_%r\r._.d&br%_b_rm._bt&.orb.
_ ,‘___ ____ Inclination: mqamauA_I%TWVM Kl H..wh 9 Yo G_.V_.u fﬂh._b._b_ rm_u...‘mu
; _ Il R Vv . . . L .

: ..«uﬁimvu >0 )y .bL.w_..Pto ._D..._mu Pr.rt..m..,ub..b
I\ S S
W I ___.__.__
__L__n._____ Where K, = wn(45 + ¢/2) as in Fig. 4-2 kwnwwnnm#@t

H 7 * # = angle of resultant R measured from vertical without
Qs asign;if 0 = 0alli; = LO.
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il Shape and depth factors for use in either the Hansen

__ Il . (1970) or Vesi¢ (1973, 1975b) bearing-capacity equations W Sl HY <5 \.\.\.m Q\.winu

.Mn.ﬁ(& ]a.vr Lﬂl&rﬁ\w:ﬂ\h

of Table 4-1. Use s;, d. when ¢ = 0 only for Hansen_
equations. Subscripts H, V for Hansen, Vesié, respeciively.

Shape factors Depth factors
B d! = 0.4k (¢ = 0°)
=02— = ¢
i w:s *T a.. i d. = 1.0 + 0.4k
_ - __ i .nnﬁ:“—.a.—:mﬂ.w +kﬂQw§g“—
djiiE A 2.. B ¢»u§-_$\5§.b\wv_
} Savy = LO+ l,?l«u. y A . -
(WL ¢k) k in radians
se = 1.0 for strip
[EFIre
¢ ! 2 & W . * ; * 0 .
Soiy = _.o.....huﬂumu& d, = 1+ 2tangy(1 — sind)’ k (T8 W) ”U._..b_ .u_lnu.._ b_ C..t._g f..f..._b\.h ) v
. .- F Y ® .
Ah.sn 10+ Lung | k defined above ol po 10 a3 90 0 0l oslatul
for all ¢ ﬂ.ﬁ...r.h_ P...luab u—M... Grm_w .u_b.._ fﬂ-.wt..u
A O PTPL =100 forall b . . .
)i ___ Sy = 1.0 =047; .06 o s rﬂﬂ-... or_n.._b 99 yO (§oE [...._u...b L]
.._.“__...__.__m - *
R o - 10-047 =06 crti aab gkl ISl gh
_ ___ | Notes: rf..'.b_..v
| 1. Note use of “effective” base dimensions B’, L' by Hansen but not by Vesi¢. . \ . B .
i {114 2 ﬁﬁigﬁ_ﬁugéaﬁnﬁggﬁ-igigg Q\\‘ AU}knL»c\r\ﬁ%»F\\_&b\\ C._\.x-
] : i a horizontal 8. . . b P =
A ﬁs.iﬁ_ii.aas.ﬁiaﬁqm.acamm..ﬂewe.a&!amm - Uy ...Hr\uu&r...ud il \\J&vu
compute two sets of shape s; and d; as s; g, 57, and d; p. d; .. For i, L subscripts of Lol il \\b / Bou
(423, presented in Sec. 4.6, use ratio L'/B" or DIL. b fuloy ﬁ\u etz ﬂ\c.r.hf *
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Hansen (1970) equations. See Table 4-5¢ for equivalent
Vesi¢ equations.

Inclination factors rm..ﬂma-l_?nia!ﬁ..i

H, = H_ or Hs

I H, L _ B
r » i e As 147

._m il ___

__ _”, =7

| I

fe = iy Il_F g l_.ol.%...q..l 32 :
- < o a
VT mwmog.v 8 = 8 = (1= 0.5tanp) &&—b rm_b..o FM G&u“b_&b ru.‘rh.t..

2say =5
ﬂkﬂ??&:iﬁt& P.G_\..‘ L .Fu..c.a &Lo _o...._h as rh?._._\\m @
0.7H; o Soanld Hm..b G_nv_.u S Kls!
= VA S.L. b= 1o (@=0) iy |
—_ Q1> akusz b = _lm.qu _.._vve_ QN 3 §~ rm_b.._w., o¢> P_h.._b )° r.u}t..__b ®
V+Ascs

2= oS b, = exp(-2nun) Bowles  Js ol 05,5 slgiden O il

by = exp(—-2.7ntan ) " _ " . _,w 5 _ & X _ " _ .., .
Ca=(6t L0)C (csoben) 7 in radians S e i gy yleas V- P

R .- gt ol 3 sl sdgaze 10 cul e oyl

*— Use H; as either Hp or Hy, or both if Hy, > 0.

il _ 2. Hansen (1970) did not give an i for & > 0. The value above is from Hansen (1961) Lo} - ' .
o ____ and also used by Vesié. 2 S——— 32 O e QH
AR | 2 Vaibeco = base adhesion, on the order of 0.6 to 1.0 X base cohesion.

: v _4_ 1 4 Refer to sketch for identification of angles 7 and B, footing depth D, location of H;

|

(parallel and ai top of base slab; usually also produces eccentriciy). Especially note Q,NH.w.ﬂ..T b. ﬁ..“w C..\.L”Q
__ _ V = force normal to base and is not the resultant R from combining V and H,. 2

Hi t_ohlwhou_.vrlw.ugr,l.l\%\h \J \.\wmkl
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the Vesié (1973, 1975b) bearing-capacity equations.
See notes below and refer to skeich for identification

of terms,
Inclination factors Ground factors (base on slope)
’t— " “ H %
Lelegy  @=0 w,nﬁn B in radians (B )
-f
-y @>0 (8 gy >0

L/B>2use by, = 1.59, - 17" Ay = B'L (effective area) i;, and m defined below iy defined with ic
WK GesSIuseo =4, ¢, = base adhesion (0.6 to 1.0c)

& = friction angle betwesn
For: L/B < 2 use §, ~# 555 base and soil (.50< < ¢)
—— ma Lo ﬁ—al

ﬁ - - -
ViAo 80 = 8y = (10— tan Y

| et g UIERRL:
.\L\\\ I...\\.\ ﬁ\n\\cﬁhr\_x\ 2¢ «B_I _ Ap=81L
s d\ - = allmn Bh ( Hamozn) =Bl Base factors (tilted base)
< I
I L = b.=g (&=0)
L, Hy by —_.e ViAo w 28
" m=m - 2+BL Fl—iu..h-!#
_ H, A y w._. SM... by = b, = (1.0 = ntan )
-—_.
| RS m=m .

Notes:
1. When¢ = 0(and B = D) use Ny = ~2sin(x ) in Ny term.
*u. Compute m = my when H, = Hy (H parallel 1o B) and m = my when H; =
Hy, (M paralle! to L), If you have both Hy and H use m = .\iw + mi. Note

-Suaulur.!umh
3. Refer to Table skeich and Tables 4-Sa,b for term identification.

s | \P,
VM= Hy [N 4. Terms N,.. Ny, 1nd Ny are identified in Table &-1.
= Chap 11 8, Vesi¢ always uses the bearing-capacity equation given in Table 4-1 (uses B'
% il in the Ny term even when H; = Hy).
P 6. H, wrm = 1.0 for computing i iy (always).
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TABLE 4-5a

Shape and depth factors for use in either the Hansen
(1970) or Vesi¢ (1973, 19755b) bearing-capacity equations
of Table 4-1. Use s., d, when ¢ = 0 only for Hansen
equations. Subscripts H, V for Hansen, Vesi¢, respectively.

Shape factors Depth factors
B d! = 0.4k (b =0°
Ly = 02— = 0% c
= i d. = 1.0 + 0.4k
ey = Lo"%i kzD/Bfnrl)lﬂs |
N B k = tan™"(D/B) for D/B > 1
= [0+ =2+=
R LD Ne L k in radians
5. = 1.0 for strip
Serny = 1O+ %Sintﬁ d, = 1+2tand(1 —sind)k
Sqn = 1.0+ % tan¢ k defined above
for all ¢
S =10~ 04% = 0.6 dy =100 foralld
Yy =10~ 0‘4% = 0.6
Notes:

1. Note use of “effective” base dimensions B', L' by Hansen but not by Vesié.

2. The values above are consistent with either a vertical load or a vertical load accompa-
nied by a horizontal load Hy.

3. With a vertical Jond and a load 4. (and either Hy = 0 or Hg > 0) you may have to
compute two sets of shape s; and d; as 5 5, 5¢¢ and d 5, d; ;. For i, L subscripts of Eq,
(4-2), presented in Sec. 4-6, use ratio L'/B" or D/L'.

Notes: B+ 1 90" (Both # and n have signs (+) shown.)
B e

TABLE 4-5b

Table of inclination, ground, and base factors for the
Hansen (1970) equations. See Table 4-5¢ for equivalent
Vesi¢ equations.

Inclination factors Ground factors (base on slope)
= o = HJ’ d o Bn
L v %= i
a—:’—lﬁi" -IO-'BO
i 147°
o 0.5H, u s
e = [I V+AIC,,I:D[¢]° 8¢ = & = (1 =0.5tan 3)
2=a1 =35
Base factors (tilted base)
. 0.7H, , 7 -
1 [1 V+ Are, n:md:']u b= @W=0
S T be=1-1  (4>0
HF [1 V+Ascicotd wr -

b, = exp(—2ntan¢)
b, = exp(=27ntang)
7 in radians

25(!155

Notes:
1. Use H as either Hg ot Hy, or both if Hy > 0.

2. Hansen (1970) did not give an i. for ¢ > 0. The value above is from Hansen (1961)
and also used by Vesic.

3. Variable ¢o = base adhesion, on the orderof 0.6 1o 1.0 % base cohesion.

4. Refer to sketch for identification of angles n and 8, footing depth D, location of H,
(parallel and at top of base slab; usually also produces eccentricity). Especially note
V' = force normal to base and is not the resultant R from combining V and H;.

TABLE 4-5¢

Table of inclination, ground, and base factors for
the Vesi¢ (1973, 1975b) bearing-capacity equations.
See notes below and refer to sketch for identification

of terms.
Inclination factors Ground factors (base on slope)
~
¢ =V d+ ' =1~— _—”lHi = ' = i in radians
c Pagriisheres . ApcalN. (=0 & =31 el
4.5 —i s
§ = friction angle between e >0 g Sily= el S
For: LIB<2useg, base and soil (59 <5< ¢) | TN, -1 @>0) ¢ S51dmng
LB>2used,,= 1.5 pp— 17 Ap=B'L' (effective area) iy, and m defined below iy defined with .

P S 347 use Py = B

¢, = base adhesion (0.6 to 1.0¢)

B
T
| ﬂ‘r=8 I
e ]-.--m
|
I
|
v |
l B
col H, I 3
v sr .4 ‘|-———3
Hy col
= M
Fip—e 'L ! =TV
Footing v
el \Y
D | A )
N = oy
Ho ~ Chap 11
Hunax + P2 SF X (Hg)

2y 11 s H; 1y _ 3
g = [1-9 V+ Acocote & = & = (L0-unp)
Base factors (tilted base)
; H; i b= o L
= — e = 8 (¢ = 0)
% [1'0 v+ A,c..co:qbr 28
1y be = =g and
= ﬂ = ————
1+ B/L b, = by, = (1.0 — tandy
=y = 2L/ "
T

Notes:

L. Whend = 0(and § = 0) use N, = —2sin(£8) in N, term.

2. Compute m = my when H; = Hy (H parallel to B) and m = m; when 7, =
Hy, (H parallel to L), If you have both Hy and H; use m =
useof Band L, not B', L'.

3. Refer to Table sketch and Tables 4-5a4.b for term identicati/n,

4. Terms N, Ny, and N, are identified in Table 4-1.

5. Vesic always uses the beaning-capacity equation giv 4 in Table 4-1 (uses 8’

in the IV, term even when H; = H;).

6. Hiterm = 1.0 for computing iy, iy (always).

my + nj . Note

:
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TABLE 4-5

Shape, depth, inclination, ground and base factors for use in either the Hansen (1970) or Vesié (1973) bearing-capacity equations of
Table 4-1. Factors apply to cither method unless subscripted with (1/) or (1), Use primed factors when ¢ = 0

Shape factors Depth factors Inclination factors Ground factors {base on slope)
B | . . I
=02 T il = 044 Lun =05=05 /1 g = T
S N, B 1= 104k : ; mli for Vesic use N, = —2sin fl for ¢p =0
= == d. = ¥ o T
N, L L Apeah, _ e
5. = 1 for strip == i Lo | T e
fe =i, (Hansen and Vesic)
N,— |
= y= (1 = 05 an fi?
sg= 1 + w tan ¢ dy =1+ 2tan (1 — sin Pk Doty = Wiy AR
: . 0.5H s Havy =ty = (1 = tan f1)?
_.:2_ : ~ T L T e
n ! b A e, col ),
s=1= :a.... Base factors (tilted base)
LD D o 1 P
L= = Wiy = = R W o
B or B = | U I 4 _.___h.. cot ,.\— ‘ 147
D D ]
= jup=? S : .... = | ——0r
k = tan 5 for 3 > | (rad) 147°
, by = exp (— 2y tan )
P oo o e L IR ; 0.7 5 win
Whese _.a B .r_ 0t :...::r. Sre 8 f<"taee ian =11 4 (n =0 by = exp (= 2.7y tan n)
— U= utlhesion 1o buse = cobesion or 4 reduced value ¥ V4 Aye,col ]
D=
tpo by, = d with respect 1o ¢ (0.7 — n° 45001\ hary = by, = (1 — 1 tian ¢)?
1 ng load with W o= 1 fan=|1— T e b e (n =10
I e V¢ ty col s, Nutes: i 4 4 <90
—= [l = slope of ground away from base with downward = () v . H ot ) i<

e 1) = [raction angle between base and soil  usually & = b Tor
concrete on soil

=1 = tilt angle of base from horizontal with (+) upward us
usual case w

| 2 + B/L

130 not use &, in combimition with i,. 2,

V 4+ A,0,col g

Ciitnteral

J m=ny=——
2 Can use s, in combination with o, ¢, and b, | :__C.
VoFor LB S 2 use oy, - LB
y - . T 2 m| A
For L/B > Juse g, = L340y, 17 m=m; = J_\ H parallel 1o 1
Forh = W use . = i, I 4 ...._\3
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Note: iy, i, =0
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TABLE 5.2

Values of 1; and I; to compute the Steinbrenner infiuence factor I; for use
in Eq. (5-16a) for several N = H/B' and M = L/B ratios

| N M=10 11 12 13 14 15§ 16 1.7 18 19 20
Y

02 [, =0009 0008 0008 0008 0008 0008 0007 0.007 0.007 0007 0.007
Iy=0041 0042 0042 0.042 0042 0042 0043 0043 0043 0.043 0043
0.4 0033 0032 0031 0030 0020 0028 0028 0027 0627 0027 0027
0.066 0068 0069 0070 0070 0071 0071 0072 0072 0073 0.073
0.6 0066 0064 0063 0061 0060 0059 0058 0057 0056 0056 0055
0.079 0081 0083 0085 0087 0088 0089 0090 0091 0091 0092
0.8 0.104 0102 0,100 0098 009 0005 0093 0092 0091 0090 0089
0083 0.087 0090 0093 0095 0.097 0098 0.100 0.101 0.102 0.103
L0 0042 0140 0138 0136 0134 0132 0130 029 0127 0126 0.125
0083 0088 0091 0095 0098 0100 0.102 0.104 0,106 0108 0109
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B' = -g- for center; = B for corner /;

L' = L/2 for center; = L for corner J;
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Influence factors "ﬂ to compute rotation of a footing
LB ikl Plexible i Rigidt |
0.1 1.045 1.59
02 1.60 242
0.50 2.51 3.54
075 291 394
1.00 (circle) 3.15 (3.00)* 417 (553 o
1.50 343 444 _ ‘
2.00 3.57 459 I = 16/Tm(1 + 0.22B/L)]
3.00 370 474
5.00 M 487
10.00 3.81 498
100.00 3.82 5.06 = 16/m

*For circle B = dinmeter.
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compare reasonably well with those given by Poulos and Davis (1974, p. 169, Table 7.3).
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C. = 0.009(w;, — 10) (=30% emor) Clays of moderute 5, Wdlﬂt(lm}
C. = 0.37(e, + 0.003w, + 0.000dwy — 0.34) 678 data points Azzouz et ul. (1976)
G = 01416, {i)“ All clays Rendos-Heerero (1963) -

C, = 0.0093wy 109 data points Koppula (1981)
C. = ~0.0997 + 0009w, + 0.00141 + .;”'[ﬁ G‘)‘ 5 daly,
0.0036wy + 0.1165¢, + (.0025Cy 109 data points Koppula (1981) 3 > 3
Ce = 0.3290wnG, — 0.02Twr + " ) !
0.01334,(1.192 + Cpfls) All inorganic clays Carrier (1985)
€. = 0.046 + 0.01041, Best for I < 50% Nakase et al. (1988)
€, = 0.002346w.G, All inorganic clays. Nagarnj and Srinivasa Murthy
(1985, 1986)
C. = L15(e, —0.35) All clays Nighids (1956)
C, = 0009wy +0.005w; All clays Koppula (1986)
C. = —0.156 + 0.411e, + 0.00058w, T2 data points Al-Khafaji and Andersland
(1992)
Recompression index, C,
€, = 0.000463w, G, N‘('l‘;‘n il Srinivasa Murthy
€, = 0.00194(}, — 4.6) Best for I» < 50% Nakase et al. (1988)
= 0.05101C, In desperation
Secondary compression ndex, C.
C, = 0.00168 + 0.000331, Nakase et al. (1988)
= 0.0001wy NAFAC DMT.1 p. 7.1-237
€, = 0.032C, 0.025<C, <01 Meari and Godlewski (1977)
= 0.06 0 0.07C, Peats and organic soil  Mesi (1986)
= 001510 0.03C, Sandy clays ‘Mesri et al. (1990)







‘MacDonald and Skempton (1955)  (sdlpdy polia

TABLE 5.7
Tolerable differential settlement of buildings, mm*

Recommended maximum values in parcatheses

Criterion foundations ~ Rafts
Angular distortion (cracking) 1/300 = B
Greatest differential settlement L
Clays 45 (35)
Sands 32(25)
Maximum settlement
Clays 75 75-125 (65-100)
Sands 50 50-75 (35-65)
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mmmumuL-mmmmmmmﬂ =

height of wall sbove foundation.*
Onsandor  On plastic Average Imax.
clay

Structure hard clay seitiement, mm
Cranc runway 0,003 0.003
Steel and concrete frames 0.002 0.002 100
End rows of brick-clad frame 0.0007 0.001 150
Where strain does not occur 0.005 0.005
Muhistory brick wall 25 LH=25
L/Hw3 0.0003 0.0004 100 LH=15
Multistory brick wall
L/H over 5 0.0005 0.0007
One-story mill buildings 0.001 0.001
Smokestacks, water towers, ring foundations 0.004 0.004 300
Structures on permalrost
Reinforced concrete 0.002-0.0015 150 at 40 mmyyeart
Masonry. precast concrete 0.003-0.002 200 at 60 mmyyear
Steel frames 0.004-0,0025 250 at B0 mmy'year
Timber 0.007-0.005 400 st 129 mm/year
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Driven piles in clay

End bearing resistance g,

Because of the limiting diameter of conventional driven
piles of about 450-600 mm, and the smal! cross-
sectional area, the base load obtainable tends to te 2
small amount in relation to the shaft load. Neverthe-
less, it could be calculated from:

q,=Nc;

¢ ub

(10.3)

where N_ can be taken as 9 and ¢, is the undisturbed
undrained shear strength at the base of the pile.

Adhesion c, (Figures 10.3 - 10.6)
Driving a pile into clay requires considerable dispiace-
ment and causes major changes in the clay. The effects
of installation are different for soft clays and stiff ciays.
Driving a pile into soft clay increases the total
stresses, which are transferred to:a large rise in pore
water pressure in the annulus of soil around the pile.
This increase in pore pressure is larger for piles with 2
greater volumetric displacement such as solid piles
compared to H-section piles and for soils with a ten-
dency for their minera! grain structures to collapse
such as sensitive clays.

Pile Foundaiions 223

The £me tzken Sor
LEC GIOC 280 it

wiii depend on

this poe ooessie loclnsiTes
the initiai excess so=& Z-essioe,
sermeability cf the spii, the Jermea>iis

materizl and e

teiwsen them.

As e consciidation process e eflantve
sT2sses aroung ihe pile increass and e Sile
capacily increases. 1hus, the Initiz. ic2f caTying ca-
pacity of a pile may de guite sme.. 32t will increass
with me. Howevers, fTom measusmenis waich havs
been carried out, severai weexs ¢- onTts M2y elacse
before the full ioad capacity is ac:isvel.

Driving piles inte stiff, overcensciicated clays can
produce three significant effecis:

s expansion of the soil surrouzCing Se oile with
associated radial cracking azc opexing of macro-
fabric features such as fissures. Azy sositive some
pressures set up during driving will raoidly issi-
pate into this open structure 2a¢ sxsession of Se
scii is more likely, to procice nsgative 3072 Jres-
sures at ieasi in the upper levels. X2lzSvely stom
piles, therefore, may provide ex i=iffelly 2ig= cac
carTying capacity but thiscoud Siminish with e,
Longer piles are more likely o Sro€ucs zositive

pore pressures in their lowss segicns.
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a g i : : sands (L = 404
. < oo ’ 2 Overburden 2 > ag;
; ! E
™ 5 | r | i
' c 30 100 150 200 250
- Undrained shear strength of cla (kN/nt)
g Y
= — i ; - - : ¢
sgete Z1.4 Adhesion factors Jor piles driven inro stiff clay — length > 20 10 40d (From Tomlinson, 1987
”
iy = .
* §7Ouni Zeave comprising upward and outwasd dis. Coefficient
- E.E:e:f:: o the soil around a_pue"bemg driven. o a1 0.2 0.3 0.4 05
- - <=5 $152¢t c2n occur up to ten pile diameters away v i ;
NS - il g 1 .
Fom 2 5ie (Cole, 1972), s0 driving piles iz grouos J i
- ca-magnify the effect and cause damage to existing - pd
- duied ssuctres and previously driven piles, due to ’ / |
sezarziion or fracture. Heave is particulariy desr- / ‘
- mezi2. when the piles are intended to provids mos: 20 ' : :
2 of Zeircad ‘nend bearirg. 5 I ]
- - - . ‘. - . w 4 | !
° 'WXizziness' or latera! vibrations $et 4p in the pile g | [
A s Ty Taa . e T T = 3 I
- omce -2 z2s been partly driven into the clay. Thi y 30 i 7
& J7oc-ces 2 gap like a ‘posi-hole’ effect batwaer he = i !
¢y 2a¢ e pile, so no adhesion can exist cver this £ i ! |
- ‘e=g™. Tominson (1970, 1971) also observed shas g | |
a2y sol adbeve the stiff clay was dragged down inte o | !
- Zis ga22 s soft clay overburden wouid produce 2 < 350 : '
- iower 2ape-ent adhesion but sand would produce & i 5 | I
Sigzerzchesion. The penetration of the pileintothe |' ,
- SZEEclzy anc the type of overburden, is, therefore, 1 60 ;
= very I=zoriant. This is iilustrated in Figure 10.3 J‘U!‘ [
' WhicT gives vaiues of adhesion factor & for short | [
- Penszation siles taken from Tomiinsen (1987). For 0
- -onger piies, (L > 20 0r 40 diameters) the effect of Figure 10.5 Coeficient i (From Vijayvergiya and
‘22 gas ciminishes, as illustrated on Figure 10.4, It Fochr, 1972)
=l $20ui< 3e noted that the scatter of cat2 peints used
*c odzin these curves was considesable.
- ~=2 zverzge adhesion on the shaft of 2 pile is then Vijayvergiya and Focht (1972) suggested a quasi-
- czczlzieC from Equation 107 using the adhesicn effective stress approach for the determination of aver-
T2ctors frem Figures 10.3 and 10.4. age adhesion along long steel-pipe piles in the form:
™ Tervary 1one piles driver inta e 6 A7 et 1 = - f— -
i o C .,.cv_.-}_ cg p':les crverinto st ciaysitnas 2iso ca= X (crm % ) (10.9)
= S8ST Uoung fnar the shaft capacity depends on the N
-3¢ of e pile but for probably different reasons. 0 =cA, (10.10)
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Canadian Foundation Engineering Manual

20.2.1.1 Cohesionless Soils

For cohesionless soil

g, = o,  KMtand” = Bo,’

9 = N tob'
where B = a combined shaft resistance factor
K, = coeffident of lateral earth pressure
a,’ = vertical effective stress adjacent to the pile
M = a factor accounting for the friction at the pile-soil interface
N, = bearing capacity factor
g =

b vertical effective stress at the pile base.

The value of K, is influenced by the angle of shearing resistance, the method of
installation, the compressibility and original state of stress in the ground, and the size
and shape of the pile. It increases with the in situ density and angle of sheari
resistance of the soil and with the amount of displacement. It is higher for displacement-
type piles than for low-displacement-type piles such as H-piles. For bored piles, K, is
usually assumed equal to the coefficient of earth pressure at rest, K,. For driven
displacement-type piles,: K, is normally assumed to be twice the value of K,. For
tapered piles the value of K, may be increased by 30% to 50%.

The value of M ranges from 0.7 to 1.0, depending on the pile material (steel, concrete,
wood) and method installation (Bozozuk et al., 1978b)

The combined shaft resistance coefficient p generally ranges from 0.20 to 1.5 as indicated
in Table 20.1 - see Poulos and Davis (1980) for further discussion.

Table 20.1 - Range of B Coefficents _

= == = £
GLJFJW

SOIL TYPE CAST-IN-PLACE PILES DRIVEN PILES
Silt 0.2-0.30 0.3-0.5
Loose sand 0.2-04 0.3-0.38
Medium sand 0.3-05 0.6 -1.0
Dense sand 0.4-0.6 08-1.2
Gravel 04-0.7 0.8-1.5

The toe bearing capacity factor N, depends on soil composition in terms of grain size

distribution, angularity and mineralogy of the grains, natural soil density, density

changes due to pile installation, and other factors. Typical ranges of values for N, are
given in Table 20.2.
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Geotechnical Design of Deep Foundations

Table 20.2 - Range of N, Factors  ( Ng)

[ S P ) P T © Y

lk_;_dhl_ns-'-:_::‘l
2 = N

SOIL TYPE CAST.IN-PLACE PILES DRIVEN PILES :
Silt 10 - 30 20 - 40 j
Loose sand 20 - 30 30 - 80
Medium sand 30 - 60 50 - 120 |
Dense sand 50 - 100 100 - 120
Gravel 80 - 150 150 - 300

In the absence of test loading, a factor of safety of at least 3 should be applied tc any
theoretical computation.

Remark: Consistent with research results and field observations reported in tze
literature, earlier versions of the Canadian Foundation Engineering Manual
recommended to apply the concept of ‘critical depth® when designing piles i
cohesionless soils. According to this concept, the unit shaft resistance and poin:
resistance would increase linearly with depth only down to the critical depth; below this
critical depth both the unit shaft resistance, t, and the vertical effective stress at the pils
base, o,’, would remain essentially constant. According to Meyerhof (1976) the criticz"
depth would depend on the pile diameter and the soil density and would be in trs
range of 8 to 20 pile diameters.

However, more recent investigations suggest that the apparent absence of increase cf
1 or o,” below a certain depth may be the result of having ignored the effect of "lockec-
in* stresses in test piles before the beginning of load tests. The evidence available tz
date is suffident to cast some doubt on the relevance of the critical depth concep:.
Unfortunately, this evidence is still not suffident to reach a conclusive answer on the
real variations of unit shaft resistance and point resistance with depth for piles in sanc.
Caution is thus advised in the design of long piles in cohesionless soils.

20.2.1.2 Cohesive Soils

Design methods for piles in fine-grained soils are in some cases of doubtful reliability.
This is particularly so for the bearing capacity of shaft-bearing piles in clays of mediur-
to-high shear strength. Because of this, pile test loading should be carried out whezz
economically justified or, alternatively, an adequate factor of safety be used.

Piles in cohesive soils generally derive their capacity from tills, substantial toe resistance
may be mobilized, which, for large-diameter bored piles, may represent the usatiz
Capacity of the pile.

20.2.1.2(1) Total Stress Versus Effective Stress.Approach
Until recent times, it was the general practice to evaluate the capacity of piles in xcizy

Om a total stress approach, i.e., on the basis of the undrained shear strength;. {z.c
e clay. Empirical correlations between ‘t, and the toe-and-shaft resistance .on.4 bl
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TV = 314.33 547.56
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