CHARACTERISATION OF GROUND & FOUNDATIONS FOR
BRIDGES




CHARACTERISATION OF GROUND &
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Vent
Sample
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disturbed Sample







Liquid Limit

Check the fall distance of the cup in the liquid limit device and adjust, if necessary,
so that the height of fall is exactly 1 cm. It is important that this measurement be made
between the base and the point on the cup that comes in contact with the base. The

grooving tool handle is a 1-cm rule.
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Grooving tool

1 cm clear
when raised
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Extension Dial <7

Porous Stone

Porous Stone

Alan Bcott, copyright 2001 ‘




Vertical Load
alignment pins

(removed when shearing)

Extension Dial

Lo ;51_'-::{&:_;‘ o Piston

Horizontal Sheanng
Force

(creates a shearing pressure)

low friction rollers

Alany Seoft, copyrght 2001




s=¢+ agtan ¢

Lad
[

|
|
|
|
|
I
|
I

stress. o




Eztenszion Dial

Pressure Chamber

clear plastic sides

e

Forous

lateral
pPressute Soi pressure

rubber membrane ———]

chamber pressure

Alan Scott, copyright 2001
sample drainage
an d ulation
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-Porous . e Lucite
stone sy | chamber

Rubber
membrane
Soil
specimen

To drainage and/or
pore water pressure
device
Schematic diagram of triaxial
test equipment

Consolidated Drained Test

o o 0,  Effective
normal stress

Consolidated-drained test







-
(=

Sandy Clay (C )(ﬁvghzym Repth 12(; m

|
|
|
— N mmm ~

o
©

N\

o
o

o
N

)
o
(w]
(a4
o
(o]
>

Q

10 100 1000

Effective Vertical Stress, svo' (kPa)




Standard
Penetration Test




Mo. of Blows
per 0.3 meters

Seating

o

63.5-kg Drop
Hammer
Repeatedly
Falling 0.76 m

Anvil

Borehole

!

MNeed to Correctto a
Reference Energy
Efficiency of 680%
{ASTM D 4633)

Drl Rod
{"N"or
“ﬂ!! T}“Pe}

' [Th.lck Hollow
Tubej:

0.D. =80 mm

1.O. =35 mm

L= 760 mm

Note: Occasional
Fourth increment
Used to provide
additional soil
matarial

'SPT Resistance (N-

First Increment

value) or “Blow Counts”
is total number of blows

‘n.15 m ‘ 0.15 m ] 0.15m |
Hollow Sampler Driven in
3 Successive Increments

Second Increment

to drive sampler last
300 mm {or blows per

Standard Penetration Test (SPT)

Per ASTM D 1586

foot).

Third Increment
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Consistency

Very soft
Soft
Medium
Stiff
Very Stiff
Hard

Shear strength of cohesive soils

Undrained strength, cu
(kPa)

0-—12.5
12.5-25.0
25.0-50.0

50.0-100.0
100.0 - 200.0
>200.0

0-2
2-4
4-38
8-16
16 - 32
32







Cone Penetratie
Test




Cab e o Coar puter

Eleciric Cone
Fenefronrelfer 1. Saturation of Cone Tip Cavities
with G0= Apes: and Placement of Pre- Saturatad
d =36 mm (10 em) Forous Filter Elemeant.
or 2. Obtain Baseline Readings for
d =44 mm (15 em®) Tip, Sleeve, Poremater Trans ducer,
Z Inclinometer Channels

Cone Penetration Test (CPT)

_ per ASTIMD 5778 procedures

fraliion eter

f,= sIEE:uE friction

U, = porewates pressure
€= 3,= net arearatio (from triacial calibration)
4. = measured tip stress or cone resistance

A

o= comected tip stress =g + (1-a,u,

Continuous
Hydraulic Push
= 20 mnvs; Add
rodevery 1 m.

- Cowe Rod
~ (30 e o)

Readings taken
E.!El‘jﬂﬂ 1o 50 maTe
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Depth (m)

-
N

tip stress

10-cm® Friction-Type
Cone Pencirometer




Cone Penetrati
Test

f-(kN/m?) g, kN/m?
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Soil Behavior Type

Sensitive, fine grained

Organic soils — pears

=36

Clays — silty clay to clay

295-346

Silt mixtures — clayey silt to
silty clay

2.60-295

L L LIl It

Ll b1l

Sand mixtures — silty sand to
sandy silt

205-26

Sands - clean sand to silty
sand

131-205

Gravelly sand to dense sand

<131

Very stiff sand to clayey sand*

N/A

Very siiff. fine grained*

N/A

1
HORMALIZED |
FRICTION RATIO. F -;ﬂ = 100%
L

* Heavily overconsolidated or cemented




Clay Clayey silts Sandy silt Silty sand Sand

& silty clay & silt

Data from 18 sites

0.01 0.1
Mean particle size Dgy(mm)




Torque head




at Bottomn of .
Borehole -y

* Pushin Vane 3-"[ Torquemeter

Lower Vane
to Bottom of
Prehured

I
o
o = b=

- "-1# ; E =l

‘blade thicknesz = e
S " s

1. Insertion of Vane 2. Within1 minute, rotate 3. Performan
: = © vane at & deg./minute; additional §to _ tl]l'l:l.lE T, for
Mﬂﬂsu'ﬂ pad{tcrme, Toia 1I].|?E!{duiin|:ps rElTl:llglflait:age
ane Shear Test (VST) per ASTM D 2573:
Undrame.d Shear Strength: S, =6T/(7aD') ForHD=2

In-Situ Sensitivity: - §; =5, (peak)is,, (remolded)




Vane Strength, s, (kPa)
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WOODEN JOISTS OF
SUITABLE SIZE
@ 300 mm c/c

T, W ] PO i S ¥ P

SAND BAGS
" rWOODEN PLANKS

ABOUT 100 em

‘MS PLATE

WOODEN JOISTS
OF SUITABLE SIZE

o—15 cm @ LOADING COLUMN

AS REQUIRED-

;

g/— TEST PLATE

[WITH PLUM BOB ARRANGEMENT)
! proee = : DIAL GAUGE

THFE

OODEN GUIDE JOISTS

ANGLE IRON STAKES

LOADED
PLATFORM

HEAD ROOM FOR
PERSON TO SIT
AND OBSERVE
DIAL GAUGE

DIAL GAUGE

TEST PLATE OR

DIAL GAUGE—

FIXTURE — L

BLOCK —— =—AS REQUIRED —e=

AS REQUIRED

\—PIT. STRUTTED
IF NECESSARY




hlocks,

cotictete

Titmber crib

[solated datum heam

Pile under test ——




Crust of stiff
weathered cloy

Test plate

Loading from test
plate carried wholly
by stiff crust

l

Soft alluwvial clay

'

Large raft foundation

P
Loading from
large foundation
transmitted to
underlying soft clay g




Prescuremeten

Test (PMT) ‘:__ - ’ fibing

ASTMD 4719

~ Temporary . Em:l"rFuHRuﬁhmcf
Caﬂng  Piston @hnda’ Fﬂm&a
an Imrmmtal 'I.ll'ulm're of
Water I,'ur Gas or ﬂlil]l
Into the PMT Probe.
i Measure Comesponding
PI‘EEEI.ITB a each increment.

.RI.IJI'.'H' I'l.l'lu;‘l:lrane of Probe

E:-:pawds as a right :].du'ﬂer
Evaluated per Cylindrical
‘Cavity Expansion Theony.

Plot Pressure ¥ versus
Volume Change AV (or
 Lovver Probe . alterratively, Yolumetric

¥ It Pre-Bored Hole : Strainor Cavity Strainjto
Prebored Hole ; and Expand mith - ¢ Find Pressuremeter Pa

' Fressurized Water- ; ] [ —b

_b_.

. .— L ift- D'f'f Pregs:u:gé
E El-as'h-.’: I'-.-1n:u:IJ.||u5
'[' —»E,hear Sirength

—= F‘,_--.— Limit Pressure
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Imcrement =
Hydradlic Pusy |
= 20 mm's; Stop i
to test every 2S00
rorn [or 200 ]

Calibration = of hembrans
Stiffness in Air:

af= 10to 30 kPa (suction)
ab = 30to 80 kPa (niate)
fbte -bhodh positive valuves

Cone or
Driff Rowd

FPrieumatically- =1 CElat P
Irflztad Flewd ble o HEE EIPF mﬁtﬂ' A
Stesl Membrane - ) R :

id= EIIImm] ; e =t : Tﬂ]'ﬂ'ﬂﬂ BI,E!’EH-H___&_

; 35 mrm owide ; 2 vl :
by 240 mrm long A £y hembrane [ £ .
by 15 mm thick o S collapsed B permbrane 8 S e
gt streszes | 1uzh ]

1. Initial

Pan or Face UView Profile VWent

2. Push 3. Areading

' M 4. B-reading
FLAT DILATOMETER TEST (DMT] "5..Dd1&tei:tapicly.

po= Lift-off pressure (cormected” A" reading)
py=Exparsion prassure(corrected " B reading)
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Amplitude

Oscilloscope

Receiver (Geophone)




S - Wave Velocities

Steel

Intact Rocks 7
Weathered Rocks

Ice
Till
Sand

Clay R T

Sea Water
Fresh Water

Shear Wave Velocity, Vs (m/s)




oscilloscope
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| Horizontal Soil Laxer over Rodk
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Depth to Rock:

ﬁ

30
Distance From Source (meters)
x values —»

t
values







Oscilloscope

© Paul Mayne/GT

Shear Wave Velocity:
V. = Ax/At

Downhole
Hammer |
(Source) _ | | Velocity
| - " Transducer
(Geophone
Receiver)

packer AX ‘

® Slope §
() 1
Inclinometer

()
® Slope

Inclinometer

Note: Verticality of casing (
must be established by

slop_e incIinomete_rs to correct . P\/C-cased PVC-cased
distances Ax with depth. Bor'ehole Bor'ehole




Oscilloscope

AR

Test
Depth
Interval

Z4

Zy

Hammer

X

Horizontal Plank
with normal load

© Paul Mayne/GT

packer

Horizontal
Velocity
Transducers
(Geophone
Receivers)

Cased
Borehole







Cab ke fo Com poter

Cone Rig with Hydraulic Push Sy=stermn

Elecdric Come
Ferefmirefer 1. Saturation of Cone Tip Cawvities
vuith S0 Apm{\ and Placement of Pre Saturated
d =36 mm {10 cm®) Faraus Filter Elament.
or 2. Obtain Baseline Readings for

d =44 mm (15 cm®) Tip, Sleeve, Foremater Trans ducer,
& Inzlinometer Channels

Seismic Piezocone FrockLnad 3

Penetration Test
(SCPTu) per ASTMD 5774

_i:’itrlke.lé"a.mﬂélftu
Gm;lmnﬂf AHiE':
Horfzontal Geophone

hbnzmtaw-ﬂﬂanz
i e : Ueﬁt&:a@-ﬁﬂpagaﬁng
inclinometer Shear Waves:
T - : © (Psendo-terval
Velocity Mbthod)

T, = sleeve fricion
u,= puran.tater pressure

z a;= ne‘l’ area ra’cln (frnmtrla{lal c,aill:-ratmn]
* = measured tip stress or coneresistance

;= comected tip stress =q. + (1-aju,

Continuous
Hydraulic Push
at 20 mmis; Add
rod every 1 m.

- Cone Rod
“(36- et cliam.)

ﬂn‘iud"'t, taken each 1

{CF'T_ Reaﬁnﬁs:ﬁkhi

‘every 10 to 50 mm




Radar Sensors & Software GeoRadar




Illustrative Results from GPR




Spacing & Dep
boreholes




In-situ effective
stress (p,)

Increase of
vertical pressure

(QH et]
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Depth (m)

0
Y

Top soil: Rubbish/clay/Brickbats and so on.

Brownish grey clayey silt with fine sand

=0 y= 18 kN/m?, ¢, = 35 kN/m?

= 6 Brownish grey sandy silt with clay binder.

Grey/dark grey silty clay with
decompomsed wood.

y = 17 kN/m?

c, = 25 kN/m?

Bluish grey silty clay with kankar.

=12 9 km?, ¢, = 65 kKN/m?

Mottled brown silly clay.

16~ 19 kN, ¢, = 70 kKN/m?

~ Yellowish/greyish brown silty clay with
J .
kankar and occasional sand tenses.
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—{~}11.750
| BACKING WALL

-+ 10189
wef 4 YH T30

BED BLOCK [N RCC M-35

—4+13,330

~{+12.130




0 10
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——BH-1 —BH-2 —+—BH-3

+ Series1 —— Series?2



Water Content
20 40 60 80 100

|l ——BH-1 —=— BH-2 —a— BH-3
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The SFT N value vs. Depth (Meriton
project) The typical SPT profile ve. Depth

SPT value [blows) SPT value |blows)
[ K] 0 40 80

100
K




ofile and Prope

LAYER 1: M= 520 v=15kN/mM3 +=020
LOOEE-MEDILM M.=4.7-18.2 vo=18 KNIM2 E=6Mpa

SAND N.=47182 =28

Lls

T

:1':$'l:n::::'

‘:II'I.E""
Rwd
P

1R
ph e, TS
ey
T4

AR N=704-T5 __s0kNm3  v=030
veRyY DENsSE sanD | N.=67-T2 b= 36" E= 30 Mpa

M.= &67-62

RER AT X

£

2
'
e

o
o el
":II‘
L

T R
Fal
“I L

LS
0

+
Rn

N - T
|.|h:-' gt AT
[

h=11 = 17 kNim3—— v=0.35
MN.=88 C=25 MEE

N=73
N..= 70 = 21 kN/m3  v=0.35
NI-I; 53—4? I*: 36':' E= 3‘5 MFE

: (o

H=8-32
LAYER E: No=7Gang ve=10KNm3  v=0.30

STIFF CLAY M..=5.18 1 8= E=20Mpa
=80 Mpa




Bearing on
natural ground

Bearing on
changed ground

Bearing on
improved ground

Piled to
deeper stratum







allowable Applied pressure
settlement q, 4, .y

P L
T ................ . ‘

Typical relationship for a foundation

Settlement

Y
g, = ultimate bearing capacity
q_= sale bearing capacity
- q’ult
I
g, = allowable bearing pressure

F = factor of safety

(related to allowable settlement of structure)













For Continuous foundations:

For Square foundations:

For Circular foundations:




Nq - 8
2cos (45+¢'/2)
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Bearing capacity factor N

B <4 : : : BH < 2

L i 1 I 1 i I i ] A

gergrery 58 T8 W - g 0% S Woe
Undrained strength ratio, k = &/¢y Undrained strength ratio, k = cafeq
- (b}




=

- kN/m

]

Q
—

A

Allowable pres

Width of foundation _M"r"ﬂﬁ




] forB< 122m

‘Df
I—— | forB >1.22m
4B




/ _[’ 125L/ B ]
* \025+L/B

*

f=1+R +R lﬂg%






















- bridge pier---=

normal river bed

i ——

_—

i
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= flood

Prnormalf.




~ For transferring building loads to underlying
ground

~ Mostly for weak soils or
heavy loads

weak soll




Q Q

End Bearing Friction

Unsuitable Side
Soil Resistance

Bearing Layer

Tip Resistance Tip Resistance (small)




Bored Piles

Unsupported
during
Construction

Supported
during
Construction

Steel Casing

Drilling Mud

Void filled with
Reinforced Concrete




PLES———» SOFT SOIL




PILES == SOFT SOIL

Strength
Increases
with depth




Axial Loads

VERTICAL LOAD, KIP3

Q< Q,
Oy = nbu"' nau

Q = APPLIED LOAD

Qu = VERTICAL LODAD
CARPACITY

Qp,= BASE RES|STANCE
CAPAC I TY

G = SIDE FRICTION
CARPACITY

Lateral Loads

LATERAL LDAD, KIPS

T < T,

Tu= Tus* Tup

T = LATERAL LOAD

T, = LATERAL
RES | STANCE

i LATERAL S0OIL

RES | STANCE

ua-

PILE SHEAR
RES15TANCE

SOIL REACT IQON






q',szN;ﬂr;DN;

® (' = net unit toe-bearing resistance

e B = pile diameter

® N‘T, N"{l = bearing capacity factors

I A o e ;
Rt P:—.."'c-;"*-'?'-- p?;.« = .l .l ~_- Sy E ﬂ
e e e e e




q',=N.s

c i
q'. = net unit toe-bearing pressure

N"_= bearing capacity factor
e 6.5ats <25 kPa (500 psf)
e 8.0at25 kPa (500 psf) <s_ < 100 kPa (1000 psf)




f,=0  tan¢;,

@ fE = unit shatt friction resistance

e ¢' = horizontal effective stress (1.e..

X

peqjendicular to the foundation axia)




Adhesion Factor, o - Bored Piles

(N nw_ack_i Et_aI_._ 1992]
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COMNE PENETRATION T RESISTANCE g,
0 S0 100 150 200

L NN NN I [ e e mmw pmn bR NE NN NN BN R

L = 30
— L+0.7B = 31.4

— L+4B = 36




REMFORCEMENT methods

Sami-Rigid Incigions. - Man-Fagd Inchisions
¢oement grod g | : [sand, shona, otz )

contradled Moddus
Lolemns




Slow draumng
spbsoil




4
+
i i




1. Original Ground

2. Preloading with PVD

3. Settlement

. Removal of Surcharge

5. Service Load

*Vertical S train

Stages in
Preloading



Energy applied at Ground
Surface

[

*Dynamic Compaction

- «Impact Roller
*Vibratory Plate




g
Energy Transfer below Ground Surface

Displacement Pile Method, Driven Stone Column, Vibro--Probes

Resonance Compaction; Vibro-flotation; Explosives




Vibro-Compaction

Penetration Compaction Backfilling + Finishing
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X GEOTECHNICAL ENGINEERI}

ISASCIENCE

BUT ITS PRACTICI




