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Structural & Geotechnical Design

 Structural Mechanics — Given Geometry,
Material Properties and Loading — Theoretical
Solutions Possible

* Design Code Based

* Geotechnical Engineering —

— Highly Variable Geometry
— Material Properties NOT Precisely Determinable

— Loading Complex
Practice Judgement Based




Structural & Geotechnical

Engineers
Structural Engineers

Steel —Quality Assured

Concrete -Manufactured Material - RMC or At
Site

Geotechnical Engineers — Material Made by
Nature or God - Highly Variable Properties —

No Choice










DESIGN CRITERIA

1. Collapse -
Bearing/Ultimate
Capacity failure

. Serviceability -

Excessive Settlement -
Cracks & Tilt
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-~~~ Deformation Profile

*Maximum Settlement : o_ .

*Angular Distortion : d/1

 Uniform settlement

e Non — uniform settlement - structural distress and
ultimate collapse



Angular Distortion
| 1 | | |

300 400 500 600 700

Limit of danger for frames with
diagonals

Limit where tilting of high, rigid buildings might become visible

Safe limit for flexible brick walls h/1 <4




Typical Geotechnical Project

Laboratory Design Office
~ for testing ~ for design & analysis

construction site
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“If you do not know
what you are looking for
n

you are not likely to find
much of value.”

R. Glossop-

8th Rankine Lecture







In-Situ Geotechnical Tests

E' ﬂ DT

7 Flat Plate
Dilatometer

Test




Relative density from S

No of blows
(N/30 cm)

Relative density
RD = (emax—e¢e) x100 %
(emax — emin)

Degree of
compaction

04

0-15%

Very loose

4—-10

15-35%

Loose

10 - 30

25-65%

Medium

30 —-50

65 -85%

Dense

>50

>85%

Very dense




Shear strength of cohesive soils
Consistency  Undrained shear strength, N (Blows per 30 cm)
cu (kPa)

Very soft 0-12.5 0-2

Soft 12.5-25.0 2-4
Medium 25.0-50.0 4 -8

Stiff 50.0 - 100.0 8-16

Very Stiff 100.0 - 200.0 16 - 32

Hard >200.0 32
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In-Situ Surface Wave Testing
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Limitation of Plate LLoad Test

Crust of shiff Large raft foundation

weathered clay
Test plate
\

Loading from test [ Loading from
plate carried wholly | large foundation |
by stiff crust \ transmitted to

| \ underlying soft clay /

Soft alluvial clay

:




The SPT N value vs. Depth (Meriton
project) The typical 8PT profile v, Depth

SPT value [blows) SPT value [blows)

L 100 D 40 B0
X

Typical
SPT N
Protile
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LCOEE-REDIUM
SanND

M= 520 v=15kN/m3  v=030
M.=47-182  y.=18kNm3 E=6Mpa
No=47-182 =28

LEYER 2
VERY OENSE S&ND

LAYER 3
COREENIC PEAT

H=704-15 20 kNima v="030

Na=BT-T2 4 agn e
No=grg 100 E= 30 Mpa

sat= 17 KNImM3——Vv= 0.35
= E= & Mpa
C=25Mpa

vai= 20 kN/m3  v=0.35
= 36" E=35 Mpa

LAYER b
STIFF CLaY

M= 8-22

No=TE30E Ya=10kNm3 v=0230

M.=5-18.1 8= E=20 Mpa
| C= 80 Mpa
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Foundation Options

Bearing on Bearing on Bearing on Piled to
natural ground changed ground  improved ground  deeper stratum
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Structure & Ground

Structure Light Medium Heavy
Ground
Soft Shallow | Gr. Impr. Deep
Found./G.I (G.1.) Found.
Medium Shallow | Gr. Impr. Deep
Stiff Found. (G.L.) Found./
(G.1.)
Hard Shallow Shallow Shallow
Found. |Found./G.I|Found./G.I




Dense Sand
Loose Sand
Stiff Clay

/. soft olay

0.15 0.2

Strain

Stress — Strain Relation-ships
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Stress — Strain Relation-ships
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Dense Sand

oose Sand
Stiff Clay
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Strain
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Applhied pressure
allowable PRSP

settlement 4, g, T i
i L g
T ---------------- v

Typical relationship for a foundation

Settlement

v

¢, = ultimate bearing capacity

u
¢ = sale bearing capacity
q,, - eern
—=L  F = factor of safety

&

g = allowable bearing pressure

(related to allowable settlement of structure)




[.oad vs Settlement of
Different Foundations

d

2m—i
SRR
I

i 1-35m

. Maximum load after
large settlement
=2250kN

Maximum load after
large settlement
=1250 kN

Load (kN)

0 10
Settlement (mm)
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Upper footing

Slope of ine » 29
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Floating Foundation

Balapce of stresees o foundation excavation

T Sl

AN AN

(cdr Rigid raft Foundation




63.5-kg Drop
Hammer
Hepeatedly

Falling 0.76 m

Anvil

Borehole

!

MNeed to Correctto a
Reference Energy
Efficiency of 80%
(ASTM D 4633)

Mo. of Blows
per 0.3 meters

N =

Seating

B v S

Drilf Rodd
{!w!! ﬂr
iiﬂ!! Type}

Split-Barrel
Drive) Sampler
[Thick Hollow
Tubel:
0.D. = 80 mm
1.D. =35 mm
L= 760 mm

First Increment

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

Second Increment

Note: Occasional
Fourth increment
Used to provide
additional soil
material

SPT Resistance (M-
value) or “Blow Counts”
is total number of blows
to drive sampler last
300 mm (or blows per
foot).




s Terzaghi &
Peck (1967)
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Meyerhot (1965)

ﬁ (for B =122 m)

Sils.l adiziead| LR
Average g _ by Eq. (7) —Slpeksd
Stueture .:"'|'_|-|,|| I:i'.'_"-i"m"_‘.- ) oloerved )
T. Edison, S5ao Paulo . 15 2208 ; 1.95

Banco do Brasil, Sao Paulo ; 18 2394 . 0.59
Iparanga. Sao Paulo 15 9 2202 : 1.29
C.B .1 Esplanada. Sac Paulo & 22 3830 : 1.20
Rizeala, Sao Paulo : 20 2298 ; 1.56
Thyszen, Dusseldorf & 25 2394 : 0.77
Mimstry, Dusseldorf : 20 2204 : 0.95
Chomney. Cologne 4 10 1724 : 3.30
Averaze =13




Burland and Burbridge (1985)




Settlement - Strain Influence Factor
Method [Schmertmann et al. (1978)]

Average.|_
= Average E,




* E, =2.5q, Square (or circular)
* E.=3.5q, Strip

* C,;- Embedment Correction

* C,- Creep Correction




Deep Foundations

~ For transferring building loads to underlying
ground

~ Mostly for weak soils or
heavy loads

weak soll




End Bearing Piles

PILES = = SOFT SOIL




Friction Piles

SOFT SOIL

Strength
Increases
with depth
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Raft & Piled-Raft
- ' e
Faft
Piles
i
(a) Eaft foundation (b) Piled raft foundation




Design Philosophy of Piled Rafts

Conventional Design

Disregards the capacity of Pile caps/Rafts
Large number of piles or longer piles
Very small allowable settlement
Pile factor of safety (FS = 2)
Piled Raft Design

Raft - main bearing element

Design for full utilization of pile capacity (FS =1)

Piles - Settlement reducers

Optimal location of piles to decrease the differential settlement

and bending moment of raft. 57




Raft --Piles

Settlement (mm)
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Piled Rafts: 0- Raft alone; 1, 2 and 3- Raft
with piles designed with decreasing FS

i

Pile= grd raft
vistding

Files
wialding

S Loy Ebe
snafllement
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Position acmss contreling of raft, 18

0

=[5 -I:EJ-E =(1
; K, = 006
0-0%
010
015 Filed raft
020 uniform loading

030 -
0-35

Mormalised seltlement, wGEE L,

040
0:45 4

0-50

Piled raft
core-aige oading

u-zﬁ-f.hlll\/ T

Normalised setflement, wEBP,_,,,

(025

= {.K
i Unpied raft
1020+ cove-edge ioading
oqe|  Unpiind raft
G0 urifarm loading
10+
0005

come-2dge leading
ﬂf-\/ :
- 0051 \/ Diled rall

Plled raft

wniferm loading

=010
-0:5

03 -0 04
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Challenges for Deep Excavation

Adjacent buildings
Limited headroom
Limited working
space

Roads nearby
Existing tunnels
Installations
Groundwater
Different existing
foundations
Different soil layers







Typical Deep Excavations
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Price of Ignorance/Negligence
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Unreinforced Slope Reinforced Slope







T00mm TAK. M2L CONCRETE
35CC LONG 20mme

NAILING STEEL DRIVEN INTO THE 100mm THK. M20 CONCRETE
% SQOIL MASS AT A DOWNWARD
~ - ANGLE CF 10O 2300 LONG 20mme
' ! NAILING STEEL DRIVEN INTQ THE
. 8 SCIL MASS AT A DOWNWARD
o 1 (TJ ANGLE Cr 107
o 8¢ 1 | |
g 7 ;
o i
L3 Bn a
T 300 i -
. (Tve) i

|
|

300 \
(Tvm) °

1500

1500

NAILING DETAILS FOR 3.0m TO 1.5m DEFTH

NAILING DETAILS FOR 4.8m TO 3.0m DEPTH |

~ NAILING STEEL %

i

!

150. |

8mme LUCS WELDED TO
THE NAILING STEEL

REINFORCEMENTS TO
BE SECURED WITH
BINDING WIRE

o~ NALING STEEL

SOIL NAILING































Resin Grouted Anchor Bolt

1
3
3

-
z
a
3
g
2
2
-
2
s

Fast-setting anchor
cartridge

slow -setting ‘grout
cartridges

Feinforcing bar




Grouted Dowel/Rock Bolt

SR

AT ~Cement grout




Typical Load — Deformation Responses

Bleain growted 22 mm dismeter
fibreglass nod

Cement grouted 20 mem
diameier steel rebar

Resin grouted 20 mm diameder stes| rebar

i
=
H
i
o
B
—

o 150 mm
—

~

EX L Swellex dowel

Exparsion ahell anchored

17.3 mm diameter steel rockboli to 150 mm
B

——ar

\ Type S5 39 Split Set stabiliser
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Dewatering Difficulties

High ground water table

nadequacy of the deep wells/pumps

Direct pumping from excavation
Soil boiling at excavation level

Loss of fines from surrounding resulting in
subsidence and damage to adjacent structure




Sealing Slab

Conventional solution Advanced technology




Top Down Constructlon
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New Piling
Techniques




tinuous Flight -
Djje Installation




Reinforcement _—

as determined
by design)

Central
reinforcing
bar (as
required &
determined
by design)

_ Cast in-situ

concrete
(minimum
grade C25)

Link
reinforcement
either using
helical or
reinforcement
steel




- SHAFT - HOLLOW
| ROUND STRUCTURAL
STEEL PIPE.
27/8" DIA, TQ 36" DIA,

_— PILE MAY CONSIST
OF ONE OR MORE
HELIXES DEPENDING
ON DESIGN

HELIX

VARIOUS PLATE
THICKNESS AND
DIAMETERS

- 43 DEGREE END
CUT TO ASSIST
INSTALLATION




). Ultimate
Compression
Capacity

%

hatt
riction

Tl T T TE TR TE TR
T v

L L Y. Y. . Y R T

Cylindrical !
Shearing 1
Resistance 4

: Helix
:r Spacing,

s o

i
Compressive / 1"1
Resance  L1A2AARE44
— - o |

Shaft Dia.



il t




Preventive Measures - Concepts

A. Ground Characteristics:
Methods 1. Densification
2. Solidification
3. Replacement
4. Lower GWL

B. Stress, Deformation & Pore Pr.
Methods 1. Increase Eff. Stress

2. Dissipate Pore Pr.
3. Restrict Shear Def.



Concept

Densification

Solidification

Replacement
Lower GWL

Methods

Sand Compaction Piles
Vibratory Probes
Vibro-Compaction
Heavy Tamping
Resonant Compaction
Displacement Piles
Deep mixing

Injection

Quick Lime Plies
Pre-Mixing

Replace with Suitable Soils
Deep Wells & Trenches

Dissipate Excess Pore pressure Gravel Drains

Control Shear Deformations

Geosynthetic Drains
Diaphram Walls
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finally found the square root!




There is Life in the Ground.:
it goes into the seed and
it also, when stirred up,

goes into the man who stirs it.

27/01/2018
111




~ GEOTECHNICAL ENGINEER

IS A SCIENCE

BUT ITS PRACTICE
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