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Laboratory Testing

&b 3T sl Cud

?

{[2
" f’pu é‘v

>: Vst

7

)))

DEI

Pan

Mechanical Lah:

C

-
onsoEdomelelc DSB

Permeameters

3
‘ !

. Testing Methods

'oﬁ““’ 0 0]

UC 71 1 PSC PSE
< <
& Ll
@UIIL CKolUC CKoUE CIUE
Iso CIDC CKoDC (KqDE CIDE

&rain size analyses
Hydrometer

Water content by oven
Liquid limit cup

Plastic limit thread
Fall cone device

Pocket penetrometer
Torvane

Unconfined compression
Miniature vane

Digital image analysis

Mechanical oedometer
Consolidometer

Constant rate of shear (CRS)
Falling-head permeameter
Constont-head permeameter
Flow permeameter

Direct shear box

Ring shear

Unconsolidated undrained Tx
Simple shear

Directional shear cell

Triaxial apparatus (isa-consols,
CIUC, CKoUC, CAUC, CIVE, CAUE,
CKoUVE, stress path, CIDC, CKoDC,
CIDE, CKoDE, constant P

Plane strain opparatus (PSC, PSE)
True triaxial (cuboidal)

Hollow cylinder

Torsional Shear

Resonant Column Test device
Nen-resonant ¢olumn

Bender elements




In-situ Testing
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Cone Pressuremeter

Hydroulic Fracture
Borehole Shear Test
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Standard Penetration Test Total Stress Cell Suspension
Texas Penetration Test Freestand Torsional Shear Crosshole yslcol Test
Vane Shear Test Cone Penetration Test Downhole Test
Pressuremeter Test Piezocone Penetration al Analysis of Surface Waves

Resistivity Piezocone

Dilatometer Test Seismic Cone

Screw Plate Test Seismic Flat Dilatometer

Ko Ste d Blade T-Bar Penetrometer
Weight Sounding Ball Penetrometer

Plate Penetrometer
Plate Load Test

Modal Analysis (Rayleigh Waves)

Continuous Surface Waves

Standard Penetration Test with Torque
Large Penetration Test

PiezoProbe Test

Seismic Piezocone Pressuremeter

Helix Probe Test




Instrumentation & Monitoring
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Physical Models
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Data Collection
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Buildability concerns require
data to influence choice of

most appropriate construction
method

Alternative designs Construction process
influences choice of
appropriate design

parameters
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Is One Number Enough???

¢, = undrained strength
Yt = unit weight lative
I, = rigidity index Yt = unit weight

¢' = friction angle LI = liguefaction index
OCR = overconsolidation ¢’ f"'i‘:ﬁ'f'“ ‘1‘“9|E

Ko = lateral stress state ¢’ = cohesion intercept
e, = void ratio e, = void .rnha |

V. = shear wave q. = bearing capacity

EI ynungls m'udUIus GP. = Pr'E.Cﬂ'nSﬂ'"dﬂfiﬂﬂ

C. = compression index V, = shear wave
- ¥ E' = Young's modulus

gy, = pile end bearing
c - .
f. = pile skin friction 9 ¥ = dilatancy angle
q, = pile end bearing

k = permeability N ile end beari
q. = bearing stress E—M}’ ?qNQ f. = pile skin friction

D, = relative density
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Soil Parameters Evaluation
€0 1 Oyo s Dry 0,’, OCR,
G, D K, v,¢, ¥, AT,
e,k c, KN, 0 E,C,
C. 6.3 E

Analytical
Modeling

Numerical
a Simulation

15



Judgment

Evolution of Geotechnical Site Characterization
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Modified after Lacasse (1985)
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Foundation Engineering
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Loading condition of foundation
(pressure bulb)

Pressure bulb of
single pile

Pressure bulb a pad
Resultant pressure foundation under

bulb of piles in cluster sasaal ot zj, = depth of influence below footing
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Self-weight of
superstructure and
foundation system

+ (V)
Wind & wave & current forces B R !/
acting on legs (H, M) M=f(Hh) =
VMH foundation
loads

Pfi\]_ﬁ_[ﬁq maximum storm loads

L 2006 MN V1500 MN

183 m 495MN H 29 MN
18850 M MNm

35%extra V
1600% extra H
500% extra M

foundation plan
9173 m?

02 m2

168 m
Taywood Seltrust

213 m
XXX
.52m

One Shell Plaza

Houston
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bhst = Borghole Shear Test
¢ht = Crosshole Test >4:%
cpt = Cone Penstration Test
dmt = Dilgtomstar Tast
[
\

pmt = Pressurameter Test
sb = Step Blode Test \/-\'f |
. R . spt = Standord Penetrgtion Test
Administration at lhe occasion of the Settlement 94 ASCE Confurcnu, 41 hst 3

Texas A&M University, June 16-18, 1994.
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FIGURE 23
Cone Penetrometer Test Results

FIGURE 4
General Soil Layering

FIGURE 21
Graph of Blow Counts N Versus Depth
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FIGURE 16
Mohe's Circles from Triaxial Tests
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Load Settlement Curve (Total History)
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FIG. 2. Load Settlement Curve for 3 m North Footing: Total History.
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CPT = Cone Penetration Test Bulsman. DeBeer

30 ! PMT = Pressuremeter Test Bﬁ,fandn& Burbldge
< 28 DMT = Dilatometer Test | Canada Found, Manual
< 261 1| | BHST = Borehole Shear Test  — D'Appolonia
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Settiement Under Design Load, S(d)
25 m Fooling

| | |
| Total No. = 31
g€ - "7 | | |
< | |
g o s
g [
Q
8 1
B I i . T
g | |
g 193 F 27,29.5&33
8 i
o b S |
® 8 I 1
u. “1 |
:" 15 2002 |
< . s
o R - ﬂ -
0 2 4 6 8 10 12 14 16 18

S(d) (mm)

F1G. 32. Distribution of Measured Settlement under Predicted Des '2’5{5“ Img

Settlement Under Design Load, S(d)
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6. The design load Q, for each r‘ootin-g and each participant was defined as MIN
(Q25(pradictedyr Qisopredicteay’3). The factor of safety F was defined as the ratio of

-

v 3 3 ™ - - - > : )
footings, there was a total 155 values of the factor of safety F. Only once out
of 155 was F less than 1, the next worse case was 1.6; the average was 5.4,

Therefore it appears that our profession knows how to design spread footings

safel
7. ’l'F:e sctﬂcmcm Sd under the des,gn !o*d QJ was rcad on the measured curw.s at

- - - . Ta A e Al AT e P U To B T AT A e Tol s B Taa B aT BBl

The ovcrall average was m which is much smaller than 25 mm.
Considering the high factor sdfety and the low settlement values, the design
load could have been significantly higher. Therefore it appears that our
rofessi 1 sign ad footings more economically.
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De Beer (1945) Berezantsev and Prandtl (1921) Bishop. Hill,
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Vertical Displacement

52



5 W19 cwoglio [t

f :CNC+7DF'Nq ol SB ) 9 W oligs byl il 40 g Ll s LS 4o —

oud oSy byl b g ok 3150 50 b OllasMo b g dilo sy 9 dilo culiyo kS gl p -

r = CNC Fgo owd 36T Ly
10,000 e
—_— 7
I, = q.Nq
1000
"
T
-,
i
.
Yo 20° 350 e as® se oYy

§ ol S5l gyl



0! Canglio st sl

f=K-tano = K.M.tan¢

gh—
M =tano/tang
—a C N
r-S 04 u ) 01 02 03 04 05
Al
Pl
— / 10 1.00 T
f.=A(c) +2C,)
S ( 1% u . // E,%i,:‘;
| 2 2N
/ 0.75 =
) ) Kozt
, XD
o i a 0.50 K
—" 50 <% f?;?m
L S
60 o PRz
70
80 0 50 100 150 200 250 300
Cu odulls  iS ‘“);J‘““%‘




Lerow (59950 190 ot 30 Wl gy (g

r=Na, =D

ITS‘ =ﬁ'o-’z

o S 8 Sge 150, =D
Z 3ac 5o laa 5o Sige i Oy

S sS  aos le pad— difide GlSIA 6l J g 315N,

00



Lorow (5 9930 (193 o 30 AP (g

Al ) LS B
r, =oC
a=0.5y" w<l,a=05p" w>1 Y= C/P:
r, =9C
A3l ) LS B
r, =Kp' tano

o1



( API}J-»-_J.._-A &;ml JLGSL'.I'- L.SI_P.* d..-.-u.'p hsh!:ﬂl_;h_r ﬁ—v..]'julﬂ_-

Lorow (5 9930 (193 o 30 AP (g

)
S asl i g Fis¥baa N, B syl sa
(42,9) (KPa) (MPa)
Plal FTFET ~ q—.uLn
AL EVIA A VA
Ml TETTET] 5‘!—4——&'.:
Ml FETTET] Lu.iLn
o 4ia 5 tula Y- /- Y Y/
aS| i T3]
Yo LATAS Y- E/A
oS jie &Y - awle
| 5 uls
g Ve ALTAY - 4/
?SIJLJJ._L:.. sy dwls
l - s &
sl = Ye ANE/A 0. \Y/ -
aSlyie La uls

oy



Lerow (5 9930 (193 (o 30 SPT (g

CAYAY O San s Ml) SPTE,!::. Slaskiial b s aad gl o)l 5 i dly Zuaplis s Vs
sheg | gp A B =
pasd i r,=BN
MPa KPa
0.15 5 Shioi and Fukui, 1982
T 0.15 33 Decourt, 1982
0.12 ., a0 9 Sadya de glis Decourt, 1982
0.2 T 33
ﬂL’_‘};‘J 0.25 .l
eS| 0.1-03 el 10 Shior1 and Fukui, 1982
0.1-0.15 5 Shiori and Fukui, 1982
r, < 3MPa r. <150KPa Yamashita et al, 1987
. 0.15 33 Decourt, 1982
e r, <£7.5MPa r, <170KPa
0.12 1 Mevyerhof
Glozdye | ban s 0.45 2 Meyerhof, 1956,1976
0.4 3.3 Decourt, 1982
0.3 10 Shiori and Fuku
0.385 3.65 VTAY ol 5 e
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Summary of Currently Used CPT and CPTu Methods

Unit Toe . .
Current CPT & 3 Unit Shaft Resistance
CPTu Methods Res‘ga““ N Notel
s C.= 0.8~1.8% Clay & Sand
Schmertmann & r.=C.q > z 2
- =C,. S §2C K=0.8~2 Sand . K=0.2~1.25
Nottincham(1978 T t9ca
: = s K=1, C=0.3% sand
Beringen & e, s R rg =Cs g &rg =K f o AT R
: =N,.Sy a=1 for NC, a=0.3 for OC
De Ruiter (1979) t re=a ‘Su Clay
Bustamante & — —C Ci=0.4~0.55
Gianeselli (1982) t =“t9ca s =k5de C.=0.3%
Tumay & Fakhroo i CS= 0.8~1.8% Clay & Sand
(1982) "t =Crdea Tl k =05+9.5(0-00%5)
Eslami &
Fffl;g;’jw t = t9Eg s~-sEg C.=(0.3~8)%
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Ground Improvement, Moseley, M. P. and Kirsch, K., 2004,
2nd edition

Ground Improvement Technical Summaries, 2001, Vol. 1&2,
FHWA-SA-98-086R
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Deep Improvement

Preloading + Vertical Drains
Deep Dynamic Compaction

Blast Densification

Stone Columns

Vibro Compaction
Deep Grouting

Deep Soil Mixing
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Preloading+ Vertical Drains
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Deep Dynamic Compaction (DDC) Swolod nS1 9
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Tamper mass Upto 170t
Fall Upto 22 m
Compaction effect TO 40 m depth
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Stone Columns
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Deep Grouting

Fracture
Grouting

Compactio

Groutlng
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Floating Foundations
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Superstructure
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basement

Overall buoyancy counteract part
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Superstructure
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Balance of stresses in foundation excavation
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Suction Caissons
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Drainage

Ah : Suction

L L
Fig.4 Seepage during suction installation
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Fig.6 Penetration and leveling of foundation due to suction
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Buckets

- Dead weight of superstructure
- Live Ipad due to vehicle
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Piled Raft Foundations

5 Settlements: calculation and measurement

existing building new building
Commerzbank Commerzbank new annex buildings
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Top-Down Construction
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Figure 1. Top-down construction with stanchion and diaphray
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Legend:

B - fill-up soil
[ - coarse, medium and fine sand
[ - sandy loam and loam
B - hard clay and clay similar to argillite
[0 - ground dolomite with crushed stone
and gruss
B - disintegrated cavernous limestone
B - badly fissurated cavernous limestone
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Ground Level
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Legend:

B - fill-up soil

[ - coarse, medium and fine sand

[ - sandy loam and loam

[ - hard clay and clay similar to argillite
/= - grgund dolomite with crushed stone

o
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M- and gruss
IHI I - disintegrated cavernous limestone
E A : I - badly fissurated cavernous limestone
a g T I - hard clay with dolomite lenses
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1. Geotechnical Engineering-$ources

Geophysical ,Lab & In-situ Tests, Modeling, Instrumentation,
Monitoring, Engineering Judgment.
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2. $ite investigations
In-situ Tests: Remarkable and Relevant
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3. Foundation:

A Transition System btw. Natural & Artificial Structures and Ground
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4. Foundation Engineering:

Knowledge based, Team working & Multidisciplinary:
Structural, Geotechnical and Constructional Engineers
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S5.Analysis & Design Principles:

Bearing Capacity, Settlement Estimation, Structural Design,
Stability Control, Practical & Economical Aspects
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6. Engineering Judgment & Observational Method.:
Data, Design & Performance Cycle
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7.0ptymum Considerations:
YUY/ € EGY 5 laabl cul s Mol iy g S
= Lean/Optimization: FS from 3-4 1.5-2
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8.Global New Trends:
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» Intermediate Foundations: o Sl

e  Soil Improvement, Gaos doyi "
* Semi-Deep Foundations Sl ™
e Top-Down Construction oilwys; g 0jlwgy lojod Calw =

= Sustainable Development sl dxwgs @
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