Appendix A

Bearing capacity formulae

The drained bearing capacity formula 1s as follows,

Vo= A Ay BN s, d i, +gN s d i)} (A 1]
where
Vi vertical failure load
¥ effective unit weight
q overburden pressure, ¢ = 2y where 215 foundation embedment
A etfective foundation area
B minimum eftective foundation dimension
N, Ny bearing capacity factors
Sun 8y shape factors
d-. dy depth factors
N foad inchnation factors

The definitions of the factors in Equation A1 - suggested by Brinch Hansen (1970), Meyerhof (1963)
and Vesic (1975) - are listed in Table A.1. The API (1993) procedure for determining the effective

foundation dimensions (see Figure 2.6) gives

N
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In the case of a central load (i.e. when ¢ = 0), using B' derived from Equations A.2a and A.2b instead

of 2R results in a reduction of 13% in the ulumate load. De Beer (1970) used B' = 2R when

developing the shape factors.



Appendix B

Footing displacements from small LVDTs

An arrangement of three small LVDTs was used to measure the displacement of the footing
relative to the specimen container. This is discussed in Section 3.3.3 and the LVDT frame 1s shown
in Frgure 3.11. A calculation procedure for deriving the displacements of the footing from the
measurements of the three small LVDTs 1s given below.

The parameters used in the calculation are shown in Figure B.1. Points A, B. and C represent
the ends of the LVDTs that were fixed to the LVDT frame. which was fixed to the specimen
container. Points D and £ represent the ends of the LVDTs that were fixed to the footing. The thick
dotted hnes n Figure B.1 represent the three LVDTs. These lengths change as the footing
displaces. Point G represents the load and displacement reference point at the centre of the bottom
of the footing. Point A is set as the origin and the downward (v) and rightward (x) directions are
taken as positive. The position of point £ is determined from transducers DSV2 and DSH. Points D
and G are then determined by considering DSV 1. The length of DE and GH are fixed, and point 4
1s located midway along DE.

Point £

Consider the triangle BCE in Figure B.1. By the cosine rule,

3C" + CE” = BE™ )
L[ BC+CE | B
| 2ABCNCE)

ZBCE =cos

where BE and CE arc given by DSV2 and DSH respectively, and BC 1s fixed and known trom the
gseometry of the frame. Angle BCE 1s used to deduce the co-ordinates of £,

Ay =X —(CEYsin(n— LBCE - ZBCF)
‘ ) o [B.2a;B.2b|
v =V +(CE)cos(n— LBCE — ZBCF)
where the co-ordinates of C and the angle BCF are known.
Point D

The length AE and angle DAB are needed to find the co-ordinates of D. From the co-

ordinates of A and E,
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AE =np” +vy” (B.3]

since A 1s taken as the origin. The angle DAB is equal to the sum of angles BAL and DAL, and is

given by,

AB® + AE" —BE® L ADS + AL - DE"
41)“\8:0051( + COs ‘ h [B.4]
| 2(AB)BE) L 20AD)AE)

Angle DAB 15 used to deduce the co-ordinates of D,

Xy =(AD)cos LDAB ) )
. [B.5a;B.3b]
vy, =(AD)sin LDAB
Point ¢

The rotation of the G about the vertical 1s equivalent to the rotation of the footing (8) and 1s

given by,

0= tan"| 0 (B.6]
YT A
The co-ordinates of G are,
N . \
X, =4, +(D(;)smL7—AGDH -0 !
. g (B.7]
o \
Yo = Vv (DG cos 57 ZGDH -0 |

where length DG and angle GDH are known trom the geometry of the footing and the
footing/LVDT connecting beam shown in Figure 3.11.

The co-ordinates of G (xg;. v;) represent the linear displacements of the footing (1w, 1) and the
angle 8 represents the rotation. The footing tests were imtialised with the LVDT frame and the

footing level (vy = vy = 0 and vp = yi: respectively), and with DSV 1 and DSV2 vertical.
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Table 1.1 Failure mechanisms of shallow footings

Soft clay

Sand Clay
Drained Undrained Drained Undrained
Dense sand ) 1 . ) .
general | punching general punching
or ‘
SUfF clay shear shear shear shear
N 8
Loose sand ‘ _ . ]
punching general punching veneral
or
shear shear shear shear

Note:
Normal letters
[talic letters

Based on experimental evidence
Postulated




Table 2.1 Elastic stiffness factors of Ngo-Tran (1996) for a rough flat circular footing embedded

in an isotropic homogeneous elastic material

v =02 v =049
wiR |
K, K K. K K- K. K.
0.0 5406 4.652 ¢ 3816 -0573 | 8197 5554 3363 0015
0.5 5.951 6.117 . 4586~ 0843 | 8810 7226 6383 -0.402

Table 2.2 Scaling factors for different modelling scenarios

Equivalent o Ijqu‘i\'ulcnl
Prototype | Void Ratio (,e\lzmtugc ‘?mw !
Quantity Model Model Parameter
Model
P M2 M3 Ml
Length ] 1/n 1/n I1/n
Area 1 1n 1 1
Volume 1 1/n’ l/n' 1n'
Acceleration | ] n |
Stress ! ~ 1/n | I/n
Strain 1 K I | o
Displacement 1 K I/n I/n
FForce N | ~n 1/ A 1/11 -
Moment ~ 1 10’ i’
Void Ratio e O\ = Op O\ = Cp On > Cp
State Parameter Yp Y > Yp War = Yp Wy = Yp
Undrained strength | I/ntol ] 1/n
Soil stiffness 1 ~ 1/n'" 1 ~ 1=
e i e
Momens foouns ! ~ 1 ' i
Scaling factors below include an additional viscosity scaling factor of n
Permeability 1 1/n H/n I/n
M’ (elastic) ] ~1/n'"- ] ~1/n'"-
M’ (plastic) ] ~1/n ] 1/n
¢, (clastic) | ~n'~ 1/n ~1/n*
¢, (plaste) ] ~ 1 ) 1/n - ”,”:, -
1 felastic) I ~lin'"~ ~Un - '~
1 (plastic) | ~ 1 I/n ~ ]




Table 3.1 Stepper motor specifications

Control axis

Tvype of displacement

Step count conversion

Velocity range

rotational

I deg = 47,240 steps

0.001 - 0.2 deg/s

horizontal

I mm = 50.340 steps

0.001 - 0.4 mm/s

vertical

I mm = 10,000 steps

0.001 - 1 mm/s

vertical (fast)

I mm = 200 steps

I -5 mm/s

Table 3.2 Details of preliminary tests

D ~e1t . ate ) h
D‘ii,l meter Loading i\ol;]:“(i‘np‘::g Hydraulic ])C[l{lztijzl(t)ilon AU
Test | of footing uppuruuTs ) pressure surcharge (mm/s) AY
(mm) transducer * ) (%)
TPOI 100 rig external, Druck — 0.3 10
TPO2 100 rig external. Druck — 0.8 4
TPO3 100 rg external, Druck 38 14 2
TPO4 100 hanger & weights | external, Druck — 9.3 >
TPOS 100 hanger & weights | internal, Druck — 79 3 **
TPOO 100 hanger & weights | internal, Gueltec — 3 27
TPO7 100 hanger & weights | internal, Gachiec — 7 22
TPOS 150 hanger & weights | internal, Gaeltec — 10.0 o4
TPO9 150 hanger & weights | internal, Gaeltec -4.0 6.8 62

a  External indicates that the transducer was connected to the centre of the footing via tubing and

internal indicates that the transducer was connected directly to the centre of the footing.
b A uniform pore pressure distribution assumed.

Table 3.3 Verification of the load cell calibration and errors involved

Applied loads Measured loads Absolute errors Relative crrors (%)

1% H | M 1% H | M V H M v H v
(N) (Ny * (Nm) | (N) (N)y + (Nm) | (N) (N) (Nm)
656.1 0 0 657.1 - -0.9  -0.06 1.0 -0.9  -0.06 | 0.15 - -
656.1 - 437.9 0 6574 4612 0.18 1.3 33 0.18 | 020 0.72 -
656.1 0 2024 | 6553 013 2642 08 013 0.08 | 0.42 - 0.69
656.1 1287.75 20624 | 652.5  287.7 2641 | -3.6  -0.1 0.17 | 055 0.04 + 0.65
656.1 "287.751-26.24 | 660.3 2899 1-2635] 4.2 22 0.11 | 0.64 076 042
656.1 0 226241 6612 032 0 -2650| 5 0.32 - -0.26 | 0.78 - 0.99




Table 3.4 LVDT specifications

Standard
Rulioe CITor n
LVDT Displacement Type hst calibration
(mm) -
cocetticient
()
DLV vertical (w) ACTO00C +150 0.08
DLH | horizontal () «  SOU¢ D3/1000A 25 0.05
L measurements -
DI.M rotational () ACT2000C +50 0.04
- DSVI i ‘ ) D3/200AG +5 0.04
DSV transformed to fine D5/00AG +5 0.12
: w,u,and 80 measurements
DSH DS/200AG 5 0.03
Note: Al LVDTs supplied by RDP Electronics.
Table 3.5 Pore pressure transducer specitications
Standard
Pore pressure . 0 Range crrorin
oh ) Location ['ype e calibration
transducer (kPa) .
coefficient
)
m centre of footing custom built +100 0.10
PP < (Gaeltec 1ad.) - ’
wall of specimen container PDCRY10 ‘
Pp: (upper) (Druck Ltd.) =70 0.06
wall of specimen container PDCRY10
N + N
rr (lower) (Druck Ltd.) £70 0.04
Note:  Pressures were referenced to atmospheric pressure.




Table 3.6 Mecthods used in the preparation of the sand specimens

Test | Specimen Method of densification Fully “Hl&ilSC‘d b‘f“"'c
densification ?
T101 ] dhg/vibration, manual yes
T102 ] dhg/vibration, manual no
T103 1 dhg/vibration, manual no
T204 2 poured and vibrated no
T105 1 dhg/vibration, manual no
T106 | dhg/vibration, automatic no
T107 l dhg/vibration, automatic, surcharge no
T108 ] dhg/vibration, automatic no
T309 3 dhg/vibration, automatic, surcharge yes
T110 | dhg/vibration, automatic ves
T311 3 dhg/vibration, automatic ves
T112 | dhg/vibration, automatic yes
T313 3 dhg/vibration, automatic Ve
TH14 ] dhg/vibration, automatic yes
T315 3 dhg/vibration, automatic Ves
T116 ] dhg/vibration, automatic ves
T317 3 dhg/vibration, automatic ves
TI18 l dhg/vibration, automatic ves
T319 3 dhg/vibration, automatic yes
T120 ] dhg/vibration, automatic Ves

- dhyg abbreviates downward hydraulic gradient.

- manual indicates that the switching between the densification components was done manually,
and automatic indicates that the asynchronous switch and solenoid valve apparatus was used.

- surcharge indicates a weight was applied to the surface of the sand during the densification
process.

Table 4.1 Permeability tests on oil-saturated Baskarp Cyvelone sand

. Time Head difference in Flow Flow rate Permeability &
[est 4 manomecter tubes . ’
(min) (m) (ml) (m/s) (m/s)
1 123 0.855 £ 0.005 51.0 6.91 x 10”7 1.77 x 10 N
2 85 0.863 £ 0.003 355 16.96x 107 1.77x 107
3 214 0.865 93.0 | 7.24x 10" 1.83 x 107




Table 4.2 Llastic and consolidation parameters derived rom NGI (1994b) clement tests

, k Loading Unloading
Test Typeof | Ri P % 107 G . ] . .
Number test (%) | (kPa) & ! © &y G N
(m/s) (%) (MPa) ' (m/s) (%) ' (MPa) (m/s)
BC10 ClUgego | 60 87 2.0 0.53 5 0.04 | -0.04 57 0.54
BCI11 ClUpe | 70 87 1.6 0.33 7 0.05 -0.04 64 042
BCI12 ClUgean 90 87 0.8 0.15 17 0.04 -0.04 101 0.23
BCI13 Ocdo 60 30 2.0 0.23 4 0.02 | -0.04 22 0.12
BC14 Ocdo 90 30 0.8 0.03 27 0.06 | -0.02 45 0.09
NTHO93-1 | CADgey, | 60 136 1.8 1.08 3 0.02 | -0.06 + 57 0.35
NTHO93-2 | CADgu, | 85 98 0.9 0.70 8 0.02 | -0.02 66 0.16
G ool = 10 kPa and Ag, # 0 in tests BC10to BC12.
O comar = 0 kPa and Ag, = 0 in tests NTH93-1 and NTH93-2.
Table 4.3 Drained tnaxial test parameters of Baskarp Cyclone sand (NGIL 1994b)
Consol. Peak State Critical State
Test | Fypeol | Pore Ry p Ty ) , ) - .
= Test Fluid (%) o P G P
(kPa) (deg) (kPa) (deg) (kPa)
BCI15 CID, water 79 10 44.0 27.1 334 21.8
BC16 CID, water 81 50 42.5 124.0 34.9 98.4
BCI17 CID, water 80 200 36.4 400.7 311 348.3
BC23 CID, oil 81 10 419 26.2 33.1 21.7
BCI8" CID., water 79 10 442 28.3 345 247
BC20" | CID,, | water 80 8" 431 26.8 31.8 23.5
Note:
a Undrained cyclic test performed before drained static test.
b Anisotropic consolidation, 6", = 4.6 kPaand ¢',. = 9.7 kPa

Table 4.4 Undrained triaxial test parameters of Baskarp Cyclone sand (NGI, 1994b)

. . Back Critical State
. I'vpe of | Pore Ry Pleon T
lest Test Eluid (i) (kPa) Pressure O i »
‘ (kPa) (deg) (kPw)
BC1 CIU. | water 50 10 1471 35.0 185
~ BC2 CIU, water 79 20 1471 353 1913
BC24 CIU, oil 32 20 1569 32.6 1778
BC3* CIU,, water 90 20 1471 31.6 2258
~ BC6 ! CIU,., water 70 20 1569 336 840
BCS * CIU,., | water 80 20 [471] 329 1824
BCY * | CIU, | water | 90 18" 1765 34.2 3120
a Undrained cyclic test performed before drained static test.

b Anisotropic consolidation, 6", = 13.5 kPa and o', = 20.0 kPa




Table 4.5 Properties of Baskarp Cyclone sand specimens

Specime v Mass of sand
Specimen ype ke)
| oil-saturated 67.052
2 dry 65.069
3 oil-saturated 66.997
Table 4.6 Cone penetrometer test results
Bulk K. g " (kPa) IlloculI Locz:]
Test Ry (N/mm) Before fqoting test | After footing test O Ry
(%) Centre  Side | Centre ' Side (deg) (%)
1101 87 144
T102 86 150 332" 200 230 43.9 81
T103 81 112 66" 40 130 | 413 067
T204 84 628 162" 700 1000 453 80
T105 89 156 199" | 120 200 43.1 77
T106 91 337 004" 400 400 45.1 88
- T107 34 173 166" | 100 140 28 | 75
~T108 82 99 17" 100 30 39.0 54
- T309 90 476 996" 600 950 45.7 91
T110 94 483 747" 450 . 55 45.2 89
T311 73 259 16" 70 100 423 | 72
T2 | 88 350 315 450 180 300 | 438 Sl
T313 91l 480 996 " 600 600 500 | 457 | 91
TI4 91 234 399 570 100 442 83
1315 92 470 840 * 1200 | 250 45.5 90
T116 96 385 634° 905 200 45.0 87
1317 38 481 770° 1 1100 450 453 89
TII18 100 409 823° 1175 454 89
T319 102 342 665° 950 45.0 88
1120 98 345 543 775 44.7 86

g. values in bold font refer to measured values.

¢. values in normal font refer to estimated values.

a ¢, measured between 50 mm and 100 mm of penetration.

b Estimated from after-centre measured values. i.¢. equal to measured value muluplied by 1.66.

¢ kstimated from before-side measured values, i.¢. equal to measured value multiplied by 0.70

d  Estimated from before-centre cone penctrometer results using Equation 4,11,

¢ Estimated from before-centre cone penetrometer results using Equation 4.12 for the dry specimens
and Equation 4.13 tor the oil-saturated specimens.



Table 5.1 Chronological list of tests (page 1 of 4)

Main-

Sub-Tests

Test Intended Initial
name ,.ICSFJ Input .« Typeof displace-  vertical Notes
files N » 1 Output files ©
files © | Cotest ment rate load
: (mnvs) (N)
. T101_U ULRL +0.001 1000
e . T101_1 HSS 0.001 1630
TI102 | TI02_A |  TI02_1 VP I 500 o
T102 TI02A TI102_B ' TI02A_1 VP I 1000 ]
- o TI02A2 MSS 0.0026 1500
T103 o
T103 TIO3_A | TI03A_I VP 0.1 57()()
] TI03A | TIO3 B ¢ TI03A_2 VP 0.1 1000
T103_C | TIO3A_3 HSS 0.1 1340
- 1204_U ULRL +0.001 1000
1204 1204 1204_1 HSS 0.001 1500
TI0S_A TI105_1 VP 0.01 500
T105 ¢ TI05 | TIOS_B T105_2 VP 0.01 1000
TIOS_C  TI05 3 MSS 0.26 1500
TI06_A I'06_1 VP 2 500 motor stalled
reduced
TIO6_A  T106_2 VP 2 so0 | fceclerationin
‘ mput file but motor
T106 | TI06 ‘ sull stalled
TI06_A ‘ T106_3 VP I sop | reduced velocityin
‘ input file
TIO6_B - T106_4 VP I 1000 o
TI106_C «  TI06_5 HSS 0.4 1500
TI07_A TI107_1 VP I 500 o
T107_B VP ] 1000 no activity
T107 no activity, error n
T107_B | VP | 1000 control program.
T107 program stopped
TI07_B  TI07A_I VP | 1000 » o
TIO7A | TI07.C ~ TI07A_2 HSS 0.4 1sop | motorstatled, error
7 ininput file
T107_ D ¢ TI07A_3 HSS 0.4 1500
T108 ]
TI108A
cine | T108B
I'108 riosc | o
T108D -
TIT0SE T10SE_U ULRL +0.001 1000
. . T309_U ULRI. +0.001 1000
13091 1309 1309 _1 HSS 0.001 1500
THO A . T110_1 VP I 500
T1Ho | 1110 | TH1o. B+ TI10.2 VP I 1000 ]
T110.C ., T110.3 HSS 0.4 1500

Table continued on next page.
See notes on page three.



Table 5.1 (cont.) Chronological list of tests (page 2 of 4)

Sub-Tests
. Main- -
lest i Intended Initial
name ‘.ICSI. Input o Type of  displace-  vertical Notes
files T Output files © 1 -
files ©test ment rate load
(mm/s) (N)
T3 A 13111 VP 0.1 500
T311 T3l | T311_B ! T311_.2 VP 0.1 1000
73113 MSS 0.0026 1500
CTI12 o
TII2A ;
Ti> TH2B | T1HI2_A TII2B_1 - VP | 500
THaC
TH2D | T112_.B 1 Ti12D_t . VP I 1000
TI2E | T112.C | TII2E_1 MSS 0.524 1500
1313 1 ]
T313A | T313_A T313A_ 1 VP 5 500
T313 | T313B § ‘
T313C | T313_ B . T313C_1 - VP S 1000 -
T313D | T313.C ° T313D | MSS 0.524 1500
T114
TII4A ‘
T4 TIHL4B | T4 A TII4B_1 = VP 3 500
THIEC s |
TIH4D | T114_B TI4D 1+ VP 5 1000 o
TIHE | T114.C . TI4E 1 MSS 0.524 1500
T315 A ° T315_1 VP 0.1 500
315 | T315.B | T315.2 VP 0.1 1000
T315.C T315_3 . HSS 0.4 1500 error in input file
F315A e
et L s e - new mnput file.,
T315 | 13r5 | 010D TIISB HSS 04 1200 otor stalled
T315.D . T315B.2 = HSS 0.4 1500 | motor stalled
T315C | T315_E ~ T315C_1 °  HSS$ 0.1 1500 | Mew mputfile with
‘ ; reduced velocity
T315D ‘ -
1315 !
TIG_A | TI16_1 - VP 0.01 500 ]
TG ‘ ; error in cqmrol
TII6_B VP 0.01 1000 program, {ile not
- retrieved
T116.B TII6A_l VP 0.01 oo |
test not logged on
TH6A ADU. file
T116 TH6_C 171642 HSS 0.1 1500 TITOA_2 created
from background
o data
T116B -
T116C
TI16D ) o
T116E o
TI16F

Table continued on next page.
See notes on page three.



Table 5.1 (cont.) Chronological list of tests (page 3 of 4)

Sub-Tests
Test Mulvn- _ Intended Initial
name | a Input - « o+ Typeof displace-  verucal Notes
f1les . Output files - )
files test ment rate load
: (mm/s) (N)
1317 A T317_1 VP 001 500
1317 B | 13172 VP 0.01 500
1317 137 ‘ ‘ 111:)1:1L1011:lt]]l](t)z:111] itlilthc
T317_C ¢ T317_3 MSS 0.026 1500 : .
3 | input file was set
; ‘ too low
T317A | T317_.D | T317A_1 | MSS 0.026 ¢+ 1800 new input file
1118 ‘
TIISA | THIS A TII8BA_l = VP 3 500 -
. TT118B_1 . CONSL 700 -
TIISB | TI118_ B @ TII8B_ 2 CONSL 900 o
. T11SB_3 CONSL 700 ]
T8 | THSC | THIS_Ci TII8C 1 - VP 3 1000
T11SD . T118D_] HSS 0.001 1500
. T118D 2 HSS -0.001 . 1700
TIISE o TIHISE_ U ULRL +0.001 1900
TI18F ‘
TI18G
EIE | - -
T319A | T319_A © T319A_1 Ve 3 500 -
-~ T319B_1 CONSL 700
T319B | T319_B ° T319B 2  CONSL o 900
T319 1319B_3 + CONSIL. 700
T319C | T319_C T319C_1 VP S 1000
13719D_1  +  MSS 0.0026 1500 o
T319D . T319D_2 ¢+ MSS -0.0026 1700
. T319D_3 © MSS 0.0026 2000

Table continued on next page.

a  The main-test files are the background logging files that were logged directly onto the host PC.
The filename extension of these files is . OUT.

b The filename extension of the input files is .INP.

¢ The filename extension of the output files is .DAT. Output files shown in italic were created from
the background logging data.

ULRL Vertical unload-reload test.

HCYC Horizontal load-unload-reload test.

MCYC Moment load-unload-reload.

VP Vertical partially-drained test.

HSS Horizontal sideswipe test.

MSS Moment sideswipe test.

CONSL Vertical consolidation test.

VPM Vertical partially-drained test with alternating slow and fast rates.
HSSM Horizontal sideswipe test with alternating slow and fast rates.

MSSM Moment sideswipe test with alternating slow and fast rates.



Table 5.1 (cont.) Chronological list of tests (page 4 of 4)

Sub-Tests

Test Main- Intended Inital
test o . . . Notes
name | .o Input . ¢ ypeof  displace-  vertical
files . n - Output files © )
files . test ment rate load
(mm/s) (N)
1120
T120A_1 0.01
TI20A | TI20_A ¢ TI02A_2 VPM .l 500
TI120A_3
T170B 17120B_HC HCYC 0.001 1000 o
- 1720B_MC © MCYC  0.0026 1000
T120C_1 001
T120C | TI20_A © TI20C_2 VPM '1 1000
T120C_3
T120D_1 the data files of this
T120_B | to 0.00] sideswipe were
I TI20D_5 HSSM () | 1500 merged into a
S ' single file labelled
T120D_5A TI20D_HI |
T120D_HC HCYC 0.001 1500 ]
T120D_MC . MCYC 0.0026 1500
T120D_6
['20_C to the data files of this
T120 T120D_11 0.00] sideswipe were
T120D T120D_11A HSSM 'é) ] 1700 merged into a
T120D_12 N single file labetled
T120_C 10 T120D_H2
COTI120D_17
v T120D_18
T120_D | to the data files of this
"}‘]2()D_22 3 0.0026 .\'ideS\\'ipg were
T120D_22A MSSM 1900 merged into a
— : 0.26 :
[120D_23 single file labelled
T120_D ¢ to T120D_MI
- T120D_27
the data tiles of this
N B T120E_1 B 0.0026 sidcswipg were
['20E | TI20 E to MSSM 026 2100 merged nto a
TI20E_S - single file labelled
T120E_M?2
~T120F
T120G

See notes on page three.



Table 5.2 Details of the miniature cone penetration tests

E- 2 Cone test | Timing " (ligi/i)
7
CPO2C after 0.3
! CPO2L after 0.3
3 | CPO3C after 0.3
CPO3L after 0.3
4 5 CP04C after 0.3
CP0O4L after 0.3
5 | CPO5C after 0.3
CPOSL after 0.3
6 | CPO6C atter 0.3
CPO6L after 0.1
. | CPo7C after 0.1
CPO7L after 0.1
g | CPO8C after 0.1
CPOSL after 0.1
CP0O9C after 0.1
9 3 N
CPO9L after 0.1
CP10C after 0.1
10 CP10L after 0.1
. CP10C after 0.1
P T eror | aner | 0
CP12C after 0.1
12 | CPI12F before 0.1
CPI12L after 0.1
CP13B before 0.1
CP13C after 0.1
13 13 CPI13F betore 0.1
CPI13L after 0.1
CPI13R betore 0.1
CP14B before 0.1
CPI4C after 0.1
I4 1 1| CPHF before 0.1
- CPI4L before 0.1
CPl4R before 0.1
CP15B betfore 0.1
CP15C after 0.1
1513 CPI5F before 0.1
CPI5L before 0.1
CPI5R before 0.1

2 | 5
= | £ | Conetest* | Timing " Rate
Z 2 = tmm/s)
7L
~ CPI6B before 0.1
CP16C after 0.1
6 | 1| CPloF betore 0.1
CPI6L before 0.1
CPI6R before 0.1
CP17B before 0.1
CP17C after 0.1
17 | 3 CPI7F hetore 0.1
CP171. betore 0.1
CPI7R before 0.1
CP18B betore 0.1
s | CPISE | before 0.1
- CPISL before 0.1
CPI8R betore 0.1
CP19B before 0.1
R CPI19F hefore 0.1
CPI9L before 0.1
CPI9R before 0.1
CP20B betore 0.1
>0 | CP20F bct:orc 0.1
CP20L before 0.1
CP20R betore 0.1
Note:

a4 The last character of the test name
indicates the position of the test in the

tank:
B back
C centre
I front
[ left
R right

b Indicates whether the cone tests were
performed before or after the main-test.



Table 6.1 Virgin-penetration stiffness and estimated bearing capacity values

Virgin-penetration stiffness (N/mm) Local ® Vo
Test -1 Ro N
100 200N 400-500N"* . 900- 1000 N 1400- 1500 N| () | (KN
T101 1 144 160 166 |
T102 116 180 255 408 81 5.5
1103 90 T 136 136 67 3.2
| T204 670 628 | 766 890 80 9.8
T105 87 156 273 233 77 46
T106 267 337 514° 600" 88 0.9
T107 133 173 200 4y 75| 43
T108 108 99 110 | s+ | 20
1309 328 1476 603 702 91 7.9
CTHo 313 183 925" ode" 89 7.
T3 189 259 204 250 72 38
T112 204 350 412 459 S 54
T313 333 480 657 803 91 7.9
TI14 135 234 354 445 83 5.8
T315 322 470 593 682 90 75
T116 263 385 517 599 87 6.8
T317 313 481 659 731 89 73
T118 322 409 910" 673 89 74
1319 167 342 661" 336 88 | 6o
T120 225 345 638" 582 86 o4

a  The 400-500 N stiffness was equivalent to the characterisation stiffness, K.
b The sample was most probably overconsolidated at this stage.
¢ The value was estimated from Figure 6.6.
d  The maximum vertical load of the test was less than 1400 N.
¢ The relative density of the top layer of the specimens was estimated from the cone penetrometer

tests., see Table 4.6.

I The bearing capacity was estimated from the local Ry, values., see Section 6.2.3.

Table 6.2 Vertical stiffness parameters derived from unload-reload footing tests
Type of stiffness measurement
Initial section of unloading curve, Whole
€, =0.05% ULRL loop
Test K. K" V K KK, G K’
number (N/mm) (N/mm) (N) (N/mm) ! o (MPa) (N/mmy
T101 144 160 1000-200 6000 37.5 12.3 2500
1204 628 766 | 1000200 | 6667 8.6 13.7 4000
T108 99 110 1000-200 | 5417 49.2 [N 2597
T309 476 603 1000-200 6750 1.2 13.8 3496
TIIS 409 520 | 1900-190 | 11000 212 226 38
Note: a K., measured over the 100 N of virgin-penetration preceding the loops.
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Table 6.4 Dissipation times and coefficients of consolidation (unloading and reloading tests)

. Iso C:
[est :
(s) (m/s)
T118B 2 11.7 0.7 x 10"
TI18B_ 3 6.3 1.3x 10"
T319B 2 15.5 05x10°
T319B_3 9.5 09x 10"

Note:
A time factor 7 of 0.135 was taken to be representative of ty, see Fgure 2.27.

Table 6.5 Scttlement and fluid flow data from unloading and reloading consolidation tests

Settlement Flow
Test ((1[) dw :".dw‘/dr dit erage ; .»\/\'f
(mm) (mm’/s) (kPa) (mm’/s)
T118B_2 1.5 -0.02 -236 -3.5 Section 1 -38.1 -136
Section 2 4.8
T118B_3 2 0.04 353 3 . Section | 32.6 117
, - Section 2 4.1 ‘
26 0.016 = I 3 +.1 26
T319B_2 1.5 -0.017 ~ -200 -4.25 Scection | -10.2 -165
Section2 -58
T319B_3 1.5 0.033 389 4.25 Section | 46.2 165
; ~ Scection 2 5.8
40 0.022 10 4.25 5.8 37

Refer to Figure 6.32.



Table 6.6 Displacement rates of vertical partially-drained tests

Test Ko V, di/dr (mm/s) Displacement
. (N/mm) (N) Intended Measured rate ratio
T102_1 10 500 | K 101
TI02A_1 1000 0.952 0.95
TI03A_I ' 500 o] 0.101 101
TI03A_2 - 1000 ' 0.102 102
TI05_1 500 0.009 0.91
T105 2 156 1000 0.01 0.009 0.90
T106_3 137 500 | 0.853 0.83
T106_4 > 1000 0.808 0.81
T107 1 7 500 | 0.920 0.92
TI07A_I - 1000 0918 0.92
TI10_1 3 500 | 0.963 0.96
T110.2 : 1000 0902 0.90
3111 250 500 o 0.088 0.88
T3 1000 ~0.088 0.88
TI12B I 150 500 | 1052 105
TIH2D | o 1000 0978 0.98
T3I3A_I ) 500 _ 1611 0.92
T313C_ 180 1000 ? 3.800 0.76
TIT4B_1 R 500 _ 4.773 0.95
" 234 5 !
114D 1 1000 4.582 0.92
T315_1 / 500 0.081 0.81
T315 2 +70 1000 01 0075 0.75
TI16_1 o 500 0.009 0.83
CTII6A_I 385 1000 00l 0.008 0.82
T317 1 , 500 0.008 0.77
13172 81 1000 0.01 0.007 0.74
TIISA I 500 _ 4479 0.90
had C
TIISC_I 09 1000 T 108 0.81
e . =
T310A_1 . 500 5 4543 0.91
[319C 1 1000 ‘ :
0.01 0.006 0.55
T120/ - )
F120A ] 1 0.857 0.86
T120A_2 500 0'101 0-009 0.93
‘ 0.01 0.009 0.93
T10A 3 :
[120A3 N ! 0.759 0.76
T120C 1 o 0.01 0.006 0.61
- I 0.559 0.56
, 0.01 0.009 0.86
Conc o
F20C_2 1000 I 0.410 0.41
i 0.01 0.009 0.88
b) S A
F120C_3 1 0.455 0.46
Note:

a Stepper motor stalled.



Table 6.7 Mecasured parameters from the vertical partially-drained tests

Primary Section Sccon.dury
. K v, ; Scction
est (N/mm) (N) Kipp AV K.
(N/mm) (N) (N)
T102_1 180 500 3690 80 148°¢
T102a_1 255 1000 3930 160 160 ¢
T103a_1 12 500 3260 65 82
T103a 2 136 1000 3770 100 70"
T105_1 156 500 1700 50 7
T105. 2 223 1000 4290 60 230°
T106_3 337 500 6290 75 357
T106_+ 514 1000 8170 200 188
T107_1 173 500 2450 100 132
T107a_1 220" 1000 4680 175 159
T110_1 183 500 2500 125 624
T110_2 925" 1000 4820 250 832
T30 1 259 500 3350 60 201
T311.2 264 1000 3820 100 274
F112b 1 350 500 2520 125 250
r112d._1 412 1000 4980 210 291
T313u_1 480 500 9140 150 469
T313¢_1 657 1000 23900 240 930
CT114b_1 234 500 7390 150 191
Til4d 1 354 1000 5420 250 248
T315 1 470 500 4400 75 524
T315 2 593 1000 5690 150 0632
TG | 385 500 3000 60 410
T116a 1 517 1000 6380 150 537
T317_1 Iy 500 4000 S0 | a8
T317 2 659 1000 7000 100 715
T118a 1 409 500 1590 125 414
T118c | 910 * 1000 10290 300 397
T319a_1 342 500 3000 150 310
T319¢_1 661 1000 6970 300 !
a These values of Ky, that were measured between 900 N and 1000 N may not have been

representative of the virgin-penetration stiffness because of over-consohdation.
b Estimated value, see Table 6.1.
¢ Significant work softening was evident before the secondary section.
d Motor stalled.



Table 7.1 Displacement rates of horizontal sideswipe tests

K Vi du/dr (mny/s)
Name ;
(N/mm) (N) Intended @ Measured
B T101_1 144 1630 0.001 | 0.0008
TIO3A_3 112 1340 0.1 b0.0969
o T204_1 628 1500 0.001 0.0008
T106_5 337 1500 04 0.3167
TIOTA_3 [73 1 1500 0.4 0.3404
I 00 R B 74 1500 0.001 0.0008
T110_3 183 1500 04 0.2128
T315.3 1500 0.04 0.009
—— 470 P s —]
[315C_1 1500 0.1 0.0617
T116A_2 385 1500 0.1 0.0688
T118D_1 109 1500 0.001 . 0.0009
T118D 2 1700 -0.001 © -0.001
0.001 0.0001
T120D_1
0.1 - 0.0165
0.001 0.0003
T120D_2
0.1 , 0.0029
N 0.001 0.0005
120D 3
TI120D_HI 1500 0.1 - 00115
0.001  0.0006
T20D_4 ‘
0.1 - 0.0186
) ~ 0.001 0.0007
T120D_5
0.1 0.0044
T120D_5A 0.001 0.0001
TI20D_6 _ -0.001 -0.0002
345
T120D_7 -0.1 -0.0167
T120D_8 -0.001 -0.0004
T120D_9 -0.1 - -0.0291
T120D_10 -0.001 . -0.0005
TI120D 11 -0.1 - -0.0219
TI20D_1TA TI20D_H2 1700 .00 -0.0006
T120D_12 -0.001 ‘ -0.0006
T120D_13 -0.1 - -0.0297
T120D 14 -0.001 -0.0007
TI120D_15 -0.1 ‘ -0.0195
T120D_16 -0.001 -0.0008
T120D_17 -0.1 o -0.0359

Note:
Tests T120D_1 to TI20D_5A composed a single sideswipe that was labelled T120D_H1.
Tests T120D_6 to TI20D_17 composed a single sideswipe that was labelled T120D_H?2.



Table 7.2 Displacement rates of moment sideswipe tests

Ka Vii d(2RO)/dr (mnv/s)
Name
(N/mm) (N) Intended ° Measured
TIO2A 2 180 1500 0.0026 0.0026
T105 3 156 1500 026 . 02616
T311_3 259 1500 0.0026 ° 0.0026
TII2E | 350 1500 | 03524 04920
T313D_1 480 1500 0524 0.4639
) TI4E_ | 234 1500 | 0.524 0.5036
13173 8 1500 0.026 0.0213
T317A_1 ) 1800 0.026 . 00216 |
T319D_1 1500 0.0026 0.0023
T319D 2 342 1700 -0.0026 -0.0022
T319D_3 2000 0.0026 0.0023
0.0026 -~ 0.0017
T120D_18
- 0.26  0.1465
2 ¢
T120D_19 0.0026 0.0019
026 0.1833
0.0026 0.0021
T120D_20
- 026 02182
0.0026 " 0.0022
T120D 21 026 Q %
026 0.2121
0.0026 0.0023
20D 22
T120D_ 026 0.2286
T120D _22A T120D_M] 1900 0.0026  0.0023
002 ).002
120D, 23 0.0026 0.0026
020 0.233Y
).002 0023
120D, 24 ) 0.0026 0.0023
345 026 0.1833
0.0026 0.0022
T120D_25
- 026 0.1676
0.0026 0.0021
T120D_26
0b_ 026 0.1833
0.0026 0.0026
T120D 2
0D_27 0.26 0.2294
TI20E_1 0.0026 -0.002
TI20E_2 026 -0.2755
TI20E 3 -0.0026  -0.0019
TI20E_4 , 0.26 20.2686
= TI20E_M?2 210
TI20E_S OF._ 0 -0.0026 -0.002
TI20E_6 0.26 <0313
TI120E_7 -0.0026 -0.0023
TI20E_8 026 . -0.2696

Note;
Tests T120D_18 to T120D_27 composed a single sideswipe that was labelled T120D_M1.
Tests TI20E_T to T120D_8 composed a single sideswipe that was labelled T1201E_M2.



Table A.1 Factors for bearing capacity formulae

Factor Brinch Hansen (1970) Meyerhot (1963) Vesic (1975)
N, L5(N, —Dtan¢ (N, —Dtan(l.4¢9) 2N, +Dtang
o of < Q Tano AJ I Q Tuno T Q
Ny et 1;m"L43°+‘* e l;m‘(-bo+— et 1;111'(4J°+—J
2 2 { 2
- —
’ 5 » \ B’ /
5, —04i & 1+0.1 lun'[—lﬁ"+%j i 042
. ’ o 0B 3’
5q I+, sing— [+0.1tan”| 450+ £ y ]—Hun(/)[—,
: \ 2L L
[0 \ N
d, ] F+0Ttan ] 453+ = 1= |
’ | 2B
RCY [ o 02 R
dy [+ 2tang (I-sinp ) = [+0 Twn) 45°+ = J - [+ 2tano(l-sing ) =
B L 2 B
s 2 -1
iy —o7 2 ¢ [
‘ 1% ¢ %
' _H 3 2 . H m
i 1-0.5 - |- ‘L
1% 90 ) v
Note:

See Appendix A

o n degrees.

For circular footings use the triaxial friction angle in Meyerhot”s and Vesic’s formulae but use the plane-

for definitions not mentioned below.

strain friction angle in Brinch Hansen’s formulae.

L' 1s the maximum effective foundation dimension.

o= tan” (H/V) where H/V is the ratio of horizontal to vertical load and a<o.
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Sign convention for combined loads

and displicements

u
100 - - - -
O
80 =
D - -
0 o < O Iwasaki
T 60 o o
a very <o © Lo Presti
E g small
¢ 40 - strain Barltrop
< 0.001 % o
20 small o 7 O
g - strain B " Q g g °
T ~0.05% :
0
40 50 60 70 80 90 100
Ry (%)
Notes:
lwasakiet.al.(1978) : Lo Presti (1987) . Barltrop & Adams (1991) :
3:900(‘)—,{ (2.17—;)‘ &_:591"/L\:‘”1 Ry G. =800yp.p fore - 0.8
p. (P} Tte) Pa | 0 G. 1300Jp.p° fore 05
p =30 kPa: p; = 100 kPa: Gowa, via = 0.25G,

G (MPa)

Figure 2.2 Elastic shear moduli from the literature
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G =3.8(p)"% o
: o
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X
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.. G =58(p)°"
0
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p’ (kPa)

Note:

o
X
A

Gottardi & Houlsby (1995): Ea =0.025%
Gottardi & Houlsby (1995); Ea = 0.05%
twasaki, et. al. (1978)

power best-fit lines

- Relative density ranged from 74% to 79%.

- Radius equal to 50 mm.

-p =0.67g for K,=0.5.

-G = (d[V/w])/5R for a Poisson's ratio of 0.2.

- See Figure 2.2 for lwasaki. ef. al. (1978). Small
strain values plotted.

Figure 2.3 Elastic shear moduli from the footing tests of Gottardi and Houlsby (1995)



100 --

Brinch Hansen (1970)
Bolton & Lau (1993): rough
Bolton & Lau (1993): smooth
[m] Vesic (1965)
A De Beer (1970)

X Vesic (1975)

10000 v - oo - o0  Gottardi & Houlsby (1995)
Ve [b]
v + Montrasio & Nova (1997): R = 126mm
N. =
RSy
- Montrasio & Nova (1997): R = 250mm
+
1000 - *
+ * Byrne & Houlsby (1999): avg. of 16
- tests
o Byrne & Houlsby (1999): probable
ad © range
- |
A
A
100 ———— X -
36 38 40 42 44 46 48 50 52
q)tr (deg)
‘7 R RD D' * . . Ot
Source o Derivation of G
{mm) {%9) (kPa) (deg)
Vesic (1965) 50 76 - 82 14 - 30 o =tan'(0.68/¢) b n/a
De Beer (1970) 75 65 -89 14 - 37 o= (R p)” n/a
Vesic (1975) 76 61-78 13 -49 Bolton (1986) 33"
Gottardi & Houlsby (1995) 50 75 28 Bolton (1986) 34
Montrasio & Nova (1997) 125 & 500 | 45& 70 | 132-382 Bolton (1986) 33"
Byrne & Houlsby (1 999) 25 97 47 Bolton {1986) 32" J

Note:

a Effective mean stress along she

b Relationship stated to be relevant for p’ < 70 kPa.
c See Figure 10 in de Beer (1970).

d Value of 0.y assumed.

e Byrne's tests were on Baskarp Cyclone san

All footings were classified as “rough”.

Plane strain friction angles used in Brinch Hansen's method. o = 110w

ar plane atfailure taken as one terth of contact stress. see de Beer (1970).

d. see Section 4.5 for relevant data.

Figure 2.4 A comparison of theoretical and experimental bearing capacity fuctors:
[a] Brinch Hansen (1970): and [b] Bolton and Lau (1993)
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Figure 2.5 Bearing capuacity failure mechuanisms (after Vesic, 1973)
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Figure 2.7 V:H yield surfaces deduced from the traditional bearing capacity methods
v
- |
\./
[a]
V. is the initial virgin-penetration load
V s the extrapolated virgin-penetration load
V A V for D w_1s the elastic vertical displacement
> orr w. is the plastic vertical displacement
vV, ) A Virgin-penetration curve
‘ T >+ B B Constant-V test
: . C V.:Hfailure envelope
‘ ‘ D Sideswipe withow > 0
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=
»
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[b]
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VIV, VIV,
.-----Equation29 @O -GG24X_1:SS, Voi=600N
O~ GGO9_1: SS, Voi = 800 N A GG24X_2:SS. Voi= 1200 N
X  GGO3A_1:SS. Voi= 1600 N X  GG24X 3:SS. Vol = 1800 N
O GGO9A 1: 8S. Voi = 2000 N + GG14A_1: Const. V. Voi = 1600 N
B GGO7_1: OC-SS, Voi = 1600 N & GGO1X_2: OC-S8S, Vol = 2400 N
Note.

- 55 = sideswipe test, Const. V = constant V test. and OC-SS = overconsolidated sideswipe test.
- In the OC-SS tests, the footing was loaded up to the indicated V , values before unioading and performance of the
sideswipes.

Figure 2.9 Effect of normalisation on V:H vield surfaces:

[a] V -normalised: and [b] V -normalised (data from Gottardi and Houlsby. 1995)

0.25 e
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5 ¢ mo: Gottardi & Houlsby
o 010 + mo: Byrne & Houlsby

< Equation 2.11

0.05 - — Equation 2.15

000 i

0.0 Q.2 0.4 0.6 0.8 1.0

Vol Vin

Figure 2.10 Relationship between normalised peak loads and V /V,, ratio from sideswipe

tests i the literature
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Figure 2.11 V:M interaction loci deduced from traditional bearing capacity methods
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O- - GGO8B_1: OC-SS, Voi = 1600 N
Note:

- SS = sideswipe test, Const. V = constant V test, and OC-SS = overconsolidated sideswipe test.
- In the OC-SS tests, the footing was loaded up to the indicated V. values before unloading and performance of the

Figure 2.12 Effect of normalisation on V.M vield surfaces:
[a] V -normalised: and [b] V -normalised (data from Gottardi and Houlsby. 1993)
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Figure 2.15 H:M failure surtaces derived from combined load tests

clockwise moment positive anti-clockwise moment positive

Figure 2,16 Effectof sign convention on eccentricity of H:M ¢llipse
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Figure 2.17 Effect of the position of the load/displacement reference point
(after Dean ¢r al. . 1992b)

0.8 e S 0.3
V/V,=0.135 [a] ViV, =0.265 [b]
0.6
0.2
©
> >°
3\: 0.4 - =
> By
0t 0 B . -
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
VIV, VIV,
Failure envelope Plastic potential Work softening (left):Work hardening (right)

Note: Arrows indicate direction of plastic displacement increment vectors. j.e. perendiculuar to plastic potential

Figure 2.18 Fuilure envelope, plastic potentials and work softening/work hardening regions:
[a] Tan (1990): and [b] Cassidy (19906)
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Figure 2.19 Relationship between toad:deformation parameters of experimental data in the
literature: [a] bearing capacity factor against normalised displacement at failure: and

[b] bearing capacity factor against initial virgin-penetration stittness
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Note:

- 5SS = sideswipe test and OC-SS = overconsolidated sideswipe test.
- In the OC-SS tests, the footing was loaded up to the indicated V, values before unloading and performance of the sideswipes.

Figure 2.21 Normalised load:deformation response ot sideswipe tests:
[a] horizontal sideswipes; and [b] moment sideswipes (data from of Gottardi & Houlsby. 1995)
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Figure 2.24 Effect of pull-out rate on load:deformation behaviour of suction caisson foundations:
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Figure 3.3 Stepper motor arrangement and drive system
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input file

|
B e ]

command | LIMITS |- sets the load soft limits thatare active during the MTEST
| -1000 900 | __ vertical load soft limits
l
parameters | -100 100 | ___horizontalload soft limits
I
| .15 15 | - moment load soft limits
_ |
command | | MTEST | --- sets the move test data and activates the move
| 4 100 1 test allotment parameters for ADU
o p
| | (test time. scans per second. delay)
meter | 0.5 5 250 4 . vertical move parameters for stepper motor controller
paramelers | {displacement. velocity. acceleration. base speed!
| 000 | horizontal move parameters for stepper motor controller
| 77 (displacement. velocity. acceleration)
L 000 | L rotational move parameters for stepper motor controller
| | (displacement. velocity. acceleration:
|
command - LIMITS | _ sets the load soft limits that are active after the MTEST
I
| -1000 2000 | --- vertical load soft fimits
parameters | -200 200 | ___horizontalload soft limits
-20 20 | moment load soft limits
L] | ---
|
command ADUSTORE | transfers the test data stored on ADU to the host PC
| |-
ol
command MOVE | ___sets the move data: this is used to reset the base speed before
| | controlis returned to the interactive menu on the host PC
| 000 0.005 vertical move parameters for stepper motor controller
| === (displacement. velocity. acceleration, base speed)
parameters | :
000 | L horizontal move parameters for stepper motor controller
| | {displacement. velocity, acceleration)
L | 000 L rotational move parameters for stepper moter controiler
| (displacement. velocity, acceleration)
|
command [ | END | returns controi to the interactive menu on the host PC
| "

Figure 5.3 Ioputtile TIT4_AINP
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Figure 5.4 Time history of a slow vertical partially-drained test (T317_1. dw/dr = 0.01 mm/s)

BOO - e
[a] 800 -
[}
700 > 4= move section 600 ©,000°° oo
Fi ~01s ° °
— %‘ P000000O0O0
= 600 delay section ¢.. 400
> ~12s (X 110 115 120 125 130
L P
500 . .
dissipation section ~ 2.7 s
400 e
0.0 0.5 1.0 15 20 25 30 35 4.0 45 5.0
0.5 T - g - 100
b 5%
0.4 [b] . : 80
MTEST ! U v
g Y% 4100 ; 05 oo 60
£ 055 250 4 o000
~ 02 ] ° 40
= 000 . 03 dw °o° '
- 01 000 : 0.1 0° - 20
o
4 0000000000

0.0 M -0.1 0

-20

-0.1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Figure 5.5 Time history of a fast vertical partially-dramed test (TTT4B_1, dw/dr =5 m/s)



tw o)

: | input file | :
command | LIMITS | sets the load soft limits that are active during the SEQTEST1 events
| o o |
| | -500 1400 | —-- vertical load soft limits |
| |
| parameters | -100 100 | _ __horizontalload soft limits |
I
i L 010 | --- moment load soft limits |
| | |
| command | l SEQTEST1 l ___sets the sequence test data and activates subroutine |
| parameters i | SEQMOVE!
P L 7.1 100 1 | ___testallotment parameters for ADU |
| | (testtime. scans per second. delay) |
|
| command | SEQTEST1 | —-- sets the sequence test data and activates subroutine |
| t | SEQMOVE! |
| parameters L 6.1 100 0 | ___testallotment parameters for ADU
| | (test time. scans per second, delay) |
| p—
command | | SEQTEST1 | ___sets the sequence test data and activates subroutine |
| t | SEQMOVE! |
| parameters L | 6.1 100 0 ___testallotment parameters for ADU |
| i | (testtime. scans per second. delay} |
| command | | LIMITS I _ __ sets the load soft limits that are active after the SEQTEST |
] | events
l | -500 2000 | --- vertical load soft limits |
I l
parameters -200 200 l horizontal load soft limits
| T l
| L : -15 15 | --- moment load soft limits |
l l
[ command [ | ADUSTORE | ___transfers the test data stored on ADU to the host PC |
| | | |
! command [ | END | _ _ _returns control to the interactive menu on the host PC [ ] l
- — _— _ | a
| |
- - - - - - - ———-- - 7777 - =
supbroutme 1 1
|  SEQMOVET: | |
| 1 | PRINT #2, "3DS" [ start defining sequence ]
| 2 | PRINT #2, "35A2000" | setacceleration (0.2 mm's®) ]
| 3 PRINT #2, "3SV100" | setvelocity (0.01 mms) |
| o | pRINT#2 "38B100" | setbase velocity (0.01 mms) |
| 5 | PRINT#2.  "3MRE00" |  move relative (0.06 mm |
| 6 | pRINT #2, "35A200000"|  setacceleration (20 mm s°) |
| 7 | PRINT #2, "35V10000" [ setvelocity (1 mm.s) |
| 8 | PRINT #2, “3SB100" setbase velocity (0.01 mm's)
|
| 9 | PRINT #2, "3MR1000" | move relative (0.1 mm} |
| 10 | PRINT #2, "35B10" | set base velocity {0.001 mm:s) |
| o PRINT #2, "3ES" | end defining sequence l
| 12 | PRINT #2, "3XS" | execute sequence |
RETURN
| B = |
| | I | Note: |
| send to commands for 1 mm of displacement at |
stepper stepper motor the footing is equal to
| motor controller 10.000 steps of the |
controlier {3 is the vertical stepper motor
| (1O channel motor axis) |
| |

Figure 5.6 Controlof multi-rate vertical purtiallv-drained tests:

[a] input file TI20_AINP:and [b] subroutine SEQMOVET in control program
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Figure 6.5 Load:deformation curves of the tests that did not include partially-drained sub-tests
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Figure 6.6 The virgin-penetration stiffness values plotted against the characterisation stiffness
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Figure 6.14 Vertical stiffness parameters derived from the untoad-reload footing tests
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- The constant load lines represented V,, = 1000 N and vV, = 2000 N.

- The relative density measurements from the cone penetrometer tests were used. see Table 4.6.

Figure 6.15 Elastic shear moduli trom vertical unload-reload tests.
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Figure 6.24 Consolidation sub-tests of T8
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- Labels refer to the test number and the characterisation stiffness.

Figure 6.38 Effect of characterisation stiftness on load:deformation response of the vertical
partially-drained tests, at three different displacement rates
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drained tests. at four different values of characteristic stiffness
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Figure 7.7 Drained horizontal sideswipe tests and fitted parabolas
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