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TEST RECOKYD SHEET - HIGH PRESSURE DILATOMETER

STt | Date Day | Borehoie [ Test Ng ]
LItk Fél Sppeoté |24 03] Sgv | 4G
Matenal Conl G Cop rmt A T4
Weather Water Table | Time Now | Drilling End | Odentation CHL
> 4 r ) e .
Sunivy < BLek2Y SEA (fufc / %;;W NE V-
Dnlling Pocket
Diameter Distance Rate Core Description Length
R Drier Cors Guaiy S
- | Stevin D AL &/ .
WwiLe 'y
Pres/Inccmat | Wait Time | Creep Time | Cycle Time | Disc No. Operator | Engineer
ZERO READINGS: Tl ‘ Machine Diameter 95 iy
Arm | Arm 2 Am3 ‘| Arm4 Arm 5 Arm 6 1/Press. | Battery, 4
- -/ G - anf ; - Areoto| | 1 2AS
~|-383$ |1 -6SE |-]-SLeq ~[:3726 |- 47757 Suoo Bogsy | 12730 flegr
Calibrations: ' _ '
Strain Arm Calibration date: € -rs ~2 2 TestNo:
Total Pressure Cell Calibrationdate: £~ 3 — 2 3 Test No:
Membrane Stiffness Calibration date: (9- 2 -2 3  TestNo ¢ 997 99
Membrane Compression Calibration date: « Test No: P
~ New Membrane fitted date: « ' N
ozt Commenty: . . _ I‘
lime Liae No. Start Testat: (7. 7o T
ISV o0 0 -GS Fpe
vl 2 o 3S ) )y
3 ‘ Pl
nel 5 @ ¢ 4s
3 - i A PN ]
_ O tory 13—
[~ Owe CEQLL -
| MEM__ BALLEVN 1 dz- . ]
Test Ends at: }g [O i 5 -
Max. Pressure reached:  § % P_c:_ _Allox .
i Conoral Commenic - I — T
B }
5 ZEL0AdS < mm’\@q/—}c IV\OUQV\éAC'
INST iS /LLY

CAMBRIDGE INSITU, Little Eversden, Cambridge, England CB3 7{{}-

Iclephonc 01223 262 361

Fax:- 01223 263 947
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HIGH PRESSURE DILATOMETER RESULTS SUMMARY SHEET

Site:- Bressay Bridge Test :- BOT1 Test Date :- 12th April 2003
Material ;- Conglomerate Depth (m) - 3.1 Water depth (m) :- -
Analysis of Insitu Lateral Stress (Po) :-
Arm Av.

Marsland and Randolph kPa 1203

(Tterative Analysis)
Best Estimate of Po kPa - 1200
Assessed diameter of borehole mm 99.1
Analysis of Undrained Shear Strength (Cu) :-
Gibson and Anderson kPa 1672
Failure pressure (Pf) kPa 2205
Limit Pressure (Pr) MPa 11

Streneth of Sands Analysis (Hughes, Wroth & Windle)

Friction angle at const. vol. deg 35 (assumed) At large strain
Angle of Friction deg 47 35
Angle of Dilation deg 16 0

Analvsis of Shear Modulus (G) :-

Initial Modulus (Gi) MPa 243

Linear Analysis of Reload Loops (Gr) :-

Loop Value Co-ordinate Amplitude

no. (MPa) Strain% Pressure kPa  Strain % Pressure kPa
1 314 -0.05 882 0.06 379
2 606 0.31 2022 0.103 1249
3 570 0.97 3152 0.184 2074

Non-linear Analysis of Reloading data :-

Loop Linearity exponent  Radial Stress Coeff. ~Shear Stress Coeff.

no. ® (MPa) (MPa)
2 0.94 419 394

3 0.85 247 209

Test Analysed By :- PGH
Date :- 27th May 2003

Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 Cambridge Insitu for Seacore
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TEST RECORD SHEET - HIGH PRESSURE DILATOMETT R

L3

SITe _ [ " Date [ Day T:jérehole' Teqt No T o
[ (¢ 3403 |Suw | /o
Matenal .
Weather Water Table | Time Now | Drilling End | Orientation | CHIL.
< ‘ -'—
OunNNy Q@%_sz / SCA CEuf( I7-2s
Dnlling Pocket
Diameter Distance Rate Core Description Length
ety T T R
Sk oD
WL T O
Pres/Incrmnt Wait Tlme Creep Time | Cycle Time | Disc No. Operator | Engineer
[CSEe 3
ZERO READINGS: TS Machine Diameter 95 i
Arm | Arm 2 Arm 3 Arm 4 Arm 5 Arm 6 T/Press. | Battery |
A
: B:
Calibrations:
Strain Arm Calibration date: 2 ~ (o -2 TestNo:
Total Pressure Cell Calibration date: 6 - 3 —o23  Test No:
Membrane Stiffness Calibration date:  ¢2 - 3 - 23 TestNo ¢ 9997 3
Membrane Compression Calibration date: ac Test No: t
__New Membrane fitted date: «
! Tost Comments:
H Time Line No. Start Testat: 2/ : 5 , o T
- 21 HIC) 2 Cpyy? )
(2.3 Csor &)
(#2 (o7 ()
265 MNCsA) — FAL i ot @
: Arrrs W'./i.ufﬁ' B e — -~ ,,-’/',-’.
TestGndsat: 2 7. 5 o - i B
_Max_ Pressure reached” R
¢ Ciearral Commeris o T e

CAMBRIDGE INSITU, Little Eversden, Cambridge, England CB3 7I{L

Telephone: 01223 262 361

- Fax:- 01223 263 947



HIGH PRESSURE DILATOMETER RESULTS SUMMARY SHEET

Site:- Bressay Bridge Test :- BIOT1 Test Date :--13th April 2003
Material :- Sandstone Depth (m) :- 5.1 Water depth (m) - -
Analysis of Insitu Lateral Stress (Po) :-
' Arm Av.

Marsland and Randolph kPa 2008

(Iterative Analysis)
Best Estimate of Po kPa 2000
Assessed diameter of borehole mm 99.8
Analysis of Undrained Shear Strength (Cu) :-
Gibson and Anderson kPa 4425
Failure pressure (Pf) kPa 3201
Limit Pressure (Py) MPa 23

Strength of Sands Analysis (Hughes, Wroth & Windle)

Friction angle at const. vol. deg 33 (assumed)
Angle of Friction deg 47
Angle of Dilation deg 18

Analysis of Shear Modulus (G) :-

Initial Modulus (Gi) MPa 285

Linear Analysis of Reload Loops (Gr) :-

Loop Value Co-ordinate Amplitude
no. (MPa) Strain% Pressure kPa Strain % Pressure kPa
1 599 -0.08 1346 0.05 599

2 800 0.13 2293 0.071 1135

3 697 0.62 3501 0.149 2071

Non-linear Analysis of Reloading data :-

Loop Linearity exponent Radial Stress Coeff. Shear Stress Coeff.

no. ® (MPa) (MPa)
2 .0.95 560 530
3 0.855 320 274

Test Analysed By :- PGH
Date :- 27th May 2003

Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 Cambridge Insitu for Seacore
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TEST KECORD SHEET - HIGH PRESSURE DILATOMETER

311L ' | Date. Day joo \,lleE‘T_’i{ES‘t.N [ D ..... T
Cf/ct«/(cK (=& ~o5| Trae o { /

Material
: j'f-a.«rj ST K

Weather ' Water Table | Time Now | Drilling End | Orentation | CHL
BEA«T1E0 L | 5£A Céurc : ' -
Dnlling : Pocket

Diameter . Distance Rate Core Descniption Length

e Dy | Rig | wdler | Cow Quaity o1 Size
e | SharE 29

Pres/Incrmnt Wait Time | Creep Time | Cycle Time | Disc No. | Operator Engineer

(o e
ZERO READINGS: Trc S Machine Diameter 35 ey rr ,
Arm | Amm 2 Arm 3 Arm 4 Arm 5 Arm 6 T/Press. | Battery |
AS| Lok gk T | o B
Calibrations:
Strain Arm Calibration date: Z-¢ro2-o2 Test No:
Total Pressure Cell Calibration date: C- 3 -23 Test No:
Membrane Stiffness Calibration dz;te: (9 - 1,- 23 Test No: C 9527 9¢g
Membrane Compression Calibration date: . € Test No: «
New Membrane fitted date: »
o rest Comments . o e E
Clime | LineNo. | Start Testat: Lo T T T
°6or2 5 STARLT  Lecns fo~G
7 Hye) D lppr O
(2 L (2)
(59 Covy”? /Z) - ftce iR
205 Lrr? (D
S3o DewwN - Lor o< colER
Dl Ve y Lo
“Test Ends at 0F 946 o - : T
: ’\14\ Pressure reached: (O 1w D T

o (\( mmente - S,

CAMBRIDGE INSITU, Little Eversden, Cambridge, England CB3 7HI
Ic!cphonc 01223 262 361 Fax:- Ol7’3 263 947



HIGH PRESSURE DILATOMETER RESULTS SUMMARY SHEET

Site:- Bressay Bridge Test :- B11T1 Test Date :- 17th April 2003

Material :- Sandstone Depth (m) :-3.1 Water depth (m) :- -
Analysis of Insitu Lateral Stress (Po) :-
Arm Av.

Marsland and Randolph kPa 1993

(Iterative Analysis)
Best Estimate of Po kPa 2000
Assessed diameter of borehole mm 99.1
Analysis of Undrained Shear Strength (Cu) :-
Gibson and Anderson kPa 6058
Failure pressure (Pf) kPa 6650
Limit Pressure (Py) MPa 26

Strength of Sands Analysis (Hughes, Wroth & Windle)

Friction angle at const. vol. deg 33 (assumed)
Angle of Friction deg 54
Angle of Dilation deg 28

Analysis of Shear Modulus (G) :-

Initial Modulus (Gi) MPa 111

Linear Analysis of Reload Loops (Gr) :- |

Loop Value Co-ordinate Amplitude
no. (MPa) Strain % Pressure kPa  Strain % Pressure kPa
1 576 -0.16 1273 0.043 465

2 573 0.11 1893 - 0.07 805

3 489 0.49 2365 0.176 1719

4 585 1.11 3567 0.166 1917

Non-linear Analysis of Reloading data :-

Loop Linearity exponent Radial Stress Coeff. Shear Stress Coeff.

no. ® (MPa) (MPa)
2 0.955 471 449
3 0.855 228 195
4 0.82 216 ‘ 178

Test Analysed By :- PGH
Date :- 27th May 2003

Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 Cambridge Insitu for Seacore
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Data 17 Apr 03

Test BLiT1
Denth 3.1n

]
Logle) Effective Stiress/Log(a) Strain Arn Aue
|
Log (&) Cavity Strain

33 ¢
54 ©

Gradient 0,66
Dilation 28 °
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i i i m] 1 i 1 i i 1 ! ] i m} i 1 1 1 i 1
£5341§ [RIPRY BN1398443 () 607
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Y SHEET - HIGH PRESSURE DILATOMETER

i

Pl Date Day ?B ehoie i_ IES .f:lo
Nl ik 161y 03 | WENS i2 ’
Matenal _
Cod GComEARTE .

Weather Water Table | Time Now | Drilling End | Odentation | CHL
— L a ~ i
ANE < Ddey ssa ceved] [§21 | [T Swe | NE L

Dnalling Pocket

Diameter Distance Rate Core Description Length

VeLy mixed '

Wet/Diy ‘ Ri g Dinller 7 Core Q[LSQ, B mvﬁ——_S—i.zEN '

_ xR IT
WET S %5 Pove
Pres/Incrmat Wait Time | Creep Time | Cycle Time | Disc No. | Operatgr _| Engineer
| leSEe

ZERO READINGS: Trcl | Machine Diameter 95" apar
Arm | Arm 2 Am3 | Am4 Arm S Arm 6 T/Press. | Battery

. N it oS . ey v - “ g A:"OO@'?

F3SET] b2 [HsSGb |3735™ 48087 |L[S377 | 5000 1) ey

Calibrations:

Strain Arm Calibration date: 2-(2 ~ 02 Test No:
Total Pressure Cell Calibration date: 6~ 3 ~ o3 Test No:
Membrane Stiffness Calibration date: (9~ 3 ~2 3 Test No: Co9%59 7T 99

Membrane Compression Calibration date: - Test No- N ~

~ New Membrane fitted date: |
: Tant f‘,\mmn', o A ] 5
Time Line No. Seart Fest at 9 7 T — '
A A Pork.
ForP 2 @ o €Y NIPNO
vl 3 e o (25 4 pape] adtis
Lysf & @ Clto Sl p—
S ____T0  tntesd L 2D G
e 'Y e ]
Test Ends at: / m/'c,h 7\ K
*Max_Pressure rcached: __-lﬁ_ﬁs ¥
Creneral Commenis ST 1S T !N~)’ .

CAMBRIDGE [NS[TU Little Eversden, Cambndge, England CB3 7HE

Icle)hone 01223 262 361 Fax:- 01223

263 947

N~



HIGH PRESSURE DILATOMETER RESULTS SUMMARY SHEET

Site:- Bressay Bridge Test :- B12T1 Test Date :- 16th April 2003
Matenial :- Conglomerate Depth (m) :- 3.0 Water depth (m) :- -
Analysis of Insitu Lateral Stress (Po) :-
Arm Av.

Marsland and Randolph kPa 2000

(Iterative Analysis)
Interpolation from Initial Modulus kPa ~ 1268
Best Estimate of Po kPa 2000

Assessed diameter of borehole mm 98.6

Analysis of Undrained Shear Strength (Cu) :-

Gibson and Anderson kPa 3837
Failure pressure (Pf) kPa 3929
Limit Pressure (Pyr) MPa 23

Strength of Sands Analysis (Hughes, Wroth & Windle)

Friction angle at const. vol. deg 35 (assumed)
Angle of Friction deg 49
Angle of Dilation deg 19

Analysis of Shear Modulus (G) :-

Initial Modulus (Gi) MPa 413

Linear Analysis of Reload Loops (Gr) :-

Loop Value Co-ordinate Amplitude
no. .(MPa) Strain% Pressure kPa Strain % Pressure kPa
1 220 -0.23 662 0.077 341
2 561 -0.02 1579 0.111 1247
3 771 0.20 2977 0.139 2138
4 851 0.37 3908 0.175 2965

Non-linear Analysis of Reloading data :-

Loop Linearity exponent Radial Stress Coeff.  Shear Stress Coeff.

no. B (MPa) (MPa)
3 0.985 773 761
4 0.93 585 544

Test Analysed By - PGH
Date :- 27th May 2003

Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 Cambridge Insitu for Seacore
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JUIDGE INSITU, Little Eversden, Cambrxdge Englaad CB3_ 7HE
Idephone Ol 223 262 361 :

TEST RECORD SHEET - HIGH PRESSURE DL ATOMETER
{g ﬁ-—“m_ - N Date i Da){_ﬂ ; .th‘r—el;c:ﬂ Tegt No I rT,,T
L@zu)[//” 4402 mons | 13 1 &
Maf_cﬂa /’[656/ J(AN);—(-_/VO/\(g
Weather - Water Table | Time Now | Drlling End | Orientation CHL |
Su,MVY}/w,N;&y. 564 Couec] NE . |V
Dnlling Pocket
Diameter Distance Rate « Core Description Length |
. V FATRERN w2y ’
i _— - : T . —
1 Wet'Diy Rig Ddnfie:r Lote Qualiry Size
Lo f T , Q‘fﬂ% '
Pres/Incrmnt Wait Tlme Creep Time | Cycle Time | Disc No. Operatqr | Engineer
| [0Ske| 3. )
ZERQO READINGS: © ~ 1/ ¢ ¢ 7 Machine Diameter 9 5 opny
Am.l |- Am?2 Armi 3 Am 4 Arm 5 ‘Arm 6 T/Press. | Battery
. - -, e L —~ : A ~ooal —
~[-3023 | =S|~ §8T2 _i~[-3710 | ~1-4TAT | S Sto B ngae | 12-26
o ‘Caﬁbratio_ns: Y )
. Strain Arm Calibration date: 2-to -2 TestNo
4 Total Pressure Cell Calibrationdate: 6~ 3 --o 3  Test No:
“Mer"ﬁb'rane Stiffness Calibratibn date: / 9.~ 3 =% 3 Test No: € 9 99 7T 9 9
Membrane Compression Calibration date: ' Test No: e
~ New Membrane fitted date: '
Tew Comments . 4 | e
L"irﬁg Line No. Start Testat: @@ |7 ST I
B . phwe |l @ L 70
/4019(” A=)
Lovp é%— g . & ¢3’D
| o nleesd @  C 753 -
No O (o p42. /
l'est Ends at lO le m); ﬁar T -
de Pressure reachied: Z. {jﬂ b~ T T 7
1 \ > ‘f f\,(‘n SN D T e -
| A oS how Plegenns
IY\FMH bLAVE %&Lu}owu\[c. L o
CAMB ‘

Fax:- 01223 263 947



HIGH PRESSURE DILATOMETER

Site:- Bressay Bridge

Test :- B13T1

RESULTS SUMMARY SHEET

Test Date :- 14th April 2003

Material :- Sandstone/pebbles Depth (m) :- 3.3 Water depth (m) :- -
Analysis of Insitu Lateral Stress (Po) :-
' Arm Av.
Marsland and Randolph kPa 1098
(Iterative Analysis)
Interpolation from Initial Modulus kPa 638
Best Estimate of Po kPa 1100
Assessed diameter of borehole mm 99.9
Analysis of Undrained Shear Strength (Cu) :-
Gibson and Anderson kPa 887
Failure pressure (Pf) kPa 1938
Limit Pressure (Pp) kPa 6493
Analysis of Shear Modulus (G) :-
Initial Modulus (Gi) MPa 143
Linear Analysis of Reload Loops (Gr) :-
Loop Value Co-ordinate Amplitude
no. (MPa) .Strain % Pressure kPa  Strain % Pressure kPa
1 17.1 -1.08 124 0.096 33
2 384 -0.71 221 0.153 119
3 270 0 961 0.107 580
4 369 0.25 1497 0.125 916

Non-linear Analysis of Reloading data :-

Loop Linearity exponent Radial Stress Coeff. Shear Stress Coeff.

no. B) (MPa)
4 0.88 186

Bressay Bridge, Lerwick, Shetland
Ground investigation, April 2003

(MPa)
164

Test Analysed By :- PGH
Date :- 27th May 2003

95mm HPD Testing
Cambridge Insitu for Seacore
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TEST RECORD SHEET - HIGH PRESSURE DILATOMETER

Sie Date | _Day |Borehole | TestNo | Depih |
LER W CK f-os| v | 14 } [ s ¢
Ma'tcﬂa‘ s .4 «'\(J_) 5 -‘.—/1) ~ 6
Weather Water Table | Time Now | Drilling End | Orientation | CHL
CAC T SEA (AIET /
Danlling Pocket
Diameter Distance Rate Core Description Length
EWetiDiy :- g Doiler | (,or—c Q;:mt‘f I ;;, —
S | TEATE 2¢
Pres/Incrmnt Wait Time | Creep Time | Cycle Time | Disc No. | Operator Engineer
V_,/d:)ﬁ(/)f-g Zﬂ’)Lu,.. ] 3*’% [‘QW [f_ .
| ZERO READINGS: T/l Machine Diameter 95" pyrr
| Aml | Ami2-| Am3 Arm 4 AmS -| Am6 T/Press. | Battery
CALS F0< LEl3 T | gf 2R
Cahbrauoqs i - -
‘ ~Strain Arm Calibration date 2~¢2 -2 2  Test No
~ Total Pressure Cell Calibration date: (- 3-03 Test No:
| Membrang Stiffness Calibration date: (4 - 3 - > 3 TestNo: C999 ¢ 9 o
‘. Membrane Compression Calibration date: “ ‘Test No: - e

New Membrane fitted date:

i (ot Core reats:

| SN —pr— s e

—_ . . : !
i Time Line No. Start lestat: > $ J s~ I —
TP STAan 7 L7 P g
. 93 M3l = (.«-N)ﬂ @
K4 5% s (2D
52 €D (v )
235 Ly (&)
330 D oinar S /Z;«\LJ e
Néﬂﬁié/ Qeew 95 | op¢

A

CM\'(BMDGE [NS['I U, Little Lversden Cambridge, England CB3 7HE
I‘clcphom. 01223 262361 - Fax:- 01223 263 947

TestEndsat. @ 4 o3 T
Max. Pressure reached 2 -5 L a N
! Clanerat Crmments . ' 2 T
e _




HIGH PRESSURE DILATOMETER RESULTS SUMMARY SHEET

Site:- Bressay Bridge Test :- B14T1 Test Date :- 16th April 2003

Material :- Sandstone Depth (m) :- 5.4 Water depth (m) :- -
Analysis of Insitu Lateral Stress (Po) :-
Arm Av.

Marsland and Randolph kPa 1451

(Iterative Analysis)
Best Estimate of Po kPa 1450
Assessed diameter of borehole mm 102.7
Analysis of Undrained Shear Strength (Cu) ;-
Gibson and Anderson kPa 4170
Failure pressure (Pf) kPa 2858
Limit Pressure (Py) MPa 17

Strength of Sands Analysis (Hughes. Wroth & Windle)

Friction angle at const. vol. deg 33 (assumed)
Angle of Friction deg 51
Angle of Dilation deg 24

Analysis of Shear Modulus (G) :-

Initial Modulus (Gi) MPa 78

Linear Analysis of Reload Loops (Gr) :-

Loop Value Co-ordinate Amplitude
no. (MPa) Strain% Pressure kPa Strain % Pressure kPa
1 97 -0.58 627 0.168 326

2 186 0.07 1341 0.155 579

3 254 0.88 2364 -0.207 1039

4 305 2.25 3662 0.367 2190

Non-linear Analysis of Reloading data :-

Loop Linearity exponent  Radial Stress Coeff.  Shear Stress Coeff.

no. (B) (MPa) (MPa)
3 0.875 138 121
4 0.885 181 160

Test Analysed By :- PGH
Date :- 27th May 2003

Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 - Cambridge Insitu for Seacore
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Bressay Bridge, Lerwick, Shetland 95mm HPD Testing

Ground investigation, April 2003 Cambridge Insitu for Seacore

APPENDIX A. DESCRIPTION OF THE EQUIPMENT

1 OUTLINE

The 95mm High Pressure Dilatometer (95HPD) is a pre-bored hole pressuremeter for testing a
101mm diameter pocket. When a test is required it is lowered into a pocket in the ground
conventionally formed by an H size barrel.. On completion of a test it is removed from the
borehole which is then extended by conventional drilling techniques.

The instrument is 95 mm in diameter and has an overall length of about 2 metres. The central
third of the instrument is covered by a tough rubber membrane about 6mm thick; pressure is
applied to the inside of the instrument and the membrane expands, pressing against the
borehole wall. The radial displacement of the inside boundary of the membrane is measured at
six points equally distributed around the centre of the expanding section.

This displacement, and the pressure necessary to cause the movement, are continously
monitored by strain gauged transducers contained within the instrument. Also within the
instrument is the analogue and digital electronic circuitry necessary to condition the signals
from the transducers. Every ten seconds a set of readings from all the measuring circuits are
transmitted to the surface as an RS232 data stream which may be connected directly to the
serial port of a microcomputer. Plotting these readings of displacement against pressure
produces a loading curve for the material being tested. A number of mathematical analyses are
available for translating this loading curve to fundamental strength and stiffness parameters for
the ground. '
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Because the instrument has six strain arms there is some redundancy in the measurement of
strain, and this enables the user to carry out a successful test even if one of the arms are
defective. In order to give a similar level of reliability to the pressure measuring system a
second pressure cell is included in the HPD-MPX, and its readings provide a check of the
performance of the first transducer.

The HPD can apply up to 30MPa of pressure to the ground, and can expand from an initial
diameter of 95mm to nearly 150mm. It will resolve movements of less than 1 micron and

- pressure changes of less than 1kPa. Hence although it was developed to test weak rock it can
make a test at two extremes of ground conditions - stiff clays, which yield at pressures below
IMPa, and weak rock with a shear modulus greater than 4GPa.

Arm follower (Button) —,

Strain gauged leaf spring
Figure 2 Displacement sensor of the 95mm HPD

Clamping Arrangement \

The instrument is based on a smaller device (the 73mm HPD) that has had a long and
successful history of site work and has been used worldwide. It is a development of an
instrument invented by Dr J.M.O. Hughes in 1978. Although internally complex by the
standards normally applied to instrumentation of this kind, it is reliable and robust, and the
routine maintenance is straightforward. Because all the signal conditioning electronics is

contained in the probe itself , the instrument is unaffected by external changes such as
replacing the cable.

An additional feature of this pressuremeter is a special electronic compass module fitted to the
foot of the instrument. This gives a continuous reading of the orientation of a fixed reference
on the instrument with respect to magnetic North. The compass consists of two flux gate
magnetometer sensors at right angles to each other. The output of the compass therefore is
two signals which are the sine and cosine of the angle made with the Earth's magnetic field.
The quotient of these gives an unambiguous direction.
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Like all expansion pressuremeters in commercial use the HPD has one fundamental limitation-
the loading curve which it produces is derived from following the movement of the inside
boundary of an elastic membrane. This is different from the movements of the outside
boundary of the membrane, and hence the movements in the material itself. For the majority of
the tests for which the HPD is used, this uncertainty is not significant. However for a small
number of tests it is critical; for this reason the calibration procedure described in Appendix B
necessarily is complex in order to reduce the margin of uncertainty and set limits to it.

The instrument and all associated electronics for capturing the data are powered from a 12volt
vehicle battery. ‘

2 THE MEMBRANE

The membrane itself is a nitrile rubber sleeve. Because the behaviour of the membrane has an
influence on the derived displacements it is kept relatively thin (6mm for the standard probe)
so that its contribution is small. By its very nature there is a gap between the instrument and
the borehole and steps have to be taken to prevent the membrane extruding axially. This is
achieved by stiffening the ends of the membrane with rings of stainless steel fingers known
because of their appearance as 'Christmas Trees'.

There is a version of the membrane which carries local reinforcement at the ends consisting of
kevlar strands. When the applied pressures are fairly modest (no more than about 50% of the
available range) then this membrane can be used without Christmas trees.

The entire length of the of rubber membrane is covered with a sheath of eighteen stainless steel
strips which are axially stiff but free to expand radially. This sheath protects the membrane
from sharp edges, and is known as a ‘Chinese Lantern'. The individual strips do not overlap in
the closed position.

3 THE PRESSURISING SYSTEM

The instrument is inflated by oil or gas. A strong hose connects the instrument to the pressure
source, either a manually operated hydraulic pump or a pneumatic control system. The
passage down the centre of the hose is large enough to incorporate a steel logging cable with
four electrical conductors. Three of these conductors are used; one carries the digital signals
output by the instrument, and two carry power to the instrument from a conventional 12 volt
vehicle battery. The power consumption of the pressuremeter is small; up to 500 metres of
hose and cable could be connected to the instrument with only minor modification.

The advantages of the oil inflation are that it is inherently safe, requires very little equipment
and because it is re-cycled the consumable costs are low. However if the instrument is on a

long cable it takes time for the oil to return to the surface and in a dry hole it will never
retum.

When working offshore, it is normal to use oil, giving the added advantage that should the
membrane become punctured the oil will keep the water out of the probe.
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4 ELECTRONIC INTERFACE UNIT (EIU)

All pressuremeter hardware is powered by a single 12 volt vehicle battery. The battery is
connected to the EIU, which introduces some protection and distributes the power to a
number of outlets, including one for the pressuremeter. The returning signals from the
pressuremeter connect to the same socket. The digital signals pass through an opto-isolation
circuit and are then made available on two identical sockets for connection to the serial port of
a computer. There is also an analogue signal which represents the output of TPC A.

- The unit has a panel meter which can be switched either to read the battery volts or to read the
analogue signal.

5 DATA LOGGING / ANALYSIS SOFTWARE
Software developed by Cambridge Insitu is used to log the data during the test, and for
analysing the results subsequently.

The logging software stores the incoming data, displays the pressure/expansion curve in real
time, and provides a text file output of the test data in engineering units. This file is read

directly by the analysis program, but can also be read by any of the common spreadsheet
programs.

The analysis software provides routines which implement a number of standard analyses. The
analyses tend to be graphically driven, meaning that the analyst identifies and marks significant
parts of the curve, either for breakpoints or slope. The final screen for the analysis is then
output as hardcopy backup for the decisions made.
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APPENDIX B THE CALIBRATION PROCEDURES

After presenting the background to the calibration procedures the actual calibrations used on this
contract are summarised.

1. Scale Factors

The transducers in the probes are based on full bridge strain gauge circuits. Any such transducer
produces an output dependent on the voltage being applied to it, the stress deflecting it and the
amplification or buffering between it and the recording system.

The instruments contain electronic devices that provide a regulated voltage to the transducers and
amplification of the resulting output signals. Because this electronic conditioning is a fixed part of
the system it is not mentioned when presenting calibrations. The electrical output of the
transducer, in volts, is quoted only as a function of the deflecting stress. This function is termed

'sensitivity' and gives the scale factor for deriving pressure or displacement from the transducer
electrical output.

Although the output of the transducers is quoted in volts, the true output of the system is a digital
data stream of ASCIH encoded numbers representing volts. This signal can be connected directly
to the serial port of a small computer. All variables associated with producing the final digital

output from the strain gauge signals are a function of the pressuremeter itself, and are independent
of external changes such as replacing the cable.

When using the sensitivity calibrations to convert readings from volts into engineering units we
make two important assumptions about this output; that it is linear and that the hysteresis is

negligible. The calibration procedure needs to provide evidence that these assumptions are
reasonable.

2. The Displacement Measuring System

The displacement measuring devices used on the HPD are often referred to as 'the arms'. The
arms are calibrated by mounting a micrometer above each in turn and recording the output for a
given deflection. When calibrating the instrument it is necessary to plot these readings for both an
increasing and reducing deflection. The difference at a given point between increasing readings
and reducing readings is a measure of the hysteresis. The worst case figure is noted, and

corrective action is taken if the hysteresis is outside an acceptable limit - normally 0.5% of the
sensitivity.

The slope of the best fit straight line through all the points is used to quote the arm sensitivity - as
an output for a given deflection in units of millivolts per millimetre (mV/mm). A typical figure is

120mV/mm for a 95mm HPD. The arms have a range of 24mm so the output swing is about 3
volts.

CALs.DOC Print date: 02-06-03 Page B.1




Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 . Cambridge Insitu for Seacore

3. Pressure Measuring Transducers

For pressure measuring circuits the maximum possible sensitivity is desirable, the only
requirement is that the sensitivity be known and be linear and stable.

The sensitivity of internal pressure transducers is determined by placing a large metal cylinder
over the probe and applying a known pressure to the inside of the instrument. The pressure being
applied is measured by a standard test gauge. As with the arms, readings are plotted, the
hysteresis noted, and the best fit straight line drawn through the plotted points.

Pressure sensitivities are quoted in units of millivolts per MegaPascal and a typical figure for the
95mm HPD is 80mV/MPa.

4. Reference (‘zero’) outputs

The other parameter that the transducers have is a known output for an ‘at rest' position. This is
the value of the outputs produced by the circuits with atmospheric pressure both inside and

outside the instrument, and any displacement measuring system at the initial radius position. This
is called a little misleadingly ‘zero’.

The absolute value of this figure is normally unimportant - it is not necessary that the figure be
zero volts for zero displacement or stress, just that it be known. For practical purposes, as the
analogue to digital converter outputs.a number between —3.2767 and +3.2767 volts, the ‘at rest’

readings for the arms are set to be about -2 volts to allow a large output range with a margin for
erTor.

A similar situation applies to the pressure cells — the absolute value of the ‘zero’ output is
unimportant provided it allows the full pressure of the system to be resolved. However an
exception is made for cell A. It is convenient to have an analogue representation of the pressure
and a buffered output from cell A is taken to the surface via a spare way in the cable. Interpreting
the output is easier if zero pressure reads as zero volts and this is arranged in the probe. This
output is primarily used when making maintained load tests in softer ground where the resolution
of a test gauge is not sufficient to see if the pressure is changing.

Adjustment positions using 1% metal film resistors are provided in the instruments for setting all
‘zero' outputs.

It is normal to take zero.readings both at ground level and also immediately prior to carrying out a
test. A significant change between zero readings must be investigated. 'Significant' would mean a
change of 30 millivolts from the last set of zero readings. It is not unusual for shifts of a few

millivolts to occur from day to day. It is important that the zero readings be stable when viewed
over a period of a few minutes.

Note that when using oil to inflate the probe, ground level readings are the preferred reference
because once in the borehole the pressure transducers will read the head of oil. For gas inflation it
is probably better to use the zero readings when the probe is in place in the borehole, because it
will then be at the temperature most applicable to the test.
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s. Membrane stiffness

The membrane that is expanded by the HPD has its own initial tension requiring a finite pressure
to move it. The readings measured by the stress cells need to be reduced by this pressure in order
to determine the net stress being applied to the ground. ‘

The membrane correction has two components - the pressure to move the membrane from its
position at rest on the instrument, and a second component dependent on the radial expansion.

The technique for obtaining the correction data is to pressurise the instrument in free air, ideally
using the same rate of expansion as would be applied during a test. For preference, ‘free air’ is
actually inside a large cylinder that fits closely at the ends of the membrane but allows a large
expansion elsewhere. This is partly for safety, but also because the ends of the membrane are
reinforced by the Christmas trees and it is important that these are not over extended.

The slope and the intercept on the pressure axis of the graph produced by this test give the
membrane correction information for each arm.

Knowing that the membrane does not necessarily possess isotropic properties, it has been
customary to derive a different set of figures for each arm position. However recent work
indicates that an unconfined inflation in air exaggerates any variation in membrane properties; an
average correction factor is more appropriate.

The membrane correction data is quoted as a pressure in kPa to move the membrane from its rest
position together with a second pressure in units of kPa/mm representing the pressure increase
necessary to maintain the inflation. Typical correction figures might be 30kPa and 10kPa/mm.

6. Instrument compliance

The instrument will deform as a consequence of the pressure being internally applied. Put simply,
the instrument stretches. Because the displacement measuring system uses the body of the
instrument as a reference, movements of the body are seen as apparent displacements of the
membrane; some ingenuity is needed to immunise the displacement measuring system from this
problem. This system compliance has implications. for the measurement of shear modulus, and it
can become a significant source of error when measuring very high modulus values.

There are a number of effects to consider but they are collectively determined using a single

procedure. The correction figure which results is known somewhat inappropriately as 'membrane
compression'.

The procedure normally suggested to obtain correction data for 'membrane compression' is to
inflate the pressuremeter inside a number of cylinders of different bores; by comparing these
known bores with the displacements actually obtained from the pressuremeter then a correction
curve can be obtained. Because the correction has been assumed to be a function of membrane
thickness, then it is expected that the effect reduces as the membrane thins. In other words, it is
treated as a strain dependent variable, and a change in membrane means a new correction curve
must be derived.
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For the Cambridge family of pressuremeters real membrane compression, that is the membrane
changing in thickness as a direct result of the pressure differential across it, is almost too small to
be measurable. There are a number of other factors to consider of significantly greater magnitude
than membrane compression.

Inflating the instrument inside a metal cylinder will in theory provide data on the magnitude of
these effects. However a separate source of error, which is a function of the calibration procedure
itself, then becomes apparent. The membrane is able to expand axially by a small amount, and as a
result experiences a change in thickness which may not occur in the ground. Although steps can
be taken to keep this axial movement to a minimum, it cannot be easily eliminated.

As a consequence of the poor fit of a calibration cylinder, and also of the relatively low coefficient
of friction between the membrane and the steel by comparison with the membrane and the ground

3

+ the mstrument will move about in the cylinder - its centre will not be the same as the centre of the

cylinder. Only average radial movement can be derived. from this calibration process, and it is not
possible to obtain good data for each arm.

There is evidence that much.of the correction is due to.the Chinese lantem strips taking up the
form of the cylinder, a process that would only occur in the ground if the material was good rock.
This is the explanation for much of the initial curvature that occurs when an assembled probe is
inflated inside a metal sleeve - it is a serious error to attempt to derive a correction factor from
this part of the loading.

Taking account of all the above, the following method is used to calibrate the 95mm HPD. The
Chinese lantern is removed, and an aluminium cylinder of known properties with close fitting ends
is placed over the membrane of the instrument. It is the same cylinder as is used to do membrane
correction tests, and in fact a single test can be used to obtain all membrane parameters. The
instrument is inflated slowly until the membrane contacts the wall of the cylinder. This data are
used for membrane correction. Now the test continues in steps of 10 bars. Each step is held
briefly to ensure maximum accuracy. The probe is pressurised to 200 bars, its safe maximum
working pressure. The pressure is then reduced, also in steps of 10 bars. Some users prefer the
unloading should be down to 20 bars, then the probe should be reloaded again to maximum ~
pressure and unloaded to zero, in effect doing a large unload/reload cycle. In a good calibration,
all loading and unloading slopes will be similar, but it sometimes happens that the probe moves
with respect to the cylinder and this will affect the data. In this event doing the second reloading
will probably give the best correction information.

The calibration is obtained by plotting the pressure/displacement data on a large scale, and finding
the best fit slope through the points. The slope ought to be the known expansion of the cylinder
for a change of 200 bars. In practice it is always a little more, the difference being the ‘membrane
compression’ figure. We quote the figure in terms of ‘mm/GPa’ a typical compression being

3mm/GPa. The cylinder normally used to carry out the compression test has an elastic slope of
2.7Tmm/GPa.

Quoting the compression in this manner allows the software to calculate the appropriate error for
every step of pressure and to make the necessary adjustment to the measured displacements.

To put the correction in context, a slope of Smm/GPa ( a relatively large correction) is equivalent
to a modulus greater than 4GPa
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7. Membrane thinning

During a test the pressuremeter membrane changes in thickness as a consequence of being
stretched. This change in thickness can be calculated by assuming to a first approximation that the
cross-section area of the membrane remains constant. The calculation is incorporated into the
program that converts raw data into engineering units.

Note that the term 'membrane’ includes the stainless steel protective sheath, and that the
measurement made by the arms is the radial distance to the inside of the membrane.

Definition of Terms

is the internal radius of the membrane at rest

1s the external radius of the membrane at rest

is the internal radius of the membrane expanded

is the external radius of the membrane expanded
is the thickness of the stainless steel sheath strips
is the measured movement of the strain arm

is the actual expansion of the membrane

R ™ Y 0 oK

Calculation

At rest the cross-section area of rubber = (b —1)2— ma?
The expanded cross-section area of rubber = #(r — )2 — m?
Because the rubber is incompressible, these must be equal:-

therefore (b-1)2—a*=(r—1)2-c?
Now:- c=a+d
and:- r=b+FE

therefore (b-1)2-a*=[(b+E)-t]?-(a+d)?
L=+ EP=(b—-tP-a*+(a+d)
= (b-1)*+dQ2a+d)
NJO-O+E = [(b-1)*+d(2a+d)]
E=J[(®-1)2+dQa+d)]-(b—1)

This is the form in which the calculation is commonly applied to the data, with 2a, 2b and ¢ being
known from the manufacturer's data, and d being the measurement made by the displacement
sensors during the test.

For a 95mm High Pressure Dilatometer fitted with a 6mm nitrile rubber membrane and Chinese
lantern:-

2a = 82.0 mm
2b = 95.0 mm
t = 0.53 mm

To apply the correction at a given expansion the average radius of the expanding membrane is
calculated. This average is then entered into the equation and the ratio between the corrected
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average and the raw average is expressed as a scale factor (it turns out to be about 0.90 for a

95mm HPD at all expansions). The scale factor is then applied to the individual arm displacement
outputs.

8. Repeatability (or how much effort should be devoted to calibrations)

Although it is important regularly to check the sensitivities of the strain gauge circuits, it is
unusual for them to change markedly. Indeed it is common for the hysteresis to improve with use.
80% of the performance of a strain gauge bridge application can be predicted from its design; the
calibration removes the uncertainty due to manufacturing tolerances, and can give early warning
of impending problems in a particular circuit.

The expansion test for example is concerned with making relative measurements, not absolute
measurements. The HPD displacement measuring system will resolve movements of less than 0.5
microns over a range of 24 millimetres; the pressure measuring system will resolve changes of 0.5
kPa over a range of 20MPa. This resolution is considerably higher than can be seen with a
standard micrometer or test gauge. To put it into context, 0.5 microns is approximately the
wavelength of ultraviolet light. Obviously there is no practical possibility of checking by
measurement a movement so small.

Hence the term ‘calibrating' is inappropriate. What is done in practice is to check that the various
sensors are linear over a number of relatively coarse steps or intervals. We assume that this linear
behaviour will be true for very much smaller changes.

For this reason alone, without considering additional sources of error such as the skill of the
operator carrying out the calibration, the accuracy of the standard used to derive this linearity is of
secondary importance. We expect successive calibrations on the same sensor to be within 2% and
investigate a difference greater than 3%.

We also ignore secondary sources of error in this assumption of linearity, such as temperature
change. The full bridge configuration is relatively insensitive to temperature variation provided the
strain gauges used are matched to the characteristics of the surface to which they are bonded.
When critical measurements are being made during a test, for example when taking a reload loop,
it is reasonable to assume the temperature remains constant. The ground is usually at a constant
temperature whenever a test is carried out, but sometimes there are problems - the temperature of
the gas being supplied to the downhole tool can have an influence especially if the gas bottle
reservoir is lying outside in direct sunlight.

Using spreadsheet software to present the results of the calibrations for sensitivity has become
common practice. One benefit of this is that gradients can be calculated by linear regression
routines; this ensures different operators given the same set of data will derive identical calibration
factors. The calibrations are presented as a tabulation of transducer output against a known
reference, with the linearity and hysteresis quoted for each calibration step.

The membrane correction of the HPD seldom changes greatly and the type of material it is used to

test means that for the most part any errors in the magnitude of the correction are of minor
importance. The total contribution of the correction is less than 200kPa to a typical test.
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In general, if the material is weak (shear strength less than 100kPa) then membrane stiffness is
important. If the material is extremely stiff (shear modulus greater than 1GPa) then correcting for
instrument compliance is important. In between these two extremes the influence of the
imperfections of the machine on the derived parameters is negligible.

9 ORIENTATION

The electronics module fitted at the lower end of the instrument contains an electronic compass
that can be used to identify the orientation of the probe with respect to magnetic north.The
compass consists of two sensors whose output is proportional to the Earth’s magnetic field. The
sensors are fitted at right angles to each other, each giving a maximum output when that sensor 1s
in line with magnetic north. The consequence is that that at any time the sensors give the sine and
cosine of the angle made with magnetic north, permitting an unambiguous direction to be inferred.

The calculation of direction is implemented in the logging software package.

To calibrate the sensors, the instrument is rotated slowly through 360 degrees whilst the output of
the sensors are logged. From this, the maximum and minimum output of each sensor is derived
and 1s stored. Thereafter, selecting an option ‘Heading’ in the logging software uses the derived
maximum and minimum values and the current data line to determine a direction.

Because the magnitude of the output is affected by the dip angle made with magnetic north, it is
best if such a procedure is carried out in the ground immediately above the test pocket.

The sensors are hidden inside the electronics module container. A brass stud on the outside
indicates the position of the Cos sensor, and the electronics module fits to the instrument so that
this stud is in line with arm 1. The direction that the compass produces, therefore, is the angle of
arm 1 with respect to magnetic north.

10. Tables of measured scalar values

Date Arm1l | Arm2 | Arm3 | Arm4 | Arm5 | Armé6 | TPCA | TPCB

Tily | mV/mm | mV/fim | mV/mm | mV/mm | mV/mm | mV/mm | mV/MPa | mV/MPa
05/07/00{ 1233 129.2 117.7 117.3 115.0 122.2 80.5 -
13/06/02| 122.1 127.2 117.3 116.9 114.4 120.9 80.3 -
07/08/02| 1222 127.3 117.6 117.2 114.7 120.7 81.0 -
02/10/02| 1223 1273 117.5 117.3 1142 | 121.0 80.7 -
06/03/03 - - - - - - 80.9 89.5
8-9/05/03] 122.0 127.2 117.7 117.4 114.8 1209 | 813 90.1

Scotty
26/07/01| 120.4 120.0 120.6 120.5 118.8 120.1 78.6 80.8
16/08/01| 120.5 120.0 120.5 120.3 118.9 120.0 78.9 81.2
27/11/01| 120.3 120.0 120.5 120.0 118.8 120.4 78.7 81.0
01/02/02| 120.0 120.0 120.7 120.4 118.9 120.1 77.2 -
12/06/02] 120.5 120.0 120.6 120.5 119.0 120.1 78.8 81.0
20/03/03 | 120.4 119.9 120.5 120.2 118.6 120.3 - -
24/03/03 - - - - - - 78.7 81.0
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11.

Plots of these calibrations follow.

Table of membrane calibrations for HPD tests

95mm HPD Testing
Cambridge Insitu for Seacore

Test Probe Zero Slope Compression
(kPa) (kPa/mm) (mm/GPa)

C999T99 Tilly 48 10 3

C499T99 Scotty 49 9.7 2.5
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95mm HPD Tiity
!
Arm calibration Sth July 2000
mm Am 1 Linearity |Hysteresis] Am2 | Linearity |Hysteresis| Arm3 | Lineariy |Hysteresis
(mv) (%) IR EGY) (%) (%) ™) | %) (%)
0] -13855 100.1 0.30] -1692.1 102.7 001 -1563.7 93.5 -0.08
2] -1138.8 101.5 0.39] -1426.8 101.3 0.30] -13437 103.3 0.09
4 -888.5 89.7 -0.10f -1165.0 101.1 033f -1100.5 101.1 0.04
6 -542.6 99.4 -0.08 -903.7 98.8 0.41 -862.5 100.4 -0.05
8 -397.5 98.7 017 -648.3 97.9 0.34 -626.2 99.1 0.11
10 -154.2 97.9 -0.10 -395.4 95.8 017 -393.0 99.4 0.02
12 87.1 -97.3 -145.2 -97.8 -159.0 -99.6
10 © -182.7 -28.3 -388.0 -98.8 -393.3 -92.6
8 -395.0 -99.9 £53.6 -99.2 -627.8 -99.4
6 641.4 -99.6 -910.0 -100.7 -861.8 -101.7
4 -887.0f . -104.4 -117041 -101.2 -1101.1 -103.6
2| -11445 -99.5 -1431.5 -100.8 -1344.9 -92.5
0; -1389.9 -1692.0 -1562.5
Zero -1385.0{mV -1687.2ImV -1570.2|mV
Slope 123.3|mV/mm 129.2|mV/imm 117.7{mV/imm
mm Am 4 Linearity |Hysteresis| Arm S5 Linearty |Hysteresis; Am 6 Linearity |Hysteresis
(mV) (%) (%) (mVv) (%) (%) (mV) (%) (%)
0] -1378.0 91.0 -0.01} -14756 100.4 0.05] -15443 102.5 -0.03
2] - -11644 103.5 -0.09] -12447 101.9 0.23| -1293.8 101.8 0.14
4 -921.5 101.6 0.09] -1010.2 100.1 0.07] -1045.1 100.2] 0.1
6 -683.2 100.6 -0.03 -779.9 98.6 0.04 -800.2 98.6 0.07
8 4473 99.6 0.06 -563.1 99.0 0.02 -559.3 98.3 0.10
10 -213.6 99.7 -0.08] | -3253 99.1 -0.06 -3191 98.2 -0.10
12 20.4 -99.3 -97.3 -98.8 -79.2 -97.6
10 -212.5 -100.4 -3245 -89.5 -317.7 -99.5
8 -448.1 -100.0 -553.4 -98.7 -560.8 -98.4
6 5£82.8 -101.2] - -780.5 -100.2 -801.2 -100.7
4 -820.2 -103.5 -101141 -102.9 -1047.3 -101.7
2] -1163.1 -91.5 -1247.9 993 ©-1295.8 -101.5
0f -1377.8 -1476.3 -1543.8
Zefo -1387.5{mV -1474.0{mV -1539.0{mV
Slope 117.3|mV/imm ~ 1150|mV/imm 122.2ImVimm
Pressure celf calibration Sth July 2000 0-250 bar gauge s/n 12574638
bar TPC Linearity | Hysteresis
(mV) (%) (%)
0 6.0 91.1 -0.23
10 79.3 99.5 -0.72
20 159.4 93.7 -0.69
30 239.6 99.5 -0.47
40 319.7 102.2 -0.30
50 401.9 97.1 -0.11
60 480.0 102.8 -0.75
70 562.7 102.0 0.56
80 644.8 -97.6
70 566.3 -101.3
69 484.8 -102.2
50 402.6 -100.7
40 321.6 -98.2
20 242.6 -97.9
20 163.8 -99.3
10 83.20 -94.9
0 7.5 '
Zero 0.2{mV
Slope 8.0imV/bar
Sensitivity 80.5|mV/Mpa




95mm HPD Tilly |
I |
Arm calibration 13th June 2002
mm Arm 1 Linearity |Hysteresis| Amm2 | Linearty |Hysteresis] Am 3 | Linearity | Hysteresis
(mV) (%) (%) (mV) (%) (%) (mV) (%) (%)
0] -13811 99.6 0.02] -1680.0 102.9 -0.03] -1558.0 94.9 -0.07
2] -1137.8 103.0 0.05] -1418.2 103.3 0.10] -1335.3 103.9 -0.10
4 -886.3 101.0 0.13] -1155.4 102.4 0.19] -1091.6 102.1 -0.18
6 -639.6 100.2 0.19 -895.0 100.5 0.22 -852.1 100.2 -0.25
8 -395.0 100.0 0.24 -639.3 99.8 0.24 -617.0 99.8 0.32
10 -150.9 99.4 -0.25 -385.5 99.1 0.27 -382.8 89.5 -0.32
12 91.9 99.3 -0.23 -133.5 98.9 0.24 -149.4 98.9 -0.32
14 334.3 98.9 £0.20 118.0 98.1 0.24 82.7 99.2 0.26
16 575.8 98.0 0.16 367.5 97.5 0.16 315.4 99.2 0.21
18 815.2 99.4 -0.19 615.4 97.7 0.12 548.0 89.6 0.11
20|/ 10580 97.6] - 864.0 -98.9 781.7 -98.6
18 819.8 -98.3 612.3 -97.8 550.5 -98.1
16 579.7 -98.5 363.4 -98.9 320.3 -88.7
14 339.2 -99.0 111.8 -98.9 88.8 -98.3
12 97.5 -99.2 -139.7 -99.3 -141.8 89.5
10 -144.71- 1001 -392.3 -89.5 -375.2 -99.9
8 -389.2 -100.7 -645.5 -100.2 -609.5 -100.9
& -635.0 -101.7 -800.5 -102.1 -846.3 -102.8
4 -883.2 -103.8 -1160.2 -102.4 -1087.4 -104.7
2| -1136.7 -99.9 -1420.7 -101.6 -1332.9 -95.3
0} -1380.7 -1679.2 -1556.4
Zero -1374.6|mV -1668.1|mV -1557.5|mV
Slope 122.1{mVimm 127.2 jmV/mm 117.3ImV/imm
mm Am 4 Linearity | Hysteresis| Amm5 Linearity | Hysteresis] Arm 6 Linearty |Hysteresis
(mVv) (%) (%) (mv) (%) (%) (mv) (%) (%)
0] -13740 96.6 0067 -1466.4 99.7 -0.06] -1638.2 102.9 -0.03
2] -1148.1 103.4 -0.08] -1238.2 103.0 0.04] -1289.5 103.6 -0.19
4 -806.4 101.7 -0.18| -1002.6 100.7 0.15] -1039.0 101.2 0.26
5] -668.6 100.6 -0.25 ~772.1 99.6 -0.30 -794.4 100.2 --0.34
8 -433.4 100.0 -0.33 -544.1 99.7 0.40 -552.1 99.5 -0.40
10 -199.6 99.6 -0.36 -315.9 99.5 0.44] - -311.7 99.2 -0.45
12 . 33.2 99.1 -0.31 -£8.3 99.4 -0.44 -72.0 98.2 0.43
14 264.9 98.3 -0.25 139.2 99.9 -0.38 165.4 98.7 -0.45
16 494.8 99.1 -0.29 367.8 99.0 0.24 403.9 98.6 0.36
18 726.5 98.9 -0.10 594.3 97.2 0.13 642.2 98.3 -0.24
20 957.8 -97.9 816.8 -86.0 879.8 -95.9
18 728.8 97.2 597.2 -97.9 648.0 97.4
16 501.5 -98.7 373.2 -98.5 412.7 -97.8
14 270.8 -98.5 147.9 -98.9 176.2 -98.4
12 40.5 -99.1 -78.3 -99.5 £1.6 -89.0
10 -191.2 -100.3 -305.8 -100.1 -300.8 -100.0
8 -425.8 -101.4 -535.0 -100.6 -542.5 -100.8
[ -£562.8 -102.4 -765.2 -102.3 -786.1 -102.0
4 -902.2 -104.4 -999.2 -104.1 -1032.6 -104.3
2] -11463 -86.8 -1237.3 -99.5 -1284.8 -104.5
0] -137286 -1465.0 -1537.5
Zero -1371.4jmV -1459.9ImV -1523.1imV
Slope 116.9|mV/mm 114.4{mV/mm 120.9{mV/imm
Pressure cell calibration 13th June 2002 Budenberg gauge s/n 12394260
bar TPC Linearity |Hysteresis
(mv) (%) (%)
0 2.0 104.7 0.21
20 170.0 99.1 -0.14
40 329.1 99.7 0.12
60 489.2 100.2 0.06
80 650.0 101.5 0.19
100 813.0 -100.6
80 651.5 -101.4
60 488.7 -100.0
40 328.1 -97.8
20 171.1 -104.3
0] 3.7
Zero 8.6|mV
Slope 8.0{mV/bar
Sensitivity 80.3|mV/Mpa




[

95mm HPD Tilly {
I
Arm calibration 7th August 2002
mm Arm 1 | Linearity |Hysteresisi Arm 2 | Linearity |Hysteresis| Arm 3 Linearity |Hysteresis|
) 3] (%) ) %) ) (V) ) (%)
0} -1376.7 100.3 0.07] 16754 100.4 0.04| -1561.5 98.0 0.01
2] 11316 103.1 0.06] -1418.7 104.0 0.19} -1331.0 103.6 0.06
4 -879.6 101.2 0.14] 11548 102.2 0.25] -1087.2 101.7 -0.16
3 £32.2 100.6 0.16 -894.4 100.4 0.27 -848.0 100.2 -0.26
8 -386.3 89.7 0.18 £38.6 99.6 0.31 -612.3 99.7 0.31
10 -142.7 99.4 0.23 -384.9 93.3 0.31 -377.6 97.5 0.35
12 100.2 98.4 -0.22 -13t9 93.8 0.26 -148.2 100.2 0.41
14 340.7 99.0 -0.25 118.8 98.0 0.23 87.5 §8.3 £.34
16 582.7 rg8.5 -0.18 369.5 97.5 0.16 321.2 99.5 0.28
18 823.4 98.9 -0.16 617.8 §97.8 0.02 555.4 98.6 -0.10
20 -97.3 866.9 -88.0 787.3 -87.6
i8 -98.2 617.2 -93.8 557.7 87.7
16 -88.5 365.5 -88.8 327.8 -88.8
14 -98.7 114.0 -99.2 95.4 -99.5
12 -99.4 -138.6 -99.8 -138.6 -88.0
10 001 3928 596 -369.31 1002
8 -100.8 546.4 -100.1 -605.0 -100.7
5] A -101.5 -501.4 -102.0 -842.0 -102.6
4 -876.2 -103.9 -1161.1 -103.4 -1083.4 -104.6
2] -11301 -100.3 -1424.5 -98.9 -1329.6 -98.7
0} -1375.1 -1676.5 -1561.8
Zero -1368.3|mVv -1668.5{mV -1556.8{mV
Slope 122.2{mVimm 1273 mVimm 117.6 |mVimm
mm Arm 4 Linearity |Hysteresis{ Am S5 Linearity | Hysts i Amm & Linearity |Hystecesis;
vy ) %) V) (%) #) {mv) (%) %)
0] -1380.1 100.2 -0.09] -1467.3 103.9 0.271 -1536.0 88.0 -0.02
2] 11452 103.9 -0.13] -1225.0 101.5 0.08f -1297.1 103.4 0.12
4 -801.8 101.6 -0.21 -996.1 101.3 0.061 10476 101.1 0.16
& -663.7 100.7 -0.29 -763.8 99.5 -0.21 -803.5 99.4 -0.08
8 427.8 83.8 0.34 -535.5 100.0 0.31 -563.7 89.6 -0.29
10 -194.0 98.8 0.37 -306.0 99.3 -0.31 -323.2 899.4 -0.38
12 37.6 98.9 -0.33 -78.3 99.7 034] . 832 99.7 -0.39
14 269.3 89.3 -0.35 180.5 98.9 -0.29 157.4 98.2 -0.31
16 502.0 87.9 -0.23 377.4 978 -0.28 3984.5 99.3 .32
18 731.4 973 -0.09 §01.8 97.5 -0.20 634.1 98.1 0.1
20 959.3 -96.4 825.5 -85.6 870.9 -97.0
18 733.4 -96.4 806.3 -86.9 636.8 -97.2
16 507.5 -98.1 3839 -98.8 402.2 -98.3
14 277.5 -99.0 157.2 -99.3 165.0 -89.0
12 45.4 -98.5 -70.6 -89.6 -73.9 -98.5
10 -185.4 -100.1 -299.0 -100.0 -314.0 -100.6
8 -418.9 -101.2 -528.5 -100.4 -556.8 -101.3
6 -657.0 -102.3 -758.9 -102.8 -801.3 -103.6
4 -896.8 -104.7 -894.8 -102.9 -1051.4 -103.0
2] 11422 -100.6 -123C.5 -100.3 -1300.C -97.6
{0} 43780 ) 14611 15355
Zero -1369.6{mV -1485.1|mv -1531.5/mV
Slope 117.2{mV/imm 114.7{mV/mm . 120.7{mVimm
Pressure cell calibration 7th August 2002 Budenberg gauge s/n 12394260
bar TPC A | Linearity |Hysteresis|
o) %) %)
Q 10.2 103.7 0.00
20 178.3 97.5 -0.17
40 336.3 99.6 -0.20
60 497.7 98.8 -0.17
80 657.9 98.3 -0.21
100 818.8 100.4 -0.22
120 981.5 101.3 -0.31
140 1145.7 101.5 -0.11
160 1310.2 100.8 -012 !
180 1473.5 101.2 -0.04
200 1637.5 -100.8
180 1474 1 -99.9
160 1312.2 -101.6
140 1147.5 -99.3
120 986.5 -101.3
100 8223 -89.3
8] 6613 993 ]
80; 3004 99z o
40 339.6 -97.8
20 181.10 -105.4
¢} 10.2
Zeco 13.5|mVv
Slope 8.1 |{mV/bar
Sensitivity 81.0ImV/Mpa
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95mm HPD Scotty |

Amm calibration 26th July 2001
mm Am 1 Lineadity [Hysteresis| Am 2 | Linearity |Hysteresis| Am 3 Linearity | Hysteresis
(mV) (%) (%) mv) (%) (%) {mv) (%) (%)
0} -2108.0 103.9 0.01 -1994.6 102.4 0.04] -1840.8 103.9 0.01
2] -1857.9 103.1 0.01 -1749.0 103.5 0.05] -15901 102.5 -0.07
4] -1609.8 1021 0.02] -1500.7 101.2 0.06] -13427 100.8 0.15
&) -1363.9 100.2 -0.021 -1258.0 100.5 0.12] 10985 89.6 022
8] -1122.7 99.2 0.08] -1017.0 100.2 0.18 -859.2 99.7 028
10 -883.9 99.1 -0.10 -776.6 100.0 -0.21 £18.7 989 0.28
12 -£645.3 97.8 -0.10 -536.7 98.4 0.24 -380.1 995 031
14 -409.9 98.4 017 -300.7 98.1 -0.28 -140.0 98.1 0.29
16 -172.8 99.0 -0.13 £5.3 96.8 0.23 96.6 99.1 0.25
18 65.4 98.5 -0.09 167.0 95.8 0.14 33587 100.0 -0.18
20 302.5 -97.6 396.8 -54.4 S77.0 -98.2
18 67.5 -98.6 1703 -96.0 340.0 -98.4
16 -169.8 98.1 -58.9 -97.6 1027 -97.7
14 -405.9 -98.4 -294.0 -98.7 -133.1 -99.3
12 6428 -89.2 | __-530.9 -100.3 -372.6 -88.2
__ 1l Tes1s 993 7715 4005 5119 897
‘8| 11206] -100.9 -1012.7]__-101.1 _-8525] {002
6! -1363.4 -102.1 -1285.2 -101.7 -1094.3 ~-101.5
4] -1809.2 -103.4 -1489.2 -103.7 -1339.2 -103.2
2] -18%8.1 -103.9 -1747.9 -103.2 -1588.3 -104.7
0} -2108.2 -1895.6 -1841.0
Zero -2093.9{mV -1982.0imV -1827.6{mV
Slope 120.4mV/imm 120.0{mVimm 120.6|mVimm
mm Am4 | Linearity [Hysteresis;y Am S | Lineadty |Hysteresis;, Amm 6 Linearity |Hysteresi
™ | %) & [ | = %) @[ (%)
0] -1810.1 104.5 0.04] -1901.1 103.5 -0.01 -1660.1 103.9 0.02
2} 15582 102.5 -0.08] -1655.2 102.7 0.03| -1710.6 103.0 0.01
41 13112 101.0 -0.15) -14113 101.6 -0.09] -14632 101.4 -0.02
6] -1087.7 100.0 0.2} -1169.9 100.4 0.18] -1219.7 100.0 -0.06
8 -826.7 99.6 -0.27 -931.4 99.1 0.23 -979.6 99.8 0.10
10 -586.7 99.5 0.29 -£96.0 99.3 0.36 -739.9 98.5 -0.04
12 -347.0 99.3 0.29 -460.2 99.8 -0.45 -503.3 98.2 0.13
14 -107.7 97.4 0.24 -223.0 93.2 0.37 -267.5 98.8 -0.19
16 127.0 99.7 0.25 127 95.9 -0.28 -30.2 $9.0 017
18 367.4 974 -0.07 2405 94.8 -0.17 2075 98.4 0.1
20 602.2 -96.8 465.6 -93.0 4439 -97.3
18 369.0 -87.9 2446 -94.8 210.2 -98.4
18 133.0 875 18.5 -88.4 -26.2 -88.6
14 -101.9 -98.8 -214.3 -89.0 -263.0 -98.8
12 -340.0 -99.5 -449.6 -100.1 -500.2 -89.4
10 -578.7 -99.8 587 4 -100.4 -738.9 -89.3
8 -820.3 -100.5 -925.9 -100.8 -877.3 -100.4
61 -1062.4 ~-101.7 -1165.4 -102.6 -1218.3 -101.8
4] -1307.5 -103.1 -1409.1 -103.8 -1462.2 -103.3
o _ 2} -i556.1 -105.0 -1555.8 -163.1 - -171C.8 -10_19_
; 5. 18084 -1900.8 19605
Zeto -1795.0{mV -1887.2Imv -1946.8{mV
Slope 120.5!mV/imm 118.8|mV/imm 120.1{mVimm
Pressure cell calibration 27th July 2001 Budenberg gauge s/n 12394260

bar TPCA | Linearty |Hysteresis] TPCB | Linearity |Hysteresis

(mv) (%) (%) (mv) (%) (%)

0 -76.2 107.4 037 9.5 106.3 -0.35
20 93.6 94.2 0.38 80.3 97.6 -0.68
40 2416 101.9 -0.61 238.1 98.6 078
80 401.8 102.2 -0.56 3974 101.5 0.97
80 5624 $9.1 -0.08 S61.5 102.4 -0.69

100 718.1 97.9 0.11 727.0 97.3 -0.24

120 872.0 100.4 0.47 884.3 100.4 £0.67

140 1029.8 1015 -0.48 1046.5 101.7 0.65

160 11893 999 021] 12108 100.1 033
180]  1346.4 105.2 0.57| 13725 1053 0.44
200] 1511.8 99.5 15427 -100.9
180] 1355.4] 1036 1379.6]  -101.1
160] 11926 988 12162 98.5
140] 1037.3] -1005 1057.0] 1002
120 879.4] -1015 8951] -101.7
100 719.8 89.2 730.8 7.8
80| _geaAl opal 572.7 N S N
6G] 4106 3014 413.0] 100.4 - i i
40 251.2 963 250.7 986
20 99.80] 1076 9130] -1096
0 69.4 859
Zero -65.4\mV -78.6|mV
Slape 7.8 mV/bac 8.1|mV/bar

Sensitivity 78.6|mV/Mpa 80.8|mViMpa
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95mm HPD Scotty |

Arm calibration 27th November 2001
mm Arm 1 Linearity |Hysteresis| Arm 2 Linearity |Hysteresis| Arm3 Lingarity |Hysteresis
(mV) (%) (%) (mV) (%) (%) (mV) (%) (%)
0] -2110.2 102.2 0.00{ -1989.4 102.6 0.021 18359 102.8 -0.01
2] -1864.3 102.6 -0.02] -1743.2 103.1 -0.02] -15883 102.6 -0.07
4] 16175 102.5 0.07] -1495.8 101.6 0.05] 13412 100.7 -0.13
6] -1371.0 100.3 -0.08 -1251.9 100.7 -0.12] -1098.7 99.5 -0.23
8| -1129.8 99.3 -0.12] -1010.3 99.8 0.17 -859.0 99.2 -0.29
10 -891.0 99.2 -0.15 -770.8 99.0 -0.22 -620.0 99.7 -0.34
12 -652.3 98.7 -0.14 -533.3 100.0 -0.31 -378.7 99.2 -0.32
14 -415.0 98.0 -0.11 -293.3 97.5 -0.18 -140.8 99.1 -0.25
16 -179.3 98.7 -0.16 -59.3 97.1 -0.21 398.0 99.8 -0.22
18 58.1 98.3 -0.12 173.8 96.2 -0.12 338.4 98.5 -0.07
20 294.6 -97.1 404.7 -95.0 575.8 -87.8
18 61.1 -98.4 176.8 -896.2 340.1 -88.3
16 -175.5 -98.5 -54.2 97.7 103.2 -98.7
-~ 14 -412.2 98 4 -288.8{ 988 -124.7 885 a
12 -648.5) €31 _ -5235.3 9z.9 3720 995 .
15 -887.3 -99.6 -765.6 -100.2 517 -99.8
81 -1126.9 -100.6 -1006.1 -101.2 -852.1 -100.0
6] -1368.8 -102.7 -1248.0 -102.3 -1093.1 -101.8
41 -1615.8 -103.1 -1494.5 -103.4 -1338.0 -103.1
2| -1863.8 -102.5 -1742.6 -102.7 -1586.5 -103.4
0] -2110.3 -1989.0 -1835.7 )
Zero -2098.9/mv -1976.6|mV -1825.0imv
Slope 120.3|mV/mm 120.0{mV/mm 120.5{mV/mm

mm Amm 4 | Lineadty |Hysteresis| Am 5 Linearity |Hysteresis] Arm6 | Linearity |Hysteresis

(mv) (%) (%) (mV) (%) (%) (mv) (%) (%)
0f -1813.0 98.7 0.01] -1913.0 103.5 0.03] -1977.7 105.6 -0.01
2] -1576.3 102.7 0.00] -1667.2 103.2 014! 17236 102.6 0.08
4] -1329.8 101.0 -0.09] -1422.0 101.3 -0.24] -1476.6 101.5 0.16
6| -1087.4 100.5 -0.18] -1181.3 100.5 -0.34] 12323 99.9 0.05
8 -846.3 99.7 0.22 -842.7 99.8 0.42 -991.8 99.5 -0.01
10 -607.2 99.7 -0.27 -705.5 99.9 -0.45 -752.2 99.0 -0.02
12 -368.0 99.5 -0.25 -468.2 99.2 -0.41 -513.8 99.4 0.02
14 -128.3 99.2 0.20 -232.5 97.9 -0.38 -274.6 97.0 0.05
16 108.6 98.4 -0.11 .04 896.5 -0.39 -41.1 99.2 -0.03
18 3446 98.2 -0.06 2292} 84.21 . 023} 1977 98.3 0.00
20 580.3 -87.7 453.0 -91.9] T 4344 -98.3
18 346.0 -97.9 234.7 94.9] 7 197.8 -98.9
16 111.2 -98.2 9.3 -98.0 -40.4 87.7
14 -124.4 -99.1 2235 -98.9 275.7 -99.1
121 -382.1 -99.5 -99.6 -514.2 -98.6
10] ~-500.8] 1001 1657 ) - 751.6) 997
2] -847.0] -inus8 AT -991.6) -100.4
6| -1082.8 -102.1 -1173.3 -102.3 -1233.4 -102.6
4] -1327.7 -103.7 -1416.3 -104.2 -1480.4 -101.9
2] -1576.4 -898.7 -1663.9 -104.5 -1725.6 -104.6
0] -1813.3 -1812.2 -1977.4
Zero -1808.8|mV -1896.8|{mV -1962.8/mV
Slope 120.0{mVimm ) 118.8|mV/mm 120.4jmV/mm
Pressure cell calibration 28th November 2001 STG: 10759918 (0-600psi)
psi TPCA | Linearity |Hysteresis] TPCB | Linearity |Hysteresis
(mv) (%) (%) (mVv) (%) (%)
0 -78.8 98.9 -0.55 -70.5 97.8 -0.09
100 -25.1 101.9 -0.61 -15.9 99.8 -0.18
200 30.2 102.8 -0.25 39.8 101.2 -0.24
300 86.0 99.1 0.21 96.3 99.8 0.12
400 139.8 99.3 0.09 152.0 100.9 -0.03
500 193.7 87.7 0.09 208.3 97.6 0.06
600 248.7 -98.2 262.8 -98.0
500 193.4 -99.3 208.1 -100.3
400 139.5 -89.9 152.1 -99.2
300 853 -100.0 96.7 -100.5 —
200 31.0 -89.7 406! -100.1
e 231 993" T I HES et I -
BT T agTel T T T -70.2
77.9|mV -70.8|mV
0.54{mV/psi 0.56 |{mV/psi

78.7ImVIMPa 81.0{mV/MPa




95mm HPD Scotty ;
Arm calibration 1st February 2002
mm Arm 1 Linearity |Hysteresis| Arm 2 Linearity |Hysteresis| Arm 3 Linearity |Hysteresis|
(mvV) (%) (%) (mv) (%) (%) (mv) (%) (%)
0} -211286 102.0 0.14] -1994.8 102.5 0.00;] -1841.1 102.8 0.19
2] -{867.9 102.9 0.07| -17488 103.0 0.05] -1592.9 102.8 -0.10
4] -1621.1 102.3 0.03] -1501.7 101.8 011 -13446 100.8 -0.13
6] -1375.6 100.4 0.00{ -12575 100.7 -0.15] -1101.3 99.8 0.21
8| -1134.8 99.4 0.05] -10159 99.8 -0.20 -860.3 99.1 -0.27
10 -886.4 98.7 0.08 -176.4 98.9 -0.23 -621.1 99.3 0.32
12 -659.7 98.5 0.13 -539.0 99.6 -0.30 -381.4 98.5 -0.32
14 423.5 98.4 -0.18 -300.1 98.1 -0.23 -143.5 99.2 0.34
16 -187.5 99.0 -0.20 -64.8 97.1 0.19 959 98.9 -0.28
18 49.9 98.7 0.15 168.2 96.1 -0.13 334.6 100.1 0.7
20 286.7 -87.2 398.7 948 576.3 -98.5
18 53.5 -98.4 171.3 -96.5 338.6 -97.8
16 -182.6 -98.6 -60.3 -97.7 102.6 -98.6
14 -419.2 -98.9 -294.7 -98.9 -1354 -98.7
12 -856.5 -99.2 -531.9 -99.6 -373.7 -89.3
10 -894.5 -99.7 -770.8 -100.1 613.4 -89.5
8] -11336 -100.8 -1011.0 -101.3 -853.7 -100.5
6] -13755 -102.7 -1254.0 -102.1 -1096.3 -101.6
4] -1621.9 -103.2 -1489.1 -103.6 -1341.5 -103.2
2] -1869.6 89.9 -1747.6 -103.0 -1590.6 -105.6
0] 21083 -1994.8 -1845.6
Zero -2102.0{mV -1981.9/mV -1830.0|mv
Slope 120.0|mV/mm 120.0{mV/mm 120.7 {mV/mm
mm Am4 | Linearty |Hysteresis] Amm 5 Linearity [Hysteresis| Am 6 Linearity |Hysteresis
(mv) (%) (%) (mv) (%) (%) (mV) (%) (%)
0] -1823.3 102.9 0.07] -18135 103.2 -0.08] -1983.4 107.1 -0.16
2| -15755 103.2 -0.16] -1668.1 103.2 0.10] -1726.2 103.0 -0.04
4] 13270 160.5 017 14227 101.2 0.22] -1478.8 101.0 -0.05
6] -1085.0 100.3 027 -1182.2 100.6 -0.32] -1236.1 100.1 -0.14
8 -843.5 99.7 -0.31 -943.0 100.0 -0.38 -895.7 99.5 -0.17
10 -603.5 99.4 0.34 -705.3 98.6 0.42 -756.8 99.0 -0.20
12 -364.2 99.4 -0.32 -470.9 93.8 0.50 -518.0 98.7 -0.21
14 -124.8 98.1 0.27 -233.7 98.9 -0.46 -281.8 97.5 -0.18
16 1115 99.1 -0.27 14 96.4 -0.37 -47.5 98.7 -0.25
18 350.2 97.7 -0.09 230.5 94.4 0.22 189.5 98.1 -0.17
20 5855 -96.8 454.9 -92.2 425.1 -96.4
18 3524 97.4 235.7 -94.8 193.6 97.9
16 117.9 -98.1 103 -98.0 -41.6 -98.2
14 -118.3 -98.9 222.7 -99.4 277.4 88.5
12 -356.4 -99.2 -458.1 -99.4 -513.8 99,1
10 -595.3 -100.0 -695.4 -100.4 -751.9 897
8 -836.0 -100.7 -834.0 -101.2 -991.5 -100.4
6] -1078.5 -101.5 11745 -102.2 -1232.7 -101.9
4] -1322.9 -103.3 -1417.5 -104.4 -14775 -103.2
2] 5717 -103.8 -1665.8 -103.4 17253 -105.9]
0] -18217 -1911.7 -1978.6
Zero -1810.1imV -1898.1imv -1963.4imv
Slope 120.4]mV/imm 118.9{mV/imm 120.1|mV/mm
Pressure cell calibration Budenberg gauge s/n 12574638 (0 - 250 bar
bar TPCA | Lineartty |Hysteresis] TPCB | Linearty Hysteresis
(mV) (%) (%) (mv) (%) (%)
0 -71.8 104.1 0.04
10 8.6 95.5 0.48
20 82.3 99.5 -0.09 Not working properly.
30 159.1 100.1 0.00
40 236.4 100.8 -0.20
50 314.2 99.5 -0.06
60 3810 102.8 0.31
70 4704 -100.6
60 392.7 -101.3
50 3145 -89.7
40 2375 -101.5
30 159.1 -98.8
20 82.8 -99.3
10 6.10 -100.6
o] -71.6
Zero ~71.3]mV
Slope 7.7 mV/bar
Sensitivity 77.2|mViMpa




95mm HPD Scotty |

Ammn calibration 12th June 2002

mm Amn 1 Linearity |Hysteresis| Amn 2 | Linearity |Hysteresis| Arm 3 Linearity |Hysteresis

(mv) %) (%) (mv) (%) (%) (V) (%) (%)

0} -2118.5 1026 0.07} -1988.7 102.4 0.10] -1832.8 103.6 -0.01
2] 18714 1033 0.00} -1753.0 102.5 0.06] -1583.0 102.5 -0.07
4] 626 101.9 0.02; -1506.9 101.5 -0.05] 133538 100.9 0.15
6] -1377.0 100.3 -0.07{ -1263.3 100.5 -0.16] 10923 99.7 L2
81 11354 99.2 -0.10| 10220 100.1 -0.21 851.7 99.2 0.28
10 896.5 98.9 0.14 -781.8 98.9 0.22 £12.5 99.1 -0.35
12 -658.2 99.0 -0.14 -544.5 99.2 -0.35 -373.5 99.6 -0.34
14 -418.7 97.8 -0.09 -306.3 98.2 -0.27 -133.2 98.5 £0.27
16 -184.2 93.0 -0.10 -70.7 98.1 -0.17 1045 99.5 0.27
18 54.4 98.4 -0.09 164.8 96.1 -0.02 344.6 98.7 -0.08
20 2915 8975 395.5 5.9 582.8 -98.0
18 56.5 $8.9 165.3 -96.6 346.5 97.7
18 -181.7 -97.9 66.6 -97.2 110.9 -985
14 417.5 -98.5 -299.8 -98.4 -126.7 -98.9
12 -654.9 -98.9 -536.1 -100.2 -365.2 -99.0
10 -893.2 -99.5 -776.6 -100.2 6041 -99.7
8| -1133.0 -100.6 -1017.0 -101.0 8447 -100.4
6] -1375.3 -102.5 -1259.4 -102.6 -1087.0 -101.6
4] 16222 -103.4 -1505.7 -103.6 -1332.2 -103.3
2{ -1871.3 -103.3 -1754.4 -102.8 -1581.4 -104.1
0] 21201 -2001.1 -1832.6
Zero -2106.7{mV -1887.7imV -1820.1[mV
Slope 120.5|mVimm 120.0{mVimm 120.6|mV/imm

mm Am4 | Linearty |Hysteresis| Am 5 | Linearty |Hysteresis| Amm 6 Linearity |Hysteresis

(mv) (%) (%) (mv) (%) () (mv) (%) (%)

-1823.3 104.1 0.02! -1919.0 103.7 0.07] 19753 105.4 -0.01

-1572.3 1025 -0.09! 16722 103.4 £.08] 1722 103:4 0.04

0

2 . .

4] -1325.3 1008 010 -1426.1 101.3 021 -1473.7 101.1 -0.07
6

-1082.3 100.2 0.21] -11851 100.4 -0.30 -1230.9 100.2 -0.12

8 -840.7 89.5 -0.27 -946.1 100.0 -0.38 -980.3 99.4 -0.15
10 -600.8 $9.5 -0.29 -708.2 99.7 0.42 -751.5 99.2 -0.18
12 -361.0 99.1 -0.27 -470.9 98.9 -0.40 -513.1 98.9 -0.18
14 -122.2 99.0 -0.23 -2355 98.5 0.42 -275.6 97.4 -0.14
16 116.4 8786 0.14 <11 96.5 £0.39 416 98.1 -0.18
18 351.5 97.5 -0.13] . 2285 94.2 -0.16 184.1 99.0 -0.14
20 586.5 -96.2 452.6 -92.5 431.8 975
18 3546 -97.4 2324 94.2 197.5 -87.7
16 119.8 -938.1 83 -88.3 -37.3 -87.8
14 -116.6 887 -225.6 -85.0 2723 98.4
12 -354.5 -89.3 -461.3 -83.5 -508.7 993
10 -593.9 99.7 £98.2 <100.4 747.2 -99.7
8 834.2 -100.8 -937.1 -101.2 -986.8 -100.4
6] 10773 -101.9 1177.9 -102.2 -1228.0 -101.6
4] -13228 -102.7 -1421.1 -104.7 -1472.1 -103.7
2| 15702 -105.2 -1670.2 -103.8 -1721.2 -105.7
0| 18237 -1917.3 -1975.0
Zero -1809.2|mV -1902.5|mV -1958.2\mV
Slope 120.5{mVimm 119.0{mVimm 120.1|mVimm
Pressure cell calibration 12th June 2002 Budenberg gauge s/n 12394260

bar TPCA | Lineadty |Hysteresis] TPCB | Linearity |Hysteresis|

(mV) (%) (%) (mv) %) (%)

0 -74.5 1023 -0.07 324 102.9 0.13
20 86.6 97.6 -0.04 199.1 98.0 0.18
40 240.4 97.0 0.01 357.8 96.8 -0.14
60 3832 99.4 -0.10 514.8 99.8 0.23

80 549.8 100.7 0.23 676.5 99.8 -0.30

100 708.4 100.0 0.09 838.2 100.0 026

120 865.9 100.2 -0.06] 1000.2 102.2 023

140 1023.8 102.0 0.02] 11658 101.0 -0.01

160 11845 100.2 -0.06] 13295 101.5 -0.11

180 13423 104.4 -0.15]  1494.0 100.9 -0.03

200 1506.7 -102.9 1657.4 -100.6
180 13446 -101.0 14845 -100.7
160 11855 -102.8 . 1331.3 -102.1
140 10235 -89.5 1165.9 -100.0
120 866.8 99.7 1003.9 -99.7
100 709.8 -89.3 842.4 59.4
80 553.4 -100.7 681.4 -100.6
60 394.7 -88.0 - 518.5 -97.8
40 2403 871 380.0 -97.4
20 87.30 -102.0 202.2 -103.5
1] -73.4 34.5
Zero -762{mv 333 imV
Slope 7.9|mVibar 8.1imV/bar

Sensitivity 78.8imViMpa 81.0imV/iMpa
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Bressay Bridge, Lerwick, Shetland 95mm HPD Testing
Ground investigation, April 2003 Cambridge Insitu for Seacore

APPENDIX C THE TEST PROCEDURE

1 Coring the Pocket

The HPD test is carried out in a 101mm pocket that has been formed by coring or more rarely
by rock rollering. Coring is the conventional method because the recovered core can give
some information about the pocket before the instrument is placed. Samples of the core are
normally of sufficient quality to permit standard laboratory testing, which can then be
compared with the pressuremeter results.

The pocket itself should be at least 2 metres long. This allows the user some choice about the
exact point in the pocket in which to place the HPD. Note the following crucial measurements:

(a) From the foot of the instrument to the centre of the measuring section is 0.9 metres.

(b) The expanding part of the instrument is about 0.6 metres.

(c) The instrument is 2 metres long - if the BW extension rod is added to this then the effective
length from the foot of the pressuremeter to the start of the rotary drill string is 3 metres. If
the pocket is longer than 3 metres then the diameter of the drill rod used to place the
pressuremeter must not exceed 75mm; this together with two thicknesses of hose, is the
maximum that will fit into a 101mm pocket.

From these dimensions it is apparent that the instrument must be at least 1.3 metres into the
pocket, and for safety we would suggest 1.5 metres into the pocket as a minimum. There is
evidence that the very lowest part of the pocket should be avoided as this is often the area
most spoiled by the coring, but as the test centre is some distance from the foot of the
instrument this is not normally a problem.

Soft patches in the core suggest a point that ought to be in the test section. However soft
patches at the ends of the expanding section may result in the membrane bursting before the
pocket has been properly loaded.

Heavily fractured material around the test centre, although not likely to burst the membrane,
will present problems of a different kind. The analyses that currently exist for the
pressuremeter test assume that the material is intact - if this is not the case€; then although the
data may be good, deciding what they mean may prove complex.

It is a truism that the quality of the test is dependent on the quality of the initial coring.
However many good tests have been made in pockets where no core at all was recovered.
Standard coring practice is designed to preserve the core without regard for the borehole wall.
This is the opposite of what the priorities need to be for the pressuremeter test.

Details about the core are noted on the Test Record Sheet as they can be useful in interpreting
the test results.

2 Description of the Test

The test that the HPD makes is a loading test. Pressure is applied to the instrument and
readings are taken of this pressure and the resulting displacements of the cavity. Plotting
pressure against displacement gives a test curve with a characteristic 'S' shape made familiar by
the Menard type pressuremeters (MPM) and for this reason the test tends to be carried out
and analysed using techniques originally developed for the MPM.
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