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1. Requirements of GEOSPEC 3

Test 14.1 deals with the determination of compressibility characteristics of soils by the
one-dimensional consolidation test. Clause 14.1.3 (f) stipulates the requirements of loading
device and is extracted below:

“(1) The loading device shall be securely bolted onto the bench or supporting
stand, which in turn shall be securely fixed to the floor or counterbalanced
against overturning when fully loaded.

(2) The device shall enable a vertical load to be applied axially in increments to
the test specimen through a loading yoke. The load applied to the test
specimen shall be central to the loading cap covering the top porous plate
through a central seating. The loading mechanism shall be capable of applying
the load immediately and without impact.

(3) Calibrated hanger weights of a variety of combination shall be provided to
enable the increments of load to be applied to the test specimen for achieving
the required pressures. Each load increment shall be maintained constant by a
stress-control method while permitting increasing vertical compression of the
test specimen during the consolidation test. The vertical load applied to the
specimen shall be capable of applying pressure to 2 kPa, and accurate to 4 kPa or 2%
of the applied pressure, whichever is greater. The apparatus shall be capable of
accommodating a compression of at least 75% of the specimen thickness. A
counterbalanced lever system, using calibrated weights in increments, is the
method commonly employed for applying the vertical load to the test

specimen.”

The key requirements are emphasized in

the above excerpts. Specifically, there is a
requirement that the loading mechanism must
apply the load immediately. It is
recommended that this provision be interpreted

pragmatically. There must be some time lag

between the load application from the device & rew control

.' — |

and the transfer of load to the soil specimen

regardless of the type of equipment used. In

the case of the typical counterbalanced lever
system with screw control (refer to Fig 1), it may take approximately 1 to 2 seconds for the
full transfer of the load. For most of the fine grained cohesive soils, e.g. marine deposits,

alluvial clays etc, a 1-2 seconds of time lag induces negligible errors. For example, assume
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a coefficient of consolidation (c,) equals 1 m?/year which is a typical value for HK marine
deposit, time for 50% and 90% average degree of consolidation (tg) is shown below for a
19mm thick soil specimen:

Av. degree of consolidation 50% 90%
Time taken, i.e. tso, too 9.3 min (558s) 40 min (2400 s)

Therefore, a time lag of 1-2 seconds is considered acceptable.

2. Requirements of BS EN ISO 17892-5:2017

The title of this international standard is “Geotechnical investigation and testing —
Laboratory testing of soil. Part 5: Incremental loading oedometer test.  Clause 5.6 of this
standard deals with the requirements of the loading frame and is extracted below:

“The loading frame shall allow the application of vertical stresses acting
centrally on the loading cap only. The frame may apply load either by addition
of physical weights, or by other mechanical, hydraulic, pneumatic or
electromechanical means. The vertical stress applied to the specimen shall
be accurate to at least 1 % of the intended stress or 1 kPa whichever is the
greater. The stress shall remain constant within these limits throughout the
duration of a loading increment. The mechanism should allow the application
of a given load increment within a period of 2 s.”

The key requirements are highlighted above. In this report, our focus will be on three

areas as discussed in sections 4, 5, and 6 below.

3. Loading frame of the auto consolidation cell

The equipment being examined is the motorized automatic
consolidation system "ACONS Pro" provided by VJ Tech Ltd. and
currently utilized in the Public Works Central Laboratory (PWCL), as

shown in Figure 2. The essential details provided by the supplier are

outlined below:

Maximum load (kPa): 4000 kPa (for 70m dia. specimen)
Maximum Frame Capacity: 15 kN

Resolution: 0.1 N

Accuracy 0.15% FRO Fig. 2

Page 4



Adjustable Displacement Rate: 0.0001 - 10.0000 mm/min

The calibration certificate of the load cell used in this system is given in Appendix 1.

4. Checking of time period required for the application of load increment

The checking was conducted by applying the following loading, unloading, and

reloading sequence to various metal discs and a ceramic clay sample (pottery clay, typically

contains 70-80% SILT size and 20-30% CLAY size particles):

Unit: kPa

Seating Loading Unloading Reloading

5 12 | 25 | 50 | 100 | 200 | 400 | 200 | 100

50 | 25 | 400 | 800

As the top cap and top porous disc have already exerted a 1 kPa pressure on the soil

specimen (refer to Fig 3), the actual loading applied will be as follows:

Unit: kPa

Seating Loading Unloading Reloading

4 11 | 24 | 49 | 99 | 199 | 399 | 199 | 99

49 | 24 | 399 | 799

A metal disc and a ceramic clay were each used as dummy
specimens in the checking process. For each specimen, time
was recorded at 1-second intervals along with the magnitude
of load as measured by the load cell. The 1-second interval
is the shortest duration that can be measured by this
apparatus. If a shorter duration, such as 0.5 seconds, is
feasible for other similar apparatus, it should be utilized. The

logging process was carried out for 10 seconds.

The results of load-time curves of the metal disc are

shown in Fig. 4 below:

top cap Fig. 3
and
porous

disc
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fime (sec)

It is evident from Figure 4 that, regardless of the loading,
unloading, and reloading phases, the load cell indicates
complete load transfers within 2 seconds and hence
satisfies the requirement as stipulated in BS EN I1SO 17892-
5:2017.
1 second. Considering the high rigidity of the metal disc and
the apparatus's shortest measurement interval of 1 second,

the likely accurate load-time curves are depicted in Figure

All load transfers were actually completed within
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5, using 100 kPa, 200 kPa, and 400 kPa as examples.

The load-time curves for ceramic clay are shown in Fig. 6.

Auto Oedometer
Loading stage - Metal Disc 1 (2 of 4)
450

400

200 kPa — 400

350

mmm—————

300

Probable true

load indicated by the load cell (kPa)

wd 50 kPa —100

time (sec)
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It is evident from Figure 6 that, during the loading, unloading, and reloading phases, the load

cell indicates complete load transfers within 2 seconds. Similar to the metal disc, all load

transfers were accomplished within 1 second.

ftime (sec)
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Loading stage - ceramic clay (plot 1 of 4) Loading stage - ceramic clay (2 of 4)
55 Fig. 6a 450 Fig. 6b
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Given that the shortest measurement interval is only 1 second, it is hypothesized that the

likely accurate load-time curves, as depicted in Figure 6, are analogous to those shown in

Figure 5.

5. Checking of the stability of the load transfer

The traditional one-dimensional consolidation apparatus (oedometer) utilizes mechanical

methods to apply and transfer loads to the soil samples. There are minimal concerns

regarding the stability of load transfer in this setup

With the use of stepper motor and

Page 7



feedback control through proportional-integral-derivative (PID) or similar mechanism, it is
advisable to also assess the stability of load transfer over time in each test. This is also one
of the requirements of Geospec 3 and BS EN I1SO 17892-5:2017 that the load transfer shall
remain constant throughout the duration of a loading increment.

The applied load was maintained for 4 hours, and measurements were recorded to
evaluate any notable drifts. We conducted measurements on a ceramic clay specimen for the
loading, unloading, and reloading sequence outlined in Section 4. The results for one of the
loading, unloading, and reloading phases are presented in the table below and depicted in
Figure 7. Readings were captured at 1-second intervals. For clarity, only readings at selected
time increments are displayed in the table below and in Figure 7.

Auto Oedometer

Time applie load (kPa) stability check with ceramic clay Fig .
(sec) | (min) | 24->49 |399->199 | 24->399 450 '
6 0.1 48.88 200.02 398.54 400
30 05 48.94 199.78 398.81 - 350 Reloading stage : 24 kPa — 399 kPa
60 1 48.95 199.87 398.83 % 300
300 5 48.98 199.72 398.92 ‘,.z 050
600 10 48.00 199.91 398.97 e - Unloading stage : 399 kPa — 199 kPa
3000 50 48.98 199.83 399.02 =
6000 | 100 | 4899 | 199.95 | 399.02 Z 150
14400 | 240 49.02 199.00 399.05 E 100
3

50 Loading stage : 24 kPa — 49 kPa

Our evaluations indicated that the auto- 0

oedometer can consistently sustain the o ' tim:?sec) . 100
applied loads for a minimum of 4 hours across

all the loading-unloading-reloading sequences outlined in Section 4. Therefore, the load
transfer system met the criteria specified in both Geospec 3 and BS EN ISO 17892-5:2017
regarding the duration of a loading increment lasting a minimum of 4 hours. From the trend
of the measurements, the system should be able to provide a constant load transfer for a
longer duration. If needed, further assessments can be conducted for longer durations,

such as 6 hours or 12 hours.

6. Checking of the accuracy of the load cell

Geospec 3 requires that “The vertical load applied to the specimen shall be capable of
applying pressure to 2 kPa, and accurate to 4 kPa or 2% of the applied pressure, whichever is
greater”  The requirement of BS EN ISO 17892-5:2017 is that “The vertical stress applied
to the specimen shall be accurate to at least 1 % of the intended stress or 1 kPa whichever is

the greater.”
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Two reference load cells, CA0302 and CA0409, were employed in the verification process.

The calibration certificates for these reference load cells are included in Appendix 2. One

reference load cell covered the stress range from 0 kPa to approximately 1038 kPa, while the

other reference load cell handled stress levels above 1038 kPa up to 2510 kPa. A single

loading and unloading cycle was executed, and the outcomes are presented in the table

below.
Reference Load Cell ACONS Pro Difference
(Reference - Measured)
(N) (kPa) (N) (kPa) (N) (kPa) (%)
0.0 0 0 0 0.0 0 0
52.2 13.6 b1.2 13.3 1.0 0.25 1.83
154.0 40.0 152.1 395 1.9 0.48 1.21
353.8 91.9 351.7 914 2.1 0.54 0.58
761.9 198.0 760.1 197.5 1.8 0.48 0.24
Loading 2361.2 613.6 2361.1 613.5 0.1 0.04 0.01
3994.7 1038.0 3996.2 1038.4 -1.5 -0.39 -0.04
5601.0 1455.4 b617.8 1459.8 -16.8 -4.38 -0.30
7215.6 1874.9 7239.8 1881.2 -24.2 -6.29 -0.34
8829.2 2294.2 8857.8 2301.7 -28.6 -7.44 -0.32
9627.1 2501.6 9657.8 2509.5 -30.7 -71.97 -0.32
8833.1 2295.2 8864.8 2303.5 -31.7 -8.24 -0.36
71223.4 1877.0 72471.8 1883.3 -24.4 -6.33 -0.34
5605.9 1456.7 5624.8 1461.6 -18.9 -4.92 -0.34
3994.7 1038.0 3996.2 1038.4 -1.5 -0.39 -0.04
Unloading| 2364.3 614.4 2363.0 614.0 1.3 0.35 0.06
764.8 198.7 763.6 198.4 1.2 0.32 0.16
355.7 92.4 354.9 92.2 0.8 0.20 0.22
155.4 40.4 154.9 40.2 0.5 0.12 0.30
53.3 13.8 b3 13.8 0.3 0.07 0.48

The data in the table reveals that the vertical stresses exerted on the specimen were

comfortably within +1% of the target stress or +1 kPa, whichever value is higher. Therefore,

the load cell in the system meets the criteria outlined in both Geospec 3 and BSEN ISO 17892-

5:2017.
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Appendix 1 — Calibration Certificate of the Load Cell used in the Auto oedometer

ﬁ Public Works Laboratories
Geotechnical Engineering Office, Hang Kong

CALIBRATION CERTIFICATE
Page 1 of |
Job NA. Certificate No. CL23000228
Customer/Cusiomer address ~ PTO/Lab 1, Public Works Central Laboratory Bldg.,  Job/Contract No. NA.
l/F., 2B Cheung Yip St., Kowloon Bay, Kin, C ref No. NA,
Testing laboratory PWCL Tel 2305 1286 Lab. file No. STDCL-65-2085-1-3-1
Date test request 18-Jan-23 Date equipment received N.A.
Date test d 19-Jan-23 Date test pleted 19-Jan-23
Test Request No, CLCAL 2300095
Scope of test 3 Load verification of uniaxial testing machine, using true force method,
in compression to BS EN 1SO 7500-1:2004
Details of uniaxial testing machine :
Type : Load cell Nominal capacity : ISEN
Equipment 1.D. No. : SRIT96 Force measuring systems - Computer logging system
Mamufacturer DONA Resolution, r : 0IN
Model No. ;o VIT0650M-P Range verified 2 0.05-149kN
Serial No. o 0541917
Test results:
Mean Retative Relative Relative Expanded Expanded
Force indicated Repeatability Y Resoluti inty inty
(N) force (N) error (%) error (%) (%) (%) )
50 4980 1.0 040 02 0.65 0.33
75 7460 08 0.53 0.1 051 0.38
150 149,00 03 067 0.1 032 0.48
500 4997 0.1 -0.06 00 032 1.6
750 7497 0.1 004 0.0 033 2.5
1500 1501.8 0.1 0.2 00 034 5.0
3000 3007.7 0.1 0.26 0.0 033 99
6000 5992 03 013 00 036 22
9000 8992 0.2 0.09 00 035 31
12000 11998 02 -0.02 00 034 41
14900 14903 02 0.02 00 034 51
Remarks:
1. The uniaxial testing machine has been verified by comparison with the force-proving i (s) of Equip L.D. No.
CAO412, CAO256 and CA0280 which are ble to i ionally recognised primary dard
2 The force-proving instrument(s) information
CAD412 Lond cell 203621F 05 05 kN to 0.05 kN 24-Jul-23
CAD256 Load cell LCL202103361 I SKNw0OSkN 10-Sep-23
CA0280 Load cell LCL202100579 I 20kNto 2 kN 6-Feb23
3. Relative zero force error is within = 0. 1%,
4. Verification was carried out at the piston position around the normal op g range. The uniaxial testing machine 1s not equipp
with maximum reading factlity. Determination of relative ibility was not carried out in this verification.
5. Temperature dunng verification was 20.9 +2 °C,
6. Verification was passed to reach agreement between the two force-proving instruments at 3000 N and 500 N.
7. Verification was carried out in PWCL - Lab |
8 The testing machine was verified in the ‘as found' condition with no adjustments carried out.
9 The reported expanded inty is stated as the standard y multiplied by the age factor k
such that the ge probability ponds to approximately 95%.
10, According to BS EN 1SO 7500-1:2004, the classification of the uniaxial testing machine is Class | from 14900 N to SON.
-END-
Checked by ’?/ Certified by 2 /\
Name Ng Ka Wai Name Kwok Hei Mui
Post STO/Lab.(Atg.) Post PTO/Lab.
Date 20-Jan-23 Date 20-Jan-23
This caliason carsTcats i issusd wihout ateraton 1o tast data and should nol be reseoduced excest in il Orlglnal

The resuits of the calbeaton apply 10 the equipment as recelved uniass ciherwise ndicated.

The results of the calbration relate only 10 the aqupment calbraled

Calbration relsled detais suppled by customer are printad n ilalic.

HKAS has accrediied this labaralory (Reg. No. MOKLAS 010) under HOKLAS for specific CalReaion scivises as fsted n the HOKLAS
directory of accrodied lborstones. The results shown in this repern (of carificals, whers are e

Systces of Units (S1) o¢ secognised meassrement standards.

Public Works Central Laboratory, Public Waorks Central Laboratory Building, 28 Chieung Yip St., Kowloon Bay, Kowleon
PWL CAL 1.1(a)C Oc1 2022

C Eng D (GEO) 2053 Oct 2020
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Appendix 2 — Calibration certificates of two reference load cells (CA0302 and CA0409)
(CA0409)






















Appendix 2 — Calibration certificates of two reference load cells (CA0302 and CA0409)
(CA0302)






















