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ABSTRACT

This study addresses the challenges encountered in
developing atest setup to replace a malfunctioning Universal
Testing Machine (UTM). The setup was designed using a
portal frame, hydraulic jack system, data acquisition system,
and beam reaction system to simulate compressive forces on
concrete-filled tube (CFT) specimens. Significant issues
arose, including deformation of the steel plate, which failed
to uniformly distribute stress; excessive out-of-plane
deformation of the supporting steel beam; and load cell
damage due to overloading. These problems resulted from
inappropriate load simulation, inaccurate measurements,
and safety concerns. Despite multiple mitigation attempts,
the setup was ultimately unsuccessful and discontinued.
Displacement discrepancies reached 90.9% and 76.7% in
Setup 1 and Setup 2, respectively, while strength
discrepancies of 31.9% to 46.2% were observed in identical
specimens. This research highlights the complexities of
replicating precise testing conditions and underscores the
need for thorough planning and expertise in experimental
design. To guide future setups, this study recommends a
strength hierarchy, in ascending order: specimen, hydraulic
cylinder, load cell, steel beam, and portal frame, to ensure
safety and reliability in test execution.
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1. INTRODUCTION

The universal testing machine (UTM) is
one of the most widely used tools in
structural engineering research, primarily
for conducting tensile and compression
tests (Topdn-Visarrea et al., 2020). It plays
a vital role in accurately assessing the
mechanical properties of materials
(Chenthil et al., 2022), such as tensile and
compressive strength, yield strength,
elasticity, and ductility. By loading
specimens to failure, researchers gain
insights into material behaviour and
structural performance under stress.

However, unexpected equipment
malfunctions can severely disrupt testing
schedules and compromise research
outcomes. This study initially aimed to
determine the compressive strength of
concrete-filled tube (CFT) specimens using
a UTM. Unfortunately, the machine failed
before testing began. Due to time
constraints, an alternative setup was
developed, comprising a portal frame,
hydraulic jack, steel beam, and data
acquisition system, to replicate typical
UTM loading conditions and measurement
capabilities.

Despite  careful planning, the
alternative setup encountered several
issues that rendered the results unreliable.
Repeated  troubleshooting attempts

Plans / Problems Process

Original plan / Machine
malfunctioned
C64.206)

Universal Testing
Machine (MTS

________________________ =

First mitigation
measure / Inaccurate

data and setup failure setup 1

Hydraulic jack system

........................ *-----

Second mitigation
measure / Setup’s

: setup 2
capacity exceeded

Hydraulic jack system

________________________ $-----

Final mitigation
measure ended.

Experimental testing

introduced further complications,
ultimately leading to the termination of
testing to avoid equipment damage. With
no reliable data obtained, the study shifted
focus to reviewing the challenges and
failures faced during the development of
the non-standard testing setup.

While many studies have investigated
the mechanical behavior of CFT specimens
using UTMs (Yiiand Ling, 2024; Mollakhalili
et al., 2024; Miao et al., 2024; Lu et al.,,
2024; Woldemariam et al., 2020;
Abduljabar Abdulla, 2021), none appear to
address the challenges that arise when
such equipment is unavailable. Most
published work assumes the use of fully
functional UTMs and offers limited
guidance for researchers working under
equipment constraints.

Some studies have focused on
upgrading or customizing UTMs. For
instance, Huniady et al. (2024) digitized an
analogue UTM to enable fatigue testing.
Topodn-Visarrea et al. (2020) developed a
control system to test textile fibers and
sponges. Huerta et al. (2010) designed and
validated a custom UTM for thin films.
Mathew and Francis (2019) design and
build a UTM capable of handling up to
10kN loads for polymer materials.
However, these studies still depend on
operational UTMs and do not explore
solutions when a UTM is non-functional.

Details and specifications

. Steel plate: 10 mm thick
. Load cell: 300 kN capacity
Steel beam supported at both ends

. Steel plate: 19 mm thick
. Load cell: 500 kN capacity
- .. _Steel beam supported at mid span

Evaluate result reliability

Post-mortem of test setup

Literature and conceptual study of
specimens’ behaviour

Figure 1. Overview of the test programme
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This paper addresses that gap by
documenting an attempt to replicate UTM
functionality using available resources,
highlighting both the technical difficulties
and lessons learned. The aim is to provide
useful insights for researchers facing
similar challenges and to encourage more
transparent reporting of experimental
setbacks in  structural engineering
research. The scientific contribution lies in
offering a structured evaluation of the
challenges in developing an alternative
loading system, including problems related
to load distribution, measurement
accuracy, and system stability. These
insights are rarely reported but are
valuable for researchers operating under
equipment limitations.

This paper outlines the initial testing
plan, the development and
implementation of the alternative setup,
the causes of failure encountered, and the
key lessons learned. By documenting this
experience, it contributes to the broader
body of knowledge in structural
engineering experimentation. It also
provides guidance and cautionary insights
for future studies involving non-standard
testing methods, emphasizing the
importance of careful planning, rigorous
validation, and adaptability in research
design.

2. METHOD

Figure 1 presents the overview of the
test programme, showing the plan changes
and problems encountered. Setup details
are also provided.

2.1. |Initial Plan

The original plan involved testing
concrete-filled tube (CFT) specimens under
compression using a universal testing
machine (UTM). The UTM available at the
heavy structure laboratory of the
University of Technology Sarawak,
Malaysia, was a Brand MTS model C64.206

with a load capacity of 2000 kN (Figure 2
and Table 1).

Upper
crosshead

lnteg‘r&
Wtiéﬁs
Feeding rod
— Lead screw
‘B Controller

Lower

) Test table

assembly Actuator

Figure 2. Static Hydraulic Universal Testing
Machine (Brand: MTS, Model: C64.206)

Table 1. Specifications of MTS C64.206

UTM Specifications Details
Rated force capacity 2000 kN
Test spaces Dual
Actuator Stroke 250 mm

0.5 - 85 mm/min
250 mm/min

Actuator speed
Crosshead speed

Column spacing (Test 720 mm
space width)

Maximum tension space 920 mm
Maximum compression 1000 mm
space

Diameter of round 15-70 mm
specimens

Thickness of flat 10-70 mm
specimens

Compression Platen 240 x 240 mm
(Square)

Width (111 mm - 200 mm)
f———

’g Concrete infill
Py (Grade 25 mm)
= O
< uwn
oo
[ UPVC tube
T E
€
o
[Fp]
o

Figure 3. Concrete-filled tube (CFT) specimens

The CFT specimens were cylindrical,
with diameters ranging from 111 mm to
200 mm and heights between 250 mm and
500 mm (Figure 3). These sizes were well
within the UTM's 1000 mm height and 720
mm width compression test space, making
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the UTM compatible for testing (Table 2).
Additionally, the UTM's 240 mm x 240 mm
compression platen provided sufficient
coverage to ensure uniform application of
the compression force, as it adequately
covered the specimens' diameters, which
did not exceed 200 mm.

Table 2. Compatible check of UTM against the
specimen sizes

UTM CFT Compatibility
Specifications specimen check

(MTS Model sizes

C64.206)

Maximum Height: Specimens fit
compression 250 mm to  within the 1000
space: 1000 mm 500 mm mm space
Compression Diameter: The entire

Platen (Square): 111 mmto specimen cross-
240 x 240 mm 200 mm sectional areais
covered by the

platen

Column spacing  Diameter:  Sufficient space

(Test space 111 mmto around

width): 720 mm 200 mm specimens for
easy handling

2.2. Alternative Testing Setup

Due to a UTM malfunction, an
alternative testing setup was developed to
replicate the usual loading conditions and
measurement accuracy. This setup
included a portal frame, a steel beam
system, and a scaffold (Figure 4). Each
component was independently anchored
to the strong floor. The portal frame held
the hydraulic cylinder, transferringitsforce
to the strong floor, while the steel beam
supported the specimen, providing the
necessary reaction force (Figure 5). To
prevent deformations of the portal frame
and steel beam from affecting the accuracy
of displacement measurements, the
scaffold holding the LVDTs was kept
separate. Any disturbance to the scaffold

would compromise the accuracy of the
measurements.

A hydraulic jack system, comprising of
a hydraulic cylinder and a hydraulic hand
pump from Brand Enerpac, was employed
to apply load to the specimens. The
hydraulic cylinder, model RR10018, had a
maximum operating pressure of 700 bar
and a loading capacity of 933 kN (Table 3).
Ilts 460 mm stroke was sufficient to
accommodate the elastic shortening of the
specimens under compression, with
specimen heights ranging from 250 mm to
500 mm. The hydraulic hand pump, model
P464, was used because (a) it had a
maximum operating pressure of 700 bar,
matching that of the hydraulic cylinder,
and (b) its reservoir capacity of 7423 cm?3
exceeded the oil capacity required by the
hydraulic cylinder, which was 6132 cm?
(Table 4).

Table 3. Hydraulic cylinder (Brand: Enerpec,
Model: RR10018)

Hydraulic cylinder Details
Specifications

Maximum Operating 700
Pressure (bar)

Capacity Class (tonnage) 100
Maximum Cylinder 933
Capacity Advance (kN)

Stroke (mm) 460
Collapsed Height A (mm) 687
Extended Height B (mm) 1147

Return Type Double-Acting,

Hydraulic Return

Cylinder Effective Area 1333
Advance (cm?)

Cylinder Effective Area 62.2
Retract (cm?)

Oil Capacity Advance (cm3) 6132
Oil Capacity Retract (cm3) 2861
Weight (kg) 117
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Figure 4. Schematic drawing of test Setup 1
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Figure 5. Test Setup 1

The data acquisition system consisted
of a data logger, a load cell, and five linear
variable differential transformers (LVDTSs)
(Table 5). The data logger had 30 built-in
channels, which was sufficient for logging
the six measuring instruments (i.e., one
load cell and five LVDTs). A 300 kN load cell
was placed between the hydraulic cylinder
and the specimen to measure the load
acting on the specimen. A 250 mm x 250
mm x 10 mm mild steel plate was placed

Reactidn block

between the load cell and the specimen to
disperse the stress, ensuring the specimen
was uniformly loaded during testing.

Table 4. Hydraulic hand pump (Brand: Enerpec,

Model: P464)
Hydraulic hand pump Details
Specifications
Maximum Operating Pressure 700
(bar)
Pressure Rating 1st Stage (bar) 14
Pressure Rating 2nd Stage (bar) 700
Cylinder Compatability Double-
acting
Pump Type Two Speed
Reservoir Capacity (cm?3) 7423
Usable Oil Capacity (cm3) 7423
Maximum Flow at Rated 4.75
Pressure cm?3/stroke
Oil Displacement Per Stroke 1st 126.20
Stage (cm3)
Oil Displacement Per Stroke 4.75
2nd Stage (cm3)
Maximum Handle Effort (kg) 49
Piston Stroke (mm) 38.1
Valve Operation Manual
Power Source Manual
Weight (kg) 27.7
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Table 5. Specification of data acquisition instruments used

Instruments Brand / Model Specifications Speed / Accuracy Units
Data logger TML / TDS530-30 30 channels 0.1s measurement speed 1
Load Cell TML / CLJ-300KNB Capacity 300 kN + 0.1 kN 1
TML / CLJ-500KNB*  Capacity 500 kN + 0.1 kN 1
Linear variable differential TML / CDP-50 50 mm stroke +0.01 mm 1
transformers (LVDT) TML / CDP-100 100 mm stroke +0.01 mm 4

*use after CLJ-300KNB was damaged.

L — LVDT location
— Specimen area

— Steel plate

Hydraulic cylinder 1 2
e, -~
LVDT 1to 4 A
|
Load cell Wiy
250 x 250 x 10 — (0"~ -
. Plan view of steel plate
Specimen —+
. - = —5\
Steel beam 4> 4, 4,
\

L LVDT location

Y Specimen area

— Steel plate

L o
I -
l!] i LVDT 5 Bottom of steel beam

Figure 6. Locations of LVDTs

Four LVDTs (100 mm stroke), mounted
to the scaffold using magnetic stands, were
positioned at each corner of the steel
plate, intersecting at the specimen’s
centroid (Figure 6). The average vertical
displacement measured by these LVDTs
represented the vertical displacement of
the top surface of the specimen, Atop. One
LVDT (50 mm stroke) was placed below the
steel beam along the specimen's centroid
axis to measure the deflection of the steel
beam during testing, Arot. The elastic
shortening of the specimen, A, under
compression, was determined by
subtracting Aot from Atop (Equation 1).

— z:Al -4

A= Dy — Doy =="124 — A (1)

top

where A;i4 are the vertical displacements
measured by LVDTs 1 to 4 (mm), and A4s is
the vertical displacement measured by
LVDT 5 (mm).

This calculation is based on the
following assumptions:

e The steel plate remained flat and did
not undergo any elastic shortening
throughout the test.

e The steel beam did not experience
lateral torsional buckling, where the
deflection led only to vertical
displacement, not horizontal
displacement.

e The cross-section of the steel beam

remained unchanged, without
distortion or elastic shortening after
deflection.

e The specimen did not experience out-
of-plane deformation.

Before testing, the specimen's height,
diameter, and weight were measured to
ensure consistency in dimensions and
density, confirming uniform workmanship
in sample preparation. All measuring
instruments connected to the data logger
were initialized to zero. A vertical load was
then applied to the specimens through the
hydraulic cylinder, with readings taken at
every 5 kN load increment. The test
continued until the load peaked and then
reduced by 20% from its peak.

2.3. Modified Test Setup

The test setup encountered
unforeseen issues during testing. The
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initial assumptions were inaccurate. The
steel plate between the load cell and the
specimen exhibited significant curvature,
with its centre sinking into the specimen
and its corners uplifting by approximately
7.34 mm (Figure 7).

This response invalidated the test,
impairing accurate measurement of the

e LVDTs 1 to 4 vyielded inconsistent
readings, with discrepancies ranging
from 24.2% to 90.9%, which were
substantial (Table 6).

In addition, the steel beam supporting
the specimen experienced deflection due
to its large clear span (Table 7). This posed
a risk of lateral torsional buckling, which

specimen's displacement for several can lead to out-of-plane deformation
reasons: constituting both vertical and lateral
e The curvature induced non-uniform displacements. Excessive out-of-plane

deformation can cause dislocation of the
specimen, affecting the accuracy of
displacement measurements, as the LVDTs
were set to measure only the vertical
displacement.

stress distribution on the specimen,
concentrating high stress at its centroid
and deviating from the intended load
condition.

Hydraulic cylinder
|

LVvDT l
Load cell LEJICI
Steel plate [ P l
B ——
Specimen 5 /.34 mm
Figure 7. Failure of steel plate
Table 6. Inconsistent LVDT reading due to failure of the steel plate

Specimen Displacement (mm) Maximum Minimum Discrepancy,

LVDT 1 LVDT 2 LVDT 3 LVDT 4 value, Amax value, Amin D (%)

(mm) (mm)

S3D1 4.55 5.15 2.58 35 5.15 2.58 49.9
I3D1 5.11 4.19 7.24 5.4 7.24 4.19 42.1
IS3D1 3.87 4 5.07 5.55 5.55 3.87 30.3
S3D2 3.62 3.88 7.37 6.48 7.37 3.62 50.9
13D2 4.36 4.61 3.76 4.96 4.96 3.76 24.2
IS3D2 8.55 6.43 8.48 6.68 8.55 6.43 24.8
T500-120 4.7 5.84 3.72 4.4 5.84 3.72 36.3
C500-120 2.71 3.39 3.7 4.26 4.26 2.71 36.4
C500-80 5.32 7.12 4.61 4.21 7.12 4.21 409
C500-114T1 7.35 4.39 4.18 0.67 7.35 0.67 90.9
C500-114 T2 6.04 4.83 4.41 2.95 6.04 2.95 51.2
C500-114 T3 5.38 6.17 5.95 7.16 7.16 5.38 24.9
S$500-114T1 7.14 9.65 4.11 5.11 9.65 4.11 57.4
S500-150 T1 7.88 6.17 4.72 4.22 7.88 4.22 46.4

Bmax—bmi
*The data was obtained from the tests done using test setup 1. Discrepancy, D = —"“Z" T
max
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Table 7. Deflection of the steel beam under

To address these issues, the test setup

ultimate load was modified as follows: (Figure 8 and
Specimen Load Displacement Figure 9)
(kN) measured by LVDT 5 L.
(mm) e The existing steel plate was replaced
S3D1T1 1622 713 with a thicker one (250 mm x 250 mm
31 1281 505 x 19 mm).for greater rigidity.
S3D1T1 1657 193 e The reac]'cclolr blocksI \évere move;i tc.> the
302 11 3000 336 Fentre o) .t e steel beam to eliminate
its deflection.
13D2 T1 332.9 3.53 .
e LVDT 5 was removed as no deflection
1S3D2 297.9 3.17
of the steel beam was expected from
T500-120 404.7 3.75
the new setup.
C500-120 380.4 3.82
C500-80 400.1 4.59 With these mOdiﬁcationS, the elastic
C500114T1 1959 5 86 shortenlng of the specimen under
50011412 1721 187 compression was calculated based gn the
0011473 1833 >33 average value of LVDTs 1 to 4 (Equation 2):
$500-114T1 2186 2.68 A=A (2)
4
$500-150T1  357.1 3.98
where A; is the vertical displacement
measured by LDVTs 1 to 4 (mm).
Portal frame
ap qp
ap qp
ap ap
1 | Hydraulic
19-mm thick LvDT
_ Load cell
i 0
Hydraulic Steql beam Specimen| |- Scaffold
Data logger :
d b Hl0[0ld Jdb

Reaction block at the centre

Figure 8. Modifications made on the test setup

(a) Reaction blocks moved to the center

(b) Plate’s thickness increased to 19 mm

Figure 9. Mitigation measure for the test setup
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This calculation was based on the
following assumptions:

The steel plate
throughout the test.
The steel plate, steel beam, and
reaction block did not undergo elastic
shortening.

The specimen, steel beam and reaction
blocks did not experience out-of-plane
deformation.

flat

° remained

2.4. Experiment Terminated

Despite efforts to mitigate the
problems with the test setup, additional
complications arose (Figure 10):

The load cell’s capacity (300 kN) was
exceeded, causing damage and
rendering the measurement of the
specimen’s load capacity inaccurate.
Out-of-plane deformation of the steel
beam occurred due to instability under
excessive load, again proving the
assumptions were incorrect.

e This deformation caused the specimen

to tilt, resulting in inaccurate vertical
displacement measurements.

Even with the use of a thicker steel
plate, discrepancies in the LVDT readings
persisted. This issue stemmed from the
out-of-plane deformation of the steel
beam, not from the curving of the steel
plate. The discrepancies ranged from 3.8%
to 76.7% (Table 8). Although this was an
improvement over the previous setup, it
was still significant enough to invalidate
the test results.

Damage of
load cell

Steel plate not
levelled due to tilting
specimen

Tilting of
specimen

Out-of-plane
deformation of
steel beam

Figure 10. Instability and failure of the test setup

Table 8. Discrepancy of LVDT readings of test setup 2

Specimen Load Displacement (mm) Maximum  Minimum Discrepancy,
(kN) ~ \vpT1 LvDT2 LVDT3 LVDT4 value,  value, Amin D (%)
Amax (mm) (mm)

S3D1 T2 93.8 8.92 841 8.65 8.21 8.92 8.21 8.0
IS3D1 T2 96.4 12.2 10.15 11.08 9.16 12.2 9.16 249
IS3D1 T3 82.0 7.72 5.78 8.81 7.13 8.81 5.78 344
S3D2 T2 204.7 3.36 3.56 2.09 1.94 3.56 1.94 455
S3D2 T3 160.2 7.99 7.69 7.99 7.77 7.99 7.69 3.8
13D2 T2 176.3 16.44 13.08 8.92 7.5 16.44 7.5 544
13D2 T3 202.3 12.79 11.01 10.18 8.71 12.79 8.71 319
C500-40 871.1 3.13 7.06 8.54 13.41 13.41 3.13 76.7

S$500-114 T2 102.8 7.58 7.62 7.3 7.32 7.62 7.3 4.2

S500-114 T3 145.1 436 411 439 4.03 4.39 4.03 8.2
C500-150T1 235.6 5.29 4.2 4.68 4.53 5.29 4.2 20.6
C500-150 T2 240.6 10.02 9.34 10.79 104 10.79 9.34 134
S500-150 T2 2440 10.85 12.36 7.64 9.92 12.36 7.64 38.2

S500-150 T3 242.2 10.4 10.42 10.8 11.37 11.37 10.4 8.5
S$500-200 426.7 3.27 4.46 9.69 12.69 12.69 3.27 74.2
C500-200T1 315.3 16.57 16.9 13.78 14.61 16.9 13.78 18.5
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These issues persisted even after
replacing the 300 kN load cell with a larger
capacity model (TML CLJ-500KNB, 500 kN).
Consequently, the experiment was
terminated to prevent further damage to
the test setup and instruments. Continuing
the experiment was deemed pointless as
the results were already inaccurate and
unreliable, and the defective specimens
could not be re-tested. The presented data
are from tested specimens; the remaining
specimens were untested and disposed of.

3. RESULTS AND DISCUSSIONS

The setup issues were identified in
three main areas: inappropriate load
simulation, inaccurate measurements, and
safety concerns.

3.1. Inappropriate Load Simulation

The hydraulic cylinder applied force to
the specimen, which was measured by an
80 mm diameter load cell. The specimen's
diameter ranged from 111 mm to 200 mm.
To distribute stress evenly, a 10 mm thick
steel plate was placed between the load
cell and the specimen. However, this plate
was not rigid enough, causing depression
in the centre and lifting at the corners,
resulting in uneven stress distribution on
the specimen'sconcave top surface (Figure
11). This uneven stress risked inaccurately

Stress concentration at the central

simulating  loading  conditions and
measuring the specimen's true load-
bearing capacity.

The loading condition significantly
affected the load-bearing capacity of the
CFT specimens. Identical specimens such
as S3D1, IS3D1, S3D2, 13D2, S500-114, and
S500-150 showed varying results under
different test setups (Table 9). Test setup
1, using a 10 mm thick steel plate,
consistently demonstrated higher strength
compared to setup 2, which used a 20 mm
thick steel plate. Strength discrepancies
ranged from 31.9% to 46.2%.

The steel plate's thickness influenced
the specimen loading. A thicker plate
distributed stress more uniformly due to
its rigidity (Figure 12). The thin plate
primarily loaded the concrete, while the
thick plate represented loading both the
concrete and the tube. Table 9 indicates
that specimens tested with the thin plate
(setup 1) generally had higher strength
than those tested with the thick plate
(setup 2), consistent with literature
findings. The greatest concrete
confinement occurs when only the
concrete is loaded, with the tube providing
circumferential restraint (O'Shea and
Bridge, 2000).

Figure 11. Concave top surface of the specimen after testing

Load

Load

Thin plate Em0e——= I% Thick plate

Non-uniform — lv I lv

Specimen —

Tube —

—I— Concrete —{—

W— Uniform stress

— Specimen

Figure 12. Effects of the plate thickness on the loading conditions on CFT specimens
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Table 9. Ultimate strength of CFT specimens

Specimen No Ultimate load (kN) Discrepancy,
Test setup 1, Py,1 Test setup 2, P2 D (%)*
S3D1 T1 162.2 42.2
T2 93.8
13D1 148.1 N/A
IS3D1 T1 165.7 46.2
T2 96.4
T3 82.0
S3D2 T1 300 39.2
T2 204.7
T3 160.2
13D2 T1 332.9 43.1
T2 176.3
T3 202.3
IS3D2 297.9 N/A
T500-120 404.7 N/A
C500-120 380.4 N/A
C500-80 400.1 N/A
C500-40 871.1 N/A
C500-114 T1 195.9 N/A
T2 172.1
T3 183.3
S500-114 T1 218.6 433
T2 102.8
T3 145.1
C500-150 T1 235.6 N/A
T2 240.6
S500-150 T1 357.1 31.9
T2 2440
T3 242.2
S$500-200 426.7 N/A
C500-200 T1 315.3 N/A

. [
*Discrepancy, D = 212
Py

load from test setup 2.

P, . . . .
2 where Py is the ultimate load from test setup 1, and P,z is the average ultimate

N/A = Not applicable, as only one specimen was tested, and discrepancy requires at least two specimens.

3.2. Inaccurate Measurements

Unlike the UTM, which simultaneously
induces load, measures load, and
measures displacement, the test setup had
several limitations. In this setup, the
hydraulic cylinder, load cell, and LVDTs
performed these functions separately.
Ideally, all instruments should align along

the specimen's centroid to ensure accurate
measurements. However, only the load
cell and hydraulic cylinder could be
positioned along this axis, requiring a
different placement for the LVDTs.

To address this, four LVDTs were
placed at the corners of a steel plate
intersecting at the specimen’s centroid
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(Figure 6). This arrangement ensured that
their average displacement measurement
represented the centroid's displacement,
assuming the steel plate remained
undeformed. However, in practice, the
steel plate experienced significant
deformation (Figure 7), leading to
inaccurate measurements.

An LVDT was placed underneath the
steel beam to monitor its deflection
(Figure 4). This deflection was subtracted
from the vertical displacement measured
by the four LVDTs to determine the
specimen's elastic shortening under load
(Equation 1). This calculation was valid if
(a) only the specimen deformed and (b) the
steel beam deflected vertically only.
However, the steel plate and beam
between the two sets of LVDTs were also
susceptible to elastic shortening under
axial load. Additionally, the steel beam's
deflection might include out-of-plane
displacement, resulting in horizontal
movement that was not measured during
the test.

In test setup 2, reaction blocks were
placed directly beneath the specimen to
eliminate mid-span deflection (Figure 8).
The specimen’s elastic shortening was
determined using the four LVDTs on the
steel plate (Equation 2), assuming no
deformation in the elements underneath
the specimen (i.e., the steel beam and
reaction blocks). However, both the steel
beam and reaction blocks could still
experience elastic shortening, affecting the
LVDT measurements. Additionally, the
steel beam exhibited out-of-plane
deformation as it reached its lateral
torsional buckling limit (Figure 10), further
compromising the accuracy of the
specimen’s elastic shortening
measurements.

3.3. Safety Concerns

Based on the manufacturer's
specifications, the load cells CLJ-300KNB

and CLJ-500KNB had capacities of 300 kN
and 500 kN, respectively. However, they
were unsuitable for the test due to the
following reasons:

e The hydraulic cylinder, Enerpac
RR10018, could induce loads up to 933
kN.

e Some specimens could withstand
greater loads, as they had not yet failed
during testing.

Due to negligence, load cell CLJ-
300KNB was once loaded up to 871.1 kN
(Table9, specimen C500-40), far exceeding
its 300 kN capacity. Consequently, its top
mounting tilted, indicating its damage
(Figure 13).

Top mounting
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Figure 13. Damage of load cell

A load cell is a transducer that
converts mechanical force into an
electrical signal via strain gauges bonded
to its load-bearing column (Figure 13).
When a load is applied, the column
deforms, altering the strain gauges
resistance and thus changing the voltage
signal. A data logger then converts this
signal into a readable force measurement.

The tilt of the load cell’s top mounting
was a symptom of yielding, indicating
permanent deformation. This inelastic
deformation means the load cell no longer
follows Hooke’s law, leading to inaccurate
measurements. To prevent the risk of
excessive forces damaging the load cell,
the hydraulic cylinder's capacity should not
exceed the load cell's capacity. In
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destructive tests, the specimen's load
capacity should not surpass the capacities
of both the load cell and the hydraulic
cylinder to ensure accurate results.

The capacities of the load cell and
hydraulic cylinder can be obtained from
manufacturer specifications, while the
specimen's load capacity can be estimated
through calculations. For instance, a 200
mm diameter concrete cylinder with a
strength of 25 N/mm? would have a
capacity of at least 785.4 kN. Literature
suggests that concrete-filled tube (CFT)
specimens may be stronger. The tube
confines the concrete, thereby enhancing
the concrete's compressive strength (Guo
et al., 2024). Simultaneously, the concrete
resists the tube’s inward buckling,
subsequently enhancing its axial strength
(Alatshan et al., 2020). This synergistic
effect renders greater compressive
strength than the combination of the two
components (Han et al., 2014).

The entire test setup must be
considered as anintegrated system, where
the  weakest component dictates
performance. In this case, the portal frame
and the steel beam were critical load
reaction systems. Excessive deflection and
out-of-plane deformation of the steel
beam indicated that the reaction system
had reached its limits, affecting accuracy
and posing safety risks.

A test setup should not fail before the
specimen. A specimen’s load capacity may
be estimated, but it is difficult to predict
accurately. It is often determined through
experimental tests. Although safety factors
may be incorporated into the design of a
test setup, there is still a risk of
underdesigning it. To protect the system, a
hydraulic cylinder with a lower capacity
than the portal frame, load cell, and steel
beam may be used. This prevents them
from the risk of overloading due to
negligence.

In practice, the portal frame and steel
beam are standard structural elements
used repeatedly over various specimens
and test setups. They must meet stringent
performance criteria to prevent excessive
deformation. Excessive portal frame
deformation may dislocate the hydraulic
cylinder, causing deviation in the direction
of force imposed on the specimen.
Similarly, excessive steel beam
deformation can dislocate the specimen,
resulting in inaccurate displacement
measurements. Both scenarios complicate
the experiment and jeopardize the
credibility of the test results.

Often, even if the load capacities are
not exceeded, a load reaction system (e.g.,
portal frame and steel beam) is deemed
unsuitable for the test when its deflection
exceeds certain limits. For instance, at the
University of Technology Sarawak, during
testing and commissioning, a portal frame
exceeding 3 mm deflection in the x-, y-, and
z-directions was  considered non-
compliance (University of Technology
Sarawak, 2017). Adopting this principle in
testing, an additional LVDT could be placed
on the portal frame to monitor its
deflection during testing. If deflection
exceeds 3 mm, the portal frame should be
strengthened. This measure ensures
structural integrity, as well as maintains
the accuracy and credibility of test results.

For infinite repeated use without
compromising performance, a structural
element should not exceed its fatigue or
endurance limit. Below this limit, the stress
level is insufficient to cause crack
propagation, thus preventing damage
(Hajshirmohammadi and Khonsari, 2021).
According to Boardma (1990), the fatigue
limit of steel is approximately half its
ultimate strength. Exceeding this limit may
compromise the element's lifespan and
structural integrity. The ultimate load
capacity of steel sections can be calculated
using Eurocode 3 (British Standards, 2010).
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These considerations establish a clear
hierarchy of strength within the test setup
(Figure 14). The test setup must not fail
before the specimen. The hydraulic
cylinder acts as a safeguard, limiting
applied loads to protect critical
components, ensuring accurate results and
preserving the setup for future use.

Specimen Lowest loading

3
Hydraulic cylinder

v
Load cell
(load measuring

v
Steel beam and
portal frame (load

Highest loading

Figure 14. Hierarchy of strength of the test setup

4. CONCLUSION

This paper documents the challenges
in developing a test setup to replace a
malfunctioning Universal Testing Machine
(UTM), aiming to replicate its loading
conditions and measurement accuracy.
Despite several modifications, the setup
remained unreliable, with displacement
discrepancies reaching 90.9% and 76.7% in
Setup 1 and Setup 2, respectively. Strength
discrepancies of 31.9% to 46.2% were also
observed in identical specimens. As a
result, the test was discontinued.
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