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established should not be based on just strength but reliability and durability as well. This study focuses
on tackling one of the major issues faced when using Glass Fibre Reinforced Polymers (GFRPs) as
construction materials, which is based on the abrupt failure of the material under critical or maximum

Ié?)};vgrd& loading. Connection designs are established in GFRP short column H-sections based on Bolted
FEA Splicing connections by Eurocode 3 for steel splicing connections. A total of seven Connection designs
Spliced connection are established using bearing and non-bearing splicing connections. A total of five models for each
Axial load connection is established for manual testing and Finite Element Analysis (FEA) is used to simulate

and analyze these connection designs. Parameters such as ultimate load, displacement at ultimate load,
stiffness, compressive strength, failure mode, load versus displacement behavior graph, and
percentage compressive strength compared to the un-cut section are provided in this study. The
strongest specimen in this study displaced 128% and 127.7% compressive strength compared to an
un-cut GFRP H-section when tested using manual testing and FEA accordingly.

© 2024Growing Science Ltd. All rights reserved.

1. Introduction

Fibre Reinforced Polymers (FRPs) are composite materials that contain dense layers of fibres embedded in an adhesive
matrix (Sorrentino et al., 2017). These FRPs provide high strength at a low weight which makes them a popular choice of
material in the aerospace industry since the mid-20" century (Anand & Patra, 2017). Glass Fibre Reinforced Polymer (GFRP)
is a type of FRP that is made of multiple thin layers of glass fibres in a complex mesh design, they are compressed under high
pressure with a resign to derive a solid structure (Liu et al., 2018). These GFRPs can be molded into various shapes and sizes
depending on the requirement and do not require heat application for achieving any structural alterations which reduces the
carbon footprint of the material in the manufacturing process (Yoon et al., 2020). GFRPs possess high structural strength but
are brittle in nature as they fail abruptly at maximum loading. The brittle nature also restricts the structure from being malleable
and ductile. But, they possess numerous advantages such as electrical insulation, fire resistance, high thermal capacity, non-
corrosive, low toxic emission, dynamic loading resistance, and high strength-to-weight ratio (Li et al., 2017). In contrast with
their advantages and disadvantages, GFRPs are considered good composite materials which are used for retrofitting and to
produce light weight parts in the automobile and aerospace industry (Cepero-Mejias et al., 2020).

GFRPs due to their materialistic properties are becoming popular in the construction industry (Esmaeili et al., 2018). The
use of these materials significantly decreases the dead loads of the structure making structural members smaller and more
static (Hocheng and Tsao, 2005). Long-span structures with significantly lower dead loads compared to traditional RCC
structures can be achieved by using GFRPs as composite construction materials (Rahmé et al., 2011). Coastal structures when
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built with steel tend to hold various disadvantages with corrosion being a major driver in the deterioration of the structural
integrity (Sadowski et al., 2019). The non-corrosive characteristics of the material with high thermal capacity and fire
resistance are some of the characteristics that is making GFRP popular as a construction material for marine-based projects
(Phadnis et al., 2013). In industries that require heavily engineered structures such as the petrochemical and shipping industry
GFRPs are proven to be highly advantageous over previously used traditional material (Suemasu et al., 2012). The workability
of GFRP is similar to that of steel except for the convenience of welding that steel offers (Camanho and Catalanotti, 2018).
That is, steel structures can be connected by welding, bolting, and riveting. Similarly, GFRP structures can be bolted, bonded,
and riveted but cannot be welded (Geng et al., 2019). Bonding of structures is a complicated procedure and requires higher
skilled labor compared to welding (Vof et al., 2016). This is a major drawback of using the material in the construction
industry (Girot et al., 2017). High-strength bonding substances or adhesives can be used to establish such a connection, but
the bond environment and restrictions play a vital role in achieving the desired strength of the bond (Stone and Krishnamurthy,
1996; Paroissien et al., 2017). Rapid curing adhesives with high peel-off strength or rupture strength are recommended for
bonded GFRP structures to reduce professional labor-intensive work on the construction site (Curiel-Sosa et al., 2018).

Bonds also play a major role in establishing the homogenous nature of the material for GFRP structures as welding does
for steel structures (Zhang et al., 2021). The high strength with low displacement at failure is advantageous in industries that
require the material not to disintegrate into fragments at failure (Wang et al., 2018). But, for structural construction, the low
displacement at maximum loading can be fatal at the time of structural failure or collapse (Bodjona et al., 2015). To maintain
the safety of the habitats of a structure, the building is expected to display signs of failure to provide a safety signal or time to
evacuate the place (Al-wandi et al., 2017). If the structure is to fail abruptly, the damages can be catastrophic (Baha, 2015).
This is a major disadvantage of using the material for constructing structures, especially in regions where variable loading can
be expected (Turki et al., 2014). The load vs displacement graph of steel comprises an elastic region and a plastic region and
failure happens with a significantly larger displacement value (Kwon et al., 2019). Whereas for GFRPs the load vs
displacement graph displays a sudden drop in the load-bearing capacity of the material with very little displacement and no
yield point before the point of failure at ultimate loading (Feito et al., 2018; Gamdani et al., 2019). This characteristic can be
tackled using the concept of robustness when using GFRP as a building material. Robustness in structural design is an aspect
of the structure that requires it to be strong and to satisfy the ideal safety conditions (Samaei et al., 2016). GFRP as a building
material is strong but for the material to be used for construction it has to be strong and safe. Hence, the concept of robustness
should be introduced in the design of GFRP structures as safety is an important criterion of structural design and development
(Zou et al., 2017).

To establish a stable or robust connection in framed structures two aspects of design should be satisfied, namely the
connection technique or connection methods, and the type of connection (Shahkhosravi et al., 2019; Carbas et al., 2020). The
connection techniques used in GFRP framed structures are bonded, bolted, and hybrid connection methods (Chowdhury et
al., 2016). Whereas there are various types of connection methods used in GFRP framed connection structures the commonly
used ones being seated plate connection, end plate connection, pinned connection, moment connection or rigid connection,
spliced connection, and shear connection or flexible connection (Zuo et al., 2020; Liu et al., 2014). Robustness as a structural
design concept can be introduced by adding a degree of cut-off or structural fuse in the design of the connection (Liu et al.,
2013; Chen et al., 2019). The trigger or the fuse is used as a sign of warning regarding the possibility of structural failure, or
it can also be used for deriving a time bracket before the structure fails (Banea et al., 2018). Globally most of the standard
structural codes such as the International Building Code, Canadian Standards Association, Australian Standards, and Indian
Standards Code do not encourage the concept of a structural fuse (Ascione et al., 2010). But they enhance the structure by
increasing the Factor of Safety (FOS) of the structure. Having a higher FOS makes the structure bulky and does not satisfy
the robustness criteria of GFRP structures (Yuanxin et al., 2015; Zhang et al., 2019). Due to the absence of design codes for
GFRP structural design in all standard codes, steel structure connection techniques can be implemented for designing
connections of any rigid or semi-rigid building material (Heidary et al., 2018). The borrowing of design from a standard
structural design code for a material that is considered as a replacement of the ideal material mentioned in the codes helps in
satisfying and validating principal conditions of material replacement and structural requirements (Krishnaraj et al., 2012;
Marques et al., 2016). GFRP as a structural material is considered a replacement for traditional steel as a building material so
designing a GFRP structure following steel structural design provides material replacement details and helps assess the
behavioral characteristics of the two materials.

Euro code, unlike other standard structural design codes, provides provisions for structural fuse and framed structures,
Euro Code 3 holds a connection called non-bearing spliced connection, which is a connection technique that connects two
frames using cover plates, bolts, and a splicing gap (Makhdum et al., 2014). Splicing is a connection method that reinforces
the joint using packing material called cover plates by utilizing connection techniques such as bolting and riveting (Heidary
and Mehrpouya, 2019). Non-bearing Splicing connection is an advanced splicing method that involves a provision of a gap
called the splicing gap which is provided between the two-connection structure to act as a fuse (Lii et al., 2016). As the gap
closes the displacement of the overall structure increases thereby displaying failure characteristics and post-failure due to the
material property of the structural element a fraction of extra strength can be derived by using such connections (Bodjona et
al., 2015; Selahi, 2019). Euro code 3 provides the splicing regulations with all the provisions for allowable splicing gap, cover
plate positioning, bolting specifications, and tightening conditions for the bolts (Bois et al., 2013). This design specification



M. J. Srujan and Seelam Srikanth / Engineering Solid Mechanics12(2024) 285

when implemented on GFRP structures will induce the robustness characteristic hence meeting the design criteria and safety
standards for using the material as a construction material (Goldarag et al., 2015).

The experimental investigation of slicing connection which variation in the splicing gap along with the length of the short
column on the joint behavior is examined in this research (Raju et al., 2016). Bearing a splicing connection without a splicing
gap is examined to determine the strength of the connection without a splicing gap and to derive an idea of the failure behavior.
An uncut GFRP short column is also crushed to identify the compressive strength of the material and to derive the relative
strength of the connected GFRP structure when compared to an un-cut GFRP structure. The mode of testing is carried out
using FEA and manual testing to have verifying results and to derive ideal connection conditions (Shetty et al., 2017).

2. Experimental program

Two phases of design and testing are involved in the optimization of the robust spliced GFRP H-section short-column
connection. Phase-1 involves the designing and testing of the Splicing Gap specifications for the joint. Phase-2 involves the
height of the short column and the short column conditions for GFRP H-sections. Based on the results from Phase-1, the
Phase-2 models are designed. All the models are tested Manually and using FEA to obtain optimal comparable results.

Phase-1 involves the design and creation of four modes with five samples in each model. The design is based on the length
of the splicing gap that is provided in the joint as shown in Fig. 1. The first set of samples from the model M-G0-H350 hold
no splicing gap, which makes these samples a Bearing splicing connection. This model is created as an example to display
the strength of the splicing connection by using cover plates as joint reinforcements. The samples from model M-G15-H350
hold a splicing gap of 15mm in them based on the minimum regulations from the Eurocode 3 regulations. This connection is
a non-bearing splicing connection. The gap of 15mm is selected as the minimum slicing gap over other standard values to
satisfy the late offset of the structural fuse condition. An early offset of a structural fuse by using splicing gaps of about 10mm
or Smm will not hold practicality if a pseudo failure triggers the splicing gap to close. The samples from M-G25-H350 are
selected based on the standards as mentioned in Eurocode 3 for the design of non-bearing Spliced connections. These samples
are specified as per the working guidelines from Eurocode 3 for Non-bearing Spliced Steel H-section connection from BS EN
1990 and BS EN 1991. The samples from model M-G30-H350 hold a splicing gap of 30mm in them. The increase of a Smm
gap from the standards as mentioned in Eurocode 3 is done in these models to verify the reason behind holding a standard
splicing gap value in the code.

Splicing gap Omm Splicing gap 15mm  Splicing gap 25mm Splicing gap 30mm

M-GO-H350 M-G15-H350 M-G25-H350 M-G30-H350

Fig. 1. Designs for model specimens of phase-1

After testing the models from Phase-1 the models from Phase 2 are created. The models are created based on the short column
condition for testing GFRP H-sections as shown in Fig. 2. A total of 5 samples are created for each model to generate accurate
joint behavior of the connection. The samples from model M-G25-H300 are designed based on the shortest column that can
be tested based on there being adequate space from the joint to the region of load application. There is a clearance of 100mm
from the joint to the top of the load application region. The transfer of load or the load path from one H-section to the other
should travel from the H-section to the joint through the cover plates and the bolts. Without providing a minimum clearance
the load will be eccentrically loaded on the plates or the bolts in terms of early offset of irregular displacements. The testing
is based on axial loading, so there should be a minimum clearance in each of the models being tested. The samples from model
M-G25-H350 hold a clearance of 150mm on either side of the H-section. These samples are created based on the optimum
utilization of the material available based on the length of the material that was procured by the distributor. The variation in
length by a small portion of relative size, that is 50mm variation in length, may provide variation of compression testing
parameters achieved by testing the samples from this model. The samples from model M-G25-H600 hold the length of each
H-section as 600mm with a clearance of 400mm on either side. This model is well within the criteria of a short column, but
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an increase in the height will induce slight buckling in the models. The effect of buckling in the compression testing parameters
is derived by testing the samples from this model. The length of 600mm is selected based on the material acquired from the
supply. These samples provide a clearance of 400mm from the point of load application. The difference or the dependence of
parameters based on the length of the column is derived by testing the three models in this phase.

Height 600

Height 350
Height 300

M-G25-H300 M-G25-H350 M-G25-H600

Fig. 2. Designs for model specimens of phase-2

3. Test Program

The models are created manually by cutting and drilling holes in H-sections and the cover plates based on the requirements
of the design as shown in Fig. 3. The pitch and edge values for each connection will vary based on the design specification
that is selected for different models. The pitch value should be greater than at least two times the edge value is the criteria for
splicing as provided in Eurocode 3. Based on these values the bolted connection is designed using M8 8,8 grade steel bolts
by Eurocode 3 from BS EN 1990 and BS EN 1991 guidelines for splicing connection. The torque on the bolts is tightened to
a value of 28Nm based on recommendations from BS EN 15048 for M8 8.8 grade steel bolts and bolted connections. The bolt
holes are drilled in the plates and the H-section with an ample amount of clearance to accommodate the steel bolts. There are
five samples created for every model. The fully assembled connections are loaded into the AMSLER compression testing
machine that is connected to Avery S500kN load cell as shown in Fig. 4. Linear Variable Differential Transformers (LVDTSs)
are placed on both sides of the testing assembly and are connected to a computer to record the displacement values of the
joints. The load variation is made with an increment of 0.2kN and the reading of loading and its corresponding displacement
is recorded accordingly. This procedure is done for all the samples and the machines are calibrated and checked before
conducting the test for each sample.

Fig. 3. GFRP H-sections cutting, drilling of holes, and manual model making
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Fig. 4. Manual testing of the models using AMSLER compression testing machine

The Digital design of the models involved the design of the specification drawings and FEA modeling. The specification
drawing is carried out in Auto CAD 2D and Auto CAD 3D. The material ideation of the design is developed in Sketch Up for
experiencing accurate 3D graphics of each model. CATIA is used to generate the testable modeling of the design with parts
segregation, dimensioning, and labeling of each part. CATIA is a strong design software that is convenient to design
mechanical parts compared to designing such complex mechanical parts in any FEA software. ANSYS workbench is used to
stimulate FEA results. The files from CATIA are imported into the ANSYS workbench by saving them in igs format.

The models are analyzed in Ansys Workbench as a static structure. Since the components of the models are labeled in
CATIA the assignment of material property becomes easier and more accurate in ANSYS. Meshing is a vital part of FEA,
and the required mesh value is generated using the trial-and-error method. For accurate boundaries of meshing, it is advised
to try for 0.1 to 0.2 times the lowest dimension of the component for macro-objects. By testing various mesh sizes 8mm is
selected as shown in Fig. 5, the required mesh size based on the accuracy of the results obtained and the processing speed of
the computer in which ANSY'S was running. The contact surface and boundary conditions are important aspects of running a
valid FEA simulation. The contact surface between the cover plate and the GFRP section; between the bolt head and the cover
plate; the screw and the cover plate are all considered hard surfaces. The load application is made in the negative X axis as
the surface of the H-section on the opposite end is fixed. The load versus displacement graph is plotted by generating the
results for every 10kN change in the load. The deformation diagram of models was shown in Fig. 6. The maximum load-
bearing capacity and the displacement of that load are noted and tabulated accordingly.

Fig. 5. Mesh analysis of 350 mm specimens
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Fig. 6. FEA Deformation diagram for 300mm and 600mm specimens

4. Results and Discussion

An uncut GFRP H-section is crushed using FEA and Manual testing methods to analyze the strength of GFRP as a material.
This value is compared with each of the connection designs to generate the percentage compressive strength of the connection.
The Ultimate load of an uncut section when tested manually is determined to be 227.74 kN with a displacement of 0.78 mm
and compressive strength of 122.18 N/mm2. The FEA ultimate load of the uncut section is determined to be 238.67 kN with
a displacement of 0.81 mm and compressive strength of 128.04 N/mm?. The stiffness of each model is calculated by
considering the slope at 30% and 50% of the ultimate load from the load vs displacement graph that is plotted for each of the
models. The load versus displacement graph for both manual testing and FEA un-cut section is provided in Fig. 7.

UN-CUT GFRP H-SECTION SHORT COLUMNS

2401
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Fig. 7. Load versus displacement graph of the un-cut GFRP H-section

The Manual compression testing on each of the models is examined by the displacement and load values obtained from
the computer-aided recordings based on the load cell values and LVDTs values. Each model is dissected to examine the modes
of failure. The phase-1 results of the manual testing as represented in Table 1 and the load versus displacement graph of each
design is provided in Fig. 8. The models from M-G0-H350, which is a bearing spliced connection held an average ultimate
load of 291.78 kN at an average displacement of 3.29 mm. The average stiffness of this connection is calculated to be 21.41
kN/mm with an average compressive strength of 151.99 kKN/mm2. The FEA of M-G0-H350 failed at an ultimate load of
304.91 kN at a displacement of 2.48 mm and the stiffness of this connection is calculated to be 23.03 kN/mm with a
compressive strength of 163.57 kN/mm?. The models from M-G15-H350, which is a non-bearing spliced connection with a
splicing gap of 15 mm, held an average ultimate load of 220.34 kN at an average displacement of 11.20 mm. The average
stiffness of this connection is calculated to be 16.65 kN/mm with an average compressive strength of 118.19 kN/mm?. The
FEA of M-G15-H350 failed at an ultimate load 0f 230.34 kN at a displacement of 11.28 mm and the stiffness of this connection
is calculated to be 17.76 kN/mm with a compressive strength of 124.10 kN/mm?. The models from M-G25-H350, which is a
non-bearing spliced connection with a splicing gap of 25 mm, held an average ultimate load of 211.44 kN at an average
displacement of 11.66 mm. The average stiffness of this connection is calculated to be 15.86 kN/mm with an average
compressive strength of 113.43 kN/mm?. The FEA of M-G25-H350 failed at an ultimate load of 220.95 kN at a displacement
of 12.15 mm and the stiffness of this connection is calculated to be 16.45 kN/mm with a compressive strength of 118.53
kN/mm?. The models from M-G30-H350, which is a non-bearing spliced connection with a splicing gap of 30 mm, held an



average ultimate load of 205.09 kN at an average displacement of 12.41 mm. The average stiffness of this connection is
calculated to be 15.35 kN/mm with an average compressive strength of 110.02 kN/mm2. The FEA of M-G30-H350 failed at
an ultimate load of 213.65 kN at a displacement of 13.24 mm and the stiffness of this connection is calculated to be 15.79
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kN/mm with a compressive strength of 114.61 kN/mm?.
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Fig. 8. Load versus displacement graphs of phase-1 samples

Table 1. Design characteristic properties of phase-1 models

Connection Design Experimental Experimental Experimental Experimental Failure modes
Ultimate Ultimate Load Stiffness (kN/mm) Compressive
Displacement (kN) strength (kN/mm?)
(mm)
Omm Splicing Gap
M-G0-H350-01 2.98 293.63 21.40 157.44 Bearing, Cleavage, Net Tension
M-G0-H350-02 341 289.10 21.49 155.01 Bearing, Cleavage
M-G0-H350-03 3.19 289.69 21.54 155.33 Bearing, Cleavage
M-G0-H350-04 331 295.10 21.35 158.23 Bearing, Cleavage, Net Tension
M-G0-H350-05 3.22 290.85 21.39 155.95 Bearing, Cleavage
15mm Splicing Gap
M-G15-H350-01 11.89 219.06 16.92 117.46 Bering, Cleavage, Net Tension
M-G15-H350-02 11.95 220.43 16.39 118.19 Bering, Cleavage, Net Tension
M-G15-H350-03 11.79 221.98 .16.53 119.02 Bering, Cleavage, Net Tension
M-G15-H350-04 11.92 220.19 16.47 118.06 Bering, Cleavage, Net Tension
M-G15-H350-05 11.72 220.55 16.08 118.26 Bering, Cleavage, Net Tension
25mm Splicing Gap
M-G25-H350-01 11.76 212.82 15.99 114.11 Bering, Cleavage, Net Tension
M-G25-H350-02 11.61 210.50 15.55 112.87 Bering, Cleavage, Net Tension
M-G25-H350-03 11.63 212.57 16.52 113.98 Bering, Cleavage, Net Tension
M-G25-H350-04 11.68 211.40 15.59 113.35 Bering, Cleavage, Net Tension
M-G25-H350-05 11.75 212.52 15.66 113.95 Bering, Cleavage, Net Tension
30mm Splicing Gap
M-G30-H350-01 12.55 206.16 15.36 109.29 Bering, Cleavage, Net Tension
M-G30-H350-02 12.89 204.15 15.37 111.13 Bering, Cleavage, Net Tension
M-G30-H350-03 13.26 204.80 15.56 109.35 Bering, Cleavage, Net Tension
M-G30-H350-04 13.24 205.02 15.59 109.87 Bering, Cleavage, Net Tension
M-G30-H350-05 13.02 203.83 15.12 110.23 Bering, Cleavage, Net Tension

The phase-2 results of the manual testing as represented in Table 2 and the load versus displacement graph of each design
is provided in Fig. 9. The models from M-G25-H300, which is a non-bearing spliced connection with a splicing gap of 25
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mm and an overall height of 625 mm with two H-sections each of 300 mm in height. These models held an average ultimate
load 0f 220.32 kN at an average displacement of 10.94 mm. The average stiffness of this connection is calculated to be 16.65
kN/mm with an average compressive strength of 118.19 kN/mm?. The FEA of M-G25-H300 failed at an ultimate load of
230.34 kN at a displacement of 11.30 mm and the stiffness of this connection is calculated to be 17.76 kN/mm with a
compressive strength of 124.10 kN/mm?. The models from M-G25-H350, which is a non-bearing spliced connection with a
splicing gap of 25 mm and an overall height of 725 mm with two H-sections each of 350 mm in height. These models held an
average ultimate load of 211.44 kN at an average displacement of 11.66 mm. The average stiffness of this connection is
calculated to be 15.86 kN/mm with an average compressive strength of 113.43 kN/mm?. The FEA of M-G25-H350 failed at
an ultimate load of 220.95 kN at a displacement of 12.15 mm and the stiffness of this connection is calculated to be 16.45
kN/mm with a compressive strength of 118.53 kN/mm?. The models from M-G25-H600, which is a non-bearing spliced
connection with a splicing gap of 25 mm and an overall height of 1225 mm with two H-sections each of 600 mm in height.
These models held an average ultimate load of 201.86 kN at an average displacement of 14.46 mm. The average stiffness of
this connection is calculated to be 15.32 kN/mm with an average compressive strength of 107.75 kN/mm?. The FEA of M-
G25-H600 failed at an ultimate load of 212.77 kN at a displacement of 14.23 mm and the stiffness of this connection is
calculated to be 15.89 kN/mm with a compressive strength of 114.14 kN/mm?.

Table 2. Design characteristic properties of phase-2 models

Connection Design Experimental Experimental Experimental Experimental Failure modes
Ultimate Ultimate Load Stiffness (kN/mm) Compressive
Displacement (kN) strength (kN/mm?)
(mm)
300mm H-section connection
M-G25-H300-01 10.89 221.22 16.64 118.62 Bearing, Cleavage, Net Tension
M-G25-H300-02 11.01 220.24 16.73 118.09 Bearing, Cleavage, Net Tension
M-G25-H300-03 11.10 219.63 16.01 117.76 Bearing, Cleavage, Net Tension
M-G25-H300-04 10.61 221.01 16.24 118.50 Bearing, Cleavage, Net Tension
M-G25-H300-05 10.94 220.07 16.59 118.00 Bearing, Cleavage, Net Tension
350mm H-section connection
M-G25-H350-01 11.76 212.82 15.99 114.11 Bering, Cleavage, Net Tension
M-G25-H350-02 11.61 210.50 15.55 112.87 Bering, Cleavage, Net Tension
M-G25-H350-03 11.63 212.57 16.52 113.98 Bering, Cleavage, Net Tension
M-G25-H350-04 11.68 211.40 15.59 113.35 Bering, Cleavage, Net Tension
M-G25-H350-05 11.75 212.52 15.66 113.95 Bering, Cleavage, Net Tension
600mm H-section connection
M-G25-H600-01 14.10 201.15 14.96 108.18 Bering, Cleavage, Net Tension
M-G25-H600-02 14.34 202.51 15.31 107.74 Bering, Cleavage, Net Tension
M-G25-H600-03 14.18 203.31 15.70 108.32 Bering, Cleavage, Net Tension
M-G25-H600-04 14.50 202.20 15.24 109.16 Bering, Cleavage, Net Tension
M-G25-H600-05 14.39 201.41 15.42 108.73 Bering, Cleavage, Net Tension
M-G25-H300 M-G25-H350
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Fig. 9. Load versus displacement graphs of phase-2 samples

The Manual testing average values and FEA values for each model are provided in Table 3. Parameters such as Ultimate
Displacement, Ultimate Load, Stiffness, and Compressive Strength are measured and calculated using both Manual Testing
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and FEA. The results of both Phases are provided with a comparison of results between both testing methods. The comparison
of manual testing and FEA load versus displacement graph of each phase models were shown in Fig. 10 and Fig. 11.

Table 3. Manual testing and FEA results of the models

Connection FEA ultimate Average FEA Average FEA Stiffness Average FEA Average
Design displacement Experimental ultimate Experimental (KN/mm)  Experimental Compressive Experimental
(mm) ultimate load ultimate stiffness strength Compressive
displacement (kN) (kN) (KN/mm) (KN/mm?) Strength
(mm) (kN/mm?)
Phase 1 Results
M-GO0-H350 2.48 3.22 304.91 291.67 23.03 21.43 163.57 156.39
M-G15-H350 11.85 11.20 230.34 220.44 17.76 16.48 124.10 118.20
M-G25-H350 12.15 11.68 220.95 211.96 16.45 15.86 118.53 113.65
M-G30-H350 13.24 12.99 213.65 204.79 15.79 15.40 114.61 109.97
Phase 2 Results
M-G25-H300 11.30 10.91 230.34 220.43 17.76 16.44 124.10 118.19
M-G25-H350 12.15 11.66 220.95 211.44 16.45 15.86 118.53 113.43
M-G25-H600 14.23 14.30 212.77 202.12 15.89 15.33 114.14 108.43
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Fig. 10. Comparison of load versus displacement graphs of manual testing Fig. 11. Comparison of load versus displacement graphs of manual
and FEA of phase-1 models testing and FEA of phase-2 models

The percentage compression strength of each model compared to that of an un-cut GFRP H-section subjected to uniaxial
compression loading is provided in Table 4. The bearing spliced connection of model M-G0-H350 is expressed to be the
strongest when compared to other joint designs with a percentage compressive strength of 128.0% compared to that of an
uncut GFRP H-section. Similarly, the FEA percentage compressive compared to an uncut GFRP H-section for these models
is calculated to be 127.7%.

Table 4. Percentage compressive strength of models compared to that of an un-cut H-section

Connection design Percentage Manual testing Compressive Percentage FEA Compressive Strength
Strength compared To Un-cut H-Section(%) compared To Un-cut H-Section (%)

Phase-1

M-G0-H350 128.0 127.7

M-G15-H350 96.7 96.5

M-G25-H350 93.0 92.5

M-G15-H350 89.9 89.5
Phase-2

M-G25-H300 96.7 96.5

M-G25-H350 92.8 92.5

M-G25-H600 88.7 89.1

5. Conclusions

Splicing is a form of connection that is provided in Eurocode 3 for connecting two or more steel sections. The principle
of splicing is based on reinforcing the joint to provide additional strength to the region or area of connection. There are two
forms of spicing which are Bearing and Non-bearing Splicing. Bearing spicing is a form of generic reinforcement of the
connection joint which is achieved by using Cover plates and connection method. Non-bearing Splicing uses cover plates and
connection methods with the concept of having a structural fuse in the joint. The fuse in the joint prevents the structure from
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failing abruptly and imposes a concept of robustness making the structure more reliable and safer. GFRP as a material fails
abruptly, so the connection designs established when designing structures using GFRP structures should be unique to tackle
this aspect of the material.

In this study, the compressive strength and load tolerance of an un-cut GFRP H-section, bearing spliced connections, and
non-bearing spliced connections are tested and compared to derive a reliable connection for GFRP short columns. Specimens
are tested in two phases based on the length of the splicing can and the length of the short column. In Phase 1 four connection
designs are established based on Omm, 15mm, 25mm, and 30mm splicing gap. The connection design of a Omm splicing
connection is a bearing splicing connection. In this study, the models developed from this connection displayed the strongest
design parameters with an ultimate load capacity of 291.67kN and 304.91kN when tested using manual testing and FEA
accordingly. The percentage compressive strength of this connection design when compared to that of an un-cut GFRP H-
section is 128% and 127.7% based on manual testing and FEA. The other three connection designs are developed using non-
bearing splicing conditions. A minimum of 15mm is selected because the failure of these connections displayed an ultimate
load displacement of 11.20mm to 14.30mm. The 25mm splicing gap is calculated by Eurocode 3 based on the column
dimensions and the 30mm splicing gap is used to test the behavior beyond the Eurocode specification for the splicing gap.
The compressive strengths of these three models are lower than that of bearing splicing connection with the strength ranging
from 89.5% to 93.0% depending on the model and the type of testing. Although the non-bearing connection design displayed
superior strength compared to that of the bearing connections, the failure behavior in the load versus displacement graph is
linear with the absence of a yield point. GFRP as a material also displaces linear failure behavior which makes the material
less reliable for construction usage. Therefore, using a connection that displaces similar linear failure cannot be considered a
choice for having a robust structure. The connections from the 15mm splicing gap trigger early offset off additional
reinforcement provided by the closure of the splicing gap. The 30mm splicing gap is inferior in all the test parameters
compared to the other two non-bearing spliced connection designs. So, the 25mm splicing gap as calculated by Eurocode 3
from BS EN 1993-1-8 is selected as the appropriate connection design for testing short column criteria on the connections in
Phase 2.

The Short column criteria in Phase 2 are calculated using the slenderness ratio criteria, which prompts that the ratio of
effective length to the radius of gyration should be less than 10. The effective length parameter depends on the end conditions
of the column and in this test case it is fixed on both sides. The radius of gyration is the square root of the ratio of the moment
of inertia to the cross-sectional area. By calculating the effective length and the radius of gyration at the axis which is
perpendicular to the plane of cross-section the height of the models in Phase 2 is determined. The three models tested in Phase
2 include heights of the column being 625mm, 725mm, and 1225mm respectively which includes the 25mm splicing gap.
The shortest column with a height of 625mm displayed the highest load tolerance of 230.34kN compared to the other two
connection designs which displayed load tolerance of 220.95kN and 212.77kN respectively. This implies the superiority of
the connection requirement over the quantum of material available for load tolerance. The lower compressive strength values
with the increase in height of the columns are caused by a factor of minute buckling induction in the columns. A small quantum
of buckling is observed as a factor of the increase in height and due to the presence of the splicing gap in the joint. The
manually tested materials displayed slight amounts of visually notable bending right before attaining ultimate load capacity.
Therefore, the presence of a splicing gap induces long column parameters such as buckling in short columns with the increase
in the height of the column causing a decrease in the effective behavioral parameters such as load capacity, compression
strength, and stiffness.

The use of connection joints is an aspect of the trifecta which are reliability, robustness, and ease of attainment. These
joints play a vital role in keeping the structure intact and providing a factor of safety when implemented in a habitual structure.
The joint parameters tested in this study are focused on the GFRP H-sections being subjected to axial compression restrictions.
The practical application of such joints should account for various loading conditions such as horizontal loading, eccentric
loading, and dynamic loading. The connection parameters will vary when there are other structural components such as long
columns, beams, and slabs in association with the short columns tested in this study. Using testing methods such as Manual
testing and FEA all such conditions for using GFRP Spliced connection in building a stable structure should be further
researched to establish the reliability of the material for construction usage.
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