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ABSTRACT 

Arcan fixtures are widely used for mechanical characterization and determining the in-plane shear tensile load for 
fiber-reinforced polymer composite material (FRP) in the three modes of fracture. This work aims at CAD design 
for Arcan fixtures with a butterfly-shaped specimen. This is carried out by ABAQUS/CAE finite element method, 
with seven angle positions and sample thickness varies from 0.5 to 8 mm for (FRP). The axial-shear response is 
obtained under different biaxial in-plane stress states by changing the loading angles. In particular, these fixtures 
will be used for testing of composite samples in order to achieve an ideal and highly efficient design suitable for 
samples.  On the other hand, finite element stress analysis of the Arcan fixture under different loads is conducted 
and shown an improvement in fixture design leading to optimum design of the Arcan fixture. Moreover, this work 
describes the designing and manufacturing of an Arcan fixture. The amended Arcan test for the composite and 
hybrid bonded assembly behavior of a wide variety of tensile– shear off-plane loadings. The main advantages are 
to examine thin composite plates and to use a sample-fixing fix. Moreover, optimizing the design of the proposed 
system, using simulations of finite elements to achieve reliable experimental outcomes, considerably limits the 
influence of edge effects.  
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INTRODUCTION 

Recently, Arcan fixtures have been used to obtain  mechanical strength such as tensile strength together with In-
plane shear properties of composite materials [1, 2]. As the Arcan fixture introduces a steady-state pure-shear 
state at a line section of an experimental specimen additionally with the sequence of the loading axis the fixture 
can be used to perform biaxial testing of a composite material. In general Arcan fixture is fabricated of two similar 
parts. To conduct an experiment the two halves are fastened with butterfly-shaped test specimens with suitable 
fasteners. Mostly when using Arcan fixture [3, 4]. It is manufactured to fit with the samples, and there are several 
steps to the manufacturing process, beginning with design, simulation, and operating process such as cutting, 
drilling, turning, milling and finishing. This experimentation aims to design the new Arcan fixture and study the 
behavior of composite material samples under the Arcan test method using Finite element analysis. The approach 
involves investigation problems and analysis of a butterfly-shaped specimen subjected to biaxial loading. The 
conditions are simulated by ABAQUS which includes CAE, FEM&FEA of a butterfly-shaped specimen. Nor 
Izzah Mokhtar et al [3] used finite element modeling with in-plane to Arcan fixture testing for ductile and brittle 
material under deferent mood loading to study the behavior of ARCAN test with samples of brittle and ductile 
materials using the FEA.  
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The method consists of examining the problem and evaluating butterfly specimens that are loaded under various 
load configurations. The performed Arcan fixture and its butterfly specimen type can be used with shear load and 
biaxial stress load conditions. Another effect of the geometry of the butterfly sample is stressed at the significant 
section are the largest due to the limited cross-sectional area in the segment, and therefore, initial yield or failure 
is more likely to occur inside the section. I Peshekhodov et al [5] investigated Arcan fixture to load application 
angles of −3.0 ◦ , 12.5 ◦ , 28.0 ◦ , 43.5 ◦ , 59.0 ◦ , 74.5 ◦ and 90.0 ◦, with good clamped holder, helped to prevent 
bending in holder side of Arcan fixture for the specimen (butterfly type) by numerical and finite element analysis 
then compared. Many experiments have succeeded in making Arcan fixtures, for example, Israr Ud Din, et al. [6] 
Modified Arcan fixture and use the in-plane shear stress with FRP material and fixing butterfly specimen with 3-
position shear load (0, 45, and 90). In the study to Garth M et al.  ]7[ expected in this paper a modified Arcan test 
with the in-plane shear method and mixed-mode loading i.e. pull through the datum plane and bearing datum 
plane by a special specimen clamping assembly. The maximum and failure loads of square-shaped composite 
bolted joints with 2 laminates specimen experiment analysis carried out 0 & 90 the experimental results are as 
overpredicted by the mixed-mode quadric rule.  

For the in-plane shear loading method, the actual experimental results are overpredicted by the quadratic rule. 
Also, M Afzal et al. [8]  worked on investigated the failure parameters for two different models of photopolymer 
which is used in 3D printers with the application of Arcan. The Arcan and specimen are designed by the ABAQUS 
stress intensity factor. The entire specimen is modeled using 8 nodes collapsed quadrilateral element the smallest 
element size is 0.02mm. And Tobias Laux et al. [9] designed the unidirectional composite material and calibrate 
the material by Digital Image Correlation and modifies Arcan fixture, he assumes the hardening rule doesn’t 
depend on the stress state, compression test also is done by this MAF by adding buckling rails, In a similar study 
to P.Hao et al. [10] developed a Modified Arcan Fixture for Fiber-Reinforced Composites under Biaxial Loading 
condition, they find the v notch radius for specimen by ABAQUS for obtaining an even stress state in gauge area. 
This MAF advantage which can be done combined tension and fatigue test, the maximum force is decreased when 
the Loading angle is increased, and this fixture is inspired by V notch and iosipescu specimen.  An Arcan fixture 
to generate biaxial states of stress and also commonly known as a biaxial fixture. A shear properties in the in-
plane directions are achieved by simple away with the combined character of the Arcan fixture [11-13]. To apply 
shear and axial forces might be used Arcan fixture on the butterfly specimen, to find the longitudinal and through-
thickness shear modulus in a unidirectional laminated FRP composite are used Arcan fixture.  

Discovered the fibers' position in the loading direction and create a uniform 'pure shear' state in the measuring 
section using a 90 ° notch. Different orientations of fibers resulted in various ideal angles. The study showed that 
for angles less than 90 ° from the y-axis of the specimen, maximal uniformity of the biaxial stress field occurred 
[11]. This study analyses a modified Arcan system to test the non-linear stress-transformation shear reaction in 
composite FRP thick section. The designed Arcan fixture and butterfly-shaped specimens are intended to 
determine the shear modulus, [14-17] nonlinear models, stress, strain, and strength in combination with different 
biaxial stress conditions of thick section pultruded composites under shear load. The uniformity of the shear stress 
is studied in pultruded composites. It also discusses the presence of direct stress and its relative impact on the 
shear properties [14]. FE analysis is used to analyze the influence of the notch radius and orthotropic material on 
the uniformity and distribution of stresses in the main butterfly specimen section. Strain gauges are often used in 
the middle of the mid-section to calculate the in-plane strain status. Finally, the nonlinear shear stress response is 
tested against the findings of shear studies.  
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Figure 1. Parts and assembled isometric of Arcan fixture 

 

Figure 2. Dimensions of Arcan fixture by (inventor professional) 3D CAM. 

This study has the following main goals 

1. Designing of Arcan fixture with butterfly-shaped specimen fixture  
2. Manufacturing of a fixture by the traditional machining process. 
3. Analyzing the Arcan fixture with CFRP specimen for tensile, shear stress under different loading angles 

by using ABAQUS/CAE & inventor professional CAM 
4. Recommendations for the concerned researcher, who can improve the size and material for the Arcan 

fixture leading to more accurate result. 

RESEARCH METHODOLOGY 

Shear load on the FRP with Butterfly specimen using ABAQUS CAE. 

Fiber-reinforced plastic or Fiberglass reinforced plastic is also abbreviated and known as FRP. For applications 
with high rigidity and strength to weight ratios, FRP is commonly used in the mechanical, maritime, civil, 
aerospace, and automotive industries [18]. This lightweight and durable material are distinct from conventional 
construction materials because it offers the perfect balance between profitability, durability, and adaptability. FRP 
is important for the protection of oxidation. FRP is now entering the building sector in the form of (CFRP&FRP) 
fiberglass reinforced plastic wall panels and ceiling. A shear load is described as forces applied to the loading axis 
by an object tangent, but not from the middle of an object. For instance, bringing right and left hand together to 
align all fingers and then sliding lift or right hand up and down is an example of shear movement [19-23].  

Sliding hands' initial motion leads to static friction and can be measured as shear stress. Shear is normally tested 
with a single shear and a double shear testing, which is shown in Fig. (2). the single-lap shear testing is used to 
assess the adhesive's local strength by sticking the adhesive between the two sheets and applying the load to 
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failure. The double lap shear testing is quite the same as single-lap testing but used three sheets with two adhesive 
regions except charging, as shown in Fig. (2). These test methods are especially popular for adhesive goods, To 
assess adhesive strength or to determine joint function inside the human body [19]. Also, Torsion is an example 
of shear stress were applied a rotational motion to the long axis on the specimen. Although axles and driveshafts 
are a typical application of torsion tests, [12-13]. The test may also be adapted for biological tissues. 

The test specimen used in this study is related to the original design recommended by Arcan, the modification 
includes the mechanical fasteners are used to clamp the specimen with two halves of a fixture [14]. The force is 
applied to the fixture using bolts to minimize load (out-of-plane) and moments. Fig. (1). illustrates the schematic 
of the Arcan fixture with the butterfly-shaped sample [14]. The fixture consists of two halves and two holding 
plates with fasteners. A Shear response can be accomplished by adjusting the angle at which the load is applied 
in the presence of different biaxial stress states.  Fig. (3) Shows the specimen shape and dimensions.  

 

Figure 3. Butterfly Specimen dimensions with six holes 3D CAM. 

 ABAQUS is an application suited for a design process and FEA analysis. The ABAQUS standard is a Finite 
Element general-purpose program specifically designed for advanced structural and thermal transfer studies [14-
15]. It is designed to analyze nonlinear and linear stress in two very huge as well as very small systems. The 
element library provides complete geometrical modeling capabilities. Solids in more options one, two, and three 
dimensions, as well as beams, shells, piping, and tube bend with complex parts, coupling, etc. can be modeling 
with the interpolation in the first, second, or third order. Another valuable facility is the multi-level structuring 
function. There are many component models available, for instance, linear and non-linear rubber, plasticity 
concrete, sand, plasticity, sound, soils, etc. ABAQUS has an advanced automated and adaptive time selection 
[15]. This method guarantees consistent accuracy over the history of the solution is much more efficient in most 
cases and realistic than a fixed time regulated by users.  

Manufacturing of Arcan fixture 

According to our requirements, the carbon steel ASTME A105 dia 210mm & length 35mm had been selected. 
The machining process was done by several mechanical equipments including Power hacksaw machining. Lathe 
machining, drilling machining, Milling machining, and Finishing. First, the Carbone steel was cut round to our 
required length with allowance to finishing. Then holding the workpiece with a chuck and pointing accurately the 
hacksaw at the mark, and finally cutting the workpiece with taking into consideration the lubrication process while 
cutting process. Lathe Machining Holding the workpiece in lathe machine by means of four independently chuck 
jaws, which should have been tighten separately and uniformly by using chuck key for holding the workpiece 
rigidly and also centering the workpiece, to ensure the centering and start machining. Face turning was performed 
to reduce the diameter by 2mm with the help of the face turning tool after that reducing the length of the workpiece 
by 2 mm till it was reduced to 20 mm. After the face turning, measuring process was carried out by using vernier 
caliper or micrometer to check the workpiece diameter and length. Required die – 208 mm and required length – 
20 mm.  

After ensuring the sizes the tailstock was removed and the drill bit was inserted and conducted to an easy milling 
process to make a center oval shape. Marking After finishing the lathe machining, marking was done by making 
a punch mark on the work piece by using a center punch as shown in Fig. (2). Drilling machining this process was 
performed by fixing the workpiece on the drilling machine vice to ensure the rigidness of the workpiece, then 
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selecting the suitable 17mm drill bit to make a drill on the marks by taking into consideration the lubrication 
process to protect the drill bit, and the final drilled workpiece became as shown in Fig. (4). Milling machining is 
considered the major part in the manufacturing process of the Arcan fixture. In which the workpiece was held 
rigidly on the milling fixture, and the center slot was done by using the milling cutter within the grove of the 
specimen. Machining the workpiece area (fixer) and making drilling for fixer bolt. A full depth slot was done and 
to split the workpiece into two halves. Finally the sample fixer jaws have been fabricated and fixed with Arcan 
and tighten the fasteners. Finishing is the final stage where both halves were polished and buffed to avoid sharp 
edges. Then the fixer was fixed with fasteners. The final fabricated Arcan is shown in Fig.4. 

Arcan fixture and Butterfly specimen Materials 

The design of the Arcan fixture has gone through many modifications to find the best results and obtain 
dimensions, are usable, and suitable for many samples and materials used in a shear in-plan test by Arcan. 

Figure 4. Final finished Arcan fixture after machining. 

The shear load is often used to determine in-plane stress and strain of materials, and this step in designing of 
Arcan fixture are base and dependent on the design of all other parts of the Arcan fixture with the known type and 
size of the specimen as shown in Fig. (1). the sample material is Carbon fiber reinforced.  

Table 1. Mechanical Properties of Carbon fiber reinforced fiber polymer 

Parameter Value 
Young’s modulus 70 to 100 GPa 
Tensile strength 109 GPa 
Stiffness 8.4 GPa 
Poisson ratio 0.27 to 0.3 

The angles varies from zero to 90°, and this is sufficient to perform in-plan shear tests with all the required angles, 
starting with zero, then 15°, and then increasing 15° more to reach 90°, with a total of 7 positions that can be 
fixed. It is possible to divide more than 7 positions, but this needs a bigger size of Arcan fixture, also be careful 
to make a bar hook for the expected loads as shown in Fig. (1). There are many ways to install specimen in the 
Arcan fixture, but the flexible method is chosen depends on. 1- Easy installation and disassembly. 2- The bolts 
can be replaced. 3- Gives more flexibility in the connection while installing the Arcan fixture on the tensile testing 
machine.4- Smooth thread work to ensure high tensile torque for samples with 3 bolts in each side of the specimen 
as shown in Fig. (1). The choice of the Arcan fixture material is carbon steel, which is characterized by durability 
and rigidity moreover not a brittle metal, which is used in most parts of mechanical parts that are not subject to 
vibration. 
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Table 2. Mechanical Properties of AISI 1065 [24] 

Components Content (%) 
Iron, (Fe) 98.31 to 98.8 
Manganese, (Mn) 0.60 to 0.90 
Carbon, (C) 0.60 to 0.70 
Sulfur, (S) 0.05 
Phosphorous, (P) 0.04 
Properties Metric 
ultimate Tensile strength 635 MPa 
yield Tensile strength 490 MPa 
 Modulus of elasticity 200 Gpa 
Poisson’s ratio (typical for steel) 0.27-0.30 
Reduction of area 45% 
Brinell Hardness 187 
Knoop Hardness  209 
Rockwell B Hardness  90 
Rockwell C Hardness  10 
Vickers Hardness 196 

 

CAE/ABAQUS Analysis 

In the design, there are many ways to reach the ideal design, and here, analysis and simulation by software CAE 
(Abacus) was introduced, which displays the results after entering the required data, Fig. (3). or in which you see 
the initial design, which has been repeated more than once to reach the current design as shown in Fig. (4).  Mesh 
Approximate sizing control is 0.8, Curvature control Max deviation factor(0.0 to 1) is 0.1 minimum size controlled 
by fraction of global size is 0.1.Element library is standards and family is 3D Stress, Geometric order is Quadratic, 
the shape is a tetrahedron. 

 

Figure 5. Mesh used in ABAQUS with element 26953 

The boundary category is mechanical, the selected Boundary condition type is Symmetry/Ant symmetry/Encastre, 
step and must include static and general, pick the bottom holder as a region as in shown Fig. (6), and select the 
CSYS Pinned(U1=U2=U3=0) 
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Figure 6. Boundary region in the bottom holder & load acts in the top holder. 

RESULTS AND DISCUSSIONS 

The load is applied on both degrees α (0 & 90) to the fixture. The applied load varies from 500N to 10000N as 
shown in tables 2 & 4. The min and max results of stress, strain, and displacement are tabulated corresponding to 
the specimen property and load capacity. Max value are selected from the table the specimen’s young's modulus 
is 100 GPa and the poison ratio is 0.3. The results for 100 GPa is shown in table 3 & 4 below with carbon steel 
Arcan fixture parts (young's modulus is 200 GPa and poison ration is 0.3). The maximum shear load generated by 
the test and simulation were used to determine maximum Loads are without deformation. The deformation can be 
observed when the fixture is loaded at a 90 angle with more load than 9000N maximum possible share load Fig. 
(9). and the deformation can be observed when the fixture is loaded at a zero angle with more load than 9000N 
maximum possible shear load Fig. (12).  

A concentration of stress can be observed in the neck of the specimen, as well as in the holder area, and there is 
no more stress in the body of the Arcan fixture and fixer bolts showing in Fig. (7). Besides, a concentration of 
strain can be seen in the neck of the specimen, as well as in the holder area, and there is no more strain in the body 
of the Arcan fixture and fixer bolts showing in Fig.(8). The absence of stress and strain on the body of the Arcan 
fixture allows increasing the loads after the improvement of the holder of the Arcan fixture. The size of the 
deformation can also be seen in Fig. (7). & Fig. (8). and the load effected on the holder, which has the same 
properties of carbon steel Arcan fixture. There is a difference in results when loading with angle 0 and angle 90 
shear load, and this is observed in the results as shown in Fig.(7).& Fig.(8). The stress is concentrated in an area 
larger than loading at an angle of 90 shafts, and this increases the deformation occurring in the specimen as shown 
in Fig. (7)& Fig. (8). Not affected in an Arcan fixture, fixer and screws have reached the loading indicates the 
success of cutting the loading and preceding it to loads higher than the applied. 

Table 3. Results for sample property 100GPa, at loading angle 90 °, shear load 500N to 10000N 

No 
Loading 
angle  (0° 
-90°) 

Shear 
Load 
(N) 

Results for a sample with 100000MPa to angle 90 
Stress (N/mm²) Strain Displaceme

nt (mm) Max Min Max Min 10-5 
1 90 ° 500 2.6170e+04 1.007e-03 1.494e-01 -2.649e-04 5.469e+00 
2 90 ° 1000 5.2330e+04 2.014e-03 2.988e-01 -5.299e-04 1.294+01 
3 90 ° 2000 1.0470e+05 4.027e-03 5.976e-01 -1.060e-03 2.588e+01 
4 90 ° 3000 1.5700e+05 6.041e-03 8.964e-01 -1.590e-03 3.881e+01 
5 90 ° 4000 2.0930e+05 8.055e-03 1.195e+00 -211e-03 5.175e01 
6 90 ° 5000 2.6170e+05 1.007e-02 1.494e+00 2.649e-03 5.469e+01 
7 90 ° 6000 3.1400e+05 1.208e-02 1.793e+00 -3.179e-03 7.763e+01 
8 90 ° 7000 3.6630e+05 1.410e-02 2.092e+00 -3.709e-03 9.057e+01 
9 90 ° 8000 4.1870e+05 1.611e-02 2.391e+00 -4.239e-03 1.035e+02 
10 90 ° 10000 5.2330e+05 2-014e-02 2.988e+00 -5.299e-03 1.294e+02 

F  

Boundary 
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Figure 7. Stress analyzing result for load-10000N, at loading angle 90°. 

 

Fig.8: Strain analyzing result for load-10000N, at loading angle 90°. 

 

Figure 9. Displacement analyzing result for load-10000N, at loading angle 90° 
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Table 4. Results for sample property with Young’s modulus 100 GPa, at loading angle 0 °, shear load 500N to 
10000N 

 

Figure 10: Stress analyzing result for load-10000N, at loading angle 0°. 

 

Figure 11. Strain analyzing result for load-10000N, at loading angle 0° 

No 
Loading 
angle 
(0° -90°) 

Shear 
Load 
(N) 

Results for a sample with  Young’s modulus  100000Mpa 
Stress (N/mm²) Strain Displacement 

(mm) Max Min Max Min   
1 0 ° 500 2.342e+04 1.702e-01 1.748e-01 3.652e-07 1.394e+01 
2 0 ° 1000 4.684e+04 3.403e-01 3.496e-01 7.305e-07 2.788e+01 
3 0 ° 2000 9.369+04 6.807e-01 6.991e-01 1.461e-06 5.577e+01 
4 0 ° 3000 1.4050+04 1.021e+00 1.309e+00 2.150e-06 9.579e+01 
5 0 ° 4000 1.8740+04 1.361e+00 1.398e+00 2.922e-06 1.115e+02 
6 0 ° 5000 2.3420+04 1.702e+00 1.748e+00 3.652e-06 1.394e+02 
7 0 ° 6000 2.8110+04 2.042e+00 2.097e+00 4.383e-06 1.673e+02 
8 0 ° 7000 3.2790+04 2.382e+00 2.447e+00 5.113e-06 1.952e+02 
9 0 ° 8000 3.7480+04 2.723e+00 2.797e+00 5.844e-06 2.231e+02 
10 0 ° 10000 4.6840+04 3.403e+00 3496e+00 7.305e-06 2.788e+02 
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Figure 12. Displacement analyzing result for load-10000N, at loading angle 0°. 

 

 
 

Figure 13. Bend occurring on holder side with load 10000N at 0° & 90° 

Bend in the holder  

Bend in the holder  
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Figure 14 (a). Sample strass analysis by inventor professional result with load 500 GPa for CFRP material. 

 

Figure 14 (b). Sample strass analysis by inventor professional result with load 1000 GPa for CFRP material.  

An independent test was made for the sample to compare the results as shown in Fig. (  13 & 14 (a and b)). It can 
be observed that  in the concentrations of stress area are equal in the Arcan analysis shown in Fig. (7) and analysis 
given (CFRP) material,1559 mesh nodes and 674 elements with 2 different loads, load 500 GPa the results 
showing in Fig. (14a) the maximum mises stress is 62230Gpa and minimum is 571GPa and load 10000 GPa the 
results shown in Fig. (14b) the maximum mises stress is 3112Gpa and minimum is 39 GPa. Finally, after the 
comparison and making sure of the differences, it can be said that the Arcan work well only needs to use higher 
tensile strength properties materials for the holder, as it is shown in Fig. (13), so the Arcan is a good fixture for 
tests with butterfly sample for composite material.   

CONCLUSION 

FEM stress analysis showed that stress and strain are divided between the specimen and Arcan fixture, especially 
at high loads, which causes the deformation of the holder at the time of placing the loads. After the loading process 
from 500N to 10000N shows the gradual change in the sample and the deformation that takes place in it, the 
deformation can be observed through the numbers in tables 2 and 3. There was no effect on the sample fixer, 
Arcan fixture, and fixing screws. only the great effect on the holder of the Arcan fixture that goes to more than 
200 mm at an angle of 0° and a load of 10000 Newton and also at an angle of 90° it reached more than 150 mm 
when carrying 10000 Newton due to the difference in the loading angle.  The results of the analysis indicate the 
need to improve the holder and using more durable materials because it is considered a weak point in the Arcan 
fixture. And the Arcan fixture can be used with a specimen thickness of 4 mm and to less than 10000 Newton 
without affecting the Arcan, for samples of composite materials and in case of desiring to increase loads, holder 
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shaft can be replaced to higher proprieties then carbon steel martial. It is noticed that stress and strain are divided 
between the spacemen and holder, especially at high loads, which makes the deformation of the holder at the time 
of placing the load. 

RECOMMENDATIONS 

From the previous analysis, it is recommended that:- 
- Using the loads gradually and take care to confirm the results. 
- This material of Arcan fixture, after being subject to repeated loads, may be less durable. 
- For the manufacture of such an Arcan fixture in the future, we must focus on the area of drilling, the location of 
the connection, the method of holding the fixture, and these points are the most important in the manufacture of 
the Arcan fixture. 
-Work on the use of samples less than 6 mm through the excessive loads on the device during loading . 
-To prevent the rotating   when loading, a hanger that fits with clamp and machine must use to avoid rotation in 
the sample and the Arcan fixture . 
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