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Non-ferrous material frequently slipped failure, hard clamp surface press slip occurs, and non-metal material lacks a
rigidity hold for the clamp, resulting in a slip or break before the limit strength. So as efforts to prevent this problem
are carried out from additional grips to reduce the occurrence of slips to obtain an increased testing accuracy.
Additional grip designs are created using material sizes specified by ASTM D638. material grip receives pressure
equal to 106.4 MPa, so to prevent deformation, stainless material is chosen as additional grip. This test is to
determine the quality of the materials used for the ship. In this research, a test using additional grip was developed
to improve technology for the test. Continued data analysis and a conclusion were obtained that the tensile test using
tools has a high success rate. Rubber and fibre-reinforced plastic (FRP) specimens have a success rate of 60%. The
factor causing the low success rate of wood testing is that the wood fibres have an irregular direction, so this
uncertainty makes the tensile test results unsuccessful. From the tensile testing process, the ultimate stress value of
specimens without grip tools is lower than tests with additional grips. The ultimate stress rubber value was 51.92%,
the FRP was 16.40% more than the ultimate stress with the average value, and moreover, the tensile strength of
HDPE also elongated as accepted by the rules.
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1 INTRODUCTION

Before building a ship, it is necessary in the shipbuilding industry to review materials. That is, to understand the
material's properties. Tensile tests, compressive tests, bending tests, and shear tests are all methods for evaluating
material properties. A standard is used as a reference in conducting material testing, from preparation to acceptance
criteria, in a test method. The case study was performed on a tensile testing machine capable of pulling non-Ferro
material with a capacity of 20 tons. Figure 1 shows how universal testing machines (UTM) are used for ferrous
materials. To determine the material characteristics of the property, a tensile test was performed [1]. Yield strength,
ultimate strength, elongation, and reduction area are the outcomes [2]. Tensile tests cause issues because the
machine is not designed for non-Ferro materials. The issue arises during the tensile test when a force is applied to a
specimen and pressure acts on the grip. The specimen slips, and the result is incorrect. An additional grip was
installed to accommodate the failure, allowing the test to be completed.

Additional grip reduces force and the potential of the specimen breaking on the clamp. The grip on the existing clamp
is made of a hard material and is under high pressure. The new grip is an additional tool for testing nonferrous
specimens [3]. Its working principle is to reduce stress on the steel material so that force is distributed and the material
creeps freely. Material selection is obtained by measuring strain size with the P3 strain indicator instrument [4], [5].

This measurement is taken in the tensile test specimen area by installing a strain gauge sensor so that the local
stress converts into a pressure magnitude [6]. Then, the tensile test was compared using an existing and additional
grip on UTM. Idealization using new grips is proven to be able to obtain adequate non-ferrous material test results
[7]. Fig 1. depicts the specimen standard geometry size and shape of a tensile test, with the material pulling with the
load and elongation beginning until it breaks.
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Fig 1. Dimensions of tha spesimens from ASTM D638 [8]: (a) Fiber-reinforced plastic (FRP); (b) Rubber

1175


http://www.engineeringscience.rs/

Journal of Applied Engineering Science :
: - Dony Setyawan et al. - Effect of additional grip on
Vol. 20, No. 4, 2022 tensile strength of non-ferrous materials for ship

www.engineeringscience.rs publishing

15230 ucTn -z gE

Fig 2. Existing Grip of UTM

Fig 2. Universal Testing Machine (UTM) and existing grip that is used for ferrous materials. It also tests non-ferrous
materials rarely. Issues that occur when non-Ferro specimens are subjected to a tension load and the specimen
breaks when grip act. A pressure work on grip presses the specimen and the surface is also harder than the sample
of experiments. Therefore, additional grip is required to improve the tensile strength of nonferrous material. This
research aims to compare tests of the existing grip from UTM with the new additional grip. Hence, the test is to
observe the yield strength and tensile strength difference.

2 DESIGN GRIP PROCESS

The development of additional grip UTM for non-ferrous materials in tensile tests is adaptive to the characteristics of
the material. Non-ferrous materials often break on existing during the tensile test, making it necessary to improve the
existing test. Selection-based material for the additional grip used current data from the previous grip pressure. Grip
pressure was measured using P3-strain indicator instruments to obtain a precision local pressure that acts on the
surfaces of a specimen. Fig 3. shows that the maximum strain on the upper grip and the lower grip is almost the
same magnitude. The test uses a load at a load scale of 2 tonnes for each material to get a clear picture of the test
results. The maximum strain result as a function used to determine stress, which is measured in microstrain units,

should be multiplied by the elasticity modulus.
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Fig 3. Pressure Measurement Graph
Considering that material under tension load to the material produces strain and converts stress, it is represented in
Formula (1) as follows [9], [10]:
Op = Us.E (1)

In Formulas (1), on is the local stress area of interest, or stress produced by ps strain at the load work multiple with
E, or modulus of the material. Perform the test using a steel specimen to know the best result for existing grip
pressure. This test load is performed using a steel specimen to know the best result from existing grip pressure.
Pressure stress outputs several data values of strain and converts them into that shown in Table 1.
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Table 1 Experiment data of the pressure test existing grip to obtain working load at the clamp

Grip Strain (uy) Modulus Young (E) Time step (s) Stress (MPa)
Lower Grip 532 x 106 200 x 10° 50 106.40
Upper Grip 529 x 106 200 x 10° 55 105.80

Deviation (%) 0.56

The result of this experiment is used as a parameter to select the base material of the new grip. Additional grip is
produced with stainless steel to prevent local deformation when gripping and corrosion. To install, an additional grip
design has been adjusted with the existing clamp. Moreover, the UTM in this case acts as the boundary to determine
the dimension of grip, and design of the new grip was shown in Fig 4.
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Fig 4. Additional Grip Design

The effect of the grip method on tensile testing affects the results of the characteristics of the test material. In more
detail in terms of testing, the accuracy of the pressure on the grip is determined based on the surface roughness
[11]. Therefore, failure can occur if the pressure on the grip surface is too great. New grip designs are processed by
milling and Computer Numerical Control (CNC) cutting to obtain the precision of the design. General procedures are
taken to tensile material on the destructive test that is shown in Fig 5.

Measure dimensions ofthe specimen |

| Vi

| Calculate Cross-Sectional Area (CSA) |
7

| Determine Gage Length |
N

| Adjusting scale of UTM load |
Nz

| Sef up specimen into the grip |
A4

| Applied tension force to specimen |
7

| Observing Graph of Tensile Test |
V4

| Determine Yield Point |

| NS

Calculate Mechanical Properties from the data result. |

Fig 5. General Methods of Tensile Test [12]- [14]

A tensile test process starts while the loads are generated in the specimen. Tensile testing of material properties to
determine elongation percentage, tensile and ultimate strength The determination of test results was calculated with
several formulas to acquire the characteristics. However, the tensile test while extracting mechanical properties of
the material used to calculate the characteristics of materials used several equations (2-5) as follows [1]:

Fyie
Out = ALO @
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_ Tyield
Oyield = A, (3)

In Equations (2-3), oy, and a,;,;4 Shall be taken to ensure strength of the materials that unit is N/'mm2 gainded from
measurement force F divided by A, or Cross-Sectional Area, then to obtain € (elongation) see from final length L, of
the gauge length minus by initial length L, and divided with L, unit unit given in percentage (%) [14], [15].

£ ==l 9qp 4)
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Ag— A
R, =="--.100 (5)
Ag
Ra or Reductional of area represents a decrease in sectional area in gauge length area. Elongation and Ra should
be determined to determine if material characteristics are ductile or brittle. Stress and strain diagrams in Figure 6
illustrate more clearly the conditions of formulation that have been satisfied.
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Fig 6. Stress Strain Curves [14]

Stress-strain diagrams explain the phenomenon of fracture stages of material, while force acting on material stress
should occur and elongate (A) until the elastic zone ends (B), then enter the plastic zone (C), material is not capable
of returning to the first form and continues to stretch during load on the top of the point material reaches breaking
point (C) and material breaks (D). Stress units are force divided by area, and strain is nondimensional. The size and
shape of stress-strain diagrams determine the point of yield, ultimate, and fracture point of material diagrams, which
are affected by several factors such as composition, heat and conditioning, prior history of plastic deformation, strain
rate of test, temperature, orientation of applied stress relative to the test specimen structure, and material dimension
[16] [17] To prove the performance of the additional grip, two types of non-ferrous materials were tested, namely
rubber, FRP, and High-Density Polyethylene (HDPE). Experiments were carried out to the ASTM D-638 standard.
The number of specimens that were used for the tensile test is summarised in Table 2.

Table 2 Total of specimens

Number of specimens

Material types
Existing Grip  Additional Grip

FRP 5 5
RUBBER 5 5
HDPE 3 3

All the test pieces will be run using the UTM machine to obtain comparison test results.

3 RESULT AND DISCUSSION
3.1 Effect of Tensile Strength on FRP and Rubber

The differences in installation and results of the two clamps on a universal tensile machine have been shown in Fig
7. hence a value from the experiments carried out differently. It was able to observe from the majority of test pieces
failure in the clamp caused by the working pressure on the grip.
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(b)

Fig 7. Comparison tensile test results: (a) existing grip, (b) new additional grip.

Fracture of the material in the clamp results in significant differences in tensile and ultimate strength. The accuracy
of the test decreases when using the existing grip. Then in Figure (b), it was able to explain that the break is in the
gauge length area. Hence, the tensile test results are more precise. The data from the tensile test results are

explained in Table 3.

Table 3 Comparison experiment data ultimate strength using additional grip and Existing grip.

Ultimate Strength of FRP (MPa) [18], [19]

Ultimate Strength of Rubber (MPa) [20]

Specimens
Existing Grip Additional Grip Existing Grip Additional Grip
1 70.224 87.624 1.054 3.347
2 84.924 89.295 1.792 4.119
3 71.572 83.797 2.022 4.119
4 71.572 94.749 1.031 2.573
5 70.224 94.927 2.155 2.593

The additional grip performed in this study consists of an experiment of non-ferrous material and is uncertain exactly
how much more accurate than the existing grip. A phenomenon is currently occurring because of the loss of
pressure acting on clamped material, which means it can stretch more freely than existing conditions. The
explanation of data experiments effectively demonstrates observation understanding using a graphic that is shown

in Fig 8.
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Fig 8. Deviation of tensile test results of (a) FRP
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3.2 Effect of the additional grip on HDPE material

Another effect occurs while the material test is changing by HDPE (High-Density Polyethylene). The pressure of the
existing grip has a great impact due to the elongation of the material. the result of experiment is summarized in Table 3.

Table 3 Comparison experiment data ultimate strength using additional grip and Existing grip.

Ultimate Strength of Elongation Acceptance Criteria
_ HDPE (MPa) [21] (%) [22] HDPE [23]
Specimen
Existing Additional Existing  Additional Ultimate (MPa);
Grip Grip Grip Grip Elongation (%)
1 26.56 25.88 161 430
2 24.98 2491 123 440 24, 10-1500
3 25.15 24.38 155 431

Strength value to follow the requirements by documents of mill certificated whereas the HDPE have minimum tensile
strength is equal, or up to 24 MPa, therefore, the criteria is accepted.

Fig 9. shows the details of the tensile test process. The additional grip influenced the characteristics of elongation
percentage when the tensile test was running. The usage of grip reduces the force that indicates the breaking cause
of high pressure on the clamp of the universal tensile machine.
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Fig 9. Comparison tensile test results: (a) existing grip, (b) new additional grip.
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Fig 10. Deviation of tensile test results of HDPE

The response is presented in Fig 10., where the elongation of HDPE material experienced is advantageous for

reaching acceptance criteria up to 50%. Therefore, the additional grip will improve the accuracy of the UTM tensile
test optimally.

3.3 Breaking assesment

The success of non-ferrous material measurement in tensile testing is that data can be obtained right in the planned

gauge length area. However, the fault is able to provide data input for analysis. The test results are obtained with a
high degree of accuracy and precision.

Table 4 Success rate of tensile test

Test completed Success
Test Rate
Piece Existing Grip (A) Additional Grip (B) (%)
Suceess Fail  Suceess Fail A B
FRP 1 4 4 1 20 80
RUBBER 0 5 3 2 0 60
HDPE 3 0 3 0 100 100

Table 4. indicates that the tensile test using additional grip is in good agreement with the success rate percantage.

The difference in the success rate is mainly because of the pressure working in the clamp area and is plotted in
Figure 10.
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Fig 11. Deviation of tensile test results of HDPE

A preparation clamp is needed to support the success rate of testing, as evidenced by the results of the pull test with
and without additional grip. Testing without using additional grip will provide additional pressure in the grip area of
the material, causing faults in the grip area. This contrasts with the use of grip tools that eliminate the pressure effect
around the clamped area, where the material effect can be attracted freely and broken naturally without additional
pressure interference. Hence, the success rate value for both conditions is 40% for existing grip and 80% for
additional grip. Additionally, experiments can be validated using numerical analysis that also affects material
properties of structures, such as damage identification [24] and strength analysis on ship [25], [26].

4 CONCLUSION

The effect of additional grip on the tensile strength was performed to experiment with the non-ferrous material
compared to the existing grip at relatively the same condition. The experiment data for tensile strength or ultimate
strength results in the parents' condition show if the design of additional grip has better accuracy than the existing
grip. The successful percentage produced by additional and existing grip is 40% for FRP and 80% for rubber.
Moreover, testing with HDPE also shows good results where elongation is not affected by pressure grip when the
material is pulled.

The ultimate strength calculated by formulation force divided by area obtained on gauge length area is in good
agreement with that experiment performed in newer studies. Future studies are necessary to test more nonferrous
specimens to observe the result.

5 ACKNOWLEDGEMENT

The authors wished to thank the Ministry of Research, Technology and BRIN for Doctoral Program Research Grant
of the year 2022 with entitled “Studi kehandalan konstruksi kapal berbahan HDPE akibat beban gelombang acak
with contract number 084/E5/PG.02.00.PT/2022, and 1381/PKS/ITS/2022. The authors also thank to Laboratory Ship
Strength and Construction helps in experimental tests.

6 REFERENCES

[1] 1SO0. (2016). Metallic materials - Tensile Testing. British Standard Institution. United Kingdom.
[2] International, A. (2002) Atlas of Stress-Strain Diagrams. ASM International. United States of America.

[3] Ariesta, R. C., Zubaydi, A., Ismail, A., Tuswan, T. (2021). Damage evaluation of sandwich material on side
plate hull using experimental modal analysis. Materials Today: Proceedings. p. 2310-2314.

[4] ASM. (2017). Engineering Properties of Magnesium Alloys. ASM Internasional. United States of America.

[5] Hardy, S. H., Yulianto, T., Putra, W.H.P., Ariesta, R.C. (2020). Influence of the Cut-out Shape on the Fatigue
Ship Structural Detail. Proceedings of the 6th International Seminar on Ocean and Coastal Engineering,
Environmental and Natural Disaster Management (ISOCEEN). p. 111 — 115.

[6] Malag, L., Kukielka, L., Kukielka, K., Kutakowska, A., Bohdal, L., Patyk, R. (2014). Problems Determining of
the Mechanical Properties of Metallic Materials from the Tensile Test in the Aspect of Numerical Calculations
of the Technological Processes. Applied Mechanics and Materials, vol. 474, p. 454-459,
https://doi.org/10.4028/www.scientific.net/AMM.474.454.

[7] Davis, J. R. (2004). Tensile Testing. ASM International. USA.

[8] ASTM. (2017). ASTM D638: Standard Test Method for Tensile Properties of Plastics. ASTM Standards. USA.
[9] Westergaard, H. M. (2013) Theory of Elasticity and Plasticity. Harvard University Press. England.

[10] Cimbala, J. M. (2013). Stress, Strain, and Strain Gages. Publisher: Penn State University. USA.

1182


http://www.engineeringscience.rs/
https://doi.org/10.4028/www.scientific.net/AMM.474.454

Journal of Applied Engineering Science

Vol. 20, No. 4, 2022 I
www.engineeringscience.rs publishing

Dony Setyawan et al. - Effect of additional grip on
tensile strength of non-ferrous materials for ship

[11] Matsuo, T., Hojo, M., Kageyama, K. (2019). Influence of gripping method on tensile properties of
unidirectional thermoplastic CFRP — Round-robin activity for international standardization in Japan. Journal
Composite Materials. Vol 53, No. 28-30. p. 4161-4171. DOI: 10.1177/0021998319855419.

[12] Fujita, M., Masuda, T. (2014). Application of Various NDT Methods for the Evaluation of Building Steel
Structures for Reuse. Materials. Vol. 7, no. 10, p. 7130-7144. https://doi.org/10.3390/ma7107130.

[13]JIS Z 2241, (2020). Metallic Materials - Tensile Testing - Method of Test at Room Temperature. Japanese
Standards Association (JSA). Japan.

[L4] ASTM. (2021). Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers Tension.
ASTM International. United States.

[15]Tu, S., Ren, X., He, J., Zhang, Z. (2019). Stress — strain curves of metallic materials and post - necking strain
hardening characterization: A review. Fatigue & Fracture of Engineering Materials & Structures, vol 43, no. 1,
p. 3-19. https://doi.org/10.1111/ffe.13134.

[16]Chen, J., Guan, Z., Ma, P., Li, Z., Gao, D. (2020). Experimental extrapolation of hardening curve for
cylindrical specimens via pre-torsion tension tests. Journal of Strain Analysis, vol 55., no. 1-2., p. 20-30.
https://doi.org/10.1177/0309324719887863.

[17]Misbah, M.N., Ariesta, R. C., Yulianto, T., Setyawan, D., Putra W.H.A. (2022). Study numerical and
experimental of stress concentration factor on isotropic plate with hole. Materials Physics and Mechanics. (In
press)

[18][BKI. (2021). Guidance for the classification and construction part 3 special ships: Rules for Fibreglass
Reinforced Plastic Ships. Biro Klasifikasi Indonesia. Indonesia.

[19][Manap, N., Jumahat, A., Sapiai, N. (2015). Effect Of Fibre Treatment on Longitudinal and Transverse Tensile
Properties of Unidirectional Kenaf Composite. Jurnal Teknologi. Vol 76, no. 11, p. 87-95.
https://doi.org/10.11113/jt.v76.5918

[20] rahco-rubber. HNBR or Highly Saturated Nitrile Halogenated Acryonitrile Butadiene. From https://rahco-
rubber.com/materials/hnbr-hydrogenated-nitrile-butadiene-rubber/, accessed on 2022 January 05.

[21] Polymerdatabase. High-Density Polyethylene (HDPE). From
https://polymerdatabase.com/CommercialPolymers/HDPE.html. Accessed on 2021 August 10

[22] Omnexus. Elongation at Break Values of Several Plastics. From https://omnexus.specialchem.com/polymer-
properties/properties/elongation-at-break. Accessed on 2021 November 26

[23] Tentative Rules (2014), Polyethylene crafts. From www.turkloydu.org. Accesed on 2022 March 14.

[24] Ariesta, R.C., Zubaydi, A., Ismail, A., Tuswan, T. (2022). Identification of Damage Size Effect of Natural
Freguency on Sandwich Material using Free Vibration Analysis. Nase more. vol 69, no 1, pp 1-8. DOI
10.17818/NM/2022/1.1.

[25] Tuswan, T., Zubaydi, A., Piscesa, B., Ismail, A., Ariesta, R.C., llham, M.F. (2021). Influence of application of
sandwich panel on static and dynamic behaviour of ferry ro-ro ramp door. Journal of Applied Engineering
Science. vol 19, no. 4, p. 208-216. DOI: 10.5937/jaes0-27708.

[26]1small, A., Zubaydi, A., Piscesa, B., Tuswan, T., Ariesta, R.C. (2021). Study of sandwich panel application on
side hull of crude oil tanker. Journal of Applied Engineering Science. vol 19, no. 4, p. 1090-1098. DOI:
10.5937/jaes0-30373.

Paper submitted: 22.03.2022.

Paper accepted: 18.06.2022.
This is an open access article distributed under the CC BY 4.0 terms and conditions.

1183


http://www.engineeringscience.rs/
https://doi.org/10.3390/ma7107130
https://doi.org/10.1111/ffe.13134
https://doi.org/10.1177/0309324719887863
https://doi.org/10.11113/jt.v76.5918
https://rahco-rubber.com/materials/hnbr-hydrogenated-nitrile-butadiene-rubber/
https://rahco-rubber.com/materials/hnbr-hydrogenated-nitrile-butadiene-rubber/
https://polymerdatabase.com/CommercialPolymers/HDPE.html
https://omnexus.specialchem.com/polymer-properties/properties/elongation-at-break
https://omnexus.specialchem.com/polymer-properties/properties/elongation-at-break
http://www.turkloydu.org/

	1 INTRODUCTION
	2 Design Grip Process
	3 Result and discussion
	3.1 Effect of Tensile Strength on FRP and Rubber
	3.2 Effect of the additional grip on HDPE material
	3.3 Breaking assesment

	4 Conclusion
	5 Acknowledgement
	6 References

