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Abstract
In this study, Computer-Aided Design (CAM) of special crane hooks used to close the stack type hatch
covers used for sea freight transport, which is of great importance in our world, has been made. In this
design, bolt and pin connections were preferred in the connections of the hook with the crane, as well as
the connection with the welding performed in other studies. Thanks to these fasteners, corrosion events
caused by the place of use and environmental conditions will also be prevented, and the strength values
and reliability of the material will be increased. Critical sections with high-stress values on this design
were determined by the Finite Element Method (FEM) with ANSYS R3 analysis program. In this design, the
necessary improvements and strength calculations of the hook were made. Numerical calculations
performed by the FEM and strength calculation results were compared. Results overlap: This, in turn, has
been associated with the fact that the design made for us provides an optimal level of e ciency. These
calculations are based on the data of St-37 structural steel. According to the results of these strength
calculations, improvements were made in the design. As a result of improvements in special design and
strength values for hatch cover stocking gantry Crane hooks, the design is expected to be standardized.

Introduction
Hatch covers are used to cover the cargo in the hatch/cargo area and to protect the cargo from air/sea
conditions [1]. It also makes the area waterproof by closing the hatch opening. On ships, dry cargo is
carried in compartments located in the hull and called warehouses. Each compartment is covered to
protect from effects such as seawater, rain, solar heat and to create usable areas on the deck [1, 2].
Stacking hatch covers is used especially in European countries and in our country [3]. During loading and
unloading operations, accidents and permanent damages occur due to ignoring limit values and violating
the standard rules [4]. As a result of the accident analysis, the need to review international rules and
design criteria was emphasized [3, 4].
Before steel hatch covers became widely used, until about the 1940s, wooden covers were used and
covered with tarpaulin to ensure waterproo ng [1, 3, 4]. In this context, Maritime Transport in the 21st
century is the most used transport route, where 80% of World Trade occurs [5]. The most important
element of this transportation route is; these are ships that are industrial structures designed and
manufactured to perform a certain activity [7]. The shape of ship's hull is constantly evolving to meet
requirements such as improving carrying capacity, seaworthiness, manoeuvrability, route tracking and
maintaining strength depending on marine conditions [5-8]. In area studies, it was determined that these
hooks were not made according to a certain standard and that work accidents occurred because strength
calculations were not made.
In current literature studies, both welded connection and bolt connections were used as a connecting
element in the hooks designed and manufactured [9]. In this case, the corrosion incident that occurs due
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to weather conditions causes major problems in the system. In this study, the eyebolt connection was
attached to the ready-made box pro le in the hatch cover stocking gantry crane, and the hook was
connected to the ready-made box in these hatch cover stocking gantry crane by welding. In this case, the
continuity of the force cannot be achieved because there is no support plate inside the box pro le and the
box pro le is deformed and the material breaks after a certain period [10-12]. It is believed that this study
will be more reliable and useful since there is no such situation. In the literature studies performed [15,
16], it was seen that only the weld connection was made in the joining directions of the eyebolt and hook.
Corrosion occurring in welding connections, etc. due to the situation, breaks occur from the eyebolt and
hook welding sites. This situation causes big problems and work accidents. Furthermore, although the
fatigue strength and static strength formed in welding joints are equal, they are less than in non-welding
material [13-16]. Fatigue strength in the weld metal of welding joints initiates the magnitude and
distribution of the errors [17], the weld metal and a co-the magnitude of stress concentration in the
connection of the plate [18], in the case of steel, it is determined by the region under the thermal in uence
and the decarburisation on the surface of the welding metal [19, 20]. The high-cycle fatigue strength of a
welded high-strength steel is not greater than that of a welded low-strength steel [21, 22]. In this study,
joints were provided with bolts and pins instead of welding connections. This is predicted to be a more
reliable and durable system.
In this study, all force transmission will be on the hook because the eyebolt is combined with the hook.
This will extend the service life of the hatch cover stocking gantry crane. A case of corrosion occurring in
the hook or eyebolt or the need to replace the hook caused by careless use arises [13-24]. In this case, the
hook or eyebolt will need to be cut from the welding areas and boiled again. In this case, repeatedly
welding the hatch cover stocking gantry crane destroys the pro le box material [25], so this crane system
will be destroyed. In this study, it is believed that such situations will not occur, and a safer and more
convenient operation will be performed. During maintenance and change, no change will occur in the
mechanical properties of the box pro le material of the hatch cover stocking gantry crane, as it will not be
welded. This, in turn, found that the strength values will be higher and safer than other studies [21-23].
In this study, a special computer-aided hook design was made for special cranes designed for hatch
cover stocking used for sea freight transportation. St-37 structural steel data were taken as the hook
material. Calculations of the strength of the hook and numerical analysis calculations were made by the
nite element method. The tension values formed in the hook were calculated and the deformations
occurring in the hook were determined. In line with these calculations, improvements were made to the
design. The minimum safety coe cient of the hook was kept above 2. In this way, the product to be
manufactured will be reliable and its strength will be ensured at the maximum value.

Materials And Methods
2.1. Computer-Aided Design (CAM)
Currently, stocking type hatch covers are used in marine cargo transport [8]. Special
cranes are designed to open and close these covers. Figure 1 shows the design of a special
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hatch cover crane.
SOLIDWORKS 2020 design program was used for the special hook design of the Stacking
type hatch opening crane. Figure 2 shows a two-dimensional hook design and Figure 3
shows a three-dimensional hook appearance.
2.2. Mechanical Properties and Stress Types of St 37 Steel
In the strength calculations of this study, St-37 structural steel data were based, and the
mechanical properties of St-37 structural steel were given in Table 1.
Table 1. Mechanical properties of St-37 structural steel [27].
Young’s Modulus
(MPa)
Material

Density

Tensile Strength
(MPa)

Yield Strength
(MPa)

Poisson’s
Ratio

1158

355

0.3

Elongation
(%)

Kg/m³

St-37

7.7

210000

15

Strength calculations are needed for the design, material selection, reliability, and
structural drawings of all machine elements [26, 27]. A machine element is subjected to 6
types of stress under static and dynamic stress, the types of stress exposed according to the
strain state are shown in Figure. 4.
In this study, the critical regions and types of stress exposure to the material at 62500
Newton (N) load under static loading are shown in Figure 5.
2.3. Strength Calculations Formulas
Strength calculations made (1), (2), (3), (4), (5), (6), (7), and formulas numbered (8) were
used.

Results And Discussion
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In this study, critical areas where the stresses of the Hatch cover stocking gantry crane
special hook, which was designed with computer support, were calculated by general
engineering methods. Analysis operations were performed with finite element analysis.
3.1. Strength Calculations
Calculation 1.
The material has been subjected to bending and shearing. Their calculation measures are
shown in Figure 6.
Bending and shearing stress occurred in this part of the Hatch Cover Stocking Gantry
Crane of the hook shown in Figure 6. Machine elements exposed to bending moment are
subjected to bending and shear stresses [27]. As shown in Figure 6, the material width is
53.44 mm, and the height is 100 mm.
A= h*L
A=53*100 =5300 mm (Sectional Area)
I= L*H /12
I= 53*100 /12 = 4416666,67 mm4 (Moment of Inertia)
Moment Arm = L1= 62.5mm
M=L1*F
M=62.5*62500 = 3906250 N.mm (Moment)
W=Strength of Moment
W= I/(05*h)
W= 4416666,67/(05*100)= 88333,33 mm (Strength Moment)
τ = F/A
τ= 62500/5300 = 11.79 N/mm (Shearing Stress)
σe= M/W
σe =3906250 / 88333.33 = 44.22 N/mm (Bending Stress)
σB= (σe +3* τ )
σB = (44.22 +3*11.79 )

= 48.707 N/mm (Compound Stress)

sAk= 355 N/mm
SF= sAk/ σBi
SF= 355/48.707 = 7.29 ( Safety Factor)
Calculation 2.
Tensile and shearing stress occurred in this part of the Hatch Cover Stocking Gantry Crane
of the hook shown in Figure 7. Tensile stress is the resistance of the material or system
against pull [26]. The tensile stress value is obtained by dividing the force by the crosssectional area [27, 28].
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L= 60mm (Width)
H= 143mm (Height)

A= h*L
A=60*143= 8580mm (Sectional Area)
I= L*H /12
I= 63*143 /12 = 14621035 mm4 (Moment of Inertia)
Moment Arm= L1= 171mm
M=L1*F
M=171*62500 = 10687500 N.mm (Moment)
W= I/(0.5*h)
W= 14621035/ (0.5*143)= 204490 mm (Strength Moment)
σç = F/A
σç = 62500/8580 = 7.284 N/mm (Tensile Stress)
σe= M/W
σe = 10687500 / 204490 = 52.026 N/mm (Bending Stress)
σB = σe + σç
σB = 7.28+52.026 = 59.55 N/mm (Compound Stress)

sAk= 355

N/mm

SF= sAk/ σB
SF= 355/59.055= 5.95 ( Safety Factor)
Calculation 3.
In this part of the Hatch Cover Stocking Gantry Crane of the hook shown in Figure 8, only
shear stress occurred in the material. The force applied parallel to the cross-section of the
system or material is called the shear force. The effect of the applied shear force on the unit
area is called shear stress.
Bore Diameter = D= 40mm
Number of Uses = 2

A= π*D /4
A= 3.14*40 /4 = 1256,637 mm (Sectional Area)
F= 62500 N
P = F/2 = 62500/2 = 31250 N (Pin Force)
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τ = F/A
τ= 312500 / 1256.637 = 24.86 N/mm (Shearing Stress)
sAk= 355N/mm
SF= sAk/ σB
SF= 355/24.86 = 14.28 ( Safety Factor)
Calculation 4.
Compressing and shearing stress occurred in this part of the Hatch Cover Stocking Gantry
Crane of the hook shown in Figure 9. The eyebolt slot has been subjected to pressing stress.
The top of the map hole was subjected to shear stress. Compression stress is the internal
resistance to the force that tries to crush and shorten the length of the material [26-28].
Calculation 4.1. Eyebolt Slot
Bore Diameter = D= 50mm
Bore Width = L= 52mm

A= D*L
A= 50*52 = 2600 mm (Sectional Area)
F= 62500 N
σb = F/A
σb = 62500 / 2600 = 24.038 N/mm (Compressing Stress)
sAk= 355 N/mm
SF= sAk/ σB
SF= 355/24.03 = 14.77 ( Safety Factor)
Calculation 4.2. Eyebolt Hole Slot
Bore Diameter = D= 50 mm
Bore Width = L= 64 mm

A= D*L
A= 50*64 = 3200 mm (Sectional Area)
F= 62500 N
τ = F/A
τ = 62500 / 3200 = 19.53 N/mm (Shearing Stress)
sAk= 355 N/mm
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SF= sAk/ σB
SF= 355/19.53 = 18.17 ( Safety Factor)
The data obtained in the results of strength calculations are shown in Table 2-3-4-5-6.
Table 2. Calculation 1 bending and shear calculation results
Moment of

Strength

Bending

Moment

Shearing

Compound

Safety according

Inertia [mm4]

Moment

Stress

[N.mm]

Stress

Stress

to Yield Strength

[mm ]

[N/mm ]

[N/mm ]

[N/mm ]

88333.33

44.22

11.79

48.71

4416666.67

3906250.00

7.29

Table 3. Calculation 2 bending and tensile calculation results
Moment of

Strength

Bending

Moment

Tensile

Compound

Safety according

Inertia [mm4]

Moment

Stress

[N.mm]

Stress

Stress

to Yield Strength

[mm ]

[N/mm ]

[N/mm ]

[N/mm ]

204490

52.26

7.28

59.55

14621035

10687500

5.96

Table 4. Calculation 3 pin shearing calculation results
Number of uses

Shearing Stress [N/mm ]

Safety according to Yield Strength

2

24.86

14.77

Table 5. Calculation 4.1 Eyebolt Slot compression calculation results
Hole Pressing Area [mm ]

Compressing Stress [N/mm ]

Safety according to Yield Strength

2600

24.038

14.77

Table 6. Calculation 4.2. Shaft over hole shear strength results
Cross-sectional area above the hole [mm ]

Shearing Stress [N/mm ]

Safety according to Yield Strength

3200

19.56

18.17

This design is shaped according to the function to be done. In the strength calculations
made, the adequacy of the design made mechanically has been proven. In Hatch Cover
Stocking Gantry Crane, the strength values must be kept high for the system to be safe, as
it also carries the scale prepared according to the cover size [30]. In this study, strength
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values were kept to a maximum. Because there are no welding connections in this special
hook design, it is believed that it will not be affected by environmental conditions such as
corrosion.
In other studies, the welded connection was made in the hook profile [13-31]. For this
reason, corrosion occurring in welding connections, etc. cases are broken from the
eyebolts and hook welding places. This causes major problems and accidents at work [32].
In this study, bolts and pins were used instead of welding connections in joints. This will
solve the problems occurring in environmental conditions and connection conditions. It is
envisaged that the system will be more reliable and durable.
3.2. Finite Element Analysis (FEA)
Finite element analysis (FEA) is a method for obtaining a numerical analysis of a wide
range of engineering problems [28]. The analysis of the specially designed In Hatch Cover
Stocking Gantry Crane hook was made with ANSYS R3 software. The ANSYS software
program works synchronously with other CAD software programs. Various special hooks
were designed with the Catia, Solidworks programs and transferred from there to the
analysis program to be analysed [29]. In this study, a special hook design was made with
SOLIDWORKS 2020 design program. The analysis of this designed hook was performed
using the ANSYS R3 analysis program. St-37 structural steel data was based on the
material in the analysis. Due to the ductility of the material, equivalent stress (Von Mises
stress), total deformation results were examined and reliability factors of the parts of the
hook were calculated. Figure 10-11-12-13-14-15 shows values on the images.

Conclusion
In this study, a computer-aided special hook design was made for special cranes designed for stacking
hatch covers used for marine cargo transportation, and St-37 structural steel data was based on the hook
material. Calculations of the strength of the hook and numerical analysis calculations were made by the
nite element method. The tension values formed in the hook were calculated and the deformations
occurring in the hook were determined. In line with these calculations, improvements were made to the
design. The following results were obtained in the study.
Quaternary mesh was used in the analysis, and the minimum edge length of 1,508 mm was selected
as the optimal edge length by the program. End-of-network 201715 node point and 127973 items are
created.
Finite element analysis has shown a good t with analytical calculation, and the results overlap with
each other.
62500 N load was applied to the end part where the hook was subjected to the most load. It was
concluded that it remained safe below the ow limits to carry the load, and the safety factor was
found to be a minimum of 2.26, a maximum of 15.

Page 9/18

When 62500 N force is applied to the hook, the maximum stress in the system has been determined
as 110.5 MPa and the total deformation as 0.556 mm.
Improvements have been made in these areas by detecting weak (critical) areas of the hook with the
ANSYS R3 software program.
The parts where the hook is subjected to stress were determined and strength calculations were
made here. Strength results and numerical analysis results performed by nite element analysis
showed similar values.
Industrial applicable feature high Hatch Cover Stocking Gantry Crane hook design was designed by
SOLIDWORKS 2020 program. Critical subcomponents have been analysed with ANSYS R3 ( nite
element software). The suitability of stress and deformation levels was observed.
Improvements were made to the design according to the results of these strength calculations. As a
result of improvements in special design and strength values for the Hatch Cover Stocking Gantry
Crane hook, the design is expected to be standardized.

Declarations
-Ethical Approval
Not applicable
-Consent to Participate
Not applicable
-Consent to Publish
Not applicable
-Authors Contributions
Not applicable
-Funding
No funding was received for conducting this study.
-Competing Interests
The authors declare no competing of interest.
-Availability of data and materials
Not applicable

Page 10/18

Acknowledgement
We would like to thank the Düzce University Scienti c Research Projects Unit for their contribution to the
project coded 2020.22.01.1124

References
[1] Okan, B., 2008. Gemi ve Açıkdeniz Yapıları Mukavemeti Ders Notları, İTÜ, İstanbul
[2] Hansen, A., 1995. Reliability Methods for the Longitudinal Strength of Ships, DTU, Denmark
[3] Jensrud, O., Hoiland, T., 2008, A new advanced pro le shaping technique for design and
manufacturing of automotive components - the ExtruForm, Proceedings of the ET08, Vol 2, Orlando.
[4] Dutta, T., Chauniyal, A., Singh, I., & Narasimhan, R. (2020). Numerical investigation of tensile response
of notched bulk metallic glass composite specimens. Modelling and Simulation in Materials Science and
Engineering, 28(8), 085002.
[5] Scott, R.J., Somella, J. H. (1971) Feasibility study of glass reinforced plastic cargo ship, Ship structure
committee, SSC-224
[6] Peters, S.T. (1998). Hanbook of composites, Chapman&Hall, London
[7] Kunal, K., Kannan, C., Surendran,S. (2010). Hatch cover analysis of cape size bulk carriers and
suggestion for alternate materials. Proceeding of MARTEC 2010
[8] Çivi C. Tahrali N. Atik E. “Reliability Of Mechanical Properties Of Induction Sintered Iron Based Powder
Metal Parts”. Materials & Design, 53: 383–397, (2014)
[9] P. Lengvarský, M. Mantič, R. Huňady, Design and strength analysis of C-hook for load using the nite
element method, MATEC Web Conf. Volume 313, Dynamics of Civil Engineering and Transport Structures
and Wind Engineering – DYN-WIND’2020, 16 April 2020
[10] S. Bundela, A. K.Shrivastava, Desıgn and statıc stress analysıs of varıous cross sectıon of hook,
Internatıonal Journal of recent Technology Science & Management, ISSN : 2455-9679 , 12 December
2017.
[11] B. Wang, P. Sun, H. Yao, J. Tu, X. Xie, J. Ouyang, J. Shen, Modular hemipelvic endoprosthesis with a
sacral hook: a nite element study, Wang et al. Journal of Orthopaedic Surgery and Research (2019)
14:309 https://doi.org/10.1186/s13018-019-1338-z
[12] P. Lengvarský, M. Mantič, R. Huňady, Design and strength analysis of C-hook for load using the nite
element method, MATEC Web Conf. Volume 313, Dynamics of Civil Engineering and Transport Structures
Page 11/18

and Wind Engineering – DYN-WIND’2020, 16 April 2020
[13] B. Karab and M. Tasar, “St 37 Karbonlu Çelik Malzeme Ara Bağlantı Aparatı Delme ve Bükmenin
Teorik ve Deneysel İncelenmesi,” 2011.
[14] Hancock, J., Brown, D., “On the role of strain and stress state in ductile Failure”, Journal of the
Mechanics and Physics of Solids, 31 (1): 1-24, 1983.
[15] Y.B. Chunkawan, Static structural analysis of crane hook, Int. Res. J. Eng. Technol. 4 (7) (2017) 22652274.
[16] R. Tarale, R. Dalavi, S. Patil, A. Patil, Structural And Modal Analysıs Of Crane Hook Wıth Dıfferent
Materıals Usıng FEA, International Research Journal of Engineering and Technology (IRJET), Volume: 04
Issue: 06 June-2017
[17] K. Gowtham,M. Muthuraj , Vigneshwaren P 3 , Jaganath A 4 , Sivaraja M 5 Optımızed Desıgn &
Analysıs Of Jıb Crane Hook Usıng Ansys Software, International Journal of Machine and Construction
Engineering, Volume 6 Issue 2 June 2019
[18] K. Kishorea, V. S. Gujrea , S. Choudharya , A. S. Gujreb , M. Vishwakarmaa , T. Thirumurgana , M.
Choudhurya , M. Adhikarya , A. Kumara, Failure analysis of a 24 T crane hook using multi-disciplinary
approach, Engineering Failure Analysis 115 (2020) 104666
[19] B. Shrestha, A. Bhandari, S. Poudel, K.V. Rao, Crane Hook Analysis for different Cross-Section using
ANSYS, International Journal of Advances in Scienti c Research and Engineering (ijasre) E-ISSN : 24548006 DOI: 10.31695/IJASRE.2019.33644, 12 December 2019
[20] B. Singh, P. Singh, Finite Element Analysis of Ramshorn Hook Using CAE Tools, International Journal
of Advance Science and Technology Vol. 29, No. 10S, (2020), pp.4860-4866, 14 June 2020.
[21] Can, A. Ç., “Makine Elemanları Tasarımı”, Birsen Yayın Evi, İstanbul 43, 2006.
[22] Akkurt, M. “Makine Kontrüksiyonunda Güvenirlik”. Birsen Yayınevi İstanbul, 1997.
[23] G. Pavlović , M. Savković , N. Zdravković , G. Marković, Comparative analysis and optimization of T
and I cross sections of crane hook using by two physics-inspired algorithms, Research & Development in
Heavy Machinery (23.3.2019), EN 87-96 UDC 621 ISSN 0354-6829
[24] G. Pavlović, M. Savković, N. Zdravković, G. Marković, M. Gašić, Optimization of crane hooks
considered as curved beams with different cross-sections – a comparative study using MATLAB, XXIII
International Conference on Material Handling, Construction and Logistics “MHCL'19“At: Wien, Austria,
September 18th - 20th, 2019

Page 12/18

[25] M. Savkovıć, G. Pavlovıć, J. Stanojkovıć, N. Zdravkovıć , G. Markovıć, Comparative Analysis and
Optimization of Different Cross-sections of Crane Hook Subject to Stresses According to Winkler-Bach
Theory, IV International Conference "Mechanical Engineering in the 21st Century – MASING 2018" At: Niš,
Serbia, April 19-20 2018
[26] TS 648 - "Qelik Yapilarm Hesap ve Yapim Kurallan", 1. Baski, TIIXI Standardlari Enstitiisii, Ankara,
Aralik 1980.
[27] “http://www.steelss.com/Carbon-steel/st37-3u.html.”
[28] S. Bundela, A. K.Shrivastava, Desıgn and statıc stress analysıs of varıous cross sectıon of hook,
Internatıonal Journal of recent Technology Scıence & Management, ISSN : 2455-9679 , 12 December
2017.
[29] Y.B. Chunkawan and R.S. Subramaniyam, “Static structural analysis of crane hook”, IRJET, Vol. 4(7),
pp. 2265-2274, 2017.
[30] N. Khan, G. Bhushan and P. Chandna, "Design and Stress Analysis of Ramshorn Hook with Different
Cross Section using CAE Tools", IJETSR, Vol. 4, Issue 1, pp. 1-8, (2017).
[31] P. Mahesh, H.K. Munde, A. Pawar, Pre-Stressed Modal Analysis of Composite Bolted Structure,
Journal of Emerging Technologies and Innovative Research (JETIR), Volume 5, Issue 7, ISSN-2349-5162,
25 July 2018.
[32] R.A. Pawar, V.W. Wagh, K.H. Munde, Stress Analysis of Crane Hook with Different Cross Section Using
Finite Element Method, 2019 JETIR January 2019, Volume 6, Issue 1, SSN-2349-5162

Figures

Page 13/18

Figure 1
New Type Designed Hatch Cover Stocking Gantry Crane

Figure 2
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Design Dimensions of Hook Design

Figure 3
Modelling of Hook

Figure 4
Stresses exposed according to the strain state [17].
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Figure 10
Connection Form of Design
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Figure 13
Von-Misses (equivalent stress) analysis result
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Figure 14
Total deformation analysis
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