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ABSTRACT 

Ramshorn hook is a important component for lifting loads in heavy duty cranes and in marine industry, This makes the 

design of the Ramshorn hook to be done in such in such a way that it deliver best performance under all working 

conditions without failure. The failure depends on various factors such as geometry, material properties and overload. In 

this paper ,the material properties and the load is kept constant while cross sectional shape is changed. The selected 

cross sections are circular, T section and I section. The area of critical cross section kept constant while effect of cross 

sectional shape on stress induced is analyzed. The model of Ramshorn hook has been prepared in Solid Works. The 

stress analysis of hook is done using ANSYS 14 workbench. Von-mises stress and deformation are considered only along 

the direction of load which as applied in one direction i.e normal direction. T-cross section is found to have minimum 

stress for given load. 
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I INTRODUCTION 

Crane hook is a highly significant component used to lift heavy loads in industries like marine industry, 

transportation etc. A crane is usually equipped with a hoist rope, wire ropes or chains that can be used to lift 

& lower the materials and to move them horizontally. A crane hook consists of a shank and two webbing 

slings (Horns), slings are used to hold the object. It is mainly used for lifting heavy loads and transporting 

them to other places. It uses one  or  more simple  machines to create mechanical advantage and moves the 

load beyond the normal capability of a human. 

Crane hooks are commonly employed in the transport industry for the loading and unloading of freight, in 

the construction industry for the movement of materials and in the manufacturing industry for the 

assembling of the heavy equipments. 

The first known construction crane was invented by the Ancient Greeks and was powered by men or beasts, 

donkey. These cranes were used for the construction in buildings. Larger cranes were later developed, 

permitting the lifting of heavier weights. In the High Middle Ages, harbour cranes were introduced to load 

and unload ships and assist with their construction – some were built into stone towers for extra strength 

and stability. The earliest cranes were constructed from wood, but cast iron, iron and steel took over with 

the coming of the Industrial Revolution. 

I.I  TYPES OF CRANE HOOK 
There are various types of crane hooks according to shape which are described below: 

i. Crosby shank hook – Crosby shank hook has a predrilled cam which can be equipped with a latch. 
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The load carrying capacity of these hooks varies from 400kg to 14000kg.  

 

ii. Sorting hook–Sorting hooks are designed with safety handles to eliminate the hazard of crushed 

hands. The deep throat dimension sallow the efficient handling of pipes, plates. 

 

iii. Crosby Clevis Sling Hook–These hooks are usually equipped with heavy duty stamped latch 

interlocks on the hook tip. This enables the quick measurement of deformation and angle of deflection. 

This hook can carry the load of 1500 kg to 20000 kg. 

iv. Swivel Eye Hook–This hook is ideal for light duty as well as heavy duty marine and industrial 

applications. This is usually provided with a safety latch. This latch is made of stainless steel in order 

to prevent corrosion and for its durability. 

v. Grappling Hook -A grappling hook is a device with multiple hooks (known as claws or flukes), 

attached to a rope. It is thrown, dropped, sunk, projected, or fastened directly by hand tow here at least 

one hook may catch and hold. Generally, grappling hooks are used to temporarily secure one end of a 

rope. They may also be used to dredge for submerged objects. Historically, grappling hooks were used 

in naval warfare to catch ship rigging so that it could be boarded. 

 

II LITERATURE REVIEW 

Alexender E. Outerbridge et al.(1893) studied the various components of railway travelling cranes such as 

elevated tracks travelling bridges, trolley car their types & safety, speed, economy. C.F.Moppert et al. (1974) 

presented self-balancing cranes, the effect of overturning has been easily reduced by these self-balancing 

cranes. In this paper static, dynamic and practical analysis of carne hook has been performed analytically. 

Various factors which could affect the self-balancing of crane hook has been determined. Gret Konig,Kon Zilch 

et al.(1979) studied the effect of wind loading on gantry crane. It has been found that the height of these crane 

hooks varies from 100m to 200m and the wind factor couldn’t be neglected at such a height. In this full scale 

instrumentation and some results have been discussed. N.Rudenko, (material handling equipment) (1992) 

described the method of stress calculation for Ramshorn hook of trapezoidal cross section. Two different types 

of loading conditions have been used in this book i.e. the vertical and inclined loading. Depending upon the 

type of two different loading conditions there were two different critical cross sections. In the case of vertical 

loading the critical cross section has been found on the curved portion of the crane hook M. Cunety Fetvaci et 

al.(2006) performed static stress analysis of simple crane hook having trapezoidal cross section. Exact solution 

of simple crane hook has been found by considering it as a curved beam. The solid and finite element model 

analysis has been formed in I DEAS as a computer aided software. In the exact solution the maximum stress 

has been found on the inner concave as 65.73 MPa & minimum on outer convex -62.68 MPa. Bernard Ross et 

al. (2007) presented the comprehensive engineering analysis of the simple crane hook accidents, undertaken to 

disprove the Mitsubishi theories of failure as confirmed by jury verdict. The factors have been analyzed were 

wind tunnel testing, structural analyses of the boom, metallurgy of failed parts from a critical king-pin 

assembly, soils engineering work related to ground loads and displacements during the lift. Crucial role of the 

SAE J1093, 2% design side load criterion and Lampson’s justification for an 85% crawler crane stability 

criterion were presented. Yu Huali et al. (2009) performed the structural analysis of crane hook by using CAE 

tools. The structure-strength has been considered as the key factor to response the load-bearing ability of the 

elevating equipment.  C. Oktay Azeloglu et al. (2009) presented the static stress analysis of a crane hook using 

CAE tools. The analytical stresses have been calculated by using curved beam theory. Finite Element Method 

and photo elasticity experiments have been performed to obtain the Von Mises stresses and deformations plots 

on the crane hook. Four different methods of stress calculations have been compared such as approximate 

theory, curved beam theory, Y. Torres et al. (2010) studied the probable causes which led to the failure of the 

crane hook in service. The study of these accidents include: details of the standard manufacturing processes 

used, loading conditions of the crane hook, experimental analysis and mechanical behavior of steel of the crane 

hook. It has been concluded that the accidents were caused by the strain-aging embrittlement of the used steel. 

It has been concluded that the brittle fracture has been produced in the crack hook material during the welding 

performed on the lifting hook Takuma Nishimura et al. (2010) studied the damage estimation of crane-hooks. It 
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has been estimated that loading conditions were crucial to the crane-hook damages. CAD model of the crane-

hook referring to one of its actual designs has been constructed. A database has been prepared based on the 

FEM model Bhupender Singh et al. (2011) presented the solid modelling and finite element analysis of crane 

boom. The solid modelling and FEM analysis has been done using PRO/E WILDFIRE 2.0 and ALTAIR 

HYPER MESH with OPTISTRUCT 8.0 SOLVER Software. The variation of stresses and displacement in the 

various parts of the crane boom have been determined by using HYPER MESH. The design has been modified 

to reduce the maximum stresses and displacements. The analysis also concluded that maximum stress was 

coming near the fixing position. The following objectives have been achieved by using the Finite Element. 

Weight reduction (5 kg) Stresses were within safe limits Rashmi Uddanwadiker et al.(2011) performed the 

static stress analysis of simple crane hook using CAE tools. The analytical stresses have been calculated by 

using curved beam theory. CAE results have been calculated by using ANSYS. It has been found that the 

difference in the analytical stresses and CAE results was 8.26%. He found that possible reason for the variation 

is due to the assumption that 1) The load has been considered as point load in analytical calculation while it is 

taken on a bunch of nodes in ANSYS.2) cross section area has been assumed as trapezoidal in analytical 

calculation but actual conditions curved portions have been used in order to reduce stress concentration effect. 

3) The plane section remained plane after deformation. This whole study has been taken as an initiative to 

establish a FEA based procedure, by validating the results with the help of photo elasticity. Pradyumnakeshri 

maharana et al. (2012) estimated hook dimensions for various cross section and topology by keeping the depth 

and cross section area. It has been concluded from his work that the trapezoidal section was the best cross 

sectional with minimum von mises stresses and deformations under the given load. E. Narvydas et al. (2012) 

investigated circumferential stress concentration factors with shallow notches of the lifting hooks of trapezoidal 

cross-section employing finite element analysis (FEA). Naresh Chauhan et al. (2012) presented the durability 

of EOT cranes by using finite element analysis. In this stresses and deformations in the power structure of 

overhead crane have been analyzed. Analysis has been performed on three major components of crane main 

longitudinal girder, cross girder and crane hook under a load of 100KN. After calculation of stresses it has been 

found that stresses are within safe limits this makes it possible to reduce the size of the girder in order to save 

material. Analysis has been performed on Ramshorn hook with trapezoidal cross section with three different 

materials En-22, Steel-20, forged steel. Deformation has been found minimum in steel 20 while von Mises 

stresses have been found minimum in EN 22. Yogesh tripathi et al. (2013) presented the finite element analysis 

of a simple crane hook. An initiative has been made to establish an ANSYS based finite element procedure for 

the measurement of Von Mises stresses. Analytical stresses have been calculated by using Winkler Bach theory 

for curved beams. A crane hook has been designed for 12500kg capacity in this analysis. Model of the simple 

crane hook has been prepared in CATIA. It has been imported to ANSYS meshed tetrahedral with number of 

nodes 8333 and number of elements 4680. Top portion was fixed and the load has been applied in inner 

concave portion. Equivalent von-Mises stresses & deformations have been calculated and it has been found that 

there is only small percentage of error between the analytical stresses and the CAE results. This validate the 

model of the crane hook. Govind Naryana Sahu et al. (2013) presented design and stress analysis of various 

cross sections of the simple crane hook. The CAD model of crane hook has been prepared with the help of 

existing drawings. This CAD model has been imported in the ANSYS to perform static stress analysis. Stresses 

and deformation has been obtained in the existing model of simple crane hook. The cross sectional areas have 

been changed to analyze the effect of maximum stresses induced. The different types of cross sectional areas 

used were circular, square and curved. G U Rajkumar et al. (2013) worked on investigation of stresses in crane 

Hook considering a crane hook as a curved beam and using flexure formula to find out analytical stress. The 

CAD model of crane hook is prepared then CAE results have been calculated by using ANSYS. The analytical 

stresses has been compared with the CAE results. Photo elasticity experiment has also been performed in order 

to calculate maximum stresses. It has been found that the analytical stresses and CAE results are in close 

agreement with each other. Thus this analysis has validated the model of the simple crane hook. Sayyedkasim 

Ali et al. (2013) presented the structural analysis of the simple crane hook using CAE tools. Static structural 

analysis has been performed on three different cross sections of crane hook as rectangular, circular, and 

trapezoidal. The load applied is 5000N on principal cross section while the shank is fixed. The material 

properties has been kept constant throughout the analysis & stresses have been reduced by varying different 

geometric parameters. Analytical stresses have been calculated by using Winkler Bach theory. It has been 

found the results are in close agreement with the CAE results. The mass has been increased at the critical cross 

section. It has been found that with only .89% increase in mass of crane hook & there is 6.54% decreases in 
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maximum stress induced. Ajeet bergaley et al. (2013) presented the static stress analysis of a simple crane hook 

by using CAE tools. The mechanical properties have been calculated by performing experimental analysis on 

universal testing machine. The analytical stresses have been calculated by using curved beam theory. The CAD 

model has been prepared initially this CAD model has been imported to ANSYS & CAE results have been 

calculated. The CAE results have been compared with theoretical analysis and it has been found that there was 

only 5.45% variation in stresses. The cross sectional areas has also been changed. The various cross sectional 

areas taken were trapezoidal, circular, rectangular and triangular. It has been found that rectangular cross 

section is best with minimum stress when subjected to given load. The effect of change in the inner width & 

outer has also been studied and it has been found that Von Mises stresses and maximum deformations decrease 

with increase in cross sectional area at critical section. Chetan N.Benkar et al. (2014) performed the static stress 

analysis of a simple crane hook using CAE tools. The model of the crane hook has been validated by using 

Winkler Bach equation. The area of critical cross section has been kept constant & according to constant 

critical cross sectional area the various geometric parameters have been determined. Circular, rectangular, 

triangular, trapezoidal cross sectional areas have been used in this analysis. Analytical stresses have been 

calculated by curved beam theory or Winkler Bach equation. It has been found that rectangular cross section is 

best with minimum stress on top fibre. For comparison CAD model of circular, rectangular, triangular, 

trapezoidal cross section have been generated. In these CAD models of the simple crane cross sectional areas 

have been also kept constant. It has been found from ANSYS results that rectangular cross section preferred as 

the best cross section. The load v/s stress curve has been plotted for this rectangular model of simple crane 

hook. It has been concluded from the stress v/s load plot shows the linear variations. 

 

III PROBLEM FORMULATION 

An attempt has been made in this present work to compare the load-deflection plots of a Ramshorn hook. The 

analytical stress have been calculated by using Winkler Bach equation. These analytical results have been 

compared the CAE results in order to validate the model. The effect of various cross sectional shapes on the 

load carrying capacity of Ramshorn hook has been analysed. The Ramshorn hook is modelled using 

SolidWorks software and finite element analysis is done using ANSYS 14.0 edition. The deflection and von 

Mises stresses have been compared for various cross sectional shapes of hook. The displacements and von 

Mises stresses have been compared for different grades of steel. 

 

IV STRUCTURAL ANALYSIS USING ANSYS 

Development of computers and CAE tools to carryout analysis and simulation has led to the development of 

various engineering disciplines. CAE techniques are used to analyze complex mechanical engineering 

problems, product development. Structure analysis is further categorized in static and transit Structure Analysis 

Static structure analysis is used to find the stresses, displacement, strains in a part or assembly based on the 

boundary conditions, material, constraints, and load. Static analysis doesn’t include inertia effects and damping 

loads. It is used to calculate stress in static conditions. Ramshorn hook is a type of crane hook which is used to 

lift heavy loads with the help of hoist. It must be designed in such a way to provide maximum life. Ramshorn 

hook is a type of crane hook in which two slings are mounted on single shank. The double hook design of 

Ramshorn hook enables the use of smaller shank as compare to simple crane hook for same lifting capacity. 

The twin hook design of Ramshorn hook greatly assists with load distribution. A double hook design of 

Ramshorn hook is commonly used for lifting heavy loads. Ramshorn hooks are forged from high quality steel 

making them extremely durable. Ramshorn hooks are designed specifically for lifting heavy loads and are 

common in marine lifting industries. The twin hook design makes it ideal for lifting load with two webbing 

slings. This design prevents the sling damage and avoid chocking at the hook. Ramshorn hooks are commonly 

used in containers, shipping ports to lift very heavy loads.  
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     Fig 1: Ramshorn Hook 

Figure 1 shows the actual model of Ramshorn hook with circular cross section. The hook is modeled having 

circular, I and T sections. The CAD model is imported to ANSYS This is the initial step to start analysis. The 

Initial Graphics Exchange Specification (IGES) is a neutral standard format used to exchange geometric 

models between various CAD and CAE systems. ANSYS's IGES import capability is the most robust in the 

industry. The boundary conditions, meshing and  loading are shown in figure 2 the meshing is kept default in 

the software. 

 

 

Fig 2: Ramshorn Hook with circular cross section showing boundary condition, loading and default 

mesh 

The same analysis is done on two other cross sections namely I and T cross sections and the load,  

oundary conditions and the meshing are kept same in all the three types of hook. The material properties 

are shown in tale 1 below.  

Table 1. Structural steel material properties 

Density (kg/m^3) 7850 

Young modulus (MPa) 2E+05 
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V RESULTS AND 

DISCUSSIONS 

The displacements and stresses plots have been analyzed for Ramshorn hook with circular cross section, T 

section and I section by using steel with grade Structural steel as recommended by M I L L E R  DIN 15402-

ThevonMisesstressplotsanddeformationplotsobtainedare shown in figure below. Figure 3 shows the 

deformation plot of Ramshorn hook with circular, I-section and T-section. It has been shown that maximum 

deformation occurs at the  

 

 

 

Fig 3: Displacement of circular, I and T cross section hook  

free end of the hook. This is due to the fact that the unrestricted movement of domes against fixed shank of 

hook is permitted. The plot shows the maximum deformation under given load is.3.6872 for the T-section 

hook followed by I and circular sections. 

Figure 4. shows the stress contours of Ramshorn hook with all the three cross section under static load of 

10000 N. It has been found that maximum value of stress is 3.6348 MPa while the minimum value of stress is 

1.9323 MPa for I-section hook making it most robust design. 

The static stress analysis of Ramshorn hook is carried out using ANSYS. Stresses and deformation induced 

are calculated. For the static analysis of different cross sections, it has been found that Ramshorn hook with I-

cross section is best as it gives minimum stress under given load also value of deformation is also minimum in 

comparison with other counterparts. 

Poisson ratio  0.3 

Tensile yield strength (MPa) 250 

Compressive yield strength (MPa) 250 

Tensile ultimate strength (MPa) 460 
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Fig 4: stress plots of circular, I and T cross section hook  
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