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________________________________________________________________________________________________________ 

(1) ABSTRACT 

Stress analysis plays a significant role in the design of parts and structures that must carry load 

[1].  In this study, Crane hook which is one of lifting equipment, frequently used in material 

handling is investigated. Analytical (Straight beam, curved beam & Winkler-Bach 

approximation), experimental (Photo-Elasticity) and numerical (FEM) methods were used by 

various researchers to study stress pattern of crane hook in its loaded condition. 

The review of earlier publications allow to conclude that components with complex geometry as 

crane hooks need a more extensive investigation since a very few articles in the field have been 

published so far. 

Key words: Crane hook, Curved beam theory, Photo-Elasticity, Stress, Finite Element Method. 
________________________________________________________________________________________________________ 

(2) INTRODUCTION 

The structure-strength is the key index to response the load –bearing ability of the elevating 

equipment [2]. Crane hook is a curved beam [3] and is widely used for industrial and 

construction work site for lifting loads by cranes. From the view point of safety, the stress 

induced in crane hook must be analyzed in order to reduce failure of hook. 

Stress analysis of crane hook basically intended to identify the areas with high stress (potential 

failure points), as well as areas with low stresses (potential for material removal, weight 

reduction and cost saving). In order to increase working life and reduce the failure rates, various 

researchers conducted stress analysis tests. The summary of the tributes of the most commonly 

used stress analysis methods is presented below [1]. 

METHOD ADVANTAGE DISADVANTAGE 

Strain gage Relatively easy to apply, 

Remote data collection. 

Point measurement only. 

Photo elasticity Full-field measurement. Must have visual access. 

Limited temperature range. 

Numerical Methods Handle complex shapes. 

Suitable for parametric 

studies. 

Difficulty in building 

accurate model. 

Table1. Comparison of methods used for stress analysis [1]. 



International Journal of Emerging Trends in Engineering and Development                   Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 
 

 Page 196 
 

(3) REVIEW OF LITERATURE 

In this section, contribution of various researchers is described. 

 E. Narvydaset. al (2012), investigated circumferential stress concentration factors with 

shallow notches of the lifting hooks of trapezoidal cross-section employing finite element 

analysis (FEA). The stress concentration factors were widely used in strength and 

durability evaluation of structures and machine elements. The FEA results were used and 

fitted with selected generic equation. This yields formulas for the fast engineering 

evaluation of stress concentration factors without the usage of finite element models. The 

design rules of the lifting hooks require using ductile materials to avoid brittle failure; in 

this respect they investigated the strain based criteria for failure, accounting the stress 

triaxiality [4]. 

 

 RashmiUddanwadiker(2011), studied stress analysis of crane hook using finite element 

method and validated results using Photo elasticity. Photo elasticity test is based on the 

property of birefringence. To study stress pattern in the hook in a loaded condition 

analysis was carried out in two steps firstly by FEM stress analysis of approximate model 

and results were validated against photo elastic experiment. Secondly, assuming hook as 

a curved beam and its verification using FEM of exact hook. The ANSYS results were 

compared with analytical calculations, the results were found in agreement with a small 

percentage error = 8.26%. Based on the stress concentration area, the shape modifications 

were introduced in order to increase strength of the hook [5]. 

 

 SpasojeTrifkovic
’ 

et. al (2011), this paper analyzes the stress state in the hook using 

approximate and exact methods. They calculated stresses in various parts of the hook 

material firstly by assuming hook as a straight beam and then assuming it as a curved 

beam. Analytical methods were used with the help of computers, using FEM [6]. 

 

 DaryoushSafarzadehet. al(2011), this publication analyzes the effect of crane hook 

parameters (mass & length) on the sway of payload. An approach was proposed based on 

the Lagrange equation to obtain equation of motion accounting the entire crane motions 

together. Equations of motion thus formed were   easily solved by MATLAB. Both 

laboratory and theoretical study was performed to validate the results. Their major 

finding depicts that length of the hook has smaller effect on the sway angles than mass 

[7]. 
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 Y. Torres et. al(2010), initially studied the probable causes which led to a failure of the 

crane hook in service. The study of accident includes: details of the standards governing 

the manufacturing and use of lifting hooks, experimental analysis, mechanical behavior 

of steel of reported hook and simulation of the thermal history of the hook. It was 

concluded that the accident was caused by the strain-aging embrittlement of the used 

steel. The brittle fracture was originated from a crack in the material, generated during 

the welding performed on the lifting hook [8].  

 

 Takuma Nishimura et. al (2010), this paper deal with the damage estimation of crane-

hooks. They estimated the load conditions which were assumed to be crucial to the crane-

hook damages. FEM model of the crane-hook referring to one of its actual designs was 

constructed. A database was prepared based on the FEM model; it was constructed as a 

collection of a number of various possible load conditions and the corresponding 

deformation values, obtained as the results of the FEM analysis. The database was used 

to identify the load conditions that were fatal to those damaged crane-hooks. Some of the 

feature points were selected on the crane-hook design; the deformation of a damaged 

crane-hook can be then obtained based on the feature points detected by means of the 

image processing. The critical load condition of the damaged crane-hook was calculated 

by comparing the obtained actual deformation and the simulated deformation values in 

the database. On the basis of these calculated load conditions, the critical load condition 

for the crane-hook was estimated as a statistical distribution based on the Bayesian 

approach [9]. 
 

 C. Oktay AZELOGLU et. al (2009).This paper presents the different methods of stress 

calculation for lifting hooks based on different assumptions. They applied curved beam 

theory, Finite Element Method and photo elasticity experiments to obtain the stress field 

on the hook. As a result, different methods used to obtain the stress field on the hook are 

compared. Some recommendations were suggested for lifting hook calculations on the 

field applications. 

  

Method Ϭ max 

(N/mm
2

) 

Ϭ min 

(N/mm
2

) 

 

Approximate Method 130,47 -123,5 

Curved Beam Theory 289 -109,13 

Bach Approach 282,3 -106,62 

Finite Element Method 251,2 -104,7 

 

Table 2. Comparison of methods used for stress analysis of the hook [10]. 
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 Yu Hualiet. al (2009),the structure-strength is the key index to response the load-bearing 

ability of the elevating equipment. Researching and analyzing the static characteristic of 

the hook that functions at the limited load has an important meaning to design larger 

tonnage hook correctly. In this study, hook of drill well DG450 were analyzed. Firstly, 

based on the characteristic modeling technology, the 3-D entity model of the hook was 

built using Pro/E. Secondly; the static analysis on three dangerous work conditions at 

ultimate load of the hook was preceded by FEM software ANSYS. This work illuminates 

the instructional meaning and engineering application value to the design and 

development of the larger tonnage drill well hook [2]. 

 

 Bernard Ross et. al (2007), this paper describes the comprehensive engineering analysis 

of the crane accident, undertaken to disprove the Mitsubishi theories of failure as 

confirmed by jury verdict. Among the topics discussed were: wind tunnel testing, 

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

assembly, and 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 [11]. 

 

 William L. Ko (1997), The finite-element structural analysis method was used in a two-

dimensional stress concentration analysis of a new pylon hook for carrying the X-38 

lifting body atmospheric drop test vehicle on the B-52 carrier aircraft. The stress 

distributions in the hook were obtained, and the critical stress points were identified. The 

functional relationships between the applied hook load and the induced maximum 

tangential and shear stresses were established for setting the limit hook load for test 

flights. By properly representing the X-38 hook with an equivalent curved beam, the 

conventional curved beam theory predicted the values of the maximum tangential and 

shear stresses quite close to those calculated from the finite-element analysis. The 

equivalent curved beam method may be of practical value during the initial stage of the 

hook design in estimating the critical stresses and failure loads with reasonable accuracy 

[12]. 

 

     (4) CONCLUSION 

The structure-strength is the key index to response the load –bearing ability of the 

elevating equipment. Crane hook is a curved beam and is widely used for industrial and 

construction work site for lifting loads by cranes. From the view point of safety, the stress   

induced in crane hook must be analyzed in order to reduce failure of hook. The literature 

review allows concluding that very few articles have been published so far regarding 

stress analysis of this curved member (crane hook). Thus, need a more extensive 

investigation. In this regard it has been observed that the Finite Element Method has been 

evolved as important tool for designing and analyzing the structures. 
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(5) FINITE ELEMENT METHOD 

The advent of high-speed digital computer has enabled engineers to employ various 

numerical discretization techniques for approximation solution of the complex problems. 

The Finite Element Method (FEM) is one such technique. It was originally developed as 

a tool for static analysis of structures, its applications, nowadays range from linear 

deformation and stress analysis to nonlinear and dynamic analysis, heat transfer, fluid 

mechanics, rock mechanics, magnetic flux, and various other areas of engineering. 

The basic concept of finite element method is that a body or a structure, under study, is 

divided into smaller elements of finite length width called finite elements. These 

elements are assumed to be interconnected at joints called nodes. 

The general procedure to be adopted to solve a problem by finite element method is 

outlined below: 

(a) Discretization of domain 

(b) Selection of an interpolation model 

(c) Formulation of characteristic matrix 

(d) Assembly of the characteristic matrices 

(e) Application of boundary conditions 

(f) Solution of equations. 
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