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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

This study aims for 2-ton lifting hooks designed to be the appropriate size for using. Both of the cost, the strength, the security 
and the aesthetics by using the optimal designed method together with the highest weight method. In this study is divided a 
methodology to design the hook into three-step processes. The first step is to create a lifting hook by ISO 7597: 2013 standard 
(Forged Steel Lifting Hooks with Latch, Grade 8) to be an initial lifting hook.  Then analyzed the axial load of 2 tons by the finite 
element method. The second step is to analyze by the optimal design to design the lifting hook with the higher safety value by the 
weight of the lifting hook remains the same or difference. The third step is to analyze the results of the second step by deciding 
on proper lifting hooks by highest weight method for sizing of the lifting hook. The results of the analysis showed that lifting 
hook that has been designed by the method presented in this research can be able to reduce the production cost of the materials by 
27.5 percents per piece with increasing the safety equal to 42.16 percents. It is good looking and can be easily produced by 
comparing with the initial lifting hooks. 
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1. Introduction 

There is a higher business competition. The equipment performance is very important to development to be 
safety and accident reduction. Crane Hooks are kind of equipment and the components which are generally used to 
elevate the heavy load in industries and constructional sites, the reason why are on favorite in factories. Material 
handling system equipment mainly import from abroad. The industrial manufacturing requires the professional of 
material structures for designing and analysis who has an experience and expertise. Now the engineering analysis 
program to get involved and advantage. The analysis program result is very high accuracy based on material shape 
of a work piece, reinforcement and the capabilities of the analysis program. 

Finite element method has become a powerful tool for numerical solution to analysis the length of camshaft 
to preparing forging with the minimize force by the factory dimension design (1) time reduction from the forging 
process. There are design and simulation processes from analysis program to confirm a complete result as filling the 
material and shape of the work piece. When forging work piece experimental and analyze the result with mold 
process then the results are consistent. In the customization of raw material size reduction as 50% and mold 
adjustment cost reduction 25% have effective to products properly. (2) because that allow for  determine of 
conditions (3) to the mold design is more accurate and advantage.  

This research of crane hooks are according to ISO 7597: 2013 (Forged Steel Lifting Hooks with latch, grade 
8 ) to analyze and development safety factor under the condition of weighted Factors are remained the same or less 
then divided 2 phases. The first step is analysis by Computer-Aided Design (CAD) and Computer Aided 
Engineering (CAE) technology. Based on the Finite Element Analysis method compatible with the Optimum Design 
approach and analyze the results. The second step is analyzed of the first step result by Weighted Factors Rating 
Method. 

2. Methodology 

At the implementation of research for crane hooks design analysis can reduce the production cost and apply 
by the Finite Element Analysis method compatible with the Optimum Design approach. This is an accuracy option, 
fast and non-waste consumable for experiment. There are 4 main steps that are :  

For this experiment we study a 2 tons crane hooks compatible with the eye type chain that produced by 
forging method. Material standard AISI 4340 or DIN 34CrNiMo6 as a high carbon steels and property is resistant to 
corrosive. The chemical composition and mechanical properties according to standard as J. D. Costa, 2001: 70 Finite 
element analysis of an approximation model for crane hook from Solid Works 2013 by creating a 3D standard work 
piece. The analysis scope that allow by crane hooks material as AISI 4340, Fixed Geometry grip design for lock the 
position that can not move. Define 19620 N or 2 tons  force applied to crane hooks at the center of the curved 
surface.                                                                                                                                               

From investigated results of the finite element method. To find the actual sizes according  ISO 7597: 2013 
(Forged Steel Lifting Hooks with latch, grade 8). 

The purpose is to improve the crane hooks efficiency of strength by Soild Works 2013 with the same weight 
or less. There are 2 steps:  Define the design variables to create the optimize crane hooks design process following 
the Fig. 1. 
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Fig. 1  Show variables of crane hooks 
 

Parameter  in  factor of the safety ( F.O.S) equation  is consist of nW  that  is the new design weight of crane 

hooks, oW   is the standard weight of crane hooks, mσ   is the material stress of crane hooks, hσ  is the maximum 
stress of crane hooks  and c  is the chain width. 

                                                                Max. F.O.S  = 
h

m
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σ

       (1) 

Constraints by 
 36.0≤ sB ≤ 45.0      (2) 
30.4≤ D ≤ 40.0                          (3) 

   20.0≤ E ≤ 25.0                (4) 
      10.0≤ F ≤ 14.4      (5) 

27.0≤ 1mH ≤ 34.4                                                (6) 
27.0≤ 2mH ≤ 34.4                                               (7) 

         100.0≤ L ≤ 124.0                                               (8) 
   35.0≤ sO ≤ 44.0                                                 (9) 

         sB > sO                              (10) 

        sO > c                          (11) 

       nW ≤ oW                                 (12) 

                  sB , D , E , F , 1mH , 2mH , L , sO , nW , oW  > 0                            (13) 
 
A standard to give the score, the priority by design with 5  points that mean 5 points is the maximum score 

and 0 point is the lowest. From the analysis results of crane hooks to create the priority for calculated as (3-14). 
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With fx  is the average score of each factor 
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