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Figure 11. (a) Sampling points on the bolt and (b) damage parameter versus 

sampling point number graph.

(a)

(b)

Figure 12(a) shows forging force versus stroke curves at varying punch deviations at 3rd forging station. As shown in the graph, 
forging force linearly increases until stroke of 4.5 mm, then sudden increase was seen due to forming of final shape of the head 
and flange. Due to the large number of fluctuations on the forging forces, it is hard to compare the curves. For clarification, energy 
versus stroke curves were calculated and presented in Figure 12(b). As depicted in the figure, forging energy was seen to decrease 
when punch deviation increases as a result of flow of material in flange section though outside of stationary die as seen in Figure 
10(c) and (d).
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Figure 12. (a) Forging force-stroke and (b) energy-stroke curves at varying 

punch deviations in 3rd station.

(a)

(b)

Figure 13(a)-(c) shows experimental and numerical crack locations for varying punch deviations. As seen in Figure 13(a) and (b), 
simulations predicted crack initiation and propagation from the corners of the socket section for 0.5 and 0.7 mm punch deviation 
as depicted in the figure with square windows. Experiments conducted with these punch deviations validated this prediction. 
Capillary-shaped micro cracks were generated as depicted with red arrows. Above 0.7 mm punch deviations, crack was initiated 
on the top of the bolt head and propagated though flange as seen in Figure 13(c). This was well approximated by the simulation 
as crack propagation angle of 53° which is very close to experimental value. Figure 14(a) and (b) compares the crack morphology 
occurred on the bolt heads as a result of work-piece surface defect and punch deviation. As depicted in the figure, the crack 
formation and morphology was seen to be different for each damaged bolts. While surface defect caused a perpendicular cracking 
on the head, punch deviation led a shear crack which propagates though the flange with inclination. 
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Figure 13. Comparison of evaluated cracks at punch 

deviations; (a) 0.5, (b) 0.7 and (c) 1 mm.

Figure 14. The pictures of crack morphology generated on bolts as a result of;

(a) surface defect on work-piece and (b) punch deviation.
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In this study, crack formation on cold forged M10x28 bolts were investigated both experimentally and numerically In the first part 
of the study, damaged bolts were analyzed in macro level and initiation and propagation of cracks were determined. Numerical 
models of forging operations were prepared SIMUFACT FORMING finite element software and Cockroft-Latham damage model 
was used to predict the failure evolution. Lastly, artificial surface defects were also formed on work-pieces by using electric 
discharge machine and crack shape-propagation were compared to cracks generated by punch deviation. Based on investigations, 
the following conclusions were drawn;

- Punch deviation significantly effects the crack initiation on the head of the bolts. 

- Between 0.5 and 1 mm punch deviations, micro cracks were generated on the socket section. This may lead macro cracks on the 
bolts during heat-treatment processes.

- While increase in punch deviation triggered the crack propagation though flange section of the bolt and led a macro crack, forging 
energy was seen to decrease as a result of non-homogenous flow of the material.

- Crack morphology and propagation on the bolt head was seen to be dependent on work-piece defects and punch deviation. Macro 
surface defect was seen to lead perpendicular cracking while punch deviation generated shear cracks.
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Damages in structures and mechanisms are mainly caused by fastener failures. Although corrosion plays a significant role on loss 
of the integrity and function of fasteners, manufacturing defects have also significant effects on the failure of the fasteners. As 
shown in this study, micro and macro cracks may occur on the bolts which lead complete failure of the fastener. In addition to that 
crack types should be grouped as to the reasons of crack evolution like work-piece material defects or improper forging conditions 
for the sake of improvement of the cold forging sector. By this way, manufacturers may increase the reliability of their products 
and take preventive actions to eliminate further safety problems.
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ABSTRACT

Life cycle of forging dies used in cold forging industry has been always a limitation in tool design process. Changes 
in binder ratio of the material and grain size, directly affects the mechanical behaviour of forging dies. Thus makes 
wide range possibilities and service behaviors of forging tools. Aim of the studies was to determine fatigue behavior 
of WC-Co 40 for making life prediction of forging tools. Three point bending fatigue test were carried out at constant 
stress ratio on a fine and coarse grained WC-Co which were used in cold forging industry. Mainly two different 
aspects which were the grain size effect on lifecycle and surface roughness on fatigue life were investigated and 
comparative results obtained from experimental tests was given in the study.

Keywords: WC-Co, Fatigue life, Grain size, Cold forging dies

GRAIN SIZE EFFECT ON FATIGUE LIFE OF WC-CO 40 MAINLY USED IN COLD FORGING TOOLS
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Die life has always been a research target for many companies. Research based on estimating fatigue life of WC-Co, which were 
mainly used in die inserts, has a wide parameter range which can not be simulated precisely. Understanding the mechanical behavior 
of WC-Co will lead companies to decide the best composite structure of the material for different production processes. As known, 
surface roughness has a direct influence on fatigue life of metallic materials. Several studies carried out to find effects of binder 
ratio, grain size, surface roughness, working temperature, pre-stressing and many more parameters on service life of forging 
tools. Torres et al [1], studied the fatigue behavior of cemented carbides with a perspective of fatigue crack growth and fatigue 
life. Mikado et al [2] investigated the effect of stress ratio based on fatigue life time of carburized materials. Li et al [3] worked 
on a fatigue test based on 3 point bending and find out the effects of notch sensitivity. A research based on crack initiation and 
growth of forging die was investigated by Ebara [4].  Bronsted and Hansen [5] also worked on mechanical and fatigue behaviour of 
high strength materials which are used the most in die insert material. Klünsner et al [6] Has made some important studies based 
on fracture mechanics and crack growth for Wc-Co materials. Ferreira et al [7] also examined the mechanical behaviour of WC-Co 
material with different test methods. Lee et al [8] made some researches on predicting fatigue life cycle of cold forging tools based 
on High-cycle fatigue theory. Okamoto et al [9] Also worked on larger grains size effects on mechanical behaviour of cemented 
carbides. Kawahara et al [10] worked on fatigue life of carbide tools with a different surface finishing processes.  Experimental 
studies were made during past 30 years for understanding the fatigue behavior of Tungsten Carbides. Fracture toughness and 
Fatigue life approach is considered the most reliable method to understand fatigue behaviour of hard materials. 

The experimental study was based on WC-Co 40 material, which’s Cobalt ratio was % 20. The specifications of the material from 
the catalogue is given in Table 1 [11]. For comparison test, fine (CTF40) and coarse (CTE40) grain sized carbides with polished 
surface conditions were prepared. Test samples of 20x6.5x5.25 which is given in Fig. 1, was chosen based on ISO 3327:2009 Type B 
(Determination of Transvers rupture strength-Hard metals) [12]. Stress amplitude calculation was done for a stress ratio of R=0,1 
with the equation given below in Eq. (1).

1. INTRODUCTION

2. EXPERIMENTAL PROCEDURE

Table 1. Material catalogue value.

(1)
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Fatigue life tests were carried on 3 point bending fixture, described in Figure 1, with resonating fatigue testing machine Zwick Roell 
Amsler 250 HFP 5100. Each experimental test contains 5 different stress amplitude value and 3 tests for each amplitude value. 
Specimens were polished with 50, 30, 15, 3 grades diamonds at a total of 12 minutes for each side. 

Figure 1. 3 point bend test

Figure 2. Vickers hardness test results of CT40 and CTF40

Vickers hardness measurements were carried on 3 different test specimens to determine the difference between coarse and fine 
grained WC-Co 40 and comparative result was given in Figure 2. From the comparative result it is obvious that fine grained carbide 
is much harder than the coarse one. Obtained result was approximately the same as the catalogue value of the supplier firm. It is 
also known from the literature that finer grain sized carbides has a higher value of hardness.

2.1. Results
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Figure 3. Surface roughness results of unpolished and polished CTE40

Figure 4. Metallographic examination of CTF 40 and CTE 40 materials

Comparative surface roughness test result based on Ra, Rz, Rq of coarse grained polished and unpolished specimens were given in 
Figure 3. The common surface roughness indicator Ra has a huge difference between two specimens as expected.

For determining the grain size of the material microstructural investigation was done to coarse and fine grained specimens. 
Metallographic specimen preparation was done by using ASTM B657 standard of “metallographic determination of microstructure 
in cemented tungsten carbides” [13]. Hard material binder phase and metallic binder phase for fine and coarse grain carbide can 
be seen in Figure 4.
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Figure 6. Fatigue life comparison of polished and unpolished specimens.

Figure 5. 3point bending fatigue test results of polished and unpolished CTE 40.

Fatigue life test were carried on different stress amplitude at 0.1 stress ratio. Based on the experimental result it is revealed that 
surface condition of the material has an essential role on the fatigue life of WC-Co 40. Test results of unpolished coarse grained 
and polished coarse grained experiment is given in Figure 5. Comparative results also given in Figure 6. From experimental tests it 
could be said that surface roughness directly effects life cycle of the material.   It is obvious that surface conditions has a key role 
on fatigue lifetime.

Figure 6 shows the S-N curves of experimental tests conducted on fine grained and coarse grained WC-Co 40.  Both specimens had 
been polished before conducting fatigue life test. Furthermore, from the experimental results given in Figure 7 it is evident that 
fatigue life decrease with finer grain sized carbides.



134

NORM ARGE MAKALE KİTABI 2016

GRAIN SIZE EFFECT ON FATIGUE LIFE OF WC-CO 40 MAINLY USED IN COLD FORGING TOOLS

Figure 7. S-N diagram of CTF 40 on the left and comparison with CTE 40 results on the right.

The results obtained from the experimental study shows some important parameters for cold forging die material WC-Co 40. 
The most important parameter effecting the fatigue life is surface conditions. For long fatigue life, all forging die surfaces must 
be polished delicately. Also, it could be said that for long fatigue life, coarse grain sized material has to be considered instead of 
fine grade material. For Hardness needed application instead of fatigue life, fine grain sized carbides could be a better choice. The 
current study has only examined the surface effect and grain size on fatigue life cycle of WC-Co 40. Further research in this subject 
regarding the role of other parameters has to be done for more precise and accurate life cycle prediction in forging die.

3. CONCLUSION
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ABSTRACT

In this paper, cold forging and fracture of DIN 1.5535 M5x40 bolts were investigated experimentally and numerically. 
Thermo-mechanical simulations of forging operations were prepared in SIMUFACT FORMING finite element software. 
Failure evolution on simulated parts was predicted by using Cockroft-Latham damage criteria. Forging experiments 
showed that fracture propagated in straight or inclined directions though flange of the bolt. Numerical models and 
experiments revealed that punch deviation during forging was responsible of inclined cracks while straight cracks 
were related to raw material defect. It was also shown that damage model results should be also coupled with stress 
triaxiality to understand the mechanism of fracture evolution.

Keywords: Cold forging; crack; fracture; simulation; numerical
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Nowadays, almost all manufacturing processes are coupled with computer simulations to eliminate problems related to design of 
products, tools or dies without conducting any trial and error tests. Commercially developed simulation softwares having thermo-
mechanical nonlinear finite element (FE) codes allow engineers to determine possible failures before manufacturing the product. 
Especially in forming operations of metals, high failure prediction capability of FE softwares has been utilized by many engineers 
and researchers. This capability greatly effects manufacturing costs by extinguishing improper design of tools or dies.

Cold forging is a net-shape forming method which allows designers to create parts with high production rates and good mechanical 
properties. Due to severe plastic deformation, high strain rates and lower material temperature in contrast to warm or hot forging 
operations, forming limit of the material can be exceeded during cold forging. Therefore, damage and ductile fracture may occur 
on the product. Ductile fracture is associated with evolution of micro voids in the matrix of the material. Process begins with the 
creation of a free surface generated by a particle that may be an inclusion or a second phase. A micro void forms around that particle. 
Under tensile stress, the void starts to extend and associate with neighboring micro voids. After a critical void volume, material 
loses its capability to carry load and intergranular fracture happens. Detailed literature survey on ductile fracture mechanisms can 
be found in the study of Cao [1]. In numerical simulations of metal forming operations, mathematical damage models are used to 
predict the failure. Most frequently used models can be listed as Cockroft-Latham [2], Lemaitre [3] and Johnson-Cook [4] failure 
models. Cockroft-Latham damage model is based on maximum principle stress and it is widely used to predict the evolution and 
the location of macro-fractures. Lemaitre model is a micro-mechanical model having ability to predict void formation and growth. 
Johnson-Cook model considers the effects of strain, strain rate and temperature, however determination of model parameters are 
complex. More information about damage modeling in metal forming can be found in work of Saanouni et al. [5]. In the literature, 
there are many researches using these models in numerical simulations of metal forming. Samolyk et al. [6]  investigated fracture 
generation on aluminum alloy work-piece during orbital forging using numerical simulations conducted on DEFORM finite element 
software. Cockroft-Latham model was used as a damage criteria. During forming, radially propagated cracks were seen on the 
surface of the parts. Maximum damage was seen to occur on the locations of cracks on the simulated parts. Bariani et al. [7] 
modified Xue and Wierzbicky damage model with a linear damage law and they compared the results to Oyane damage model 
results on cold forging of C35 Torx socket screw. In contrast to Oyane damage models, the modified damage model was seen to be 
able to predict the exact locations of fracture and the time in which material fails. Boyer et al. [8] modified Rice and Tracey damage 
model to include the effect of shear stress to predict void formation in the ductile metals. New damage model was seen to increase 
the accuracy of fracture evolution prediction.

Despite there have been quite many studies about failure evolution in metal forming processes in the literature, researches on 
industrial applications of these models like multi-stage forging are quite rare. Motivated by this fact, cold forging and fracture 
evolution of DIN 1.5535 alloy M5x40 bolts were investigated experimentally and numerically. In the first part of the study, damaged 
bolts were examined and fracture locus on the bolts were determined. After that, simulations of the multi-forging operation of 
M5 bolts were prepared in commercial FE code SIMUFACT FORMING with Cockroft-Latham damage model. Lastly, numerical and 
experimental findings were compared.

1. INTRODUCTION

M5x40 bolts were cold forged using DIN 1.5535 medium carbon steel billets in NORM Fasteners Co. on a machine having 40 tones 
maximum load capacity. Technical drawing and forming steps of the bolt are shown in Figure 1(a) and (b), respectively.  Forming 
operation starts with heading and reduction of the cross-sectional area of the work-piece in the first station. Here, the initial 
diameter of the work-piece, 4.7 mm, was reduced to 4.33 mm in shaft section. In the following station, pre-forming of the head 
was conducted. The final shape of the head and socket are given in 3rd station. Fracture was generated on the bolt head during 
forming of the socket in this station.

2. COLD FORGING OF M5x40 BOLTS
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Macro-analysis were conducted on damaged bolts and they were categorized into two different groups according to fracture 
propagation paths. Fracture was initiated on the corner of T25 socket and propagated through the flange with an inclination angle 
changing between 52° and 57° or advanced perpendicularly as depicted in Figure 2(a) and (b), respectively. 

Figure 1. (a) Technical drawing and (b) forging steps of M5x40 bolt.

(a)

(b)
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Figure 2. Fracture types on M5 bolts; (a) Inclined and (b) 

straight fractures.

Figure 3. Comparison of CAD models and damaged bolts 

with (a) inclined and (b) perpendicular fractures through 

flange.

CAD model and pictures of damaged bolts were compared to determine any deviation from the designed geometry as shown 
in Figure 3 for both fracture types. Geometrical analysis showed that center point of the socket was deviated from the design 
geometry between 0.4 and 0.8 mm for bolts having inclined fracture as shown in Figure 3(a). On the other hand, no deviation was 
determined for bolts having perpendicularly propagated fracture (Figure 3(b)).
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Figure 4. Numerical models of the forging stations of M5 bolts;  (a) 1st, (b) 2nd and (c) 3rd stations.

Numerical models of each forging station of M5 bolt were prepared in SIMUFACT FORMING commercial finite element software. 
Forging simulations were carried out using coupled thermo-mechanical analysis method. Figure 4 shows the models of the 
stations. Numerical models consisted of moving and stationary dies and work-piece. Moving die was attached to the defined 
press and stationary die was constrained in all directions and rotations. Both dies were modeled as rigid. Work-piece was modeled 
as plastic material and elastic deformations were ignored due to prolonged CPU calculation times. Elastic deformations have 
negligible effects on the deformation of the material in a pure bulk forming operation like forging. Flow curves of DIN 1.5535 
dependent on strain rates and temperatures chancing between 1-50 s-1 and 20-400 °C were defined to the software. Cockroft-
Latham (CL) damage model was used in the numerical models. CL model formulation is given as;

3. NUMERICAL MODELS

(1)

Where, D,         ,       and         are CL damage value, maximum principle stress, equivalent stress and equivalent plastic strain, 
respectively. In numerical models, it was assumed that fracture forms when CL damage value reaches unity. The first two stations 
were modeled as 2D due to axisymmetric condition while 3rd forging station was modeled as 3D. The FE mesh distributions of 
work-piece in 2D and 3D models are shown in Figure 5(a) and (b), respectively. In 2D simulations approximately 2600 numbers of 
quad-elements were used while 38000 numbers of hexahedral elements were defined for parts in 3D simulations. In 3rd station, 
socket and final head geometry of the bolt is formed and plastic deformation is localized on the head section of the bolt. To 
decrease CPU time, the head section of the bolt was meshed with smaller elements while the rest of the bolt was meshed with 
coarser elements as shown in Figure 5(b). 
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Figure 5. Finite element mesh distributions of work-piece at (a) 2D and 

(b) 3D simulations.

A set of simulations were also conducted by deviating the punch as 0.4 and 0.8 mm to investigate effects of punch deviation on 
fracture evolution. 

4. RESULTS AND DISCUSSIONS

On this section, numerical results of forging operation under perfect forming conditions (punch was not deviated) were presented. 
Effective plastic strain distribution on the parts at different forging stations are shown in Figure 6(a). In all stations, effective 
plastic strain was seen to be localized on the head section and maximum plastic strain was determined to be approximately 3.4 on 
the socket section of the bolt in 3rd station. There is no severe and localized plastic strain that may cause failure was detected on 
the fracture locus. CAD and simulation model of the part in 3rd station were compared in Figure 6(b). As shown in the figure, both 
geometry were seen to match with each other in all directions.

4.1. Numerical modeling under perfect forging conditions

(a)
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Figure 6. Effective plastic strain distribution and (b) comparison of CAD model to 

simulation result.

(b)

NUMERICAL INVESTIGATION OF COLD FORGING AND FAILURE EVOLUTION OF DIN 1.5535 ALLOY M5X40 BOLTS

Following numerical studies were focused on the forming of the part in 3rd station to investigate the reasons of the fracture. In 
addition to plastic strain distribution, determining stress triaxiality distribution is also necessary to predict the damage evolution 
in metals [9]. Stress triaxiality is defined as following;

(2)

Figure 7. Distribution of stress triaxiality on the part in 3rd station at 

varying punch strokes.

Here,       ,       and       are stress triaxiality, hydrostatic and equivalent stress, respectively. Hydrostatic stress is known to improve 
ductility of the material and responsible of triggering fracture evolution due to its tensile nature. When stress triaxiality reaches 
to positive values, failure strain of the material starts to decrease. Because of that, fracture may happen at lower failure strains. 

Figure 7 shows stress triaxiality distribution in 3rd station at varying punch stroke. With increment of the punch into the part, 
stress triaxiality values reaches positive maximum values, ~0.7, on the corners of the socket which is shown with arrows at 1.8 
mm punch stroke. When forming of socket was completed, stress triaxiality dropped negative values after 3 mm punch stroke. 
This result showed that maximum tensile stresses were generated on the head near socket corners and any raw material defect or 
deviation from proper forming conditions may lead failures on these areas. 
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According to above mentioned results, no fracture was expected on the bolts under perfect forging conditions. As depicted in 
the study of Zhang and Thomas [10], non-metallic oxide inclusions or sliver defects (defects on the material surface which are 
parallel to rolling direction) are responsible of fractures on the parts manufactured by metal forming operations. Motivated by 
this, damaged bolts which have perpendicularly propagated fracture were etched and examined by using stereo zoom microscope. 
As shown in Figure 9, longitudinal surface defects were determined on the parts. During heading and socket forming, this defect 
triggered fracture initiation and caused to form an opening crack on the head.

Figure 9. Sliver defect on etched bolts having straight fracture.

Figure 10(a) and (b) shows CL damage value distribution on the bolts in 3rd station for punch deviations of 0.4 and 0.8 mm. By 
increasing punch deviation, damage value was seen to increase on both socket corners and flange. This may be attributed to 
decrease in the volume of the material in the direction of punch deviation which leads to increase in stress in a narrow area. High 
tensile stress on this area triggered the evolution and coalescence of voids leading a macro shear fracture. CL damage values were 
also gathered on these areas that experienced maximum damage and presented in Figure 10(c) for both punch deviations. As seen 
from the figure, maximum damage value was determined as 0.81 and 0.98 for 0.4 and 0.8 mm punch deviation, respectively. These 
results proved that deviation of the punch has a great influence on fracture initiation.

4.2. Numerical modeling considering punch deviation

Cockroft-Latham damage value distribution in 3rd station is given in Figure 8. As seen from the figure, maximum damage value 
was seen to be 0.56 which indicates that no failure is present on this station. Same as the stress triaxiality, maximum damage 
value first appeared on the corners of socket, then distributed outer part of the head and flange.

Figure 8. Distribution of Cockroft-Latham damage value on the part in 3rd station at varying punch strokes.
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Figure 10. Distribution of Cockroft-Latham damage value at punch deviation of (a) 0.4 and (b) 0.8 mm, and (c) variation of damage value on 

fracture locus.

(a) - (b) (c)

NUMERICAL INVESTIGATION OF COLD FORGING AND FAILURE EVOLUTION OF DIN 1.5535 ALLOY M5X40 BOLTS

5. CONCLUSIONS

In this paper, cold forging and fracture of DIN 1.5535 M5x40 bolts were investigated experimentally and numerically. Thermo-
mechanical simulations of forging operations were prepared in SIMUFACT FORMING finite element software, and reasons of 
fracture initiation in forging operation were revealed by examining mechanical variables like stress triaxiality and distribution of 
Cockroft-Latham damage values. According to numerical and experimental findings, following conclusions were drawn;

- Numerical models of forging operation showed that fracture evolution was related to raw material defect or improper forging 
operation. 
- Analysis of bolts having straight fracture showed that bolts have sliver defect on their surface. Sliver defect was seen to lead 
crack opening and straight propagation of the fracture. 
- Numerical analysis proved that punch deviation during forging in 3rd station caused inclined fracture evolution on the bolt.
- For better prediction of fracture in metal forging and better understanding of failure mechanism, damage model results should 
be coupled with stress triaxiality.
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ABSTRACT

ÖZET

The holder of a software requirement often insists that his requirement is urgent and should be done as soon as 
possible. Software development departments are frequently faced with this issue that is very problematic. Limited 
software development resources push the software companies to prioritize and plan these requirements. This paper 
presents systematic studies that are realized in order to prioritize software requirements delivered from different 
departments and customers in Norm Group IT Department which has of 2,200 workers and 370 white-collar users. 
All software development companies can adapt the experiences proposed in this paper regardless of the software 
infrastructure they used.

İletilen her yazılım talebinin ileten kişi tarafından acil olarak nitelendirilmesi ve hızlıca çözümünün istenmesi, yazılım 
geliştirme yapan her firmanın karşılaştığı standart bir sorundur. Sınırlı yazılım geliştirme kaynakları, firmaları yazılım 
taleplerinin önceliklerini belirlemeye ve buna göre planlamaya itmektedir. Bildiride, 2,200 işçisi ve 370 beyaz yakalı 
kullanıcısı bulunan Norm Grup Bilgi İşlem Departmanına farklı iş birimlerinden ve müşterilerden iletilen taleplerin 
analiz edilmesi ve önceliklendirilmesi amacıyla yürütülen sistematik çalışmalar bir vaka değerlendirilmesi olarak 
sunulmuştur. Yazılım geliştirme yapan tüm firmalar, kullandıkları yazılım altyapısı ne olursa olsun, bu bildirideki 
deneyimleri kendilerine adapte edebilirler.

Keywords: Software requirement prioritization; AHP; software development.

Anahtar Kelimeler: Yazılım talep önceliklendirme; AHP; yazılım geliştirme.
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Main goal of software development is to reduce the costs with respect to time and cash, which facilitates the workload of end 
user and increases satisfaction of all stakeholders. During the software development process, requirement and fault requests 
in a wide variety, which are sent by existing stakeholders are collected. A requirement request can be defined as a formatted 
document which includes all relevant stakeholders’ needs and descriptive details [1]. When the limited human and other resources 
are considered, the fulfillment of all received software requirements is almost impossible. Therefore selection of the requests 
having high business value and high priority, is essential in order to maintain successful IT operations and stakeholder satisfaction. 
[2].

Requirement prioritization is one of the most complicated subjects in software engineering field proposing several methods to 
solve and manage this situation. Some of the currently popular approaches can be listed as follows: i) MoScoW, ii) 100$ Distribution, 
ii) Analytical Hierarchy Process (AHP) [3], iv) Moisiadis Framework [4], and v) Numerical value assignment and sorting [5].  In order 
to implement any of prioritization methods, the specific criteria for prioritization process are needed to be defined. A request 
including a “regulatory constraint” should have a high priority under normal circumstances. Another criterion can be “increase in 
efficiency” within business units and a requirement having high efficiency gain should have a higher priority. “Difficulty degree”, 
“man day cost”, “competitive advantage”, “maturity of the request” can be other criteria for a requirement prioritization process.

In this paper, a case study including a systematical work that implements a requirement prioritization process within NORM 
Group [5] Company, which has over 2200 employees and 370 white collar end-users is presented. In first, prioritization methods 
are reviewed in literature and the criteria for the requirements are defined. Then, weight points of selected criteria by using AHP 
method are given. Finally, an integrated software to realize proposed approach is presented. 

The second part of the paper explains several prioritization methods in the literature and techniques utilized in this research. In the 
third section we present a detailed structure of our prioritization approach and implemented software application. The last section 
of the paper includes the results of evaluation and discusses the future works.

1. INTRODUCTION

There are a variety of methods for requirements prioritization in the literature, some of which are MoSCoW, Moisiadis Framework, 
Simple Sorting, Numeric Value Assigning, Binary Search Trees, $100 Distribution, AHP, Hierarchical AHP and Planning Game [4, 7, 
8, 9]. 

MoSCoW method is proposed by Oracle engineers in 90’s and has been used by the industry over the years. The requirements are 
prioritized under categories of Must, Should, Could and Won’t. Priorities are calculated with the help of those categories rather 
than numerical values [10,11]. MoScoW method can be used for pre-filtering the requirements and is inadequate for systems with 
high number of requests.

$100 Distribution method is based on the idea of giving constant amount of resources to stakeholders and let them split their 
share among the requirements list. Then the requirement which collects the most of the money is taken into the development 
plan and implemented [12].

Binary Search Tree method organizes requirements in a hierarchical parent children format like a binary tree. The purpose is not 
prioritize requirements but only to sort in an order [7].

AHP method proved to be sufficient with multi criteria decision making problems and is used in business applications pretty often. 
The criteria paired and compared against each other to determine weight values. Evaluation of loan applications, debt scaling, and 
process of selecting a supplier or employment are example application tasks. The steps of AHP method are as follows:

2. PRIORITIZATION METHODS
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3. SYSTEM AND DEPLOYMENT PROCESS

- Definition of goals and criteria, 
- Pairwise comparison of criteria for importance 
- Construction of normalized twofold comparison matrix
- Building priority vector
- Definition of weight values for each criteria
- Testing consistency
- Calculation of AHP scores

The values used for criterion comparison and explanations are defined in Table 1.

Table 1. Criterion superiority comparison.

Considering the literature review and the corporate objectives of Norm Group, 12 different prioritization criteria are selected. The 
selected criteria and short definitions are shown at Table 2.

a. Selected Prioritization Criteria
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The criteria for prioritization can vary in different companies or establishments. For criterion “Error Prevention Value” the value 
definitions are given in Table 3.

For criterion “Maturity” the value definitions are given in Table 4.

Table 3. Error Prevention Value criteria points.

Table 2. Prioritization criteria.
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Table 4. Maturity criteria points.

The criteria 2 and 7 can take different values than the other criteria. The point calculation for these is done by Normal Distribution 
method. For example, if we take the value of Man/Hour gain as 500 hours than we distribute this value normally on to the values 
of the same criteria for other requirements that are open. The Normal Distribution gives a number value between 0 and 1. We then 
multiply this number with 5 and round the result to reach a point value up to 5. The formula is given below:

SOFTWARE REQUIREMENTS PRIORITIZATION: A CASE STUDY

Figure 1. AHP-Criteria importance comparison table

Criteria priorities or weights are defined after the criteria and values for criteria are specified. Different companies may have 
particular methods for weight calculation. In this study, we used AHP method which is used for multiple criteria decision problems. 
An online AHP tool [12] is also utilized.  The method starts by comparing all criteria against each other over their importance 
by using number values between 1 and 9. We performed 66 importance comparisons for our 12 selected criteria. In figure 1 the 
comparison table of “Difficulty Degree” criterion to the other 11 criteria is shown. 

b. Definitions of Criteria Weights using AHP
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The analysis of the results implicates that number 8 “Customer Request” criterion is the most important with priority value of 16.1 
% and  number 7 “Man/Hour Gain Per Year” criterion is the second with 14.4 % priority value and the third most important criterion 
is number 9 “Error Prevention Value” with priority value of 12.7 %. The least important three criteria are “Man/Day Cost”, “Maturity” 
and “Difficulty Degree” which lead us to the conclusion that if the requirement has significant man/hour gains or a request of our 
customers or brings great error prevention potential, we should strongly consider taking the requirement into the implementation 
plan. If the most important criteria are met but “Maturity” is low, meaning that it is not understood well enough, than we should 
elaborate more on the subject.

After defining criteria and the weights of criteria, the next task is to calculate business values of each requirement. The following 
formula shows the business value calculation. Criteria value is the answer we give evaluating each requirement.

c. Business Value Calculation

Figure 2. AHP-Criteria Priorities

After performing all comparisons the criteria priorities are calculated and the AHP based values are obtained which are shown in 
Figure 2.
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Figure 3. Requirements Evaluation user interface

Norm Group uses an enterprise resource planning software named Canias ERP [13]. Canias is an open source software and has a 
development platform of its own. In 2014, an application named “Hotline” was deployed on Canias and was opened to end-users 
in order to manage requirements and errors. In this paper, we implemented and adapted the prioritization system into existing 
“Hotline” application and put to use in IT department first. 

In the first step, the existing 140 Hotline requests were evaluated and criteria values were entered manually by IT members and 
business values were calculated. After initial tests a web application was developed for the end-users in order to receive the criteria 
value during Hotline entry. The seminars were given to end-users and prioritization application was taken online. Figure 3 shows 
the user interface of evaluation web application. 

As seen in Figure 3 the end-users are required to answer all 9 criteria values. After the evaluation is completed the hotline is 
sent to IT department. The Man/Day Cost, Maturity and Backbone Consistency criteria are evaluated and the business values are 
calculated. 

The business values which are calculated, are considered and a monthly execution plan is created by IT Manager in order to 
implement.

d. Implemented Application Software

SOFTWARE REQUIREMENTS PRIORITIZATION: A CASE STUDY
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4. EVALUATION AND CONCLUSION

In consideration of limited IT resources, the prioritization process of all requirements using well defined criteria is needed. 
Requirements and error prioritization is a complex subject in the field of software engineering. This paper presents a case study of 
a IT requirements prioritization process in Norm Group with 2200 employees and 370 white-collar end-users. The main goal is to 
analyze and prioritize the requirements forwarded to IT department in a systematic manner. 

The proposed study stars with a literature review by evaluating corporate objectives of Norm group and then 12 criteria are selected. 
The priorities of selected criteria are evaluated with multi-criteria based decision method AHP and the values of criteria weight 
are defined. The next step in the process is defining a formula for Business Value calculation and computing the business values 
of each requirement. The calculation formulas are based on Moisiadis Framework which provides additional methods for future 
application. For the last step, an integrated software application is developed in  corporate systems which is then taken online 
with training end-users.

Companies which considerably need a prioritization process can adapt the process against their requirements by analyzing the 
proposed methods described in this paper. The steps in the system design can be slightly different for particular companies. For 
example the criteria priorities obtained using AHP method, shows Customer Request being the most important  criterion with 16.1 
% priority, Man Hour Gain being the second most with 14.4 % priority and Error Prevention Value being the third most with 12.7 % 
priority. These results indicate that NORM Group gives customer requirements the first priority putting considerably less emphasis 
of costs involved. The other two criteria mentioned before implies that requirements leading to business improvement and solving 
root causes of some errors, have strategically high importance.
The steps planned for the future works are as follows:

- In addition to the end-users, inclusion of the hierarchical manager of the claimant in the process, and updating the formula for 
business value calculation,
- Defining profiles of the end-users and updating the business value calculation to include claimant profile weight (new user, key 
user etc.),
- Defining different criteria and criteria weight profiles and a structure to enable application of a selected profile in order to support 
periodical strategic goals of the company.
- Moreover, a monthly corporate meeting including managerial staff in order to reevaluate the prioritized requirements can be 
essential.

SOFTWARE REQUIREMENTS PRIORITIZATION: A CASE STUDY
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