el daala
[sra University

Iy

Cost Estimation and Optimization of Welding
Activities in Industrial Projects

Prepared By
Haitham Abdullah Nsaif

Supervisor
Dr. Karim Aljebory

This Thesis Was Submitted as Partial Fulfillment of the Requirements
for the Master Degree of Engineering Project Management (E.P.M.)

Faculty of Engineering
Isra University

2018



:‘ %4 Welding Cost Estimation

Start

Welcome In Welding Cost Estimation

Establishing and Developing
Computer Application (Software)
For

Industrial Projects






COMMITTEE DECISION

This Thesis (Cost Estimation and Optimization of Welding Activities in Industrial

Projects) Was Successfully Defended and Approved on: 09/08 / 2018.

Examination Committee Signature

Dr. Karim Aljebory, (Supervisor)

.........................

Assoc. Prof. of Computer Control Eng.

Dr. Walid Hasan, (Member)
Assoc. Prof. of Structure

.........................

Dr. Sultan A. Tarawneh , (Member)
Prof. of Construction Engineering Management

.........................

(Mutah University of Jordan)
Karak — Jordan



DEDICATION

To the soul of my father and mother
To my wonderful wife
To my children Al zain al abdeen and Safa

To my great family
With love



AKNOWLEDGEMENTS

First of all, I would like to present my sincere thanks and appreciation to my
supervisor Dr. Karim Aljebori for his continuous guidance, encouragement and follow-

up, without which I would not have been able to accomplish this thesis.

Furthermore, my thanks and gratitude are extended to Professor Dr. Rami A.
Maher for his valuable assistance and information which were essential for the

completion of this work.

My thanks and appreciation are also presented to all professors who taught me at

the faculty of engineering at Isra University.

My gratitude and appreciation are also due to Dr. Abd Al-Karim Jawad from the
University of Jordan for his valuable advices and actual guidance and assistance to

accomplish this effort.

Last, but not least, I would like to extend my sincere thanks to An-Nejem
Company for Engineering Contracting with all its administrative and technical cadre for
their valuable help during conducting the practical experiments included in this work, as
well as to my family and nice colleagues and friends who gave me their support and

encouragement.



TABLE OF CONTENTS
COMMITTEE DECISION .....cotitieictie ettt enas i
DEDICATION L.ttt e e et e e be e e snbe e e sna e e e nnaeeenneeas i
AKNOWLEDGEMENTS ..ottt iv
TABLE OF CONTENTS ..ottt v
LIST OF TABLES ...ttt sttt viii
LIST OF FIGURES ...ttt nnee e nneeas IX
LIST OF ABBREVIATIONS ..ottt Xi
ABSTRACT .t b ettt sttt sttt re et neens Xii
Chapter One: INTrOAUCTION ........c.ooiiiiiiiiieee e 1
1.1 PIEIACE .ottt bbbt 2
1.2 Research Objectives and HYPOThESES .........ccovviiiiiiiiieie e 4
1.4 SCOPE OF RESEAICH.......ueiiiicii ettt sre s 5
1.5 Research Importance and Methodology .........cccooeiiriniiiniiieee e 5
1.6 IMpOortance OF COSLING ......coveiieiece et sre s 7
1.7 Thesis Layout and STIUCLUIE ...........ooiiiririiiieieie e 8
1.8 Limitations Of the StUAY .......ccoeoiiii i 9
Chapter TWo: LIterature REVIEW ..........cccoiiiiiiieie et 10
2.1 INEFOTUCTION. .....iteitieiieiiee ettt ettt bbb s ene e e e 11
2.2 REVIEW OF ATTICIES ..ot 11
Chapter Three: Fundamentals of Welding and Cost Estimation............................. 24
K200 A 111 oo [ od 1 o o OSSO 25
3.2 Objectives 0f Cost EStIMAtION ..........cccocoiiieiice e 27
3.3 Components Of @ COSt ESLIMALE..........ccuiiiiiieieiesie e 28
K TR 01 I I o Yo 0L 29
3.3.2 Cost Of RaW MaterialS........cceveiiiiiiie et 29
KR G @ AV < 1 1= To O 1 £ 30
3.4 CoSt EStIMation ProCRAUIE.........cveiieiie ettt nneas 30
3.5 EIEMENES OF COST.. ..ottt nneas 31
3.6 Cost Estimation of Welding PrOCESS .........cceiriiiieniiiniiiseeieeee e 32
3.7 What IS WEIAING? ...t e e e 35
3.7.1 The Welding PrOCESS ......uuiiiiiiiie ettt e e e 36

3.7.2 Welding Process ClassifiCation .............coovuiiiiiiiiiiiicccii e 37



Vi

3.8 WEldING MELNOUS. .......oiuiiiiiieece e 38
3.8.1 Shielded Metal Arc Welding (SMAW) .......uuuiiiiiiiiiieieie e 38
3.8.2 Gas Shielded Arc Welding............uuuuueuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeieeeees 41
3.8.3 SUDMErge ArC WEIAING .....vvieeiiiiiiiiiiiiiiiiiii e 45
3.9 Welding Codes and International Standards.............ccccceevevieieiieieese e 46
3.9.1 Welding Procedure Specification (WPS) ........ciiiiiiiiiiieiee e 47
3.9.2 Qualifying the Welding Procedure Specification.............cccoovvieieiiiiiiiiiiiiieeeenn, 48
3.10 Factors Affecting Cost Estimation of Welding..........ccccocevvveiiiiiineve e, 48
20000 O o T [ 01~ T o 48
BTN K0 VY= (o V17 v |0 L 54
3.10.3 DEPOSITION RALE .....uuiiieeeeeiieeiii e e e e e e e e e e 55
3.10.4 Deposition EFfiCIENCY .......coovviiiiii e 55
3.10.5 OPEration FACLOF .......iieeeeeeeeeiicie e e e e e e e e e e e e e e e 56
BTN O O = Lo £ ol =0 -] 59
3.10.7 Welder Skill and Welding POSITION .............uuiiiiiiieiiieeeie e 60
IO RC T I oo TN T - T (o I @AY =Tq o T To 66
Chapter Four: Methodology Implementation.............ccoceieeieieienc e 67
o I 10T [0 Tod o] o PSPPSR 68
4.2 Cost and Time EStimating MOdel ...........coooiiiiiiiiieeee e 68
4.3 Weld Assemblage Modeling.........cccoiveiiiiiiicie i 70
4.4 Decomposition of a Mechano-Weld STruCtUre ...........ccooovvveieiincnecneeees 70
4.5 General COSt FUNCLION ......oviiiiiicccesee e 71
4.6 INdirect CoSt ESHMALION .......covvieieiieii et nne s 72
4.7 Direct CoSt ESIMAtION ......cviiiiiiiiiiiesie e 73
4.8 GEOMELITIC MOUBIING .....eivieiieieeeee e 73
4.9 Welding Time EStIMAtioN ..........ccoiiiiiiiii et 75
4.10 Welding CoSt ESTIMALION ........ooviiviiiiiiiiiieieie e 77
4.11 Experimental Analysis of Deposition Rate...........cccccveiiiiiiciie i 80
4.11.1 Experimental HYPOthESES .........oiiiiiiiieieee e 80
4.11.2 Experimental ODJECHIVES........uuiiiiiiiie e e 81
4.11.3 Experimental Procedure and RESUILS ...........oveviiiiiiiiiiiie e 81
4.11.4 HypOthesiS TESTING ..cvvvvuieeiiiiii e e e e e e s 85
4.11.5 Regression ANAIYSIS ......uueiiiiii e 88

4.11.6 The Effect of Welding Position on Metal Weight .............ccccoeiiiiiiiiiiiieiinnnnnn. 94



Vii

4.11.7 Experimental CONCIUSION...........uiiiieieiiiiieiee e 96
Chapter Five: Software Development...........ccoooiiiiiiiiiiiecee s 97
5.1 INEFOUUCTION. .....eteiiitietieiete ettt bbbttt b e bbbt nn e 98
5.2 Software Validation and ReSUILS..........cccoeiiiiiiiiieiiee e e 106
5.3 Manual Estimation of Cost by the Company.........ccccecveveiiieve e 109
5.4 CompPariSON OF RESUILS ..ot 109
5.5 The Benefits of Software in Company Management Departments...............cc....... 112
Chapter Six: Conclusions and Recommendations...........cccocevveveieeneeneseeseeniennns 115
8.1 CONCIUSIONS. ... .ottt ettt bbb 116
6.2 RECOMMENAALIONS......cvveiiieieitieie et e e ie st ste et e sre et e ee e e ste e e reesbeeneesreesreeneennes 117
8.3 FULUIE WOTK ......itiiiiciietieieie ettt bbb 118
REFEEINCES ...ttt AdTaa gt dgma pall 5 lay) 1l

N ] 0 1=T o [ o0 USSR PP 122



viii

LIST OF TABLES

NUMBER TABLE CAPTION PAGE
2.1 Importance of papers usage 23
3.1 Reference numbers for some fusion welding methods 38
3.2 Basic weld types and their symbols 53
3.3 Operating Factor for different Welding processes 57
4.1 Experimental data for electrode diameter 83
4.2 Experimental data for electrode diameter 84
4.3 SPSS results for explore test 85
4.4 SPSS results for explore test 86
4.5 SPSS results for independent samples test 86
4.6 SPSS results for independent samples test 87
4.7 SPSS results for linear regression 88
4.8 SPSS results for linear regression 90
4.9 Statistical analysis steps 93

410 Required m_elt weight in different _V\_/elding positions 94
(Welding handbook, 18th edition, ESAB)

4.11 SPSS results for linear regression for the metal weight 95
51 Comparison of results b_etwe_en manual and program 109
estimation
5.2 Time and cost estimation from software (pressure vessel) 110
5.3 Time and cost estimation from software (storage tank) 111




LIST OF FIGURES

NUMBER FIGURE CAPTION PAGE
1.1 The main four constraints of project management 2
1.2 Thesis layout diagram 8
3.1 The Freiman curve 26
3.2 Elements of total cost 32
3.3 Some important welding processes 37
34 An illustration of the SMAW system 40
3.5 SMAW welding arc 41
3.6 GMAW equipment 43
3.7 Gas- shielded metal arc welding 44
3.8 Schematic of submerged arc welding system 46
3.9 Calculation of weld requirements depending on joint design 50

3.10 Increasing weld size increases the welding cost 51

3.11 Different kinds of lap joints 52

3.12 Different types of butt joints 53

3.13 Deposition efficiency 56

3.14 Deposition rate (high deposition rates are desirable) 58

Scheme of placement of components to be welded for flat

3.15 . 60

welding
Scheme of placement of components to be welded for horizontal

3.16 ; 61

welding
Scheme of placement of components to be welded for vertical

3.17 . 62

welding
Scheme of placement of components to be welded for different
3.18 : L : : ) 63
types of welding positions, including overhead welding

3.19 Pipe horizontal rolled position 63

3.20 Pipe horizontal fixed position 64

3.21 Pipe vertical position 64




3.22 Pipe 45° inclined position 65
3.23 Pipe 45° inclined position with a restricting ring 65
4.1 Model adopted for welding cost estimation 69
49 Approach for decomposi?ion of “welding features” and 71
“preparing features”
4.3 The geometric modeling approach of a welding section 73
44 Geometric modeling of a welding feature "end- to- end" in V 74
groove shape
4.5 Welding time calculating methodology 76
4.6 Single V butt joint 81
4.7 the Scatter diagram between vertical and flat deposition rates 89
4.8 Relationship between vertical and flat deposition rates 90
4.9 the Scatter diagram between vertical and flat deposition rates 91
4.10 Relationship between vertical and flat deposition rates 92
4.11 Relationship between vertical and flat metal weight 96
5.1 Software flowchart diagram 99
5.2 User windows # 1 100
5.3 User windows # 2 101
5.4 User windows # 3 103
55 User windows # 4 104
5.6 User windows # 5 105
5.7 User windows # 6 106
5.8 Diagram for pressure vessel 107
59 Diagram of storage tank 108
510 Histogram explair_ling _the difference between _software program 112
estimation and manual estimation
5.11 Software report in management process 113




xi

LIST OF ABBREVIATIONS

Abbreviation

Meaning

WPS Welding procedure specification

DOE Design of experiment

ANOVA Analysis of variance (One way ANOVA)
FSW Friction stir welding

GMAW Gas metal arc welding

ANN Artificial neural network

SMAW Shielded metal arc welding

GMAW-C Gas metal arc welding with CO,
GMAW-M Gas metal arc welding with mixed gas
FCAW Flux cored arc welding

MCAW Metal cored arc welding

SSFCAW Self- shielded flux cored arc welding
SAW Submerged arc welding

GTAW Gas tungsten arc welding

RW Resistance welding

OFW Oxy fuel gas welding

AW Arc welding

MIG Metal inert gas

TIG Gas tungsten arc welding

ASME American society of mechanical engineers
AWS American welding society

POR Procedure qualification record

SPSS Statistical package for the social sciences




xii

Cost Estimation and Optimization of Welding Activities in Industrial

Projects

By
Haitham Abdullah Nsaif

Supervisor
Dr. Karim Aljebory

ABSTRACT

Cost estimation is an essential work for the efficient management of any enterprise
It gives very useful information for the preparation of financial accounts. The problem of
estimating the cost of welding activities within industrial engineering projects can be
attributed to the existence of a number of variables that affect this task, which renders it
more complicated. As a result, it is necessary to develop mathematical models and find
optimized solutions to estimate the costs of different welding activates, including direct and
indirect costs. In addition, the difficulties in welding cost estimation can be overcome by the
implementation of a computer program that calculates the direct and in direct cost of
welding. Activities and compares the different welding methods in terms of efficiency time
and cost. The program is expected to compare the different process and take the
appropriates decision on how to implementation the welding activities, thus, several
departments at factories and corporations will benefit from the inclusion of such program.
The current study delivers a theoretical model that optimizes the cost of welding activates
based on all variables involved in affecting the total costs .it also develops computer
software, which is capable of accurately calculations welding cost and time. Furthermore,
particular experiments are conducted to determine the deposition rate of welding metal in
different position (vertical, flat).through experiments conducted, it was found that there are
differences in deposition rate in different welding positions (vertical, flat).It was also found
that more deposition metal weight is required in the vertical welding position compared
with flat welding position. A vertical pressure vessel and horizontal fuel storage tank were
taken case studies. Simple projects were considered in this study because of time
consideration. Welding cost and project completion time for the selected projects have been
calculated by using the developed computer program and the results obtained compared
with those obtained manually by a nejem factory. The results revealed that the computer
program developed in this study was very efficient in accurately calculating industrial
project welding cost and completion time compared with manual methods of welding costs
and time estimation .Finally, this research study concludes with proposing a number of
recommendations which are of benefit to researches, factories and decision makers.it is
highly recommended to use software program to calculate the welding costs of industrial
projects and the time required to accomplished them, in addition to conduct more
experiments to extract the deposition rate and compared different deposition rates for
different welding position.

Keyword: Welding, Cost Estimation, Welding Process, Welding Cost.
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