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ABSTRACT

Talking about the construction industry, they frequently characterized by risk, where most of the

construction projects involved in the property being fraught with risks and uncertainty, and this is due to the
complexity of the industry and the length of the project, and the large number of parties that have a
relationship with them. The risks in the projects is a reality that can not be neglected or ignored or canceled,
but must be managed properly and so transferred, distributed or transferred, and in any case be required to
avoid the impact (if possible) or reduce the losses caused them to a minimum.

It is noted that the bulk of the claims between the contracting parties arising from those risks where
those claims either extension or compensation or extension and compensation together, causing an increase in
the cost and duration of the project construction and thus exposed the project manager and architect of the cost
problem of building the project within budget and the prescribed period. Recognizes Parties on those claims to
be settled through follow-up and resolution takes time and effort "significant” and which may extend for many
years after the end of the contract, as well as no one can predict the final outcome of this settlement, although
it was in many cases in additional losses to the party who made those Claims believing they 4<a »%s for some
of the losses incurred by the former, and therefore called for the need to conduct a study of the risks that lead
to get these claims and to analyze them in order to identify risks causing compensation claims, as well as
causing claims extension and its impact on construction projects and how departments and actions that can be
taken to avoid or minimize those risk (in addition to the use of methods and modern techniques to predict the
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impact of those risks on the cost of the project, which help control and minimize the impact of those claims in
construction projects). Results showed that risks causing compensation claims, as well as causing claims ot
the most prominent "were errors in guessing, paras created in addition to changes in designs, has also been
reached on a number of actions that would lead to avoid or reduce these risks to as little as possible.

(Research Justification) sl & ) e -1
@ .\..IJA.'\M J'AS} U“")’—‘n uLJLLmS M\ )L\;A\ AJ\J\ &}A}A—! eLﬁiA‘}“ é&: c'_\;\_ﬂ\ Cifia ‘z,,_d\ c_a\‘)_).ml\ %) J.\J:J\ Slilia
CAAA‘SBJL}A‘)M JJ‘)ACAJJ“)JAJM.\MJMLAJY‘ EJM\GSMDAD‘)A\L@ uuww\ )k\;.d\ﬁ 3 A.UL.uuy\ e‘)\.wd\

LAAAA}L@SS‘_ALC_.A\jd&u).\}.agfd\j@)w\g_\lc\@o‘)_)u\w)l\uhuy‘L)A).\.\::.iLAS‘@MY\&}M\MJ;\JA
el saanl) a3l g Adlal) Jalasl) e il

(Research Objectives) ¢l cilaai -2
. ;\:\.\LL\}[\ eJL.nAM ‘_,,A 3Ll _\.\AA.J\ A_a\_ﬂw M\ JAS} ua.\}a_\n c_aLJLLml 4\_\.\.».41\ )L\AA\ A.m;q _\

ALy asbiadl e hladl @l il e Gl o caiadl Lee L) ¢Saall AMadll Gilel Yl aas -

3 Lgivaal 5 Lgi sl ol e oyl plalaiall ellil o i) Julaill & il - SilaiaV) A8 o lalaall 3 )] <ol saa) aladin) -
aLN\L}LAA‘)_\S\A_J)MaJ_uSS\JLML\AAY\dg_uua‘)ji_atsﬂ\})kbad\MM\%@\@LMMAMMY‘EJM\
bl el e Jalaill 4 yaa (e g 5 pudially ddlaial) Cal plY) aes oSa LS halaally 33Y) (e i)

(Claim) <lidaall-3
(Claim) 4dUaal) ciy s
tusgajamx, Dbas Ay Al g dddaall Cay jladll e aal) elllia
(1980 EL- Eazab'm el (3ag elea¥) i (3ay Adladl) sl AUl (OXFORD) s a8 < 2 i
(1996, 3454) , 2009 4 (A et kel i) | G el AV A siall Ll asl aady eleal Ll Sle ddUaall Co i el Lo
LJL«J/J.:L...A.//UL ua.:j:_nJL:J;Y/uJAJ/UA Js.qj/c_e/).é/.hy‘f_:./l_é.af/ Zg_:LILJLéuJ/A_qJ.uU/uALJ/d_@uu(_}u Lo PR ey
- Ceed)) plaa Y1 s e 5l aled] 5 gildl] Gpann K5 il e of diled 55 08 lps] e L 0l 5 Leo Lt OIS 5/ duia il 5/

Agiaal) danigh JlasY A1 glal) o gy com g Jglial) clilUaal (i)
Sy Ul el 5 J glial) s adde 35 55 A el il Agiaal) il Jlae Y A1 glial) Jag 5 3 o) gall (e a0l clllin
‘ s WS Odia ) Lot
iy e gl Jead) caalia @) i ddleiall Jslad) cilidiae -
legliag o sl Jaall ol Jaadl aalia 3 ylass oo G A A g8 5 dgalat ) gy dalaial) J i) ciliddas -
SBO105 69 Gl davigh) JlaeY A lial) a5y o sar illlaall (he (pinall (3l i) e s (1-1) Jsaalls

uﬁ\‘)ﬂ\ UJM\ uﬁm\ i gad JJM‘ uL\SLh.AJ wl.u;\ﬂ

djls.d\«m;\ UIJJUSAJLGA}AA‘_AQA;\X‘}J}M\ uu\.bnmmjaﬂu.uMY\ ).ua_ld\}d\wmﬂ\ujc ‘_,,A\‘)ﬂ\ UAM\ u}.}\ﬂ\&}u
(8733l | (1) &l (873)saall | (2) 33l (867)salall | (2) 5l (146)saal ; G010 55 3,030l gall b Jiati g adleal b
, (1) (880) salall | (2,1) 58l (879)cliskall | (878 )salall | (877 )salall (876) salall | (1) 38 (874)s3l | (2) 3_jdl)
. (1) a‘)sd\ (889 bJLd\) , (4)0)553\ (887) salall s (2) chsS\ (886) salall s (1) a)sﬂ\ (885) salall

Al Sl ¢ giEl G gang Asiaall Auigl) JlasY A gliall Ja gy cen gas Jand) ralia cililUaal Gl -

Glllas agle 5S35 A Gulul) riad B jadl aall () gilal 5 dvaal) dunighl Jlae Y A gad) T pd (A 3 sall (e daal) i
eL\sl\&dﬁwﬁjw\étd\MG.JUJJM\&_\LSEM\L}AQJM\&LLSMDM\«A;LA?)MQJA&GJUMM_AL@
; 010, 66,2010, 635 (5 1) Jgaall 3 Gllb (e LS g sl e g4y bl Jlaall Jle cany

(Classification of Claims) cbdtaal) Ciiuas -
. (2003 , Abdissa) , (2005 , David) &‘ 333 3*-‘-.03 uJ! 3—,! JBlal) g @3&&1\ 3..’\;&“ e llUaal) i

(Contractual claims) 4laill il
(Common law claims)alall o silall clillas -
(Quantum meruit claims) «S) Glaainy) alddas -
(Ex gratia claims) (Obeay) clilas) el Jow e clillae -

Pavid) b Ly J5iall | Jaall aalia lllaall 5% e "W 25 (claimant) ! llaall cua clladl) Caicas LS
. (1999, ) saladl) | (2002, M.Kleman
Jeadl Cabia e -
Jstaal alllas -0



Number 10 Volume 20 October - 2014 Journal of Engineering

- (2009 Jingbo) (1996 2 ) 3 MUaall Canliay (3 (o3 ) jpuall Lulisl e cililUaal) Caiat LS
' sl e
waadll alllae o
el g (e getll lllae -
L dla iSYI o8 arailly iiag gril) Clallhae g el Cilillhae | iy gaill Cilillhae bl o lullhall Civiad ) aa g Cialuff Lol

‘ (The Factors Caused for Claims)ciuaall dsswall Ja) g2l
okl (e 233U (555 La bale Al g LAY o jliiall 8 apaadll SISy (gl U ¢ sl Apnaall Jol sall (e el Glilia
d)&w&‘ﬂ\od@l@mﬁé\.ﬁs‘gu\ﬁy\ XY DJ\J\ C‘)\A‘))A\L}AM.\SJ‘ (d)LQA.“ j\&)‘uﬁa&‘ﬁ\ u».\.;@_.d\ dA:d\ h_xaha) 281l

(1999 , (A yabul) (4-1), (1999 s s3al) (1996 ,45) (3 1) 53l b eam g LS 5 gl JJL.AA\ i ismse s L
L}Lu;Jpaa.a‘s_” gJL;ﬂlzal/444uu¢ﬂ Llal;a;” L_gguﬁaJ L.ia[;”‘f:)JﬂJLﬁ;}a/"}JL‘an L}A 44L: éf‘llzﬁﬂ LQ} 'QAJLu:av)Sh La‘s_ﬁ: ’V;L4£;
(6-1), (5-1) Celsand] (S e LaS s yradl] Slllhal Loall Jol sl s i s2 ) uL.a/liuJ Lissll Lol 52l 4

a,yl.du\ﬂ &JW\ ‘_,A ohldal) 3 la) 4
i) iy

Db LS g ssane jlian L8 il s shall Cay bl e aaal) il
.(2003,Kendrick),(2002,Gustafson) &; (A ﬁ-"AE" O;‘ -< ..4:‘5 ‘.—‘).9)*‘ ),%“- G d X@Lﬁ;‘}[\ °
[00T.James) ¢ 5 Lnall 3la | sasad) el Algaa AWK e jlia il gl ase Wiy of (Sa s cany 8 3 g) @

Office of Project Management Process )tj =) &_.Q‘Mi ‘A‘__ ‘_.,—j\A,:\\ JI .! ):CM c;“ e A e LSM\ Qj}“‘” ‘)L q)ﬁ\ Ji Eoall @
i i i i (2004 , Michael) , (2003 , Improvement

(2009, Duncan) ¢ o 5 Calaad alai) e Sigie lee sy aie Al Ml ¢ sease ol Caganldl SSall je Gl @
de g gall LL o 555 of oSy A5 dliise Lols Df Crgon Dllain) 4l sl <y poi Gl gobiives (G Lo SIS (o g
A Lbis g8 Lac Cif ¥ M g duio il g Lllad) gio g & 5 puiall

hlaal) 5_laf iy jas

";IWLLAS‘EQ}BJJJQJJLAA‘;QJJJ‘;“})LM‘B)\J&@JM\C}ALM\&UA
Catig 83 gall | adell AGKH A gaall M\d@@ﬁ@\a&u\&;\yﬁhdh(&uﬂu}h\énd ‘;J\u_al_d.ul‘smo
L@J}JA.\_\Q )LM\EJAM&J\}LLL;;M\ Qﬂbahqﬂu;\ﬁ@\wﬂ@lﬁjﬂw\&d\mm @Y\)L\;d\o)\d\

)8 a2l Al sy ) Cila slaall pan JBA (e (Uncertainty) 2SI aae cadd) oSy b sl Jae b el
(2008

g s iall e aelud Gy a5 Ll ja g Ld i) L@J.\l;.l}&_’).umh Dhalie yail ddad slacl Adlatia dagion s duallad dlac o
Office of Project Management) y 5 ol () & s miall o il ISy 555 A alaaV) Qi e Jasdl 5 V) a1 Agllaia) a5 e
(2003, Process Improvement

bRl Ll yo g ad 51 Lo iU ol 9o ¥) g Ducaliad] Linsl) Aisgdl Lol 5 Lol pLa leils pbliall 5 o) Caldl G yay Gow Lo SIS (0
ind] 4 2Ll Say Lalg o il Lal Luwliol) LB gin gy, 5})&?]/&_&: J.ZA:I‘A.AJ/;LQJL'?/;J/JJI'A sy lewld y LelLiagy L@..y.JA.‘!:j“;.Lde.AJ/
b dae e pladll Ko bl ) £ g piall Ciloa Y LuSlaal] Lo LT (o <indlill lghus g lgule 5 i) 5 (g LliT o] bl

ALaiy) o bl B il A6alst)  glalial)
0583 Sl g gl jualic o oyl o) haall LSl shaliall e oyl e "Y s 2 kil 5,13 dal e oo Cuaall U8
(1993, Rogen) o, LS 4 5 ALY o jliall Lgd (ot ) lalacdlly S (e LSV il L
‘;M\Aﬁs}iw\jw\uﬂ/umx@\)@\UM.@M\ JueS) & Q) 8 A< e Hlalaall il gy s aas)
ele Galiadll s saanal 52l paa 5 il JlaS) (8 Jadl) e ) e jhlaall il o6 el o
. & sosiall Ay slladll Apuldl) il gall (e g 5 el i 8 Jaidl) & Jeall & gi5825a o hlad) 5ils 1S sl -
bl palias st ol il s bl @il e can s Lee Apale e ) g s el alaal A gLl halad) g
bl @l aa dalaill Canliall apdaill 5 g5 ) Hlalacall B laf i) ind n gha 5 53 gadl 5 < 5l 5 2ESU AuSlaall el L3 Caps

ALy g bial) b il 3 J\.s\ Jal e
unliall S 4aY) 3gaall) |, (2003 , Office of Project Management Process Improvement)&u L..u&'\ j “@ )L\;d\ "Jm d}\)‘
(2008 cihle) (2006 Paul) (2004 , Michael Springer) , (2004 , Michael) , (2004 iz}

; (Risk Management Planning for ) — _hliall 3 ) Jagadsi
sy agladall y Jalatll 248 5 58 o5 Cam La g g e (B a2l 5 Lgdasladi s Hlaliall 5 1a) dmglie o i g oy Al Alaall a0
Sl ) el 315 e 5 ke b il 5 bl 5 oY dbhd auns b Jiati dleall 03] dusi ) a3l s | g g pall Sllaall )



Number 10 Volume 20 October - 2014 Journal of Engineering

- (blaal) A8l ey lana s Hhaladll

(Risk Identification)hbid) saas -
LMSQUMJS)SU;J\)L&A\MMM@L@ALAM@&JM\UJ:‘)'3}3 bl st e 2 Als je oa
u\k_uauﬁmu ‘;\S\w\ ‘)klé'd‘L}Am‘}mmdsusjﬁ\ﬁ@wrﬁu‘jtjw°ﬁjﬁhU‘MY‘_)\N‘LA‘:
(b pxiiug (2006 Jason))L\AAl\ pasd b (Stakeholders) & s il acla acluad JuSl) Fltall ()5S 8 Allad Hllaall ddad auag
Caaall 4y - (2004, Michael) o bl o3a aal ey (i yally Al 55 4885 dlee Lglen Cangy LD (ol HhlA) yaas dlee
U.UGA.\]‘U‘&_\ALXM&‘)JJ }Y\)M\umm,;\)&\@ukw\mw w\mw\@m ‘:Ab‘\_u.u ‘f;&sﬂ\

w\aﬁw@u\u};wqﬁ)wugm

(Qualitative Risk) Analysis shall e ¢il) Jdail) -
LGJ@LA\JA;.‘:;\P\ ),ddhju).uhjkg_ua;uym;\cfj(umd);wdh}ﬁwuh}b\ JAL)A\M‘_;

u\dw\wuddl;m\‘;cjdmd)hm})khd\wAL)km\a 5 yhalAal) paat dulesd Lg_ul.uuu\;\);\ |G
M}X}Y\ JJ;JU\LEJ}).\A\ C_\.\A\J.ﬂewy‘ngM\wsad&u)bbd\dsuubw‘}”whjﬂ\umk@\umu
(2006, Paul) ¢ gill Judaill dglee (pa (s jal) sa 138 5 Juzadl) dua il 5 ¢ suad] Hladll apaad S5 salall 8 Cua laagaa o3 ) lalaal) el

I\AMEMAU\JUM;Y\C_AaeuQa(JLU\_UM;Y\)ﬁ)M&)LGQGcﬂ\dﬂﬂ\m‘;h&ud\é#\
( U\xuun\ﬂ)g_‘)admuu;Ut_\;‘_A‘54\)Juub_;,memn,\)u\&m@,w}\(yu\}umy\)%ww
(2008 Krige), (2006 , Albert) , (2003 , Office of Project ManagementProcessImprovement) )“A” Calaad Oy LB <

(e :‘*‘-;A.M Ja o Ll S e UA:“AA-' Sl sl JUaad ‘.—‘:‘-U-‘ paady o g AT Ll -‘.=-' dﬁy‘ “é“-ﬂ‘ Gkl ey
BT L@_mjumuﬁ‘;w\_msc_}mM\@Ma}s&ﬁ\dﬁdmu\us M\L@_mm\ds})lia;w dh
ﬁ&\sﬂ\c.nﬁb_‘c L@—ly)Lédsﬁum\ij}m&a:\gcﬂ‘ﬁ:\ﬂn‘5\(ﬁu\—@my‘)ﬂ}wﬂgke‘m\uju&u‘
bl o il Jdaill dlee 8 Caalall U8 (e Caanaind 35 3l 5 Al JLalad

(Risk Quantitative Analysis) sl sl Jlal

SU sl Alexd Allaay) & 5 el Calanl e 3 jigal) 485 paall Hlalaall 3 aSI 5f iyl Qs e s el o2 Jaids
Gd\ L (e aaall llia | ladll e Aealil) Gl gall 5 Esaall Jlaial el e laall Ll s oS 508 ) J e 5l A slaa
, (Pert) <om , (Monte-Carlo) 51K (5 5e ddad alaainls (Simulation) silad) Sl s3a Gaa (a5 (a3l 13g] padins
) Aadgall dadll b asy Slaal) cpeddll @l | (Decision Tree)olodll s ad s (Interviewing) <Suladll
pie (e e sul sa Ahla Clily ae a8l Jdaill B LS aladiul Y Sl Qs dlee (8 3l a5 (Expected Value
(@004 Michaely g sl il aalS e ] Uy Gany LIS (5 5Sa8 oS Julall Alee () LS | bl o3 aladii

‘ ‘ (Risk) Response Strategies il 4laiay) cilbag) siu)

i Alee &5 ) amd | g g el Calaa) aim Glapgdll S5 pa il e Glel jals @l jla skl Al jall 22 el
PROOED 3t ) Cile sane aa )l o ST 5 a5 a5 L Jaladll 5 lalaiall elli Aadleal dediional) il apan ()8 Lgapiiy Hhlaall
. (2009 , Duncan), (2005, Eric) , (2004 , Dennis) , (2001 ,James) , (1993
(Risk Acceptance )_hall J sl
(Risk Mitigation) _hall sas (e cadasll 2
(Risk Transference) _hall Jiidagl il 3
(Risk Avoidance Strategy ) rball st dal i) 4
S
.6

—_—

(Contingency Plan )i shll adaa

Jhlaal) Jasda g 481 ya

300 A el ) saall laladly | gialles a4l Sllially | lanaad o 30 lalaall 8060 coied Le o Alee o
‘(zooe,Paul):uLuﬁ'sLG;,JSI«JIAL_;;;,_‘;;_L..L.';@b,,w\,ﬁ&ﬁ,w\&@y\mu\f}(&})m\

& bl adiy i ¢ 5 pdall Hllaall Al o) Cus g il Bla 58 JOA 3 et dilee & Hhalaal) Jasca s 481 e dlee )
DB ) sels ol i) o STl il o S Alls by Jeant Y o (S dadsie Jllia ol Jeand O (S Aadgie e Hllaad
8ohall Lilia) Alain) Jabad g g g pdiall paay plalaall 310 e bl Lee AaiSle ()55 Y 38 Adaladal) Aain¥) (8 dadgia j

J)S.\‘)LL;AM d‘ﬁ}t})“"“‘“ }Mdﬁwm‘)‘s.ﬁa‘)j@}(‘}k@\ d;uu.ﬂ) ‘)LLA.AM )J‘)Lsﬂw;d\dw‘ DJ\J\}!\ u\ ‘)LLLAM‘;‘C
(2003 Office of Project Management Process Improvement) 3 1 < 1j 3. (&€ uj\



Number 10 Volume 20 October - 2014 Journal of Engineering

(sl Gl -5

@‘)\.&A\ C«“)JAJ 3\::.\».\.:@1\ _)J\)Sﬂ 3 b).t;l\ LSJJ UAA.(:M C}xs.a uLLuu\ ;\‘):\ MXAAJ\ M\J.ﬂ\ ) ‘_J)Y\ ‘U;J\.d\
gty dae) Criaa Gun Gliall GLiie¥) el jal dls e L) As all clS i 3 Jlaall 138 3 GalaiaV) s 5d s cilaalall 330
sl L) 5 dpead 3 U 5 4 il Al 52l e Adayiosall GldiuY) A

(Closed Questionnaire ) alall Glaiad)

G 5 Lgran o Al e shaall ¢ pum 8 i) 5 jlaind apanaly dae o5 il slaal) gan g = sidall (L) Ay (e slgBY) 2y
L) A sen lana ol (g geaal s IS 5 jlaia) dae) o Ginldl o ja 38y Canll il Al )l e Ll o3 1 e slaal)
DRy osae el ) i) B et anndlly Calll o6 S8 5 Lo

(Aalad) il glaall g cilibll) J oY) gaall -

A AN Al Gaats g sl die 31 e daladl Cilaglaall g i) e Jseand) ga saall 1 e (e il ()
alall Jrmail 5 o jliiall 25 Jlave (8 Aadad) ) gins 23 5 Aigda gl da 5 Janll s 5 Leliay il dgal 5l i) diall 5 gy Jony
s ) g g )liall ¢ 55 AL i) pabaiaYl g
(Jh&.d\ SJ\.\\JJM)UJL'J\JM$-

‘_J\ )M\b&@hd&}@)hd\@uuuw| )l:.l;,d\ a)\d\‘\.:;@.md.\.\k.\dud\ﬁ)u}&)M\ \AAw&_ﬂAQJ\ u\
1 A Galll padin) My Hhlaa) olli audiy a6 8 daddl 3okl e capeilly jllaadl oda Jia s laY o) i g bl g alai asag
A(7-1) dsaadl (8 A g LaS 5 i) Jala g liball dlee Jagas (a jad Led ALEN 2008 1) yulaall 5 Gl (g0 230 ) sadll

(‘_MSM diicall jlalial) Jalas g aass J&M) G gaall
aJ}uaGLu_\LAAA_uLuY\EJM\@LMHULEAJQ@}MHN&AMWJ\JL\AA\JJJ;.\}AJMHJ@J@»@Y\MQ@J\U\
‘_;r_uﬁujﬁu\m&}a}umn;;uﬁ\wxby\\Mu%dus@uy\ejw\tguaﬂ@x\).L.u\eg\u;m\}
Oalalall o e slaie WL Ayl asliall 8 clllaall ) jllad) @l (e jhaa IS0 e gill ) apss Ul 5 saal) 5 48
b U8 il ap® 2 @Al Sl Joasy 38 5l (it o pils 081 Adle dc B dilaial (5S 8 jhaal) of b S Gl (e sl

L Odlaladl pda e aldie YU

(ULl Alain clp jal) gl )l saall -
dal ge Al ciha ) hladl s Ji ol Qi 5l caiad dal (e Leel) oSy ) Sl saY) sl 48 jee ) saal) 18 Cangy
S e B ) L Lgaias

) A Al -

o Cnlaladl 3l 3 58l (5555 S LSV 5 (o Saaiall Gaudigall (e 15358 o)) e laind) Ae o el dlae 8 2l &5 )
30 0sShiay Gl Claaladl 33 e 5 ce L) S 58 A Galalal) Cpratigal) e g dpuigl) Ay L) (Sl 5 Ao sSall Cili sall
ol 13 34l 5l

GV e padde s L sy Qliin¥) calaal Jaa i e Ry (K1 dlie JSa5 il 5l (44) @siy bl ol Cua
s znal 4l 5 dgilla) JWS) ate Gy Lgie 230 Slain) 23 Glilaall Qs ie 5 a3 lain (39) Jajiul &5 ddciall dal) o) il
Canll A A (8-1) @) Jsaadl (& die WSy sjusu\ (36) Olaiw¥) s Jilas vie aaie) Gl Sled) lainl) cl jlain)
A S el Al Ay plas ) Malia) el s ) pads Sl de 8 ilany) il il Cos g "ale HS3 Ll daiy g, Badtinnll

i) Gadliia) g cilib) Jalad g Al gaa (B Aeadiouall d3ilany) g dpdaly ) L) -

e Al @l ) 85 Al e @ ) J a5l XS g bl Qa5 (i je 5 padlip adaiiy pead dpalall (3 kIl clasl (aisy
S L g Lebidadi s Ll 5o Jaguall JUWSE] 5 a2 sy (8 UL (e Calll Gl L jlie s libal) Jalas a jad 5 Jalail) 138 ¢ gua
sl Gkl ddeall o3 ety el DRI 2 aa Slasladl e 38 DS GSatn L6 lpan ae Leiilie vie JBdy e
DLl (e IS0 Lglia 5 5 Lehilad s ULl (adli i jal ilan Yl GuulBall (e Made Galdl aasiul LS | (Pictorial method)

( Measurement of Central Tendency ) &S all e 3ill (ualia -
Ll sag LQ_}.L-.» Glas gidl SKI Ealdl) padiu) dus (DUl Ae sene Jiilad (4 Apad saill Aagl) 435S (bl 138 Sal) i

amﬁ\u\aﬂ\#&wu&(ﬁd\waw)m)@\ 'a:ydﬂukc\;&wl\wﬂ\mhg_eﬁ@ﬂ\)(Mean X) eall
(2007, ekt "\J\Sg_\.m;.q}\.éqdcécu)mu\dhud\eﬁ&)mmhhm\u)u} 4l G pial o g ganal (5 sl

__ h
Mean(X) =Y x;. f; /'n (1-1) dates
=1

‘é_jw‘ PEVIE (X)



Number 10 Volume 20 October - 2014 Journal of Engineering

cauall 38 5e (X))

ia @l Sl e ()
ilaaY) dalasi 1 ()
Glall 2 : (h)

o (Measures of spread) ciddll guylla -

0ol ol T gl 8 il (amy (s sl 28 Sl laa s il (40 e sane Cla sl A0S < palll anlie s Y
bl 3 jiay ol Calal) e O Y ) Ll S e ey (el Jawsslls (Ll Gailad Aa 2) W S 50 Un Wil )55 a2ka)
O GllAl | bl oda Jals b cndil gl el da o (bl S el Qi) pe AT (elie sms e 2 Y gl ¢ Jan gl 134 s
Ol IS 13 5 Ledan 5 e W Ll 5 LgdD) (saa (Sl (i) Clilae o) 55 Aaads 308 8 (el (e g i) 138 alaie) (e (y2a jal)
By AL Clileall a8 G CENAY) ()5S Laie | jpraa il Gl ()5S s «lileal) o o eiladll aae e @lld Ja S )
(X) sl Lo e Dlilaall Cldl il ol uSay Sua cilill ulieS (Standard Deviation) ¢sokeael) il iyl Gl e
(1983 8e ) IS iy

(S) =\/ igxi X2 fil(n-1)........ (2-1)ilslas

sda
il ablaia) g clibul) Jalad g 4 gax ile) ja
s LS o e Julas (38 5 (i) (g Lgle gl 3 1 il Qs dlae Caad
JEaT A g je a5 (g Canll A ) 8 a5 Gl slaall ¢ g e @l ) S0 Cans o 2 Cagan S 5 J Y ) saall -
P% =(f, /n) * 100......... (1983 g2 5) (3_1) dskas

e
% suall i Sl dus : (p%)
o shlad) el Sl sad apdiy aaall SISy (g el el el jlalaall J seand Adlaa¥) ayity Blaiall § G ) saddl L) -
D VS Lelida g i) Al gan oy (o g & el Ba g RIS
By Ao (1-1) abadl pdaty apaaill GIAS g (yoay el clflaad ypasall Hlalall (e shad U J seas Allaial auii Jaes lusa o5 @
. bl Gl V) il &5(2-1) Adabaal) Gl o5 (e g and) A 1 81 il
saall e apail) ciliUaad Apsall SIS 5 24N ey gil) cillUaad Apsall Jlaladll (pe jlad JS 5600 508 4l Jane Slua 5 @
& lmall Gl ad¥) s a3 (2-1) Alaleaall (Baadaty g a3 (g 5 Canall Age a1 ) B35 e (1-1) Aalaadl ks
¢ VS L g Alaia Y " g el Gl 5 oy el lllaad Al lalaal) e lad JS3 Al Bpaall (s 3 @
Alaia) apis Jaxa

bl J guas]
[ — %100 x =% shall dpll eyl
ha U8 gl

CildUaa) Lppusall SISy & g il 48 e Uyl Mg oy satl) ldUnad Lpsaad) Hlaliall (e lad JS3 Ll Graa Yl il 5 @
C AV aal e eyl sy el

G ) — 0100 x —— :%)Ls.\&fg,u.:d\ iy
i Y 2ea & sana (sl L il M

Shaa U<l & sl Bae/ 48K

b a5l sy 48 hae (3855 apail) SIS 5 ) gl illUaad Fsd) laliall (e jlad JS e il aill s S5 @
= .(2008 , Krige) , (2003 , Office of Project Management Process Improvement) P[] 3}31:.43\ Caé) }i (1) oAl

(6-1)------ sadll/Aall) e ladll 5l 50 s Jane x hall J seas dllaial ol Jane = bl e gl Ay
s b LSy o i) il M g oy el iUl Al jlaliall Ayl LY s 3 @
= s il Jane
ball Jsaal



Number 10 Volume 20 October - 2014 Journal of Engineering

(A — %100 x ——————— =% shall Ll L)
Hgﬂ\&‘){.\mtw G&:ﬂ\ﬁ.\ﬁﬂ"\.ﬂs‘g
‘ sha (< e il
) A g 5 i o) Ul Anadl) ) (e Q) g it i) (g L3RS (aall el 5a Y laiall s a1 small Asnlly -
Y Ll

Gaabaly 23a1ll g (g gl SllUaad Ay el Hlaladl) (pe sl JS LS 5 aiad Sl ya) (e ol ya) JS Alad 4l Jaxe Clus o3 @
Sl de 31 sl 385 e @lld 5 (1-1) Aalaal

s Al Alaleall (385 Cile) 2l s e ol yal IS Al Lpaa) Gl a3 @

oha J< el al
(8-1)----- %100 x = % il LpaaY)

¢ yal <0 A dladl)

LgidiBlia 5 (iasall Glpfiea) il Judas -
35 i) slae Jusdusd Cane el s (ladiaa¥) (g 5351 1 UL 5 e shadl Al san o5 g a5ty lutins) ol laias) e o
M 5 sShell ¥ aleall e e W g Qi) Alee b e qulill laa¥) (SPSS) sl gali sl alasinl

dalad) il glzall g cliliall 5 gana s J5Y) saall -
ALl el anl -
Al )l Leliay ) Agal) Jf daddll Al o
” Lad i ) o
(15) &= JE Y 5 8 0 5Shay (63.89%) Ol < siw (10) e 2355 5 O 58l Aiall o 1 (46 (86.11%) 1 4eadll < g 222 &

A

b Crae O Al dpal) e 555 e s SIS Baled (e Galealall (i pt il 31 a1 (e SV dpuail) il alal) Juanill
o)y siall saled g il saled e cpliala

Luigh (alaial (Al Ll e 555 a8 Aiaall duig) Galiaialy culS Digedl o 8 (e 4le V) ) 1 utig)) paliaia)
b U PRV PP S LW

- (94%) Ay el 5 Sl o jliie 3855 6 Cilae 38 S Al o) i1 e dal) o) a0 U8 (e 326 o Ll g 5 -

i) 5130 jsaa s S gaall -

eujmg‘\w\@—,;\Jsi‘;,\_}t;‘\qag;,)uiﬁauww\ﬁu\&&wm,iwuiemaﬁjgnﬁﬂ _i
(T7%) Foansiy el 38 5 Hlalaall elli ae Jalill ddad i (5 )l alai 3 gan

O Ml g @l yeday LaS 5 Ay sliiall 8 cildUnall L) Slalaall 00y ) i dsa s a5 clilaY) el of caaldl sy -G
-l 355 (78%) A Of Cas SLla DU @l ) Sl A JMMa

i )l e slaall alasind o) Caad) de 3l Hd) Glla) Cona ol 28 CllUaall Lpsall jlalaally gl 8 dadiall 5kl 48 jeal -
b AL daladl il Hall 5 Guaiiall o) Al aladia) 8 A8 el CulS | G )5 ) sea @l 8 daiall 45 Hlall g Al ay il
ohlal) ety )

Qaail) cldUaal dssal) g (ay gail) cildUaal dssal) glalial) Julad g agaas o G ) gaal) -
DSl B ap g i) QIS 5 iy gaill Cillaad Al Hlaladl) J seasd Adlaia ) ands S 5 V) 4l g 8 G ) aall (el -
Uaddia | M (aidie) Gunlie Aed plaA5u PR e @l g (3) (2) O—lSEl) (B aa 9o LS5 & g piiall By AdS e Hlalial) ellil
e Al O (91 ) dsaadl s (Man e, e Jaws e

O IS o sl il ol s ay saill llUnal el jlalaiall S50 o ALaia W) aniil il (ge dgle J geand) 25 Le A (4a s
U< o 5 i ) plaadl (L) — Ailaia V) 46 heae o dlaie YU @lld  Leagi o5 (6-4) idslaad)l JDA e @lld g jlalad) @lls
o sl lilaal Al Sl e haa U3 e sl aill (5) | (4) Q_#M\C_;.w);m)a%uﬂ\gmcusmwcm)ks
e o il apl) Gl e el el Al dpaalyl
Dbl e dad SV A 508 5 ) peand) Allaia) ani b Legie Chngd) () saall 138 (el 15 Al sl A (e LaaD -
il bl e dad JST Al daaa ) slag) Glla€ s Mle ¢ "Landl g g pdiall 3ae o La il anin UL g sl cildUnel dunl)
o sl llas  aadiiall o slulY) Gl aladinl 5285 (9)), (8), (7)), (6) JS——iY) 8 daia se LSy il ellil e il
(9-1)J53a b issall W ylna s Gl ks Clac | a0 30 5 laia W) ol

sl 8 pa L o il aniil) Gl e ypaail) IS 5 iy gl bl dpsall lalaall dnnsil) Liaa ) of Gaalidl 5 0
Alle Hhaall J peanl) dyllaial ¢ 5S5 8 Glal) G 8 "o 8 AllaaY) (e o laalaie Y @lld g jhlaall el dpaal s 435050 o



Number 10 Volume 20 October - 2014 Journal of Engineering

Ll e Ada by sa s Y a8 A ) Adlaa) Gulad o ladll Al Apaal) o Jaadld (uSall 5 8 ) (midie oyl (<
. Al Gl Lgitac ) Caal )

QgAY jeaa s aldl jsaal) -

o) o paaill 5 (o el CildUnal dppaall Hlalaiall cuins dal (e W3R Sy A Sl ja ) Jucabl 48 jaa ) saall 138 Cangy
i e e pa ) elli i Cald) Cilla Cun | g g sl 3ae 5 K e oS Lo 81 lalaall @l pills i ()5S (5 st S ) Lee
cosnidl @l e (10-1) Jsaadl godash 285 (Jad e | ool (any Jad | Jlad | Mlas Jlad) (ilie

Dbl alall Jac o) (V) @3 5 aalasinly ol 5 Adladll (W8 ¢) ja) (2.5) (e JB) 4ansli Jaze (35S0 62 o) 2 YY) Caldl i) N8
(2.5) S s b il

aobial 3 il g Gy gl cldUnal Ayl laladl cuiad ol Jalial Al led Dl Al LY ia sy (11-1) Jsaalls
ALY o i) 8 Lo L) oSy Al 5 Apliny)

Slua il g clalitiuN)-6

clalitiuy) -
s Al Lalaily Lpaadls Sy calaliiin¥) (pe 2l ) Joa sl &5 Canlly Jaad) YA (10

u\Y\LAJJ.A}L@JEDJLUMADL}AC_’JM\JL‘;‘QC_Aa\}hM)MDJMMJY\EJM\QUUM\&M}AM\w(s:)j\‘;c 1
Aodn )l bl s Sl ) ) La ) ) dELaaYL Gl b Ll i g g gall gy Aalaiall cilal all 5 & galll

Vs el liia 81 S M cliUaall () ALl clul Al JOIA e Laadly 2

O ) ety o 53 G (Sars £ 5 pall 5553 (sa Al o (sl (1o O (Sars 8 pana Alae yiial g g siall & oblaals s ddss ) 3
315 Jalas aladiinl dllad (lé 13gy 5 Hlalaall Ji g 5 pdiall adity s Lgun Sy Al g Alainall Lgials (o ST Lgaladinn) CallSs maa
i)...u.d\a\_\;aJJJuAaJS.\.d\J\_,LY\UALG.A\M\M\wé\_ﬁ\ﬁd}ﬂuakﬂ\é\dw‘)}ahd\

W\ JA\ },du la )Ju 5 ;su\ I pe <) uuayu uw\ ) P Ju,u g_,ut_u\ds ﬂu ol @&M\ Jola) X 5 ykall u\ 4
o ‘ k) G

Llaia¥) Jlle e balaieY elliy a1 il e Macal 5 ")) g aad il A dlaia ) 405 aladinly o o) @il ddee o) 6
A 5&\,@@\@;@&@@@%3,@\ Jadyl Qgggﬁ%ng%V\mJ%ﬁtu\}

e Al Hlalaall 5l Qi o caiad LINA (e (S A Aaliall Gilel s} (e 22e "liadd Jalaill il oyl Gl 7
. o sl

Dhlaall el dalae dlae 8 dage Ala yall 02 (o) 20 GlAl Clatival) dlac) 5 aranaill dla poy (3lai dganl Hlalaall JiST ) Ladls 8

Olidle 4855 4oy lllaall dnaall Hlalaall il sl dlee 8 2ol Ay gulas el ol i aladin) Y dala a5y 9

(Recommendations) <ilua gill

et 5l Al e saliiay) g cldUaally Adleiall "Lis sead § ALY o jliiall o 38 sl A leny ALt 15 ) g iy amsd ]
Agasall Jlae B Jsan 59 5 alaia W1 JBA (e @l s | Aglandl 528 (& o sualal)

Sl ) Jandl Aa] DA (e S8 5 A0 laall Cilaiione dlae ) 8 SIS g ilaaSll Jpam colaS (paadd 8 4Bl A 535 55 iy o sd 2
) LAl skl 5 Al by AAEAN 5 daadiall Ay LiLY)

alia clllie s cilie ) adins elifinY aaeaaill Jal je (e dla o JS) aaaddl o 5L 5 dead) aalia Ca sl (e dliall 4050l 3
. dasll

sda Ll gigana Jadgg g el 83w Jsda (Ao Al A srid) e g g pdiall ilaliial 8 jal g g diall 3aa Adle sl dlae) 4
Lt el osill 5 ilaliiaYl

Sl 8 ariall Gudigall il gl €1 Cladias slhe) JDA (e clld s Jaall Caalin U (e il sl 5 ol i laal b g1l S
. L) gall g el ) yal) el

A Gan ot s 5 Ol 5 Ganavigall (e A5LY) g L) (8 Alaladl ol 58I L (AL Aol 3 50 U8 (e Auals Gl 53 Jae 355 00 6
ALY Ll (8 Hhaladl 3 )l dalee Jsa aill 450Y) dleally 4830

ALY Ll (8 Rl B aY o) i 2 a5 B )5 s (o5 T

Llas 85 gl jhalaal syl ale IS5 AALAYT ajlial) 85 el Hlalaall s ))a) Jlae 4 dalal) 48 jall 5aly 5 alaia¥) 8
bl (3 ) o ans (Al Cppaanall Lagi oS LGS g 5 pdial) o) 0k 5 4S5 i) Dl dald 5 (ald JSs g 5 il
A s

:\.u‘)a.“ J.\DAAS‘

01983, 4l Bl Olea Dl Melaa) (8 A" (s dase Qe | ava deas | mlla U=

Ul "3 pall 84w Sal) Jt_mn m..mm Y laall b caldUaall s el sl e 5 lagl pUait 0 ) GBS St g Slall >
1999, Aiaall Anigh) Jd o) ) giSall da o Jb cilallaie (e ¢ HaS Aok Raals (8 dnigd) IS 3 Aiaall dunigl) aud &! dadie



Number 10 Volume 20 October - 2014 Journal of Engineering

o el g oliall duxia ad ) dadie Al ) "AALEY) ag jlidiall 25 alS e b 5l g coldUnall dasa anld 8y 1 selad)
1999 cleliny) s oLl dia asle (A jriualall 4 ja Ji lllaia (ge ¢ 528 doa gl g€l Aaalal)

2007 QYA |5 seaid) dadls e ladia¥) ulil) 5 slan) (5ol dana (53¢, (aliaill

L2009 , A3 grad) el ASLaall "ol 3 g paliall Ly sl g apanail Aalall 5 10¥) | igall cup il 5 1 aaleill Zalad) s 3l
COEN Hlaall | e sSI A M e g i) 51aY A el Jalall Jila e il 5 10) dgne | Ape il anliall S5 5aY) 2gadll
.2004 ,

L2008 , 58l | digl) el jLiiuy) g el jall oiSa ALY Cile 5 pdall D% 500" deaa (pus | drea

L2010, slaay ) 4 el Sl " S5 J5Y) Lepandy Ainal) Auaigh JlaeY AL slaall Ja g 55" el e i) (s sbs

L2010, Saxy | A 8l Al "adlaed s 1951 Aind (40) &y el Sl o slil" Can Sl e | 55k

Ladls | Audigh 408 & pall g bl pall yyglad 3 5e " lalad) b)) 5 i CodS dps | C2ISN 3 gane dena | pridll de Cabale
.2008 , 258 duss e, 5 - alal

iy dals L Auigh) 408 8 Apaall Luigh and ) dadie Al y "G5l yal) 3 A0liy) Y glaall & cildlaall” slga ALS) | dene
1996 , Al dunigh) (8ol ) Sl Aa yo Ji Slllie (e 6 38

YV VVVV VVV VY

diaY) jalaal)
» Abdissa Dessa "Claims in Ethiopian Construction Industry"”. a Thesis Presented to School of Graduate
Studies Addis Ababa University of Technology in Partial Fulfillment of The Requirement of The Degree of
Master of Science in Civil Engineering , 2003 .
» Albert Lester "Project Management , Planning & control”. Elsevier Science and Technology Book , Fifth
Edition ,2006 .
» David Chappell , Vincent Powell,Smith , John Sims "Building Contract Claims". Library of Congress ,
Fourth Edition , 2005.

> David M.Kleman , Kleman , Lawernce , Baskind "Construction Claims and Damages , 2002 .
» Dennis Lock "Project Management in Construction” Printed in Great Britain by MPG Books Ltd , Bodmin
, Cornwall , 2004.

> Duncan Cartlidge Frics "Quantity Surveyor’s Project Book". First Edition , Elsevier’s Science and
Technology , Department in Oxford , UK , 2009.

» EL-Eazabi , Hornby , Parnwell "English-Arabic Reader,S Dictionary , Oxford". 1980

» Eric Verzuh "The Fast Forward MBA in Project Management”. John Wiley & Sons , Inc. ,Hoboken |,
Newjersey , Second Edition , 2005 .

» Gustafson David A. "Theory and Problems of Software Engineering" McGraw- Hill Companies , Inc-,
Manufactured in The United States of America , 2002 .

» James P. Lewis "Project Planning , Scheduling , and Control a Hands-On Guide to Bringing Projects in On
Time and On Budget". Third Edition, McGraw-Hill Companies ,Inc- U.S.E , 2001.

» Jason Westland "The Project Managemant Life Cycle". London , United Kingdom , 2006 .

» Jingbo Jiang , Yilin Yin "The study of contractor’s time claim and cost claim" . Journal of IEEE , 2009.

» Kendrick Tom "ldentifying and Managing Project Risk : Essential Tools for Failure-Proofing Your
Project". AMACOM , U.S.A, 2003 .

» Krige Visser, Pierre Joubert "Risk Assessment Modeling for the South African Construction Industry" .
PICMET , Cape Town , South Africa , 2008

» Michael Springer "IT (Information Technology) Project Management".. Course Technology , United States
of America, Third Edition , 2004 .

» Michael W. Newell , Marin N. Grashna "The Project Management Question and Answer Book™. American
Management Association , 2004.

» Office of Project Management Process Improvement "Project Risk Management Handbook™. First Edition
, 2003 .

» Paul C. Dinsmore , Jeannette Cabanis — Brewin "The AMA Handbook of Project Management". Second
Edition , United States of America , 2006 .

» Roger Flanagan , George Norman "Risk Management and Construction™. Blackwell Science ITD , Oxford
, 1993



Number 10 Volume 20 October - 2014

Journal of Engineering

O A )la A a5 e saly Adlaial) g Al G Sl and) anlia il ) g Aaleiall el SllUaal (i) a9 (1-1) Jssa >
@010, 6595 Q) dirigll Jlae Y A i) Ja g 18 on gan Laglias (e o J 58l f Janll Calia s lass
dinal) dudigh Jlas Y A glaal) a g i o gy (e Jolial) cililtas XX &
,(6,3.1) <l yadl) (7 salall | €)) 5 yadll (6) salall | @) salall | (e j Jaall caalia &l i yay ddletial) J glaal) cililas | 1
salall | (2 -F) /1) B8 (12) sl | (2) 58 (10) salall alia
(1) 338 (20) sl | (18) salall | (17) 33lal | (1) 3.8 (16)
(25) sl | (24) 3alall | (4e 3¢ 2¢ 1) ) -8l (22) saldll |
3 yadll (31) saldll | (28) saldll | 2 3 yadll (26) saldl | () 3_yaal)
1) gl (39) salall | (4) 58l (37) salall | (32) 52l | (3)
, (1) 3-8 (43) sl (2 ¢ 1) gl (41) salall | (2 «
, (2) 3,4 (48) sl | (2, z- - /1) gl @il (45) sl
salall | (51) sakall | (2) 58l (50) sakall | (1) 52l (49) salal)
3,1 (62) salall | (1) 5l (54) salall | (2 ¢ 1) Qi (53)
(65) 33l | (1) 5,88 (64) 33l | (g -h- 5- 5-—=a/1)
L (69) Bl (3 ¢ 2) o yadll
, (22) 5l | (2) 5&N (20) sl | (16) alall | (12) solall | s s Gy i85 Ap8lad ) gy Adleiall Jgliall e | 2
(67) 3l | (z /1) 38 (45) 3alall | (26) 3alall Legliay (e sl J5aall of Jaall alia s ylas (e
Q010655 ) )l aall ) silall 5 Ainall Asaighl Jleed A1 sliall o g 5 can sy Jand) Caalia cilllaal (b1 (2-1) Jgia
saLal) Jaad) calia cilidlaal (wlad) | @
(19) s3lall | (17) 3alall | (>-z-c-1 / 8 ) 5l (16) 32l (13) 3alall | (8) 3okl | s sy Jand) calca il laa | ]
saldl | (24) salall | (22) salall | (1) 5 &l (21) salall | (1) 5 &l (20) salal | | dssnighl Jlae A1 i)l Loy
salall | (30) salall | (1) 580 (29) salall | (2)5_l (26) 33l | (4) 3 (25) Agiadl)
(50) B3l | (1) saall (48) salall | (3) 3l (40) 52l | (39) salall | (37)
. (66) 33l | (3) 58l (65) sl | (3) 38l (60) 32kl | (3) 5 sadll
, (1) 3,81 (869) skl | (868) salall | (1) 58l (867) skl | (866) salall | s s Jaml) aala cilllas | 2
, (1) 580 (883) salall | (2) 5l (875) salall | (871) 2l | (870) 52l Sl Sl (il
(3) 3.5 (887) 2l
(1999 0220 (1996229 J )l il Zassdll Jal sall (3-1) g2
dlaall g 68 o 9!l cladUaal Avieal) Ja) gal) Ay Hl) Sl g2d) &
oall Gaa ldUaal dpaal)
sl :
2343 Jsa daall Calia g Jslaall Dl slbdl ol /s z pimgpic d5ag | |
U 92 g dall (3 g yanadd Sl (g5 A& D) i/
i oyl o Jladl Jael als cay Bl s <
Lxaall Lalidl hladl o dnli Wyl
RPN oyl fae) ALl oy Hla &gaa alall
S T ald s dpelilaial (33050 f (Analiall
Leiga) gar Jsladll
Ll Jstiall Al sl all Hlalaall & gas
Uiy A ) Slalaill 3% 5 ghga) s
a2l Ny all Jaud g8l Jaudsaly)
psm 5 il juall g dliay)
2243 cala AU Cu J g6l Je§ Jal o danll calia 3l &
Al g penn @ ) sall Ly g3 8 Janll ade gl 4l 3l elagy)
ial) s gy Adle L yid 53 e elay)
245 cala AL Cuw J5lea) Jleel jals

10




Number 10 Volume 20 October

- 2014

Journal of Engineering

Ay A ilall aslel i) 35 Jeal)
dale La3dsi 43l 5 s 2l ) Jlec V)

245 cala AL Cuw J5laa) Jleel jals
) gl g )l laca) 8 Jaal)
Laa alim A0 s J gl Jlee| AG
()t A e
B Jdand e J sl Jeeef 2l
Janll Cialala jig Al ity
iaatd)l Y a4 Ll
B LY A CR PY PR
4 ials bl
Ll SAls sl Jbsdl Jlael als
:LAJM\ g_al_,.a};sl\ c\ﬁ‘\ ‘_g u.ud.x@..d\
S zalall 5 ) 5al) e d8alaall
Jstaall gy
Sl labaalle fgat 8 gl
Ul g e U1 il shaall g ol a1
Jaal) 2aiti ) et 4 sllaall Jaall
2045 e Lo Jlad s J il Jlee] 38
) AV b8l Jlae
s s 5 J el ALY i e AT
. 2 (0) :
LAl EURSE g PR gt D PRS- PELIPLES =8 e Jlec V) als))
gy Lﬁiﬁ ji d_ul\c._\;l_.;laj_:ja\;\ﬁj cala ) e igll
Cad gl paiad ol " gl A Aa dga JaaY v Jaall
03° " 53 (90) 5 sboa B2l Janll 4 J sl
da G alyy)
Uy 525 Y Al Jlacl ity J4Laall o3 4SS Ol i o) ya)
i (b sl dall LgliaS  slai S 5/ sde i/
) el Jee ™
Uy 525 sl Gy Jlae V) AaS al &y
GlaSl Jgan 8 saasal) Ayl
s 523 o 588 2Ll Jeall cals oL
bl Jsan
Ll et duila) Jlee | 2ty J glaall oL8
s s s (b Baaad) il LgabaS
) LSl
S Gl Jsaa A Baaa il a8 Al
s sad s A Jad) iaa® Y
el Al Glaa b ¢ jals Jslaall oLg
Ui S Jaall daia 255 Guigall (e allay
Y g 2iall Loy Y il sadl o2 i
e Ll ja) 4 5 s a5
LA Ao iy Clial ga (o8 i o) )
NPy (o8 Al aall (8 Alaxiondll ) 5l
) ) sl 3
U 52 s G (e dlae V) 8l yy sl
e sall 5 Hlalin Y5 il
[PAPIISTN L;‘)! J\.’.;YU
KT Alaalll Jaa e dall p &) (g jlas
U gaig aum\).d\@jﬂml\

11




Number 10

Volume 20 October

- 2014 Journal of Engineering

ALY aal) Gty Janll ala oL d
iala

o3l 5 el d

Alall gl aaall e Jlaall by axe
4 ds giadll

) ] gaall s

(&bess

Jsn deall caabia o Jglaall sl
Cile Uagioay)

L.\‘ L"\ un.\ :( Ag\L.\\1 AA(,I_..@
Aald s el o bl i laall
) =Y e Gaalil fluesalely

D O3 Jdl)

s oAl 48 e il

)Y (A deand) Caalia calla 2
A glaal) 3ae Ll Jlac Y dudity

oala Y0 Y5l GLal)
dgadding gl Juall caalia

Uy

Gladd 5 EBlgnd ar @y Jlial) oL
Ostery (oAl Gl slie () ) 4pensivu
4ia callay g Jaoll Caabia CJL.A

(1999, A ) jall g 5 s Jstiall cilillal pasall Jal 52l (4-1) Jsta

O i) cldaal dsall Jal gl

Lpnaal) Aoz Jal g2l | Alaall £ 43
oas il alilUaal oyl G

TP U T B ) T W TN

A gl laiine 3 Uad g g

A i) il aiina iy g2l

M}M\Q\M&UAJMJP}

saanall Aol 7 A 4l ana dcin) Jlec | i

A5l A gadia ye Adlia) Jlac| 2w

asslaaill l bl gall 3 s

o|l9la|n|n|w|to]—=

_wadl)

A 5laal) gl A U bl 5 @) gall e J ganll 5als

o

o=l sl e

W jaeais Jendl caalin agad 3 Clanall 53 3¢ Y15 o) sall ugas als |

—_
(=]

Jeall ciaba

J sl Cliaiie ady 5ali |

p—
p—

aisall dapla (s

—
\S]

el gy Bl L&

e Sl bl Al

—
W

429 g0

(Pl ¥ are 3 ) | ) sl e g5 ) dpabai8Y) ol sl

—_
I

DS 8 W Gl

[
()}

oA cdl

—
(@)}

A ad) elgd] ) Jandl ans Al 8 Jsiall b & gt J g ORY)

—_
N

DAY Gkl 3 gal iy s Sl ) i el

[
o]

—
O

"e g gl S Jlae ) G sal) asa s

Jae DU 38 1) Calayy)

S dall cal

A glaal) anl da U caliabaal) g el sall e J geanll pals

W eats Jead) aalia agat i) Clanall 53 a5 o sall yaead 5als

Jsaall ClEd) a5 a8 sall il il

Jasll alia (evige Claalei 5l el o) 2885 Cany il

Q|| B[] =

12




Number 10 Volume 20 October

- 2014

Journal of Engineering

imadaliecishaas 8 osdaa bl o
Lgiga) sas Jslall ol g dpclilaal (33 5o sl (Aaliadl lao) dgliiul Cagylh 9 | al——asl )
i) 5 B J el ey il all 10 | el s el
3 gall 34 58 yall claddaill gl ) 8l a8l 1]
A5l Colaiie ) 2 gas ol ] Al M | @
duedl B ey 2 Wl g g g2
A Jlae & ol 3
A 5laal) 2wl A W) Cliabaal) g cild) gall e Jpasll 5als 4
W Saeais Jandl aalia agad Al Claxall 53 36215 3 sall ueas jals 5
Leiga) ser Jsliall ol 5 e libaal (350 ) (Raliall lae) L) il L6
A il 5 Al Ol ) 7
5D 3Ly o Ll 8 iy gaill lllaad dgssall Jal 52l (5-1) J g
Chan sl cldaal dall Jal g2l dpal) Ay ) Sl g2l) <
o gail) cillUaal
Clial sl g lladaddly i ] | A slal) Chlaiiin oy Sllag |
Aladl Dlatie G i a2
Al ot yadi Jga DAY 3
delibaal 3l e 5 Al Cagpla Cigan 4 | Gigo—dall cu il e | o
slied) Hhladl Gigan 5 sliiual) lalad) 5 Aty
"G gilE A ie dga oY 5l Jandl calia ol B Bg a6 gl e e | &
Joiall Clintue i pm A 7 [ allar e el Jhaa | &
o sl g il puall 5 ALY ol pall jlad g8l Jland 32l ) 8 | sl 8 Jeall calaa
Claddl §f lacall llad Guss daall caliapld 9 | Al w4l el 53l
el o 5 e o da i
2620 o3 S 5 e dudlia) Jlaef G Las el J gaa Sl uedill (Uadf 10 ol ey il | 5
asebaaill & il ) 1]
Sl (3055 & Aiall g Alaxivsall 3 sall Ao 515 Cldial sa & il (12
Ay peall saaal) Basaiaall <l @l 13
Jlee V1 3l saill ¢l ja) 8 Jandl conlin e ) Cany Baalivad) il 3l 14
Al s pane @8 Y 5 28al) Lghary ¥ Ala) il gad o)yl (8 Gudigall sl sl 25 15
Jsall e Ll )
ials Cbnd Jasll caalia Jd e 03led) 5 all nd 16 all Feud oy Alllae | 0
Janl) o 2y A gLl Ol 3 gt J g0 SBR[ 17
Aa giaall dlaadl g axall Jgn DAY 18 | (o SRy cldlae |3
Glelhiiny) Jsa MYl 19 J56dl 5 Janll calia
Jeall o yui 20 Janl) o pdd sy Slillas |
D 2Ly o baal (& saadl) i 2l Jol ol (6-1) Jgia
Laadl) cldUaal dal) Sl gal) Gllaal dscal) A ) Jal ol | &
Ll
Clacal gl g laladally s ] A i) Clatiie e Slllas |
Agliall Glatiue o alaidmy 2
A el ot yuali Jga aSEAYI 3
Lelilaal 35 o Aolin) oyl a4 | WY Gag lll e clllas | @
adl JEEdl s 5 3Uiuall laladll
Lo ddlie iy b e 36 6
4iddl e il A 7
Siall e gy Ale U 8 35 Al g pune o 3 0 sall i 8 Jaall caalia Al 8] 3 Jeall cnlia Jal sy s | &

13




@) Number 10 Volume 20 October - 2014 Journal of Engineering
osdiga AL Lgiaay Gl sdly @l 8l laal 8 deadl cala 3L 9 ALl aslal 3L iyl
G'J\.Aﬂ\j Lol Al e d8aliaall 5 4a 30U Clia gadll ¢ jal < Jenll caalia

Jstaall Lgaasy Al
&5l i 3 Jaall caala 3610
a8 G ALY Jaad Cany Slaaall s GV i dead) calia 36 11
Al e s e M Ll ol Y Jland o Sal) o g Ao U b 65 ) 5 s
Lo e sleall 5 Lol jally cllabdall o jygad 8 Jaadl aala 3l 12
ol i A slhadll Jaall Jaaldsi ¢
Jasll Cialin ageriivg (a0 o glie Jlaef ae el 13
"G 8 A e Aga Y ) Jand) Gaalia ) 2 Ol Byl s 14 i)y cillUag | G
JJM\QM&JFPE 15 M\u;hae\)ﬂ\e.‘&«_uuu«bu\.ka z
el 5 leall Glad ey Jeall cala ald 16 | Clnd S bl aslal il olay)
Slail) ik 5l e A s Al
4 ilie JSLie |17 Aelaia¥l Ca gkl cllldas |~
e S g e duilia) Jlee | s Lee el J gan laaSd cuedil) cUadf 18 ol ey Sl | &
%20
H.ALA'.'\S\ ‘_é Q\):\iﬂ\ 19
4\.\)_5)43\ m.m;l\ st &Lﬂ)&ﬂ\ 21
e YV &l sl o) a) 8 Jand)l aalia 3 ) cany Baadiusa) <l @l 22
& Y 2l Lgtaaly Y ddlia) Slagad slal B gedigall Jalg) i 23
Jsbiall o Ll ) A 5 e
As siaall dlall g o2dll Jsa Y] 24 | aalia Gp CDEAY) Gy e |3
Jstiall 5 Jeal
D saall AL 8 Lariivuall Led ALlal) Dl )1 julaall 5 (udiall (7-1) Jda
"l "l "lal PR (B (ulibal)
4 3 2 1 81 (ulal)
O] ol b sadizall Gl e 0555 (8-1) Jssa
dalicall @ jlaiud) 2t | de ) gall i jlaiul) 2 31580 Al &
8 9 aladl Candll g il asdail) 30 5 5 1
9 11 BEPE SN ESTEY 2

6 8 daall I 31BY) 4

7 8 el ) 5

6 8 LB R BT 6

36 44 g sanall

14




(2006 ,Albert) , (2004 Asa gl (unliall < 481 3gaall) Ay & L) @Q@\Len Apall Hlalaall ﬁ'si:d\ 5 MMY\MWM\ 5 uladll 9-1) Jeia

Number 10 Volume 20 October

- 2014

Journal of Engineering

ol (ulial) jlra Adlaiadd (uabdall e abal) @
0.05 0.1 "l (addie 1
0.1 0.3 paddia 2
0.2 0.5 Lo s 3
0.4 07 e 4
0.8 0.9 M e 5
AHLEY) il 8 llUaall dppesall halaall JiliS 5f cvind e ja) sulaa s alie g s (10-1) ds2>
1Y) (el jlaal) 81 pulial) <
1 Jad e 1
2 sl pamy Jlad 2
3 Jlad 3
4 "as Jlad 4
LY gl 8 el sl lalaa) (ga plhaa S S 5 il o) jaY Ll Y1 (11-1)d 52
dany) sy gs cildtaall dcal) lalial) e
Al
%
27.40 | dligalishs i iy dddy g diaiadic 4 liiul (ilSa ae Sladll ] Cliial gall y cllaladally ais 1
meiaDle Lpaal Sl el dda Y Alae il 3 ALl JMA (pa
ansliall ¢ 1aY) wai e agdl a8
25.06 A i) Clatise (38355 dxal yal danadie gl JSI5 2
24.20 | Layg 5 piall 2 o 28 5] lpudi (A desad) el oSS0 3
el - araraill 3 giay At YL
23.34 Aall sall 3 oY) 2y 4
25.02 | lld;alish s ua cldy AR s deacadie dy Liin e o Sl ] | A sl Clafis o pmed 2sas | 2
meiaDle 1paal Sl el dda Y Alae il 3 ALl M (pa
il 1o apai e gl 58
26.58 A i) Clatise (3855 dxal yal danadio gl JS55 2
23.75 Jal 5 Jendl onlim U8y Lt 5 Al gliall Colaiions A 2 3
23.75 Aall 5l 3 oYl 2 ga s 4
2490 | ctagdlighs )i Cildgdady g diaaiia @J%\%ﬁ&@ﬁhﬂ\ ] Glam e powdi Jeoa A AY) 3
agiaidle pant) (i€l el AaY Alaie doul s ALl JNA (e 4
il ¢ 1aY) aai e agil )5
25.98 A5l ilatise (38355 daal jal deanadia glal JSE5 2
23.80 T3l 5 Jendl cnlom U8 (pe gt 5 A glaall Clatiee dndl 2 3
25.32 2all 3l 3 oY) 2 ga s 4
23.27 | darsal) HhLaAl Gans dos i lgdaa ALl Cilel ya) 28l Gpenmi ] | Gse ol Al Cog yda Cagaa 4
J skl ) cldlagll e lilaal
25.65 | sitiosall SELA) 5 Janll cills) e el ol sladl) (e il 2
e sad Cpl slaall et Jilie dad e il g kel
26.08 | g -hall adige e s lite puial 5o (B4 Al ddlia) LAl oLEN 3
A i) 8 4 53 Allad B 5 Jadl ) el JSE5 da) (e
25.00 | oo Aisall, A<l il lad) J5lad) eliely Jaadl cnla 2L 4
Sl Gyl e o Caaill 1 sall (g a4 ) o sall sl
2 V) AdUadll d ads Jaiug el g o gllae ) Ll (e Sl
Tead 5358 (55 Jiad (8 Y "lione ol L3 Gig LI oS Ala

15




Number 10 Volume 20 October

- 2014

Journal of Engineering

46.22 | dwdl) HhLAA G Jas i Lgdaa laul Cile) ja) aball peai ] sltieal) Hlaladl ¢gan 5
J gl ) clitaall
53.84 | sbiiwdl Hhladly Jwall cilibia) e el ol glad) e ol 2
e sad Gl glaall Jhaed Jilie dad iyl (o kil
100 | & sl L @8l sl 3haliall anad A nldl) 4y sl J) gl el (e Lma Lalie Gyl sy Al 6
s 3tac aai die ¢l Glwall 8 J i) gy S
100 | <ldsdts s <l it pe 28laill 5 Cla sadll ol jaY (e ) geli g A,ndal) clba il Als 7
8 S o jLiall Adiall el i) A1 iy Jead) (A Ao ju g s Arans
100 ) shlldbd aa g 4 e JSLL 8
100 | lazal s ol sall & sil colalia ¥l agaail o ) gall 3510Y sapn Ao aoias | ol sl 453 3 Jenll Ccalia a5 9
Aaasll 5 a8 sall 8 L il 55 Can sl il 5 Janll Canlia 8 (e A sllaall | ale La 5 6330 g5 ase o )
4 ikl ) o e
100 Jasll aalia U8 (ga 8] gall 5 il ) 3 laa) 8 o) pul) | el b daadl cala Jals | 10
DAL Ly @il gl g il 1,4l
gl ) (8 Jenll Calia (aiga
e ddaliaall g 4. 30U g gaill
J gl Lganiy ) oz 3laill 5 Jasl Al
100 J el ) a8 sl aaldil Gasall Jahadill | a8 gall il 8 Jaal) calia Al 11
100 | Clasall g ol gall & ol clalinVl apail 3 ) gall 3510y saum ddad aas | QLY i 65 6 Jeall calia 3| 12
LSl 5 o8 gall 3 e ) 55 a1 i il 5 Jaall cialia 8 (e A llaall |0 LIV st oy Claadll
sthal) | o saraile La 55 A g 5e o8
) L o LY Mot sy 28l
Al g 5 e
100 | Jslrss linal gall s dpasanail i) Al Adlaiall 351 055 ) o | 0 ead (o Jeall cnla JALS |13
V) Jaadly 3 plaall 55 Y (5 JalS S s 5 y20 5 Al 55 Al s iyl | lasbeall s Jail 5 a1l 5 il labadall
el 28 LSl Jglan s cilieal sall s cllabdall gaen () (o 3SU any | 4 slhaall o) Jialii s da 33U
Jsadl oyl i
100 | Uabad pia s daesll aalia agadiing M Gl el Jlae g Gl | AT 0ol lie Jlae ] an (el | 14
Aia 3 gral ki JOA (ge JlacY) Jasll Calia agadiiig
100 Golshllald gy | () apad Gl By g S |15
U dedga oY 5l Jaadl cala
" ild
100 | sl (o s sdiall Cilalyial 48) jal & 5 pdall Bagm Al 3 ) dlac) Jsliall ciliatie i pm AE | 16
Sl 5 lalia¥l ods Gl 8 aaa Jady s g 5 pall 30 J s e 4L
Led il
100 | s e dndlll clail) Adasil o 5 pdia JS1 4GS Lalsiad illoa 3o | o) gl Jland 5 258900 Jland sy | 17
Leeléil 5 sy p sl 5 il juall 5 AplasY)
100 | b cbiselilly lasall ldad (33Ua) 5 3 Saiall Jlae Y @Dl 8 ¢ 1Y) | Clbad puas Jaall cala pld | 18
Aﬂhd}s&é\@))ﬂdﬁ}@&“\é Q@Am\}iu@‘
34.69 | lial sall 5 dpasaaill il Hally A dlatiall 335l (0S5 O comg ]| s Gl g edill oL dadl | 19
A5 Y Oy dwalS dSy Ao s pde 5 daial 55 48l 5 el Jglaa Al Jlaef G Lae il
Cilial gall s cillabiall asen ¢ Cra 2SN 2ay V) Janlls 3 80l %20 (e Sl 5 G
Jstaall cralis 28 el Jglas
34.96 | ¢llbgalshas i ldy A88) s danadie Ay liiul (ilSe pa dladll 2
peiaiSle 2paail QKA el Ada Y Aliade Al ALl A (1
anliall ¢ oY) i o agl 08
30.35 GLaSll Jglan (3835 g daal jal daradie el S35 3
15.03 | & s all araaill aiDle s 4D (e 28Ul g o p2iall 3lSaa o) ya) ] amalaill d il ) |20

T i 08 eloas Y ead aseeail) Lguilay ) ISl (RS
Sial)

16




Number 10 Volume 20 October

- 2014

Journal of Engineering

14.92 | IS aeadll g a5 dedl caalia Ca yha e dgliall 4l 2l 2
Jaall
14,68 | cligalighs ol Gl A88y 5 daiadie 4y HLilul (S e dladll 3
agiaidle agaai] CuilSall el A Y Aliaie dul Ha ALl A (s
il oY) apai e agil )38
14.32 | llisg s uall 2055 o 48 ) lall Lgudi o8 daanaall dgall (S5 ) 4
c«L'L)S\ - e;m.\aﬂ\ st.u :\JL’—\MYLI
14.44 praaill ) shai dal je Gl painl 4 Ll dxal je el ja) 5
14.80 el (33 8 ae Adlady Jaal 5ill g 4y ) g0 Sleldial e
11.81 | A4S deeas Jilie Gama die (o dend) alia s J5ladl) G N1 7
pabiaill 8 byl lalie Can 6 Al iUl
4757 | ALaYU U8 e ehadiul aly al Clasa s o) g aladiud (e i) ] [ ol sall Ao g1y Cilinal o & ) [ 2]
5] 8 LA a5 5 Al Clial sall Lgiiiaa (e 2SI Y dal) (335 5 8 A3iall 5 Alaninsal)
52.50 | clival sall (pe LAAT 5 A8l ay i (e Ciliial sall 341 0 DlaiY) 2
it (re Joany Lo datlia 5 ) 5 jum gn (Jea¥l) dpma all Al
Cilial gall 03¢l
51.58 | <l paill Ll 5S35 (o)) 5l il i o] jaly Jaall calial Zlacdl pae 3
B g _pall die 933 g
48.35 ) shlldhd any 4
30.041 Cull Maa) yaas ey die Gphai ] | 45 eal) saaall Dastoad) i@l | 22
Sl AL ()55 51 S o) jals Jeall cnlial placdl ae 2
36.130 3 g pall e ¢33 g
33.829 ) shlldhi way 3
38.62 | S ancadl 5 L) 5 Juaad) aalia (i yda (e dplial) 4oyl ey Baat il wl) |23
ﬁuﬁuﬁj&mjrkucugﬁuy(ﬁmaﬂ\d;\fw&f Q\ﬁ};ﬂ\g\ﬁj&d&l\«__\;l.m
Jandl Jleel b
30.50 | @l il @lls )55 ol o @l s o) jals Jasll aalial slandl pe 2
)9 paall die 335384
30.83 Golshlldad oy 3
100 L) la sadlly Aala 5 8 sall (el | ol ) (b gereall sl gl S | 24
282l Lghaaty Y Adloa) Cila gad
Jstaall e Ll ) dal s e @i Y
100 Golshlldld pay | cabia dd e osbedl s 2iall od | 25
Lald clus Jeall
100 | Ay e sledl Jid) s Jeaall calioa (o A8 jide olal Ji | clwa dp i Jsa cladiayl | 26
any Clual) Ay s g A siaall dlaall g 224l 5 cile Unias] 5 dliall sy Jandl Cons aay 40 5410
Janll Ca
100 | cladtay) e Gladl J ki) s Juall canlia G 38 jidie glad JS5 | Al Wl Joa D 2NV [ 27
oy lal) B gt g A siaall dlall g 224l 5 cile Unins] 5 dsdliall sy A giadl)
Jaall s
100 | <Ay e Gladl Jiladl s Juall calia ¢ 48 jiia olal <5 GleUaginy) Jsa aAY) | 28
any Clual) Ay s g A siaall dlaall g 224 5 cile Unia] 5 dliall sy
Janll Ca
53.76 Jsaall y Jaal) Cialia o Lale (38ial) d3ie ) eal ull ol 3AY) ] Jaadl gy | 29
46.24 Jasll a puiy Slaalai jlaa) (A Ll Gall sl fpead 2

17




Number 10 Volume 20 October - 2014 Journal of Engineering

Lina 5_blaal bil) ulida

Jeaiay| (VAN Jalaa) il Ay a =P * |

0.9 0.05 0.09 0.18 0.36 0.72
0.7 0.04 0.07 0.14 0.28 0.56
0.5 0.03 0.05 0.10 0.20 0.40
0.3 0.02 0.03 0.06 0.12 0.24
0.1 0.01 0.01 0.02 0.04 0.08

0.05 0.10 0.20 0.40 0.80

(S cra) ALY Jia) Gilaa¥) aal e )

(2004 Aa 58 unlBall < 1Y) 3gaall) | (2000 , Project Management Institute) Lall Lol 4 o8 1) Je

18




Number 10 Volume 20 October - 2014 Journal of Engineering

Assessing the Effect of Using Porcelanite on Compressive Strength of Roller
Compacted Concrete

Abeer Abdulgader Salih Ziyad Majeed Abed
Assistant Professor Senior Civil Engineer
College of Engineering, University of Baghdad Engineering of Building and Construction, University of Technology
email:drabeersalih@yahoo.com email:zmal978@gmail.com
ABSTRACT

Roller-Compacted Concrete (RCC) is a zero-slump concrete, with no forms, no reinforcing
steel, no finishing and is wet enough to support compaction by vibratory rollers. Because the
effectiveness of curing on properties and durability, the primary scope of this research is to study the
effect of various curing methods (air curing, emulsified asphalt(flan coat) curing, 7 days water
curing and permanent water curing) and different porcelanite (local material used as an Internal
Curing agent) replacement percentages (volumetric replacement) of fine aggregate on some
properties of RCC and to explore the possibility of introducing more practical RCC for road
pavement with minimum requirement of curing. Cubes specimens were sawed from the slabs of
(38*38*10) cm for determination of compressive strength. The results show that using (5) %
porcelanite improved the compressive strength of RCC (with air curing) as compared with reference
RCC (with permanent curing) by percentage ranging from(-2.9 to 6)%.

Key words: porcelanite, compressive strength, internal curing, roller compacted concrete, curing methods,
volumetric replacement.
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1. INTRODUCTION

The American Concrete Institute (ACI) committee(s) 116R, 2010, and 211.3R, 2009,
define Roller Compacted Concrete (RCC) as “concrete compacted by roller compaction; concrete
that, in its unhardened state, will support a roller while being compacted”. RCC is a zero-slump
material that has to be compacted by roller to achieve the required density. It differs from
conventional hydraulically-bound materials in that it can be exposed directly to traffic, European
Ready Mixed Concrete Organization (ERMCO), 2012.

RCC is a lean no-slump, with minimal shrinkage, almost dry concrete that is compacted in
place by vibratory roller. It is a mixture of aggregates, cement and water. Supplementary cementing
materials such as fly ash can also be used. Cement contents range from 60 to 360 kg per cubic
meter. Mixing is done with conventional batch mixers, continuous mixers, or in some instances
tilting-drum truck mixers, Kosmatka, et al., 2002.

Keifer, 1986 refers to the RCC having no dowels or reinforcements, no finishing, and is cast
using both vibratory and roller compaction. The application of this concrete is mainly in the
construction of dams, rapid placement of single layer paving for highways and runways and also for
multi-layer placement of foundation.

A form of RCC paving was reported in Sweden as early as the 1930s, Anderson, 1986. In
ACI 325.10R, 2001, the first RCC pavement in North America was identified by the Seattle Office
of U.S. Army Corps of Engineers (USACE) constructed around 1942.

The design of RCC uses three common ideas in roads construction; using rigid pavement
concrete, using pavers and rollers (asphalt) and using proctor and density test (soil), as shown in
Fig. 1.

2. MATERIALS CHARACTERISTICS
2.1 Cement

Sulphate Resisting Portland Cement (SRPC) (Type V) under commercial name of (Al-jeser)
was used for RCC mixes throughout work. The physical properties, chemical analysis of the cement
used and the compounds of cement calculated according to Bogue's equations, ASTM C 150, 2005,
are given in Tables 1 and 2. The results conform to, Iraqi specifications (1QS) (N0.5:1984).

2.2 Coarse Aggregate

Aggregate predominately retained on the No.4 (4.75mm) sieve, in this work crushed coarse
aggregate with a nominal size of (19 mm) was used and it was obtained from Al-Nibaai region. The
gravel was sieved through sieve size of (25 mm) and washed with water, air dried, separated into
different sizes, and stored in containers. Some properties of coarse aggregate are illustrated in Table
3 according to (1QS, N0.45:1980). The design overall gradation of aggregate is selected by using,
ACI 211.3R, 2009, ACI 325.10R, 2001, and State Commission of Roads and Bridges (SCRB) ,
2003, (type Il binder course) dense gradation which is usually used for asphalt concrete pavement in
Irag and using the centerline of them. Table 4 and Fig. 2 illustrate the combined gradation used
throughout the investigation.
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2.3 Fine Aggregate

Al-ekhaider natural sand of 4.75 mm maximum size was used as fine aggregate in RCC
mixes. The fine aggregate was sieved through sieve size (9.5 mm) to separate the aggregate
particles of diameter greater than (9.5mm). The fine aggregate was then cleaned with water on sieve
size 0.075mm (No0.200 BS.) and after that it was air dried and separated into different sizes to be
ready for use. Some properties of natural fine aggregate are illustrated in Table 3 according to
(1QS, N0.45:1980).The grading of fine aggregates is shown in Table 4.

2.4 Porcelanite Aggregate

Porcelanite stone was used in this research in all mixes (except for reference mix). It was
brought from Al-Rutba town in Al-Anbar Governorate and tested by IGSB. It has a white
color and is characterized by high permeability and low density. The large lumps were
firstly crushed into smaller size manually with a hammer in order to use it as a partial
replacement of fine aggregate with maximum size 4.75 mm, by screening on electrical sieve
shaker. The replacement was (5, 8, 12, 16 and 20) % as a volumetric partial replacement
percentages of the same sieve analysis and grading curve of fine aggregate. The required
quantity of the porcelanite aggregate was washed with water in order to remove dust
associated with crushing process of porcelanite stone. The porcelanite aggregate was
soaked in water in the laboratory temperature for a suitable time period to bring the aggregate
particles to saturation, which is recommended by, ACI 211.2, 2004.Tables 5 and 6 show some
physical and chemical analysis of fine porcelanite aggregate respectively.

2.5 Water
The water used in RCC mixes was potable water for both casting and curing of specimens.

3. PREPARATION OF RCC SLAB SAMPLES
3.1 Roller Compactor and Mold

The slab specimens used in this research were cast in steel mold having internal dimensions
(380x380 mm) and depth of (100 mm). This mould consists of a steel plate base of (650x600x10
mm) surrounded by four steel angles with sections of (100x100x10 mm) and weight of (51 kg), as
shown in Fig. 3.

The roller compactor apparatus, manufactured in a local workshop, is designed to simulate
steel roller which is usually used in the field for compaction. It consists of steel skeleton as shown
in Fig. 4 and a solid cylinder (150 mm) in diameter, (330 mm) in length and (15 kg) in weight. The
total weight of this apparatus is (36 kg). It is supplied with a container to carry the additional steel
weights up to design load.

3.2 Mix Design and Proportions of RCC

RCC specimens are designed by modified proctor test according to, ASTM D1557, 2002
(method C). This proportioning method involves establishing a relationship between the dry density
and moisture content of the mix by compacting the mix in cylinder steel mould of (152.4mm)
diameter and (116.4mm) height. A moisture-density test is used to determine the optimum moisture
content which gives maximum dry density of RCC mixtures for each mix. The optimum moisture
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content is defined as the amount of water present in the mixture design that allows for maximum
compaction.

In addition to reference RCC mixture, different percentages of saturated porcelanite content
are used (5, 8, 12, 16, and 20) % by volumetric replacement of oven dried fine aggregate and
different percentages of moisture content are used to determine the dry density-moisture content
relationships and (14%) of cement content by weight of air dry aggregate, according to, Shamil,
2011 results.

After determination the proportions of the mixes, the specimens are prepared. The total
weight of aggregate which filled the above mould is approximately (3.5kg), for safety it is taken
equal to be (4.5kg); this weight is separated by 7 sieves which are used in this work according to the
retained percentage of these sieves multiplying the total weight of aggregate (4.5kg) by the retained
percentage of each sieve.

The mixture is placed into the cylinder in five layers and each layer is compacted with (56)
blows of a modified Proctor hammer of (4.5 kg) falling from (450 mm) height. When compaction is
finished, the extension collar is removed and the surface of concrete is leveled with the mould, first
weighting the mould with concrete, second the wet weighting of mixture is determined.

The above procedure is repeated with other percentages of moisture content. The specimen
is withdrawn from mould by using loading jack and the wet specimen of mixture in the mould is
weighted, the wet density can be calculated by using Eqg. (1) as shown below:

ywet=Wm /V @
The dry density can be found from Eq. (2):
yd= ywet/(1+ w) (2)

After that, the relationship between dry density and moisture contents is plotted to find the
optimum moisture content then the maximum dry density is calculated for every percentage of
porcelanite as shown in Fig. 5. A total of 24 cylinder specimens were prepared for this research.

3.3 Casting of RCC Slab Specimens
3.3.1 Mixing

The same materials, gradation of aggregate and mix proportions which used in hammer
compacted method; was used in casting RCC slabs. The retained percentage of aggregate on each
sieve stayed the same, but the total aggregate content in this method was calculated to conform to
the new volume of slab according to, ACI 211.3R, 2009. After mixing, the concrete was poured
into the steel mould to construct slab specimen which was prepared for compaction.

3.3.2 Compaction

The mixture was placed in the slab mould and subjected to initial compaction on a vibrating
table for 3 cycles of 30 seconds time interval. Such procedure is in agreement with that of, Shamil,
2011.The influence of this compaction is to create some initial compactive effort to the freshly laid
surface, which is usually the case when using paving machine.
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After initial compacting, the concrete mix is compacted using the roller apparatus. The
mould was fixed in front of the roller compactor and subjected to three stages of rolling based on
the work done by, Sarsam, 2002, to each stagel5 passes were applied .This number of passes is
suitable to achieve the good rolling with little effort, and the rolling action is taken in x-x direction,
then the same sequence has been repeated in the y- y direction to insure the compaction of the slab
sides as shown in Fig. 6. This process is used in three stages on slab specimen to obtain the
designed dry density.

First stage: A total load of (1.1 kg/cm width) (using roller compactor weight) is
implemented with 15 passes of the roller in each direction. The concrete is settled in a level position
and completely fills the slab mould. This can represent the initial compaction in the field.

Second stage: The total load is increased to (3.2 kg/cm width) (using 69kg standard loads +
roller compactor weight) with 15 passes in each direction. This may simulate the intermediate field
compaction.

Third stage: The total load is increased to (5.3 kg/cm width) (by using 138kg standard
loads + roller compactor weight) with 15 passes of the roller in each direction. At this stage, the slab
surface is smooth and level. This represents the finishing compaction in the field.

3.3.3 Curing

After compaction, the slab specimens are leveled by hand trawling, and covered with
polyethylene sheet and sealed with tape in the laboratory for about (24) hrs at laboratory
temperature to prevent evaporation of moisture from the fresh concrete. After that, the specimens
were cured with different curing methods according to, Abed, 2014, as followed:
= Water curing is for 1 day and then put in air until test.
= Water curing is for 7 days and then put in air until test.
= Water curing is for 1 day and after that the specimens are painted with flan coat and then put in

air until test.

= Permanent (continuous) water curing.

3.3.4 Obtaining sawed cubes
According to, ASTM C42, 2004, wet concrete diamond sawing process is used to cut the
slabs to obtain cubes of (100 x 100 x 100 mm).

4. DETERMINATION THE COMPRESSIVE STRENGTH TEST OF RCC SLAB

Compressive strength test was measured on 100 mm cube for the determination of average
compressive strength according to, B.S. 1881: part 116, 1983 using a compression testing machine
with a capacity of (2000 KN).

Specimens were kept under curing method conditions until testing. The loading rate used in
the test was 0.3 N/mmz2 per second. The test was conducted at ages of 7, 28, 56 and 90 days. The
compressive strength was determined by using Eq. 3 and the results are expressed to the nearest
(0.5N/mma2),

Fc = (3)

P
A
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5. DISCUSSIONS OF COMPRESSIVE STRENGTH TEST RESULTS

Fig. 7 shows the relationship between the compressive strength and age of the RCC
specimens for different porcelanite percentages cured in different methods (air curing, flan coat
curing, 7 days water curing and permanent curing).

Concrete specimens using porcelanite exhibit an additional increase in compressive strength
due to internal curing(IC) with increasing of curing age. This complies with studies carried out by,
Lam, 2005, Bentz, 2007, and, Sato, et al., 2011.

In general, the results show that concrete mixes internally cured with saturated porcelanite
aggregate give compressive strength obviously lower than that of reference concrete, independent of
the exposure conditions, except concrete internally cured with (5%) porcelanite aggregate as partial
fine aggregate replacement. It shows higher compressive strength than reference concrete, in all
methods of curing and at 7,28,56 and 90 day age, by (15.2-30.8) (7.9- 22.2) (2-17.9) % and (2-9.8)
% at air curing, flan coat curing,7days curing and permanent curing respectively.

The highest percentage of increasing in compressive strength value at 5% porcelanite
percentage for all ages and different curing methods compared to reference mix is 30.8 % in air
curing method and at age 28 days. Otherwise, the highest percentage of decreasing in compressive
strength value at 20% porcelanite percentages is 46.2 % in permanent curing method at 56 days age.

In spite of the fact that the porcelanite aggregate is much weaker than the NWA (fine
aggregate),the increase in compressive strength may be due to enhanced cement hydration because
of using of saturated porcelanite which works as an IC agent, and this improves of the Interfacial
Transition Zone (ITZ) and reduces shrinkage induced in micro cracking according to, Lura, 2003,
Lura, et al., 2005 and, Piehl, and Monning, 2006, who reported that ,the compressive strength
increases due to existing IC water and this is caused by different influences:

e Increase in the degree of hydration and then increase in the hydration products which fill internal
voids of concrete.

e Decrease in the porosity of concrete.

e Reduction of stresses and micro cracks due to shrinkage.

6. CONCLUSION

Depending on the results of the experimental work which has been done to investigate the
effect of using porcelinite on RCC, the following conclusions can be drawn from analysis of these
results:

1. Porcelinite aggregate (light weight locally available cheap material) could be used as a partial
replacement material of fine aggregate as an IC agent.

2. Best percentage of porcelinite used is 5% as a percentage replacement of fine aggregate volume.
This percentage gave improvement in tested properties of RCC.

3. Four methods of curing (air, permanent, flan coat and 7 day water curing) were used in this
study. Permanent water curing has great effect on compressive strength, flexural strength
(modulus of rupture), bulk density, porosity, absorption and UPV of RCC specimens than other
curing methods for the same RCC mixture.

4. Compressive strength of RCC is improved by IC with 5%porcelinite replacement and has the
highest value compared to the other mixes and ranges between (25.5-45 MPa), for reference RCC
ranges between (23-41MPa) and for others (14.5-38 MPa).These results are for RCC using all
methods of curing and for all ages.
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5. The results of compressive strength, flexural strength and density show that the values of 5%
porcelinite percentage replacement RCC and using air or flan coat curing (depending on exposure
conditions) were equal or greater than of the reference RCC. This result could be very beneficial
in practical work in road application fields. It reduces the time of work, the total cost of project

and improves the properties of RCC.
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NOMENCLATURE

A = area exposed to load, mm2

Fc = compressive strength, MPa.

P = maximum applied load indicated by the testing machine, N.
V= the volume of the cylinder mould, cm3.

Wm = the wet weighting of mixture, gm.

vd = the dry density, gm/cm?.

ywet = the wet density, gm/cm?.

o = the moisture content, %.
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Figure 1. Multiple personalities, Adaska and Tull (PCA) (2011).

Table 1. Physical properties of SRPC.

Properties Physical Test Result 1QS (N0.5:1984) limits
Specific surface area, Blaine method, m2/kg * 324 >250
Setting time , Vicat’s Method
Initial setting , hr : min 1:30 > 45 minutes
Final setting , hr : min 3:40 < 10 hours
Compressive strength MPa

3-days 18.5 >15
7-days 23.2 >23

* Performed by the Iraqi Geological Survey Board (IGSB).

Table 2. Chemical composition and main compounds of SRPC *.

Oxide Composition % by weight 1QS (N0.5:1984) limits
Si02 21.58
CaO 62.2
MgO 2.75 < 5.0
Fe203 4.76
Al203 3.94
SO3 2.23 <25
Loss on ignition 2.5 < 4.0
Insoluble residue 0.71 <15
Lime saturation factor 0.88 0.66-1.02
Main compounds ( Bogue’s equations ) **
C3S 49.57
C2S 24.47
C3A 2.38 <35
CAAF 14.48

* Performed by IGSB.
** According to, ASTM C 150, 2005.
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Table 3. Properties of coarse and fine aggregate*.

Type of Aggregate Bulk Specific Gravity | Absorption | Sos %
coarse aggregate 2.56 0.6 0.06
fine aggregate 2.76 1.2 0.3

* Performed in Laboratory of Building Materials-University of Baghdad.

Table 4. Grain size distributed used for RCC.

Suzx:anf)lze Finer tz%welght Grading SCRB 2003 Grading A(zzllf.%?émR & ACI
25.4 100 100 100
19.2 94 90-100 82-100
125 80 70-90 72-93
95 71 56-80 66-85
4.75 56 35-65 51-69
2.36 40 23-49 38-56
0.3 12 5-19 11-27
0.075 3 3-9 2-8

Aggregate grading (SCRB)&(ACI)
100
90
80
s 701 ——Minimum SCRB
g‘l 60 Maximum SCRB
% 50 - = center
o 40 1 ——Minimum AC|
30 | Maximum ACI
20
10 -
0 . ‘ .
0.01 0.1 1 10 100
Sieve Size (mm)

Figure 2. Grading of aggregate according to SCRB (2003), ACI 325.10R (2001) and ACI 211.3R

(2009).
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Table 5. Some physical properties for porcelanite aggregate *

Property Test Result
Specific gravity 1.68
Absorption, % 42
Dry rodded unit weight ,kg/m3 860**

* Physical properties testing were performed by 1GSB.
** Within the limits of ASTM C330 (2005) (1120 kg/m? max.) for fine aggregate.

Table 6. Chemical properties for porcelanite aggregate *.

Oxide Composition % by weight
Si02 70.03
CaO 8.2
MgO 2.75
Fe203 0.98
Al203 3.33
SO3 0.1
Loss on ignition 9.5

* Chemical properties testing were performed by IGSB.

Figure 3. Mould of slab specimen. Figure 4. Roller compactor apparatus.
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Figure 5. Dry density-moisture content relationships for different RCC mixtures.
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Figure 6. Direction of rolling compactor.
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ABSTRACT

The possibility of using zero-valent iron as permeable reactive barrier in removing lead from
a contaminated groundwater was investigated. In the batch tests, the effects of many parameters
such as contact time between adsorbate and adsorbent (0-240 min), initial pH of the solution (4-
8), sorbent dosage (1-12 g/100 mL), initial metal concentration (50-250 mg/L), and agitation
speed (0-250 rpm) were studied. The results proved that the best values of these parameters
achieve the maximum removal efficiency of Pb*? (=97%) were 2 hr, 5, 5 g/100 mL, 50 mg/L and
200 rpm respectively. The sorption data of Pb*? jons on the zero-valent iron have been performed
well by Langmuir isotherm model in compared with Freundlich model under the studied
conditions.

Finite difference method and computer solutions (COMSOL) multiphysics 3.5a software
based on finite element method were used to simulate the one-dimensional equilibrium transport
of lead through sand aquifer with and without presence of barrier. The predicted and
experimental results proved that the reactive barrier plays a potential role in the restriction of the
contaminant plume migration and a reasonable agreement between these results was recognized.

Key words: zero-valent iron, lead, permeable reactive barrier, groundwater, migration.
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1. INTRODUCTION

The permeable reactive barrier (PRB) technology has received acceptance as an effective
passive remediation technology for the treatment of inorganic contaminants (such as cadmium,
lead, mercury, nickel, zinc...etc) in groundwater. This technology combines subsurface fluid-
flow with contaminant treatment by combinations of physical, chemical, biological or mixed
processes. The medium most widely used in PRBs is the zero-valent iron (ZVI), which has
proven very efficient, in particular, for heavy metals. The main advantage of a reactive barrier is
the passive nature of the treatment: the contaminated groundwater moves under natural hydraulic
gradient through the permeable reactive zone where the pollutant is degraded or immobilized.
This method is found to be more cost-effective than pump and treat. It has been demonstrated
potential to diminish the spread of contaminants which have proven difficult and expensive to
manage with other cleanup methods, Puls, et al., 1998, Di Natale, et al., 2008, Wilkin, et al.,
20009.

A considerable theoretical and laboratory-bench scale studies on ZV1 and its potential for the
treatment of heavy metals in water has been achieved. The kinetics of the cementation of lead
from acidic solutions onto rotating iron discs have been studied over a large range of initial lead
ion concentrations, disc rotation speeds and temperatures, Makhloufi, et al., 2000. The removal
of organic and inorganic pollutants from groundwater by ZVI and apatite was investigated.
Reduction of organic or inorganic contaminants in the case of ZVI and immobilization of
inorganic pollutants in the case of apatite were the predominant mechanisms of removal process,
Geranio, 2007. The reduction of hexavalent chromium by scrap iron was investigated in
continuous system, using as reducing agent the following scrap iron shapes and sizes: (1) spiral
fibers, (2) shavings, and (3) powder. The shape and size of scrap iron were found to have a
significant influence on chromium and iron species concentration in column effluent, on column
effluent pH and on Cr(V1) reduction mechanism, Gheju, and Balcu, 2010. A continuous column
experiment was carried out under dynamic flow conditions in order to study the efficiency of
low-cost PRBs to remove several inorganic contaminants from acidic solutions. A 50:50 w/w
waste iron/sand mixture was used as candidate reactive media in order to activate precipitation
and promote sorption and reduction—oxidation mechanisms, Bartzas, and Komnitsas, 2010.
The optimal weight ratio between iron and pumice in nickel removal from contaminated
groundwater in order to balance the preservation of the hydraulic conductivity (favoured by
increasing the pumice content of the mixture) and the removal efficiency (favoured by increasing
Z\V/1 content) was evaluated, Calabro, et al., 2012. Groundwater flow velocity is found to have
no effect on the adsorption performance of PRB, but it have effect on treating time because zinc
is transported faster from its source to the PRB with greater groundwater flow velocity,
Riyapan, et al., 2012. The treatment of the groundwater contaminated with metals by dumping
sites located in the provinces of southern Poland was investigated. The simulated groundwater
circulated through the column filled with ZV1 in the laboratory tests. Chromium, copper, nickel,
cobalt, lead, cadmium and zinc, occurring in the water as cations and anions, have been removed
in the iron bed. The rapid metal removal has likely occurred due to the reduction and
precipitation/co-precipitation and/or due to adsorption onto the iron metal surface or/and onto the
iron corrosion products, Suponik, 2013. A study for groundwater flow and zinc transport
modeling to assess the performance of the continuous and funnel and gate PRBs which having
ZV1 and activated sludge as reactive materials was conducted. Simulation results show that the
0.5 m thick PRBs are good for treating zinc-contaminated groundwater for operation time in the
range of 2170 to 2248 and 1675 to 1803 days for continuous and funnel and gate PRBs,
respectively, Chalermyanont, et al., 2013.
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Accordingly, the significance of the present study was investigated the potentially using of
ZV1 as an inexpensive material in PRBs theoretically and experimentally for the removal of lead
from simulated contaminated groundwater.

2. EXPERIMENTAL WORK
2.1 Materials

Naturally Iragi soil was used as porous medium in the experiments conducted in the present
study. Depended on particle size distribution (ASTM D 422), the percentage of sand, silt and
clay were 93, 7 and 0 % respectively and this soil can be classified as sandy soil. The
permeability of this sand, measured with a constant head permeameter, was 2.22 x 10 cm/s. The
measured values of the porosity and bulk density were 0.44 and 1.78 g/cm?, respectively.

The ZV1 was prepared as scrap iron (iron filings of workshop). It has a grain size ranged from
0.35 to 2.38 mm with average specific surface area of 0.555 m?/g. The specific surface area was
measured at the oil research and development center using the same method adopted by
Rangsivek, 2010.The typical Fe content of these filings is ~90 % with porosity equal to 0.51. Fe°
was pre-washed with acetone, dried and kept in an oxygen free environment until used.

Lead was selected as a representative of heavy metal contaminants. To simulate the water's
lead contamination, a solution of Pb(NO3),.2H,0 (manufactured by E. MERCK, Denmark) was
prepared and added to the specimen to obtain representative concentration.

2.2 Batch Experiments

Batch equilibrium tests are carried out to specify the best conditions of contact time, initial
pH, initial concentration of metal, ZVI dosage and agitation speed. Series of 250 mL flasks are
employed and each flask is filled with 100 mL of contaminant solution. A constant weight of
adsorbent was added into different flasks and the mixtures were agitated on a rotary shaker
(Thermolyne, Maxi-Mix I1l, Type: 65800 (USA)) at 200 rpm for 4 hours. A fixed volume (20
mL) of the solution was withdrawn from each flask. This withdrawn solution was filtered to
separate the adsorbent and a fixed volume (10 mL) of the clear solution was pipetted out for the
determination of the amount of metal ion still present in solution. The measurements were
carried out using atomic absorption spectrophotometer (AAS) (Norwalk, Connecticut (USA)).
The adsorbed concentration of metal ion on the ZV1 was obtained by a mass balance.

Kinetic studies were investigated with different values of initial pH (4, 5, 6 and 8), ZVI
dosage (1, 3, 5, 10 and 12 g per 100 mL), initial metal concentration (50, 100, 150, 200 and 250
mg/l) and agitation speed (0, 50, 100, 150, 200 and 250 rpm). The amount of metal ion retained
in the ZVI, ge (mg/g), was calculated as follows, Wang, et al., 2009:

qe = (Co — Ce)% 1)

where C, is the initial concentration of lead in the solution before mixing with ZVI (mg/L), Ce is
the equilibrium concentration of lead remaining in the solution (mg/L), V is the volume of
solution in the flask (L), and m is the mass of ZV1 in the flask (g).

Langmuir (Eq. (2)) and Freundlich (Eq. (3)) models are used for the description of sorption
data as follows, Watts, 1998:

_ abCe )

qe = 1+bC,

where a is empirical constant and b is the saturation coefficient (L/mg).

31



Number 10 Volume 20 October - 2014 Journal of Engineering

=K Cl/n 3
qe F%e ( )
where K is the Freundlich sorption coefficient and n is an empirical coefficient.

2.3 Continuous Experiments

Fig. 1 shows the schematic diagram of the reactor setup used in the present study. This setup
is constructed of Perspex cylinder having height and diameter equal to 70 and 5 cm, respectively;
the column is equipped with seven sampling ports at the distance of 10 (port 1), 20 (port 2), 30
(port 3), 40 (port 4), 50 (port 5), 60 (port 6), 65 cm (port 7) from the bottom. These ports should
be constructed of stainless steel fittings which blocked with Viton stoppers. Sampling was
carried out at specified periods from sampling ports using needle to be inserted into the center
axis of the column.

At the beginning of each test, the column was packed with 40 cm depth of soil specimen
measured from the bottom. Then, ZVI with depth of 10 cm was placed at the top surface of the
packed soil. Again, 15 cm of the soil was added above the ZVI. The column was then filled with
distilled water that was fed slowly into the bottom of the column and forced upward through the
medium, pushing the air in front of it. As a result of this procedure, Ujfaludi, 1986, no
difficulties with entrapped air were encountered. The up flow column test was performed at
constant temperature, 25°C.

The contaminated solution with Pb*? which simulated the contaminated groundwater, was
introduced into the column from storage tank controlled by pump, flowmeter and three valves A,
B and C. Four values of flow rate (5, 10, 15 and 20 mL/min) are applied.

Monitoring of Pb®" concentration along the length of the column in the effluent from
sampling ports was measured for a period of 12 hrs. Water samples were taken regularly after 2,
4, 6, 8, 10 and 12 hrs. Four needles were connected to the four ends of Viton stoppers covered
port 1, port 3, port 5, and port 7 in each test. In addition to specify four locations only for
sampling, the column effluent line was closed and a small amount of water (1-1.5 mL) was
withdrawn from these ports. In this way, the samples were taken at the flow rate of the column
and this minimized disruption of flow within the column. The samples were immediately
introduced in poly-ethylene vials and analyzed by AAS. The filling material in the column was
assumed to be homogeneous and incompressible, and constant over time for water-filled
porosity. All tubing and fitting for the influent and effluent lines should be composed of an inert
material.

A tracer experiment was performed to determine the effective dispersion coefficient for the
system. A sand soil was packed into the column in a dry condition for a depth of 45 cm. A
solution of 1 g/L NaCl in distilled water as a tracer was continuously fed into the column, at a
rate of 5, 10, 15 and 20 mL/min. Electrical conductivity was measured with time, as a
representative of concentration, by using conductivity meter at port 7 (z,=65 cm). In this case,
the value of D, is given by the following formula, Ujfaludi, 1986:

D, = 1 [(ZO_Vto.m) _ (Zo—Vto.s4)]2 @

8L (to.16)0° (to.ga)0>

where D is the longitudinal dispersion coefficient, V is the mean pore velocity of seepage
(volume rate of flow per unit cross sectional area of voids), to1s and to g4 are the arrival times of
C/C, =0.16 and 0.84 relative concentration values, respectively.
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3. RESULTS AND DISCUSSION
3.1 Investigation of Sorption Parameters
3.1.1 Effect of contact time and initial pH

Fig. 2 shows the effect of contact time on the percentage removal of lead using 5 g of ZVI
added to 100 mL of metal solution at 25°C. The percentage removal for different values of pH
was rapid in the beginning but it gradually decreased with time until it reached equilibrium. The
plots reveal that maximum removal efficiency of the lead after about 2 hr of shaking. The rate of
removal is higher in the beginning due to the presence of large number of sites available for the
sorption processes.

The sorption of Pb*? on the ZVI was examined at different pH ranging from 4 to 8 with an
initial metal concentration of 50 mg/L and different values of contact time (Fig. 2). The affinity
of sorption is generally determined by pH at point of zero charge (pHpzc). The pHpzc is the pH at
which a positive charge by protonation exists in approximately equal numbers with negative
charges caused by the development of deprotonation on the iron surface. Under an acidic
condition or pH below pHpzc, protons are sorbed on the functional group that causes the iron
surface to have a net positive charge and, thus, inhibit cation sorption. At above pHpzc, the
oxygen atom stays deprotonized and the surface prevails to have a net negative charge, thus,
enhancing cation sorption, Rangsivek, 2010. However, the maximum removal efficiency of this
metal was achieved at initial pH of 5.

3.1.2 Effect of initial lead concentration

Fig. 3 explains that the removal efficiency increased inversely with the initial metal
concentration. It is clear that the removal efficiency of Pb** decreased from 97% to 75% with
increasing the initial metal concentration from 50 to 250 mg/L. This plateau represents saturation
of the active sites available on the ZVI samples for interaction with lead ions. These results
indicate that energetically less favorable sites become involved with increasing metal
concentrations in the aqueous solution, Selvarani, and Prema, 2010.

3.1.3 Effect of ZVI dosage

The dependence of lead sorption on sorbent dosage was studied by varying the amount of ZVI
from 1 to 12 g added to 100 mL of metal solution (Fig. 4). It can be observed that removal
efficiency improved with increasing sorbent dosage from 1 g to 5g at a fixed initial metal
concentration. This was expected due to the fact that the higher dose of sorbent in the solution,
the greater availability of sorption sites. This means that the more ZVI particles are able to
provide more iron surface-active sites for collision with metal molecules to accelerate the metal
removal efficiency, Rahmani, et al., 2010.

3.1.4 Effect of agitation speed

The effect of agitation speed on removal efficiency of lead ions was studied by varying the
speed of agitation from O (without shaking) to 250 rpm and keeping other parameters equal to
best ones obtained in the previous steps. Fig. 5 shows that about 10% of the metal ion was
removed before shaking and that Pb*? uptake increase with the increase of shaking rate. There
was gradual increase in metal ions uptake when agitation speed was increased from zero to 200
rpm at which about 97% of lead ions have been removed. The results also indicate that a shaking
with 200 rpm is sufficient to ensure that all the surface binding sites are made readily available
for metal uptake. Results proved that there is no significant change in ions removal after 200
rpm. These results can be associated to the fact that the increase in the agitation speed improves
the diffusion of metal ions towards the surface of the reactive media, Faisal, and Hmood, 2013.
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Thus, proper contact is developed between metal ions in solution and the binding sites, which
promotes effective transfer of sorbate ions to the sorbent sites.

3.1.5 Sorption isotherms

The sorption isotherms were produced by plotting the amount of lead removed from the
solution (ge in mg/g) against the equilibrium metal concentration in the solution (C in mg/L) at
constant temperature, Hamdaouia, and Naffrechoux, 2007, Kumar, and Kirthika, 2009. The
data of the batch tests are fitted with linearized form of Langmuir and Freundlich models.
Accordingly, the equations of these models will be;

0.481C,
Qe = Trorrre R?=0.9926 (5)
qe = 0.81C2-381 R?=0.9836 (6)

It is clear that these models are provided the best representation of lead sorption onto ZVI
reactive material. However, the Langmuir model was chosen to describe the sorption of solute
onto solid in the partial differential equation governed the transport of a solute undergoing
equilibrium sorption through permeable reactive barrier in the continuous mode.

3.2 Longitudinal Dispersion Coefficient

Results of the experimental runs concerned the measurement of longitudinal dispersion
coefficient (D) at different values of velocity (V) for soil and ZV1 are taken a linear relationship
as follows:

For soil, D, = 3.3391 V + 0.0819 R?=0.998 @)
For ZVI, D, = 14.453V + 0.168 R?=0.9537 (8)

These equations are taken the general form of longitudinal hydrodynamic dispersion
coefficient as follows:

Dy, = Dpecn + D° (9)

where Dmeen and D™ are the mechanical dispersion coefficient and effective molecular diffusion
coefficient respectively.

3.3 Theoretical Modeling
One dimensional solute transport in the saturated zone of the soil which well-known
advection-dispersion equation can be established as follows:

d*Cpp
Z 972

dCpp 9Cpp
=R
VZ 0z at

D (10)
where D; is the dispersion coefficient in the direction z, V; is the velocity of flow, and R is known
as the retardation factor since it has the effect of retarding the transport of adsorbed species
relative to the advection front. For the flow of contaminated groundwater through the sandy soil,
the value of R will be assumed equal to 1 which is reasonable for this type of soils. On the other
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hand, the sorption of solute on ZVI barrier is governed by Langmuir sorption isotherm and the
retardation factor is expressed as follows, Elango, 2005:

_ Pa ab

R=1+% ((1+bC)2) (11)
. Pd 0.302

R=1+ ng ((1+0.2036pb3)2) (12)

where ng is the porosity of the barrier. To present theoretical verification for column test
described previously, Eg. (10) can be applied for sandy soil aquifer in the regions where 0 <z
<40 cm and 50 cm < z < 65cm. The same equation can be applied for ZV1 barrier in the region
where 40 cm < z <50 cm. However, parameters and constants related to the sand soil and ZV1 as
well as initial and boundary conditions adopted for this verification are reported in Table 1.

An explicit method among finite difference methods was applied to the partial differential
equation (PDE) describing the transport of contaminant through saturated zone of the sand soil
and ZVI barrier. The equation was formulated with the following producer: for time, forward
difference was used; for space, backward difference was used for simple partial difference; and
center difference was used for quadratic partial difference. A computer program written in
MATLAB R2009b (version 7.9) was developed to implement the model described above. Also,
the same problem was solved by using the COMSOL Multiphysics 3.5a software which is based
on finite element method.

Fig. 6 reports the concentration lines of lead in the aquifer without presence of PRB at
different values of contaminated groundwater flow rate after many time intervals. These
concentrations are calculated from numerical methods described above and they are compared
with those calculated by analytical solution given by, Holzbecher, 2007:

C(z,t) = % {erfc <%) + exp (%) erfc (%)} (13)

where erfc(-) is a complimentary error function. It is clear that there a good agreement between
analytical and numerical solutions. This demonstrates that the numerical solution procedure is
representative of contaminant distribution through saturated soil. This figure shows that the
propagation of contaminated plume is very fast and the time required for reaching the
normalized concentration of solute (C/C,) to 1 at the outlet of column was not exceeded 3 hr.
Also, it seems that the increased value of flow rate will increase the velocity of flow for same
cross sectional area of soil specimen and, consequently, this will increase the velocity of
contaminant plume propagation.

The predicted concentrations of Pb*? ions by the numerical solutions for different values of
flow rate after the introduction of the PRB show that the contaminant plume is hindered by the
ZV1 barrier and the lead concentration level reaching the outlet of the column is around zero
(Figs. 7 and 8). It is clear from these figure in comparison with Fig. 6 the important role of
barrier in restriction the propagation of contaminant plume. It seems that the barrier functionality
is decreased with time because the decreasing of retardation factor. This may be due to formation
of iron hydroxide and intermediate rust particles because the precipitation is the controlling
mechanism in the zinc removal. These particles in turn may affect the longevity of an iron PRB
by deposition and filling of the pores. This could eventually reduce the porosity of the reactive
zone, and thereby block the flow path and reduce the efficiency of a PRB. It is clear from these
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figures that there is a reasonable agreement between the predicted FDM, COMSOL and
experimental results for Pb*? concentrations.

4. CONCULSIONS

1) Equilibrium contact time, initial pH of the solution, initial metal concentration, ZVI
dosage and agitation speed were most the parameters affected on the sorption process between
lead ions and ZVI. The best values of these parameters that will achieve the maximum removal
efficiency of Pb*? (=97%) were 2 hr, 5, 50 mg/L, 5 /100 mL, and 200 rpm respectively.

2) Lead sorption data on the ZVI were correlated reasonably with Langmuir and Freundlich
sorption isotherm equations. However, Langmuir model with highest coefficient of
determination (R?) was chosen in the solute transport model through the PRB.

3) One dimensional numerical model, solved by explicit finite difference method and
COMSOL Multiphysics 3.5a under equilibrium condition, was used to describe pollutant
transport within groundwater and the pollutant sorption on the PRB. The results proved that the
iron barrier is efficient technique in the restriction of contaminant plume. However, the
functionality of the barrier was decreased with time because the decreasing of retardation factor.
This may be due to formation of iron hydroxide and intermediate rust particles. These particles
in turn may affect the longevity of an iron PRB by deposition and filling of the pores. This could
eventually reduce the porosity of the reactive zone, and thereby block the flow path and reduce
the efficiency of a PRB. A reasonable agreement between predicted and experimental results
proved that these models are effective and efficient tools in description of pollutant transport
phenomena.
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NOMENCLATURE

a = empirical constant, L/g.

b= saturation coefficient, mg/g.

C/Co= normalized concentration.

Ce= equilibrium concentration, mg/L.

Co= initial concentration of metal, mg/L.

D= effective molecular diffusion coefficient, m*/sec
Dmech = mechanical dispersion coefficient, m?/sec
D,=dispersion coefficient in the direction z, m?/sec.
Ke= Freundlich sorption coefficient.

m= mass of zero-valent iron in the flask, g.

n= porosity.

ge= amount of solute removed from solution, mg/kg.
R= retardation factor.

t= travel time, sec.

V= volume of solution in the flask, L.

V= velocity of flow in the direction z, m/sec.

o= longitudinal dispersivity, cm.

pv=bulk density of the soil, g/lcm®.
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Table 1. Measured parameters, related constants and conditions used in the modeling of lead
transport in 1D column.

Item Parameter Value

Aquifer bed depth before barrier (cm) 40

Aquifer bed depth after barrier (cm) 15

Aquifer characteristics | Porosity of aquifer (na) 0.44
Longitudinal dispersivity (o, cm) 3.339
Bulk density (g/cm®) 1.78
Barrier bed depth (cm) 10
. Porosity of barrier (ng) 0.51
ZV/1 characteristics Longitudinal dispersivity (a., cm) 14.353
Bulk density (g/cm®) 6.5
Initial condition Concentration of Pb** (mg/l) Zero
| | Concentration of Pb*™@ z=0 (mg/l) 50
B iti .
oundary conditions "z v ective flux (Z—E) @ z=65cm Zero
Storge
/ tank
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Figure 1. Schematic diagram of the laboratory-scale column.
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Figure 2. Effect of contact time and initial pH on removal efficiency of lead on ZV1 (C,= 50

mg/L; dosage=5 g/100 mL; agitation speed= 200 rpm; T= 25°C).
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Figure 3. Effect of initial concentration on removal efficiency of lead on ZVI1 (pH=5; dosage=5
/100 mL; agitation speed= 200 rpm; contact time=2 hr; T= 25°C).
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Figure 4. Effect of ZVI dosage on removal efficiency of lead (C,=50 mg/L; pH=5; agitation

speed= 200 rpm; contact time=2 hr; T= 25°C).
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Figure 5. Effect of agitation speed on removal efficiency of lead (C,=50 mg/L; pH=5; ZVI
dosage=5 g/100 mL; contact time= 2 hr; T= 25°C).
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Figure 6. Comparison between analytical and numerical solutions of conservative solute
transport along the length of the soil column without using PRB at different time intervals for
flow rate equal to; a) 5, b) 10, c) 15, d) 20 cm*/min.
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Figure 7. Comparison between COMSOL solutions and experimental results of Pb*?
concentrations in groundwater for different values of travel time.
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Figure 8. Comparison between FDM solutions and experimental results of Pb*? concentrations
in groundwater for different values of travel time.
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ABSTRACT

The present work includes design, construction and operates of a prototype solar
absorption refrigeration system, using methanol as a refrigerant to avoid any refrigerant
that cause global warming and greenhouse effect. Flat plate collector was used because it’s
easy, inexpensive and efficient.

Many test runs (more than 50) were carried out on the system from May to October, 2013;
the main results were taken between the period of July 15, 2013 to August 15, 2013 to find
the maximum C.O.P, cooling, temperature and pressure of the system. The system
demonstrates a maximum generator temperature of 93.5 °C, on July 18, 2013 at 2:30 pm,
and the average mean generator temperature Ty, Was 74.7 °C, for this period. The
maximum pressure Pg obtained was 2.25 bar on July 19, 2013 at 2:00 pm. The current
system shows cooling capacity of 0.15 ton with coefficient of performance of 0.48, and
minimum evaporator temperature obtained was 14.2°C.

A comparison of the present with previous works, showed that most of the previous work
used ammonia as the main refrigerant, and even that used methanol it was as aqua
methanol, or to be part of pair refrigerant, while the present work use the methanol as the
main and the only refrigerant in the system. The results and the factors that provided by
the current work, give a good understanding for using the methanol as a refrigerant with
the solar absorption system. And the system can work in continuous operation cycle. This
work gave fundamental understanding for designing solar refrigeration system, by using
the results of present study to design air-conditioning unit, with one ton capacity, using
the solar energy, and the methanol as a refrigerant.

Keyword: solar power, absorption refrigeration, methanol
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1. INTRODUCTION

The concerns on energy price, the depleting of resources and the global climate
changes are given more attention to environment-friendly and sustainable alternatives.
The energy crisis in the seventies, and the unclear future of energy situation, increase the
demand for exploiting alternative energy sources, the most important alternative source
that inspiring people is the solar intensity energy.

The solar energy is collector area dependent, and is a diluted form of energy and is
available for only a fraction of the day. Also, its availability depends on several factors
such as latitude and sky clearness. At the same time, its system requires high initial cost.
But on the other hand, it has some attractive features such as its system requiring
minimum maintenance and operation cost, and it does not have negative effects on the
environment. Another important feature of solar energy is its ability to satisfy rural areas
where conventional energy systems might be not suitable or uneconomical, Duffie &
Beckman, 1980.

The conventional refrigeration systems require mechanical energy as the driving
source and are responsible for the emission of CO, and the other green house gases such
as chlorofluorocarbon CFCs and hydro chlorofluorocarbon HFCs which are considered
major cause for ozone layer depletion. From this context the absorption refrigeration
system attains a considerable attention in 1970s due to the energy crisis and ecological
problems related to the use of CFCs and HFCs. Anyanwu, 2012.

The Montreal Protocol (1987) controls the release and use of CFCs, and has set a
time scale schedule for eliminating their production. This agreement is an historic step in
the ongoing process of building consensus regarding environmental impacts of CFCs.

The International Institute of Refrigeration in Paris (IIF/1IR) has estimated that
approximately 15% of all the electricity produced in the whole world is employed for
refrigeration and air-conditioning processes of various kinds, and the energy consumption
for air-conditioning systems has recently been estimated to 45% of the whole households
and commercial buildings, Santamouris, 1994.

Due to the international attempt to find alternative energies, absorption refrigeration
has become a prime system for many cooling application. Where thermal energy is
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available the absorption refrigerator can very well substitute the vapour compression
system, Epstein, 1992.

Researchers have proved that the absorption refrigeration technology has a
promising potential for competing with the conventional vapour compression
refrigeration systems. In comparison with the vapour compression refrigeration systems
absorption refrigeration systems have the benefits of energy savings if powered by waste
heat or solar energy, simpler control, absence of vibration and low operation cost.
Anyanwu, 2012.

More interests have been paid to the solar thermal-driven refrigeration
technologies, especially solar sorption (absorption and adsorption) systems, due to the
low efficiency of the solar photovoltaic collectors of (10-15%) contrary to that of the
solar thermal collectors, and the electrically driven systems are characterized by the
limited useful power that can be achieved by solar means, and also by their fairly high
initial cost, Papadopoulos ,2003, and Dind, 2004.

One of the most common solar air conditioning alternatives is a solar powered
absorption system. The solar absorption system is similar in certain aspect to the
conventional vapor compression air conditioning system in that the electrical compressor;
is replaced with a solar-powered generator and absorber. Fig.1 shows a commercial flat-
plate solar-powered single-effect absorption cooling system. The most standard pairs of
chemical fluids used include lithium bromide-water solution (LiBr-H,O), where water
vapor is the refrigerant and lithium bromide is the absorbent, and ammonia-water solution
(NH3-H20) with ammonia as the refrigerant and water the absorbent, ASHRAE, 1997.

The aim of the present work is to study the performance of solar absorption refrigeration
using methanol. For this study a solar absorption refrigeration unit was constructed. The
system was operated mainly during the months of May to October (2013) for a period of
8 hours per day (8 am to 4 pm).

2.EXPERIMENTAL WORK

The system consists of a generator, condenser, absorber and evaporator, all were
connected using copper pipes of 3/8" or 9.5 mm, and the heat exchanger is used with the
system between the evaporator and the absorber, some of the connections made by
welding and others by copper fittings. Fig. 1 shows the schematic diagram for the system
and Fig.2 shows the absorption refrigeration system a.
The generator was assembled using 11 copper pipes of 12.7 mm and 1 m long, the two
ends of the pipes were connected to two main pipes at the top and bottom, each of these
pipes was a copper pipe; 1.25 m in length and 28.58 mm, in diameter, all the pipes were
of thickness of 1mm. Painted black to improve its solar absorbing capabilities. The
generator is rectangular in shape with the dimensions of (125 cm x 125¢cm x 10 cm) and
at 20° incline angle, and with a total volume of 3 liters, without the header. The generator
total area is 0.66 m?, Fig. 3 below shows the generator.

The absorber consists of main vessel that contains the refrigerant. It is a steel
container of thickness of 0.8 mm, and 13 | in capacity. The absorber has 4 openings; one
for inlet pipe coming from the heat exchanger followed by the evaporator, the second is
used as outlet, connected to the generator, the third is used as the filling point of
refrigerant, and the forth is used as drain.

49



Number 10 Volume 20 October - 2014 Journal of Engineering

Valve A Valve B Expansion valve Valve C
\ v ¥
Generator Absorber
—
Valve D l
< ><Te P

Figure 1. Schematic diagram of the solar absorption refrigeration system.
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Figure 2. Photograph of the system.
Vacuum pump —_

50



@ Number 10 Volume 20 October - 2014 Journal of Engineering

Vacuum
Header

L =YEN h l
| vV Ap'S { Outlet
Pro s e

o ——

adaptor

| ——

¥ Generator
Temperature
gauge

| Pressure &
temperature
gauges >

' Wooden
frame

Copper
pipes frame

Figure 3. A photograph of the generator.

3.EXPERIMENTAL PROCEDURES

At the start of the generation process valve A is opened and valves B, C, D are closed. The
generator kept in a position facing the sun at the angle of 20° to start solar absorption to heat the
generator and the liquid inside. Methanol starts to evaporate and the vapour accumulates in the
header producing vapour at high pressure, then methanol vapour pass to the condenser which is
cooled by forced air. Readings were taken each 15 minutes; these records include ambient
temperature, generator metal temperature and the vapour temperature and pressure at the header.

At the maximum pressure produced in the generator, refrigeration process starts. To start the
refrigeration process valves B and C are opened and valve D is closed, the condensate refrigerant
pass to the evaporator under the pressure produced in the generator, and refrigeration occurs due to
the passing of the refrigerant inside the expansion valve, which causes boiling of the refrigerant and
a decrease in the pressure inside the evaporator, which leads to absorb the heat from the surrounding
of the evaporator. Readings were taken each 5 minutes for the temperature and the pressure of the
evaporator. Then the vapour passes to the heat exchanger which is cooled by passing cold water
with normal flow to condense the refrigerant that accumulates at the absorber tank, which will refill
the generator again.
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4. RESULTS AND DISCUSSIONS

Many test runs were made on the solar absorption refrigeration system, using methanol as a
refrigerant in these experiments, the system demonstrated interesting results. The main results were
taken between the period of July 15, 2013 to August 15, 2013 to find the maximum energy,
temperature and pressure that the system can reach. There were many test runs obtained along the
period of October 2012 to October 2013, to find the operation of the system in different seasons.
There were about 50 tests have been carried out for the generator, and 10 tests to find the optimum
operating pressure of the methanol refrigerant in the evaporator.

VARIATION OF GENERATOR AND SOLUTION TEMPERATURE AND GENERATOR

PRESSURE WITH TIME.

Fig. 4 to 7. show that the generator temperature (T), is higher than refrigerant vapour temperature
(Ts), and the maximum temperature obtained was 93.5 °C, in July 18, 2013 at 2:30 pm. And the
average mean generator temperature (Tgay) Was (74.7 °C).The maximum pressure (Pg) obtained was
2.25 bar on July 19, 2013 at 2:00 Pm.
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Figure 4. Variation of generator and solution temperature and generator pressure with time.
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Figure 5. Variation of generator and solution temperature and generator pressure with time.
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Figure 6. Variation of generator and solution temperature and generator pressure with time.
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Figure 7. Variation of generator and solution temperature and generator pressure with time.

REFRIGERATION CYCLE AND VARIATION OF TEMPERATURES AND PRESSURE
WITH TIME.

The indoor cycle or refrigerating cycle occurred when the liquid methanol passes through
the evaporator by the expansion valve, with the operating pressure that produced by the generator,
then the methanol evaporates at the evaporator, absorbing the heat in the surrounding making the
evaporator cool. Fig. 8 and Fig. 9 show the refrigeration process results of the system, and the
variation between evaporator temperature (T.), absorber temperature (T,), and the evaporator
pressure (Pe), absorber pressure (P,) with refrigeration time.
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Figure 8. Variation of the temperature and pressure in the evaporator and the absorber with time.
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Figure 9. Variation of the temperature and pressure in the evaporator and the absorber with time.

EFFECT OF MAXIMUM TEMPERATURE ON C.O.P
Fig. 10. shows the distribution of coefficient of performance plotted with generator
temperature and pressure. The C.O.P increases with the increasing of the generator temperature and

pressure; this increase is due to the increasing quantity of the methanol evaporated from the
generator.
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Figure 10. Effect of maximum generator temperature on C.O.P.

EFFECT OF MAXIMUM GENERATION TEMPERATURE ON COOLING LOAD

Fig. 11 shows that the cooling load of the system increases with the increase of the generator
temperature. This increase in cooling load is due to the increase of the evaporated methanol and
the pressure of the system.
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Figure 11. Effect of maximum generator temperature on cooling load.

MINIMUM EVAPORATOR TEMPERATURE

The increase in generator temperature leads to an increase in the cooling capacity of the
system, which means lowering the evaporator temperature to the minimum temperature. That means
the minimum evaporator temperature decreases with the increase of the maximum generator
temperature. Fig. 12 shows that the temperature of the evaporator decreases with the increase of the
generator temperature, this is due to the fact of increasing the quantity of the methanol evaporated
and the increase of the pressure, which causes circulation of the refrigerant.
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Figure 12. Effect of maximum generator temperature on the evaporator temperature.

CONCLUSIONS

1-

The operation of this type of system is environmentally efficient, because it uses
refrigerant that doesn’t affect the Ozone layer, and uses a renewable energy that reduce
the source depletion of the energy sources, also the system use clean energy that produce
no waste gas that affect or increase the global warming, which demonstrate the
sustainable development requirement for the future projects and researches.

The generator type and specification used in this work showed that the Maximum
temperature that can be reached is 93 °C, and this can be achieved during July and
August.

The system used with the design criteria and the condition that related to the experiments
produced cooling capacity of 0.15 ton, and the C.O.P (0.35-0.48).

The employed operating pressure produced minimum evaporator temperature of (14.2°C
-17°C).

The cooling ratio or C.O.P increases with the increase of the generator temperature.
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ABSTRACT

A winglet is devices attached at the wing tips, used to improve aircraft wing efficiency by
reduction influence wing tips vortices and induct drag, increasing lift force at the wing tips and
effective aspect ratio without adding greatly to the structural stress and weight in the wing
structure. This paper is presented three-dimensional numerical analysis to proposed modification
swept back wing by adding Raked winglets devices at the main wing tips belong the two seat
trainer aircraft type Aermacchi Siai S211 by using Fluent ANSYS 13 software. CFD numerical
analysis process was performed at the same flight boundary conditions indifferent wing angle of
attacks with constant air flow velocity V., =50 (m/sec), ambient pressure P,=101325 (Pa),

ambient temperature T,=288.14 (K), and at air density p,=1.225 (kg\m3) to both proposed wing
model and the main aircraft wing model. The results are shown an improvement in aerodynamic
parameters including increment lift coefficient to (0.22%-5.95%), reduction drag coefficient to
(0.34% - 3.60%), increment wing load efficiency ratio to (2.62% - 7.30%), reduction induct drag
coefficient Cpj to (7.65% - 13.11%) compared with the main aircraft wing model and achieved

an improvement in aircraft flight maneuver abilities and stability controls especially during
descent, approach, landing and takeoff with lower speed with shortage runway.

Key word: aerodynamics, theory of wing section, winglets, Aermacchi Siai s211 Aircraft.
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1. INTRODUCTION

The wings are the most important part to produce lift force of the aircraft. Wings vary in
design depending upon the aircraft type and its purpose, Abbott, and Doenhoff, 1959. Induced
drag is caused by the wingtip vortex, an unavoidable collateral effect of lift generation in a finite
wing. It has been proven that modifications in the wingtip or the use of wingtip devices can
minimize the induced drag expressively, Cosin and Catalano, 2010. Wingtip devices are usually
increase the effective aspect ratio of a wing, with less added wingspan and intended to improve
the efficiency of fixed-wing aircraft, Abbott, and Doenhoff, 1959. The wingtip devices increase
the lift generated at the wing tip, and reduce the lift-induced drag caused by wingtip vortices,
improving lift-to-drag ratio L / D. This increases fuel efficiency in powered aircraft, and cross-
country speed in gliders, in both cases increasing range, The winglet converts some of the
otherwise wasted energy in the wing tip vortex to an apparent thrust. This small contribution can
be very worthwhile, provided the benefit offsets the cost of installing and maintaining the
winglets during the aircraft's lifetime. Another potential benefit of winglets is that they reduce
the strength of wing tip vortices, which trail behind the plane. When other aircraft pass through
these vortices, the turbulent air can cause loss of control, possibly resulting in an accident,
Inam, et al,. 2010.

2. RELATED WORKS

There are several works on “Aerodynamic characteristics of the winglet devices” were
developed. Cosin and Catalano, 2010, performed aerodynamics analysis of the multi-winglets
for low speed aircraft, baseline and six other different multiwinglets configurations were tested.
The device led to 32% improvement in the Oswald efficiency factor, representing an increase of
7% in the maximum aerodynamic efficiency. Improvements of 12% in the maximum rate of
climb and 7% in the maximum range were also obtained. Azlin, et al., 2011, a three-dimensional
CFD analysis that was performed on a winglets rectangular wing of NACA653218 cross
sectional airfoil. He was obtained that a comparison of aerodynamics characteristics of lift
coefficient CL, drag coefficient CD and lift to drag ratio, L/D was made and it was found that the
addition of the elliptical and semi circular winglet gave a larger lift curve slope and higher Lift-
to-Drag Ratio in comparison to the baseline wing alone. Smith and Komerath, 2001, examined
the potential of multi-winglets for the reduction of induced drag without increasing the span of
aircraft wings. Wind tunnel models were constructed using a NACA 0012 airfoil section for the
untwisted, rectangular wing and flat plates for the winglets. Testing of the configurations
occurred over a range of Reynolds numbers from 161,000 to 300,000. The results show that
certain multi-winglet configurations reduced the wing induced drag and improved L/D by 15-
30% compared with the baseline 0012 wing. Hossain, et al., 2012, studied the aerodynamic
characteristic for aircraft wing model with and without bird feather like winglet. The aerofoil
used to construct the whole structure is NACA 653-218 Rectangular wing and this aerofoil has
been used to compare the result with previous research using winglet. The experimental result
shows 25-30 % reduction in drag coefficient and 10-20 % increase in lift coefficient by using
bird feather like winglet at angle of attack of 8 degree.

3. WINGTIP VORTICES

Wingtip vortices are circular patterns of rotating air left behind a wing. Vortices form
because of the difference in pressure between the upper and lower surfaces of a wing that is
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operating at a positive lift, air flows from the lower surface out around the tip to the upper
surface of the wing in a circular fashion caused to pressure on the upper and lower surface become
equal at the wing tips Fig. 1. The spanwise flow on the finite wing is meet at the trailing edge, they
give rise to a swirling motion that, within a short distance downstream, is concentrated into the
two well-known tip vortices Fig. 2. This process can be idealized as a “horseshoe” vortex system
Fig. 3. The wingtip vortices contain a large amount of translational and rotational kinetic energy
which is produce a stream of air downward after the wing called downwash or induct velocity
(wi) which is directly responsible for the appearance of one of the components of resistance aerodynamic,
induced drag (Di), reduce the wing effective angle of attack and increase aircraft engine fuel
conception ratio, Thomas, 1999.

4. WINGLETS

Wingtip devices are usually intended to improve the efficiency of the fixed-wing aircraft by
partial recovery of the tip vortex energy, increase effective aspect ratio without increasing wing
span, increase the lift generated at the wingtip by smoothing the airflow across the upper wing
near the tip, reduce the lift-induced drag caused by wingtip vortices and increase aircraft power
plant efficiency Faye, et al., 2007. There are many types of winglets which applicant in aircrafts
such as transporting, cargo, VIP transporting aircrafts. Winglets can be classified depending of
the winglet part attachment with main wingtips, so commonly they are three types wing with
fence winglets, wing with blended winglets and wing with Raked winglets see Figs. 4a, 4b, and
4c.

5. AERODYNAMICS BACKGROUND

Usually flight operation consist of take-off, climb, cruise, turn, maneuver, descent, approach
and landing, so the wing must produce sufficient lift force while the drag force must be
minimum.
The lift force can be written as:

L=1/2 p V20 S C|_ (1)
The drag force can be written as:
D=1/2 p V20 S Cbp )

Where:

p - air flow density. (Kg/m°)

Voo - air flow velocity. (m/sec)

S - wing area. (m2)

C| - wing lift coefficient (dimensionless)
Cp - wing drag coefficient (dimensionless)

Induced drag is caused by the wingtip vortex in finite wing and can be written as, Anderson,
2005.

Di= 212
I prth2VwZe

©)
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Where:
L is the lift, p fluid density, b is wingspan, V velocity and e is efficiency factor, in general e<1 and
depends on the wing shap.
Induct drag coefficient is
L c

Where:
The induced drag coefficient Cyj is equal to the square of the lift coefficient C|_ divided by the

quantity: m (3.14159) times, wing efficiency factor time's (e) the aspect ratio AR,

b2
AR = — (5)
For a wing, the total drag coefficient, Cp is equal to the parasite drag coefficient at zero lift Cqq
plus the induced drag coefficient Cj.

Cp =Cdo * Cdi (6)

Where parasite drag is C(g is skin friction drag due frictional shear stress integrated over the

wing surface and pressure drag due to flow separation.
Induct angle of attack can be written as

YL
a" - AR (7)

Effective angle of attack of the wing is:
Oeff = o - @ 8
Downwash velocity at the wing tip is:

r
wi=—7 ©)

Where I is the circulation at the wing

2V S CL

FO = bm

(10)
7. CASE STUDY

Two seats trainer aircraft type Siai - Aermacchi S.211, Figs. 5 and 6, are analyzed in order to
produce a new modification to improve the efficiency of the aircraft wing.
The main general technical data and characteristics of the aircraft are: FAA, 2012.

Crew: two: student and instructor
Length: 30 ft 6% in, (9.31 m)
Wingspan: 27 ft 8 in, (8.43 m)
Height: 12 ft 5% in, (3.8 m)
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Wing area: 135.63 ft2, (12.6 m’)

Empty weight: 4,070 Ib, (1.850 kg)

Maximum takeoff weight: 6,050 Ib, (2750 kg)

Power plant: 1 x Pratt & Whitney JT15D-4C turbofan engine, 2,500 Ib, (11.12 kN)

Aircraft performance: (Cruise altitude (25000 ft), 7620 m)

Never exceed speed: Mach 0.8, (740 km/h, 400knots, 460 mph)
Maximum speed: 360 knots, (667 km/h)

Stall speed: 74 knots, (138 km/h)

Range: 900 nm, (1,668 km, 1,036 miles)

Service ceiling: 40,000 ft, (12,200 m)

Rate of climb: 4,200 ft/min, (21 m/s)

Thrust/weight: 0.413:1

Acceleration limits: +6.0g (+58.9 m/s?)/-3.0g (-29.0 m/s?)

Aircraft wing geometry model, Fig. 7:
e Aspect Ratio AR is 5.52
e Wing root chord length Cis 2 m,

e Wing tip chord Ct is 1 m.

e Taper ratio A is 0.5

e Leading edge swept angle A| g is 190
e Quarter chord swept angle A1/4 15159

Not twisted.

No dihedral angle.

Wing span b is 8.34 m

Wing root cross section is airfoil Naca 649-215

Wing tip cross section is airfoil Naca 649-212

The cross section airfoil Naca 64,-215 and Naca 64,-212 was selected as follow: Sadraey, 2013.

c ) _ 2xWxg
L Vmax aircraft = 07620xVmax2x S

2x2750x9.81
C i = =0.2267
L Vmax aircraft = 5'cs 02,185 272x12.6

Cli airfoil = 0.23867/0.9 = 0.26519

Cl ideal airfoil = 0.2x10=2

2xWxg

C ' = Vstall’xS
Lmax aircraft posztallsz
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c _ __ 2x27502981  _, o
Lmax aircraft = 1 555,383325126 <

CLmax wing = 2.37/0.95 = 2.49 with flaps and slats down
ClmaX airfoil = 2.49/0.9 = 2.76 with flapS and slats down

Proposed aircraft wing model is the aircraft main wing geometry with attached raked winglet

bended up to 300, Fig. 8, where raked winglet tip is a small wing attached at the main wing tips
and consist of selected Naca 649-212, Naca 64-012 and Naca 64-010 as a winglet cross section
airfoils, Fig. 9. General characteristics of the proposed modification aircraft wing with raked
winglet Figs. 10, 11 and 12 are:

e Main wing root chord Length C; is 2 m.
e Main wing tip chord length C¢ is 1 m.

e Winglet root chord length is 1 m.
e Winglet tip chord length is 0.3 m.
e Wingletarea is 0.5 m2.
e Winglet span is 0.67 m.

e Winglet bended up at the tip by 300.

e Winglet swept angle leading edge is 51°:
e Winglet root cross section airfoil Naca 649-212

e Winglet intermediate cross section airfoil Naca 64-012
e Winglet tip cross section airfoil Naca 64-010

e Wingspanbis9.34m

e Wingareais S is 13 m2

e Taper ratio A = 0.5 without winglets

e Aspect ratio AR=6.71

o Leading edge swept angle A| g =190
e Quarter chord swept angle A1/4 =159

8. MATHMATICAL MODEL

FLEUNT solves the Navier-Stokes equation which is includes expressions for the
conservation of mass, momentum, pressure, species and turbulence, because the flow conditions
are incompressible flow, the results are written as a continuity equation Egs. (11) and (12) and
Navier-Stokes equations for a viscous flow Eqgs. (13a, 13b and 13c). Anderson, 2005. and
Fluent, 2005.

2 4+V.(pV) =0 (11)

Where, p is fluid density, t is time, and V is the flow velocity vector field. If density (p) is a
constant, as in the case of incompressible flow, the mass continuity equation.
Simplifies to a volume continuity equation:-
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V.(pV) =0 (12)
20w 4 v, (puv) = -2 Fx )vi 13
oL .(puV) = T pfx + (Fx )viscous (13a)
% + V.(pvV) = — Z—Z + pfy + (Fy )viscous (13b)
% + V.(pwV) = — Z—Z + pfz + (Fz )viscous (13c)

The Momentum Eq. (14a, 14b, and 14c) for an inviscid flow are called the Euler equations.

V.(pulV) = —Z—Z (143)
V.(puV) = —Z—Z (14b)
V.(puV) = —Z—Z (14c)

9. NUMERICAL ANALYSIS

The CFD numerical analysis is consisting of three stages as shown in Fig. 13. The pre-
processing stage is include re-design Three-Dimensional model to the main wing without winglet
and proposed wing with raked winglet, meshing models and flow control volume into the
elements using GAMBIT 2.4.6. In addition, to ensure that the mesh created is sufficient to
accurately model the flow behavior around the wing at air velocity with various angle of attacks
at the straight flight, a grid independence study was conducted, Fig. 14. The second stage is the
CFD numerical analysis process is solved to determine the grid check, definition boundary

conditions, definition simulation flight parameters at various angle of attacks o =( 00, 20, 40, 60,

80, 100, 120, 149, 169), flow air velocity Voo = 50 m / sec, ambient pressure 101325 pa, ambient
temperature 288.14 K, dynamic viscosity 1.7894e-05 kg\m-s, air density 1.225 kg\m3 and ratio
of specific heats is 1.4 (o), graphics simulations Fig. 15, Fig. 16, Fig. 17, and Fig. 18. Finally is
the post-processing stage where the aerodynamics characteristics of the proposed wing with
winglet model were found.

10. RESULTS AND DISCUSSIONS.
CFD numerical analysis results are discussed and focused on the proposed wing model
improvements compared with the main wing model as follow:

e Improvement in the aerodynamic performance as a result of reduction influence wing tip
vortices on the main wing, where Table 1 represents magnitudes of lift coefficient C|_ at

different angle of attacks o, and Fig. 19 represents graphics change of the lift coefficient C|_

with constant air velocity at different angle of attacks.
¢ Reduction total drag coefficients of the wing as a result of effective winglet tip by reduction
induct drag magnitude, where Table 2 represents magnitude drag coefficient Cp at different

angle of attacks a, Fig. 20 represents graphics change of the drag coefficient Cp.
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Improvement in the aerodynamic wing efficiency by increasing magnitude of the wing
efficiency C| /Cp ratio as a result of effect winglet tip, where Table 3 represents Lift-to-Drag

coefficient ratio C /Cp, Fig. 21 represents lift- to- drag coefficient ratio C /Cp graphics.
The aerodynamic wing efficiency improved by decreasing magnitude of the Cp/C|_ratio as a

result of influence decrease the wing drag coefficient and increases the wing lift coefficient,
where Table 4 represents drag-to lift coefficient ratio Cp/C, Fig. 22 represents drag-to lift
coefficient ratio Cp/CE graphics.

The aerodynamic wing efficiency improved by decreasing induct drag coefficient (Cpj) as a
results of reduction influence of the wing tip vortices, where Table 5 represents induct drag
coefficient, Fig. 23 represents induct drag coefficient graphics.

Improvement in the aerodynamic lift force parameter of the wing as a result of increasing lift
force at the wing tips by reduction influence magnitude wing tip vortices, where Table 6
represents aerodynamic lift force, Fig. 24 represents aerodynamic lift force graphics.
The aerodynamic characteristics wing efficiency improved by decreasing magnitude of the
wing tip vortices, where Table 7 represents aerodynamic drag force, Fig. 25 represents
aerodynamic drag force graphics.

Improvement in aerodynamic wing efficiency by decreasing magnitude of the induct angle of
attack (aj) and increase effective angle of attack (oeff), where Table 8 represents Induct

Angle of Attack (aj) and effective angle of attack (oeff).

11. CONCLUSSION

Proposed modification on the main swept back wing is achieved an improvement in aircraft

flight maneuver abilities and stability controls especially during descent, approach, landing and
takeoff with lower speed with shortage runway by increasing the lift generated at the wingtip,
effective angle of attack and lift-to-drag ratio as a result of smoothing the airflow across the
upper wing near the tip and reduce the lift-induced drag caused by wingtip vortices, where
Table 9 represents the percentage gain of the aerodynamic parameters of the proposed wing as
follow:

Improved increment (0.22%-5.95%) to lift coefficient C| and that lead to increasing lifting
load on the wing especially during descent, approach, landing and takeoff with lower speed.
Improved reduction (0.34% - 3.60%) in drag Coefficient Cp and that led to reduction engine
power during cruise speed, reduction fuel consumption and reduce stall speed and takeoff —
landing runway distance.

Improved aircraft maneuver by increment wing load efficiency C| /Cp to (2.62% - 7.30%).
Improved reduction (7.65% - 13.11%) in induct drag coefficient as a result of influence
winglet type by decreasing wing tip vortices, downwash velocity, especially during takeoff
and landing operations.
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NOMENCLATURE

L :wing lift force (KN)

D :wing drag force (KN)

Dj :wing induct drag (KN)

CL :wing lift coefficient (dimensionless)
CD : wing drag coefficient (dimensionless)

CDi : wing induct drag coefficient (dimensionless)
Cqo : base drag coefficient at zero lift (dimensionless)

AR :wing aspect ratio(dimensionless)

b :wingspan (m)

e :span efficiency factor <=1

S :wing area (m2)

A :wing angle of attack (Degree)

aj :wing induct angle of attack (Degree)

aeff - wing effective angle of attack (Degree)
w : wing downwash velocity at the wing tip (m/sec)

I'0 : wing circulation flow (rad/sec)
Voo - air flow velocity (m/sec)

Cy :wing cross section airfoil root chord length (m)
Ct :wing cross section airfoil tip chord length (m)
A > wing taper ratio (dimensionless)

A|_g: wing leading edge swept back angle. (Degree)
A1/4: wing quarter chord swept back angle (Degree)
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Table 1. Lift coefficient C|_vs a.
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Ve/lbc\)léity a Pro(;lo_sed C\I7V|i\:l]gin
Voo (m/s) Wing
0 0.117023 0.113869
2 0.276141 0.26273
4 0.428717 0.404643
6 0.572105 0.546597
50 8 0.702571 0.664326
10 0.813211 0.778107
12 0.902425 0.865405
14 0.940456 0.919837
16 0.929477 0.927423
Table 2. Drag coefficient Cp vs a.
Air Cp
Velocity | ¢ Proposed Cp Main
Voo (m/s) Wing Wing
0 0.020441 0.021204
2 0.025097 0.025621
4 0.033221 0.033632
6 0.046017 0.047142
50 8 0.066976 0.067612
10 0.093391 0.093706
12 0.125221 0.125686
14 0.162042 0.162649
16 0.193253 0.200721
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Figure 19. Lift coefficient C|_vs a .

0.2007

0.04714

0.06698

0.03363

0.02562 0.04602 Cpvsa

@ —@ @ D¢ coefficient proposed wing
A——A——A Drag coefficient main wing

p 003322
0.0251

0.02044

0
\ ‘ \ ‘ \
0 4 8 12 16
Angle of Attack a

Figure 20. Drag coefficient Cp vs a.
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Table 3. C /Cp ratio vs a.

ey || S0 | cuco

Voo Wing Main Wing
(m/s)

0 5.724969 | 5.370089

2 11.00307 | 10.25464

4 12.90501 | 12.03141

6 12.43239 | 11.59456

50 8 10.48986 9.82553
10 8.707594 | 8.303718

12 7.206637 | 6.885478

14 | 5.803775 | 5.655348

16 | 4.809647 | 4.620469

Table 4. Cp/C|_Ratio vs a.

Air Cp/CL Cp/CL
Velocity | o | Proposed Main
Voo (m/s) Wing Wing

0 0.174673 | 0.186217
2 0.090884 | 0.097517
4 0.077489 | 0.083116
6 0.080435 | 0.086247
50 8 0.09533 | 0.101776
10 | 0.114842 | 0.120428
12 | 0.138761 | 0.145233
14 | 0.172302 | 0.176824
16 | 0.207915 | 0.216428
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Table 5. Induct drag Cpj Vs o.

Air
Velocity o
Voo (m/s)

Cpi
Proposed
Wing

Cpi
Main
Wing

0.000764

0.00088

0.004255

0.004682

0.011107

0.018264

0.020266

0
2
4 0.010256
6
8

50 0.027544

0.029936

0.036903

0.041069

0.045444

0.050801

0.049355

0.057393

16 0.048209

0.058343

Table 6. Lift force L vs a.

Air
Velocity o
Voo (m/s)

L Proposed
Wing

L Main
Wing

2329.489

2196.953

5496.937

5069.052

7807.089

11388.47

10545.9

0
2
4 8534.152
6
8

50 13985.55

12817.34

16187.98

15012.61

17963.9

16696.9

18720.95

1774711

18502.4

17893.47
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Table 7: Drag force D vs a.

Veﬁalgity a PropI)Dosed DWI\;I:;n
Voo (m/s) Wing

0 389.6239 | 406.9037

2 470.7741 | 499.5772

4 617.9864 | 661.3055

6 866.2346 | 916.0318

50 8 1242.371 | 1333.245

10 | 1721.846 | 1859.065

12 | 2309.471 | 2492.689

14 | 2988.677 | 3225.651

16 | 3688.204 | 3846.943
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Figure 25. Drag force D vs a.

Table 8. Induct angle of attack («j) and effective angle of attack (oeff) Vs a.

Air Ui Ueff Ui Ceff
Velocity o Proposed | Proposed Main Main
Voo (m/s) Wing Wing Wing Wing

0 0.005551 | -0.00555 | 0.006565 | -0.00657
2 0.013098 | 1.986902 | 0.015148 | 1.984852
4 0.020335 | 3.979665 | 0.023331 | 3.976669
6 0.027136 | 5.972864 | 0.031515 | 5.968485
50 8 0.033324 | 7.966676 | 0.038303 | 7.961697
10 0.038572 | 9.961428 | 0.044864 | 9.955136
12 0.042804 11.9572 | 0.049897 11.9501
14 0.044608 | 13.95539 | 0.053035 | 13.94696
16 0.044087 | 15.95591 | 0.053473 | 15.94653
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baseline main wing model.

Air
Velocity Gain Gain Gain
Voo “@ 1 c % | Cp% |CL/Cp% | Gain
(m/s) Cpi%
0 | 277% | 3.60% | 6.61% | 13.11%
2 | 510% | 2.04% | 7.30% | 9.12%
4 | 595% | 1.22% | 7.26% | 7.65%
6 | 467% | 2.39% | 7.23% | 9.88%
50 8 | 576% | 0.94% | 6.76% | 7.99%
10 | 451% | 0.34% | 4.86% | 10.14%
12 | 428% | 0.37% | 4.66% | 10.55%
14 | 2.24% | 037% | 2.62% | 14.01%
16 | 0.22% | 3.72% | 4.09% | 17.37%
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ABSTRACT

This paper presents a brief study undertaken for improving the performance of information
and communication management of construction projects through investing in information and
communication technologies (ICT). The work aims at first to investigate and diagnose the problems,
challenges, weaknesses, and inefficiencies related to information and communication management in
projects in the construction industry of Iraq. Studying the diagnosed matters and the different
solutions of ICT to improve project management performance is following the investigation process.
The research presents a technological system suggested to process a lot of the diagnosed problems,
challenges, weakness, and inefficiencies of the construction projects and to improve the current
performance of project management and execution. The suggested system principles and
fundamentals, benefits, features, classification and types, and the different solutions are described to
ease and improve the process of development, adoption, and implementation of the system. The
results show that the proposed system can improve the performance of the current state of project
management through improving the processes of information and communication management.

Key Words: information and communication management, information and communication
technology (ICT), construction industry, web-based project management systems (WPMSs).
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1. INTRODUCTION

The construction industry has unique characteristics, for instance the construction industry is
fragmented due to the many phases and non-frequent activities and tasks involved in a construction
project, and also the construction project involves many organizations and individuals from different
sectors participate in project execution, and these participants are different in their working times,
roles and jobs, tools, objectives, requirements, and goals in the project and their objectives may
conflict in many cases. The construction projects are also characterized by large investments, size,
complexity, and plenty of execution methods and techniques, and contracting types. These
characteristics and others have increased the complexity of construction projects, and the amount of
information that needs to be managed and processed during the construction of projects have
increased a lot, and the project sites became intensive environments with information that needs to be
managed more effectively and efficiently. The successful execution of construction projects depends
heavily on information communication processes such as information availability, information
exchange, collaboration, and coordination. The effective and efficient communication and
information management gives more opportunities for project members to control, organize, and
monitor projects execution and management, where the project members can better manage changes,
transmittals, decisions-making processes, problems, risks, and other project items.

Very large amounts of expenses, efforts, and times are spent on executing construction projects over
the world. In Iraqg, the expenses and times spent on developing and improving the performance of
projects management compared to the expenses and times spent on projects execution are relatively
very low and are not compatible with the current projects that are characterized by complexity,
expansion, dispersion, tighter schedules and standards, more requirements and expectations, and
more challenges and problems. There are a lot of problems, challenges, weaknesses, inefficiencies,
and inefficacies involved in the construction projects currently, therefore improving and developing
the current performance are required intensively to promote the current level of project management
and execution.

According to the aforementioned reasons, lots of benefits and savings can be obtained by improving
the current performance of project management even when these changes be small. Information and
Communication Technology (ICT) offers a lot of opportunities to develop the construction industry,
which have proved its large and clear importance and effect during the last three decades in all
industries especially the construction industry. The construction industry has benefited a lot from
different ICT solutions, which motivated the organizations in the construction industry to invest in
ICT largely. One of the most important topics that have been given high attention by the researchers
and organizations in the construction industry is to develop and improve the performance of project
and information management through adopting Web and Internet technologies, especially “Web-
Based Project Management Systems (WPMSs)”. These systems allow project members to manage
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project processes, information, and communications online in real-time, and to access all project
information anytime and anywhere with less time, effort, and expenses.

2. CONSTRUCTION INDUSTRY CHARACTERISTICS, PROBLEMS, AND CHALLENGES
In order to identify, investigate and diagnose construction industry characteristics, problems, and
challenges, two processes were undertaken to support that. The first process was a review to the most
recent literature and researches related to the topic in the construction sector. The second process was
a survey (Questionnaire) undertaken in the Iragi construction sector. A sample of 87 questionnaire
forms were obtained from the survey process. The respondents were from construction organizations
and from different specializations including Civil, Architect, Electrical, Mechanical and other
Engineers. Table 1 shows the functional positions and percentages of the respondents.

Table 1. The percentages and functional positions of the questionnaire respondents.

Functional Position Percentage
Engineers 29
Senior Engineers Head 25
Head of a Section 16
Project Manager 13
Senior Engineer 8
Head of a Department 3.4
Consultant 3.4
Site Manager 1.2
Vice Engineers Head 1.2

The questionnaire involved closed-ended questions and open-ended questions. It was divided into six
parts. The first part aims to collect general information about the respondents. The second, third,
fourth, and fifth parts include closed-ended questions aiming to investigate the characteristics of
construction industry, the management of information and communications, the current state, and the
information and communication technologies currently used, respectively. The sixth part involves
open-ended and optional questions. In this part, the respondents were asked to give their opinions
about the most important problems in the construction industry and project management, and to give
their suggestions to improve the performance of project management.

The data obtained from the questionnaire was analyzed using Statistical Package for the Social
Science Program (SPSS, Version 20). The SPSS was selected because it provides useful and suitable
tools for manipulating the work of analysis. The analysis of data was undertaken depending on
determining frequencies and percentages of questionnaire variables (questions). Both weighted and
unweighted analysis cases were considered in the process. The weighted case is based on considering
the general information of the respondents involving engineering field, academic degree, functional
position, years of experience in the construction sector, type of the organization, geographic
distribution of the projects, and participation of the respondent in project management. For each item
of these respondents’ general information specific factors were taken in the analysis process called
weighing factors. These factors were assumed based on several resources such as survey (with
engineers have enough experience in the construction sector) and previously accomplished
researches. Because the results obtained from the weighted analysis case give more reasonable
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results, the weighted case was adopted when discussing the results of the questionnaire process. In
addition, measures of center and dispersion were calculated to identify the tendency of results of the
analysis. The results of the two processes can be illustrated as following:

The construction sites are intensive environments with information generated, collected,
stored, transferred, received, etc.

A lot of information, data, documents, and files in project sites require less time as possible to
be transferred, received, processed, etc. among project members.

The project progress depends widely on communicating the required information at the right
time among project members.

The geographic dispersion of the locations of the projects and the project members make one
of the challenges facing the communication of the required information at the right time.

The construction projects involve many parties and individuals dependent on each other,
which require that the methods and processes of communication and information exchange
being more effective and efficient.

The project sites are reactive environments, where changes, problems, and unexpected events
and circumstances occur frequently, which require continuous and effective communication
among project members during the construction of the projects.

Continuous and effective communication among project members is very important
consideration for monitoring project works, directing, coordinating, collaborating, and
solving problems at appropriate times.

Effective information management helps to increase and improve the productivity.

Effective and efficient planning for information and communication management in the early
stages of projects is required heavily.

Effective communication among project members helps to manage effectively the goals and
expectations of project members, reduce reworks and losses, and reduce the cases of
information lack or wrong interpretation.

A lot of problems and time losses occur in the projects because of inefficiency and
ineffectiveness of communication and information management.

Lots of time, effort, and expenses are spent on the processes of transferring, distributing, and
updating information and data in the projects.

There is urgent need to improve the current management techniques to suit the current
projects.

The results showed that the electronic applications such as email, Internet, Mobile Phone, and
project management programs such as Microsoft Project are used largely and intensively in
the projects, this due to their effectiveness in communicating and processing information in
less time, effort, and expenses.

There are a lot of obstacles and problems that intercept the processes of communication and
information exchange among project members during the construction of the projects.
Interference of tasks and functions of the project members during the construction of the
projects.

Retardation of communication of information and files during the construction of the
projects.
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A lot of breakdowns and delays happen in the projects due to lack or loss of some

information during the construction of the projects.

e A lot of errors and delays happen in the projects due to retardation of communication of
information at the right time.

e Plenty of expenses, time, and effort are spent on movements between sites (project and
project members’ sites) in order for information.

e Plenty of time, effort, and expenses are spent on the processes of updating information,
distributing new information, preparing reports and logs, and distributing them among project
members.

e Weakness of processes of communication and information exchange among project

members.

3. INFORMATION AND COMMUNICATION TECHNOLOGY (ICT) IN CONSTRUCTION
Information and Communication Technology (ICT) has competitive solutions to the problems and
challenges of project and communications management. The great advances in information and
communication technologies made large changes in the construction industry over the world. Experts
identified the benefits of ICT for managing construction projects as follows: richer information to
improve decisions-making processes, easier and quicker access to project information, improving
communication among project members, better relationships between project members, better
information flow, better project control, and better management of geographically dispersed project
sites and project members’ sites, Yang, Ahuja, & Shankar, 2007; Love, Irani, and Edwards,
2004; Root & Thorpe, 2001; Egbu, Gaskell, and Howes, 2001. One of the most important
solutions that have been given high attention from organizations and researchers in the construction
industry is to improve the performance of project management and execution through Internet and
Web technologies. All industries and especially construction industry have benefited a lot from
applying the applications of these technologies.

4. THE PROPOSED SYSTEM

The system proposed to improve and enhance the processes of project management and execution is
the project management application software that depends on Web and Internet technologies to
provide remote, continuous and instant communication and access to project information and to
manage the projects of an organization centrally online in real-time among project members. This
type of system called web-based project management systems (WPMS). The Web (World Wide
Web) is a system of interlinked hypertext documents accessed via Internet, World Wide Web, 2013.
WPMS depends on application software, Web, and Internet technologies. WPMS can be described as
a repository, communication station, and project processes manager. All information related to
organization’s projects is stored centrally in the system and in its different forms such as schedules,
documents and files, text, pictures, charts, tables, videos, etc. to be available for project members
anytime and anywhere. Internet is used in the system as a medium by which project members
(system users) can access the system and its stored information. While the application software is
used to manage project processes and information. Software and web-related information are
installed on specific servers in the system. For every project of an organization’s projects, there is a
specific space on the servers and website called project website. Through the project website, the
project members can access the project-related information and manage the different project
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processes. Fig.1 shows a simple model of WPMS configuration. One website may involve too many
pages that show project information. The pages of websites contain hyperlinks used for navigating
between the pages of websites. The information and pages of websites can be viewed using an
electronic browser called Web Browser such as Internet Explorer, Google Chrome, and Mozilla
Firefox. Application software, Web, and Internet form a system can be working without time and
place constraints.

The availability of information or the ability to reach it through Internet does not mean that anyone
can access it, but only those who have the authority given to them by system administrator or project
manager. The individuals that have the authority to access the system and its stored information and
do the different processes in the system are called system users. The system administrator is an
individual has maximum permission in the system and can add, disable, remove, etc. users and
determine their levels and the information they can access and the processes they can do in the
system. Every user in the system has its own ID that identify the user into the system through secret
data can be considered as a key to login the system. The secret data is forming during signing up
process and usually consists of username or ID and password.

4.1 WPMSs Features

WPMSs can make the processes of managing projects easier, quicker, and more effective. All
management processes from bidding to project completion can be carried out through the system. All
projects of an organization are managed from one central and common location that stores all their
related-information, and can be accessed anytime and anywhere. The following features are brief
examples of many features WPMSs provide for organizations in the construction industry involving
all project management processes.

4.1.1 Document management

WPMSs allow project members to store project files and documents for instant access and retrieval
at anytime and anywhere. Project members can always find the documents they need immediately
and they do not need to transit between sites to get certain documents and files. They can use their
PC, iPhone, iPad, etc. to access project files and documents they need online.

4.1.2 Schedule management

WPMSs make the process of scheduling simpler, faster, and focused on the needs of project
members. Using online scheduling ensures that the project members use the latest and most up-to-
date schedule version, and all project members use the same schedule version at any time. The
project members can update and edit the schedule online in real-time and with less time, effort, and
cost.

4.1.3 Communications management

WPMSs make the processes of communications and information exchange between project members
easy and effective. New project information such as changes to the schedule, revisions, new
documents, submittals, approvals, requests, etc. becomes available immediately to project members
and they receive automatically notifications and emails whenever any change is made on any item of
the project in the system.
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4.1.4 Collaboration

WPMSs make working together simpler and more effective. Project members can know what is
going on all the time and to work together online in real-time. These systems provide a central and
common place for project members to discuss and exchange information online. Discussion Forums
and Discussion Boards are widely used in WPMSs and every member of the project team can create
a page for discussing some topic or item related to the project with other project members.

4.1.5 Risks and issues management

WPMSs make the processes of managing project risks and issues easy and effective. They provide a
systematic procedure for identifying, submitting, assessing, and resolving and closing the risks and
issues. Any member of project team (with the appropriate permission) can submit risks or issues
online easily and quickly. The project manager and team members can immediately access the
details of the submitted risks or issues, and participate in making resolutions anytime and anywhere.

4.1.6 Change management

Project members can quickly and easily manage the project changes using WPMSs. They can
manage the changes from request to approval online in real-time. Any member of the project team
(with the appropriate permission) can enter the system and submit a request for change anytime and
anywhere. The project members can immediately know the information of the submitted changes and
make responses to the requests online. When a change is approved, all project members are
automatically notified and quickly know the details of the change and its impact on the project
timeline, budget, quality, and other project items.

4.1.7 Requests for information (RFIs) and submittals management.

WPMSs provide effective tools for project members to manage the processes of questioning and
answering in easy ways. The project members can quickly create and reply to questions about any
item related to the project. Electronic documents of any type can be attached to the requests.

4.1.8 Project reports

Project reports are very important part for project managers and members. WPMSs provide real-time
status reports of various project items such as project activities and tasks reports, costs and expenses
reports, payments reports, resources reports, risks and issues reports, project portfolio reports, etc.
Project members can get project status reports quickly at any time and anywhere. Project reports can
be viewed online, printed, or exported to the computer.

4.1.9 Meetings management

Meetings are important part of projects. Many decisions and actions related to a project are made
during the meetings. WPMSs provide effective tools for managing meetings electronically. Meetings
information such as topic, time, attendees, agenda, duration, and location can be quickly created and
distributed among meetings members. When a meeting take places, the members can easily create
the minutes of the meetings, actions, and share them with project members.
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4.1.10 Integration

WPMSs support import and export of project documents and data between these systems and the
most common desktop programs used in projects such as Microsoft Office and Microsoft Project,
and Adobe Acrobat Reader

4.1.11 Others for instance: bidding management, project team data management, logs and
timesheets management, approvals management, project portfolio management, estimating
management, video-conferencing, etc.

4.2 WPMSs Types and Solutions
WPMSs can be classified according to the type of development or investment as following:

4.2.1 In-House Completely developed WPMSs

This type is based on developing and operating the system completely by the organization itself. This
option enables the construction organizations to make systems that are best fitting and focused on
their needs and requirements. They can fully customize the systems and their features to fit their
business environments and operational procedures. It is obvious that this type requires lots of
investment, outsourcing, and long developing cycle, Chan and Leung, 2004. Therefore, this option
is suitable for the large organizations.

4.2.2 Ready web-based application software packages

This type of investment enables the organization to purchase ready software package and install it on
its own servers. This option is chosen by organizations to overcome the process of developing
system software and reduce the need for outsourcing and to reduce the life cycle of the system
development. Having the software installed on organizations’ servers means that the organizations
have complete control over the system. However, this option also require high investment and
outsourcing (but lower than the first type).

4.2.3 Software as a service (SaaS)

This option is based on renting a completely developed system from IT companies called
Application Service Providers (ASPs) for periodic fees (monthly, quarterly, annual, etc.). ASPs are
professional IT organizations that develop ready-to-use systems (hosted software). The construction
organizations (customers) do not need anything to install on their side (computers or servers) except
a web browser and making an account at ASP’s to get started, which take a few minutes to be done.
The construction organizations can immediately use the service (system) after making the account.
This type of systems is characterized by low initial cost (only fees of using the service), reducing
much the need for outsourcing and IT experts, and it is the most popular and common type among
the three options and suitable for small to medium sized organizations.

4.3 Benefits of WPMSs
There are many benefits these systems can provide for instance the following benefits:
e All information that is related to a project is stored and being available for project members
in one common place and can be accessed anytime and anywhere.
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e Unifying the source of information for project members, where all project members have the
same information at any time.

e The system provides project members with the most current information more quickly and
easily.

e All communications, correspondences, and discussions related to a project are carried out
through the system, which records comprehensive details for these processes.

e New information such as changes, updates, etc. are spread more quickly and in less time,

effort, and costs among project members.

Improving documentation of projects.

Improving collaboration, organization, and coordination in projects.

Improving the knowledge level of project members.

Improving the quality of information display.

Organizing the information in an easy manner to be found.

4.4 The Proposed System for Iragi Construction Organizations

The final goal of the study is to develop the final configuration of the proposed system that best fits
the construction companies in the construction sector and to solve or reduce as many as possible the
problems, challenges, weaknesses, inefficiencies and inefficacies in the projects. The problem here is
how to incorporate WPMS with the organizational structure of the construction organizations and the
project site teams to develop an integrated system that can manage the construction project
information and communication more effectively and efficiently without conflict of the system with
the rules and laws followed in these organizations. The nature of this incorporation determines the
manner of information flow in the system because the new system provides more methods and
solutions for communicating and managing projects’ information between the employees and project
team members of the organizations without changing the general procedure followed in the
construction organizations.

The organizational structure of most construction organizations consists of the following parts:
Board of directors, Departments, and Sections that branch from the departments. The information
and documents of the projects pass among these parts until they reach the project site teams
throughout the Project Department, which is responsible for managing, controlling and monitoring
the project processes, activities and execution, and acts as a connector between the organization parts
and the project teams. Most of project information and communication problems happen in the circle
that involves the Project Department and project sites because the actual use and implementation of
the information happen in this circle. Therefore, and because of making changes in this circle is
somewhat easier than making changes in the internal systems of the organizations that are subjected
to stronger and a lot of rules and laws, the system will be developed to manage the processes that
occur in the circle of Project Department and project sites. The benefits of the new system are not
restricted to this circle only, but their effects are reflected on the other parts and the organization
generally since the Project Department of any construction organization plays a key role in its
projects construction and its success is reflected generally on the organization and its reputation.

However, some suggestions are proposed in the system to improve the performance of information
communication among the internal parts of the organizations by connecting them through a local
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area network (LAN) besides the traditional (current) system or procedure followed. The local area
network can give a lot of support to the processes of information and documents communication
among the different parts of the organizations and provide an instant medium for communication and
information exchange among organization employees. In addition, a local server can be used to
support and increase the performance of the local area network by connecting the local server to the
local area network. The local server can be used for storing the information and documents of the
projects centrally to provide the possibility of accessing and retrieving them anytime, Fig. 2
illustrates the final configuration of the proposed system. There are several notes on the figure
mentioned:

1) The phrase “Normal Communications” refers to the traditional methods of
communication such as face-to-face, phone, email, etc.

2) The direct link between the local server and computer and communications
department means that this department has control over the server in terms of
administration and maintenance purposes.

3) The red line refers to limited or restricted and secured access.

The local area network can also be connected to Internet (if required) to provide the project members
or the employees of an organization with the possibility of accessing their computers and the other
machines that are connected to the local area network, and the information and documents that are
stored on the local servers anywhere. As results of the great advances in information and
communication technology, the local area network can be made to provide many features and
benefits that can ease improve and enhance the different processes of information, and
communication in the organizations, for example, the following features can be handled by using the
local area network:

a) Quick or immediate (on-demand) communication and information exchange among
organization members.

b) More effective ways for sharing and transferring information and documents.

c) The possibility of making immediate audio and video communication among organization
members.

d) The possibility of sharing applications and machines among organization members.

e) The local area network can be connected to Internet to provide remote access to the local
area network and the documents and machines and doing the different operations such
transferring files, running applications and connected machines, revising documents,
accessing the personal computers, etc.

f) Reducing the other communication methods such as face-to-face, Mobile Phone, email,
etc., and the movements between the different parts of the organizations.

g) The local area network can be supported by a local server to provide a central and
common repository for the organization information and data.

h) The local area network can be connected to other organizations to share information and
other resources, and to make remote training, learning, conferencing, etc. The type of
connection depends on the geographic distance between the connected organizations for
instance the connection may be using Internet, WAN (Wide Area Network), LAN, etc.
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4.5 WPMSs Adoption and Implementation

The process of adopting and implementing WPMS requires following correct and effective
procedure in building and applying this system and to transfer from the current state to the new state
that the system require. A systematic procedure for helping organizations to build, adopt, and
implement system that best satisfies their needs, requirements, and goals is required intensively.
Without following the correct and effective way in choosing and applying the system, it is not
expected to success or continue using the system and achieve the expected benefits and goals.

5. CONCLUSIONS
The conclusions of the study can be illustrated as following:

There are a lot of problems, challenges, weaknesses, inefficiencies, and inefficacies that are
related to project information and communication management in the construction industry in
Irag, which have great impact on project management, execution and completion.

The current performance of project management is not satisfactory, and not agreed with the
current projects that have more challenges, requirements and expectations, and are larger in
number, size and complexity.

Plenty of challenges and problems that intercept the processes of communication and
information exchange among project members.

Plenty of delays, reworks, and downtimes that due to retardation of communicating or
providing information at the right time for project members.

The level of supporting, training, and developing the skills and knowledge of individuals on
using electronic project management techniques and programs is low and does not meet the
ambitious and requirements.

Plenty of time, expenses, and effort are spent on information management and
communications during the construction of projects.

The engineering staffs are not qualified enough with project management.

Unemployment of the new project management methods and techniques makes one of the
most important reasons for low project management performance.

Weakness and ineffectiveness of the processes of collaboration, organization, and
coordination among project members.

The geographic dispersion of construction project and project members’ sites makes one of
challenges facing construction projects and information and communication management.
Weakness of documentation level in projects.

Insufficiency of the authorities given to project members.

Insufficiency of laws and legislations.

The study showed that WPMSs could improve and develop the current performance of
project management through improving and enhancing the processes of information and
communication management. These systems introduce competitive solutions to the problems,
challenges, weaknesses. Inefficiencies and inefficacies related to information and
communication management and project management of the construction projects. The many
and different solutions that these systems offer for construction organizations make one of the
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advantages of these systems. However, understanding the technology is the key for applying
these systems successfully and effectively. Following reasonable procedure from preparation
and adoption to implementation is very important consideration to ensure choosing best
solution based on needs and requirements and to satisfy the goals and expectations
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ABSTRACT

In this paper, the behavior of spliced steel girders under static loading is investigated.

A group of seven steel I-girders were tested experimentally. Two concentrated loads were
applied to each specimen at third points and the load was increased incrementally up to the yield
of the specimen. Two types of splices were considered; the bearing type and the friction-grip
type splices. For comparison, an analytical study was made for the tested girders in which the
finite element analysis program (Abaqus) was used for analysis. It was found that the maximum
test load for spliced girders with bearing type splices was in the range of (34%) to (67%) of the
maximum test load for the reference girder. For girders spliced by using friction-grip type
splices, the maximum test load was in the range of (90%) to (99%) of the maximum test load for
the reference girder. The analytical results show a good agreement with the experimental results
with a difference in maximum deflection at midspan was not more than (15%) at maximum load
for all girders.

Key words: bolted splices, bearing type splices, friction-grip type splices, finite element
modeling.
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1. INTRODUCTION

Rolled beams or plate girders are often spliced for several reasons, such as: (a) the required full
length of beam or girder may be greater than the standard length, (b) to overcome length
limitations of structural components as a result of fabrication, and transportation facilities, and
(c) the design may require a change in the cross section of the beam. Fig. 1 shows a typical
bolted splice in a steel girder.

Splices in beams and girders are generally classified into two types:1)Shop splices and 2)
Field splices. Shop splices are made during the fabrication of the member in the shop. They are
usually used when the length of a structural component forming a beam or a girder is limited by
the fabrication or handling process available. Field splices are necessary when a steel girder
becomes too long to be transported in one piece from the shop to the construction site. Two types
of bolted splices are commonly in use for girders and they are as follows: (a) web-flange splices
which is the more commonly used and (b) end-plate splices. Both types are shown in Fig. 2. The
main difference between these two types of splices is the type of forces to which the bolts are
subjected. The bolts in the web- flange splices are subjected to shear forces only, whereas the
bolts in the end- plate splices are subjected to combined axial and shear forces.

At present, different design procedures are followed for web- flange splices. For example,
Fuisher, and Struik,1974 assumed that the web splice transfer all the shear force and the flange
splice must resist the force (M/d). The bolts in the web splice are assumed to be designed for the
eccentric shear force (v) with an eccentricity (e) equal to the distance between the centroid of
the fastener group on each side of the splice (see Fig. 3)

The AISC,2005 specifications require that bolted beam or girder splices should be
designed to resist the most unfavorable combination of shear and moment at the location of
splice. However, it does not provide insight into how the eccentric effect of the shear force
should be accounted for in the design of a web splice or how the moment at the section should be
proportioned between web splice and the flange splices

The BS-5950, 1987 specifications recommend that the splices in beams should be designed to
transmit all the forces and moments in the member at that point and have adequate stiffness. The
AASHTO, 2002 specifications require that the web splices be designed for the shear force,
moment due to the eccentricity of the shear force, and the portion of the design moment resisted
by the web. Flange splices according to AASHTO, 2002 specifications should be designed for
the moment portion not resisted by the web. Based on one of the previous design methods and
depending on the required joint (splice) performance, friction- type as well as bearing type joint
splices can be used

2. EXPERIMENTAL PROGRAM

Each test specimen was placed in a test rig and simply supported as shown in Fig. 4. The load
was applied by a hydraulic jack with (115 kN) capacity and distributed equally by a rigid steel
beam to the specimen third points. Seven test specimens (one intact girder and the others were
spliced at different locations) were manufactured and used in the experimental investigation.
Each test specimen has a total length of (2.453 m) and a clear span of (2.403m). The cross-
section dimensions and the details of splice for the test girders are given in Fig. 5. The
independent variables for the test specimens are: a) location of splice, b) connection type for the
splice, and ¢) number of splices along the girder span. The splices were designed according to
AASHTO, 2002 specifications. M10 grade 8.8 high strength bolts were used for both types of
splices for all spliced steel girders used in the experimental program. The bolt holes were drilled
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with a diameter of (11mm). Washers were used under both the bolt head and nut. The bolts were
installed in accordance to the specifications of RCSC, 2004 Research Council on Structural
Splices) for structural joints using high strength bolts.

In bearing type connection, the bolts were tightened to the snug-tight condition to bring
the connection plies into firm contact. . Ordinary spanner was used to attain the snug-tight
condition. The axial bolt strain caused by the snug-tight condition was measured and it was
found to be in the range [467-500] (micro strain).

In friction type splices, the bolts were torqued (by using a digital torque meter) until the
minimum required pretension force was reached. The minimum required pretension is equal to
(70%) of the specified minimum tensile strength as specified by RCSC, 2004. For each bolt, the
torque was applied by a digital torque-meter (Snap-On model, made in USA) and the resulting
axial strain in the bolt was measured by using the KFG-2N-120-C1-11L12MR (made in Japan
for Omega Engineering) type strain gage which was bonded to the non-threaded part of the bolt
shank. The pre-wired strain gage was (2mm) gage length, (1200) resistance, (2.1) gage factor
and it was bonded to the bolt surface by using SG401 instance adhesive which was specially
used for the strain gage type. It was found that the required torque for flange bolts was (97 N.m)
to reach the minimum required pretension force. For web bolts, the required torque was (86
N.m). For each specimen, the load was applied incrementally up to the maximum load which is
equal to or greater than the yield load of the girder (Pmax=Py). The maximum load (Pmax) was
assumed to be reached when the girder deflection was increasing in a non-proportional way with
load. Details of the test specimen are shown in Fig. 6.

3. TEST RESULTS AND DISCUSSION

The test results are given in Table 1 and Figs. 7 to 12 show the load-deflection curves for the
girders. The splice locations are as stated below each figure. It can be seen from the results that
the maximum load for the spliced girders (G1lbs (mid), G2bs (third)) is less than (55% Pmax) for
the reference girder (RGs). This is attitude to the small clamping force between the connected
plies for bearing type connection used in the girders, and also due to the existence of (1mm) gap
between the bolt shank and the hole, and the location of the splice. Hence, a relatively smaller
applied load is enough to cause sliding between the connected plies and consequently the load-
deflection curve is to be diverge from that of the reference girder. Fig. 7 shows that when
(26.63%) of the maximum applied load for the reference girder was applied to the spliced girder
(G1bs(mid)), the midspan deflection will be equal to the deflection of the reference girder at
maximum load. This ratio was found to be (26.47%) for (G2bs (third)) (Fig. 9) and (49%) for
(G1lbs(third)) (Fig. 8).

For girders (G1fs (mid), G1fs (third) and G2fs (third)) the load-deflection curves for both
midspan and third point are identical with those for reference girder to a large extent up to a load
ratios equal to (69.38%, 68.44% and 71.76%) (of max applied load for reference girder (RGs))
for the three girders respectively. It is clear that the deflection of spliced steel girders using the
friction-grip type splices is almost identical to that of the reference girder at a load ratio that
produces the allowable bending stress state (i.e. Paiw.=0.55Py) or (e,;3=0.55¢,)as specified by

AASHTO, 2002 specifications. In other words, the load-deflections curves for girders spliced by
using friction-grip type splices are identical to that of the reference girder up to a load greater
than that required to produce the allowable bending stress in the reference girder.
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4. ANALYTICAL APPROACH

A three-dimensional finite element model for a spliced steel girder was developed in order to
analyze the girders under static loads. Because of complexity of the model simulation, the
starting point for the model was a simple plate with a bolt bearing against a hole .The model was
then developed to form a single lap joint. Finally, the real spliced steel girder including the I-
girder, cover plates and bolts were assembled and modeled as shown in Fig. 13which is a model
example. All the parts of the model were modeled using the 8-node continuum three dimensional
brick element (C3D8R) with reduced order integration available in Abaqus. This element has
the capability of representing large deformation, geometric and material non-linearities.

The surface -to-surface contact with small sliding was considered for all the contact interactions
in the model which assumed relatively small sliding, but could undergo arbitrary rotation of the
bodies. The master surfaces in the contact pairs represent the bolt shank, girder flange, girder
web, and the surfaces of the cover plates contacting the bolt head and the nut, whereas the
surfaces interacting the master surfaces were considered as slave surfaces. The tangential contact
interaction between the bolt head-(flanges/web) cover plates, nut-(flanges/web) cover plates, and
(flanges/web) cover plates-(girder flanges/girder web) was modeled by using penalty friction
formulation with mean friction coefficient of (0.3),Kulak, et al, 2001.

5. NUMERICAL ANALYSIS RESULTS

The Load versus deflection curves obtained from the finite element analysis are presented and
compared with the experimental load-deflection curves as shown in Figs. (18 -24). In general, it
can be noted from the plots that the finite element results are close to the experimental test
results throughout the entire range of behavior . The summary of comparison between the
numerical and experimental results is presented in Table 2. It can be seen that the (num./ exp.)
deflection ratios at the maximum test load for the girders are in the ranges of (0.88-1.15) and
(0.88-1.09) at midspan and third point respectively. This variation in results is mainly attributed
to the nonlinear behavior of the splice which depends on several variables such as: contact
conditions between the splice components; variation of pretension forces in the bolts and
coefficient of friction between the splice components which cannot be modeled exactly by any
numerical analysis technique.

6. CONCLUSIONS

1. For girders having bearing type splices at midspan, or at third point or at two third points,
the maximum test loads were (43.53%), (67.06%), and (34.12%) of that for the reference
girder respectively. Also, it was found that the maximum load for the same girders spliced
by using friction- grip type splices was (98.82%),(99.76%), and (90.58%) of that for the
reference girder. This indicates the importance of using friction-grip type splices.

2. It was found that when (26.63%) of the maximum test load for the reference girder was
applied to the girder having bearing type splice at midspan, the resulting midspan
deflection will be equal to the midspan deflection of the reference girder at maximum test

load. This ratio was found to be (49%) and (26.47%) for girders having bearing type
splice at third point or at two third points respectively.

3. For girders having friction-grip type splices at midspan, or at third point or at two third
points, it was found that the load-deflection curves were almost identical with that for the
reference girder up to a load equal to (69.38%), (68.44%), and (71.76%) of the maximum
test load for the reference girder respectively.
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4. The results obtained by using the finite element analysis method using Abaqus. were
found to be in a very good agreement with the experimental results with a difference in
maximum deflection at yield load not more than (15%) for all the tested girders.

5. From the FE analysis, it was found that the moment carried by the web splice plates for
girders spliced by using bearing type splices was found to be (0.365) to (0.431) times the
total moment at splice centerline up to the elastic load level. At maximum test load, this
moment ratio was found to be (0.312) to (0.487).

For girders spliced by using friction-grip type splices, the ratio of the moment carried by
the web splice plates was (0.09) to (0.21) times the total moment at elastic range. At
maximum test load, this moment ratio was (0.20) to (0.22) of the total moment.

6. From the FE analysis, it was found that the shear force carried by the web splice plates at
elastic range was (0.369) to (0.385) times the total shear at splice centerline for girders
spliced by using bearing type splices. At maximum test load, this shear value was (0.101)
to (0.123) times the total shear.

For girders spliced by using friction-grip type splices, the ratio of shear force carried by
the web splice plates was (0.386) to (0.410) times the total shear at elastic range. At
maximum test load, this shear force was (0.279) to (0.298) times the total shear.
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m m (Bearing Type Splices)

(9)]

< Il G2bs(third) Two Splice at Third Points | 13.94 28.55 27.57 _ _ _ _
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. m (Bearing Type Splices)
m = G1fs(mid) One Splice at Midspan | 40.37 26.80 21.38 8.73 1.018 7.90 1.030
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(Friction Type Splices)
9 G1fs(third) One Splice at Third Point | 40.75 22.82 22.86 8.76 1.021 8.00 1.043
3 (Friction Type Splices)
£
> G2fs(third) Two Splice at Third Points | 37.00 25.75 26.07 8.28 0.965 7.45 0.971
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(*) ratio of deflection value to that of reference girder(RGs)

(*) this value is at a load of (P=22.59 kN)

(") which represents (0.55 Prma)of the reference girder (RGs)
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Table 2. Comparison between experimental and numerical analysis results.

Experimental Numerical
SPecimen | max. - Test| . A A e
Load Py (kN) | 2(MM) (mm) oy | ey | oy | i)
RGs 40.85 16.69 14.20 16.23 | 0.97 13.82 | 0.97
G1bs(mid) 17.78 22.78 16.84 24.91 | 1.09 17.89 | 1.06
Glbs(third) 22.59 19.63 23.27 20.53 | 1.05 22.98 | 0.98
G2bs(third) 13.94 28.55 27.57 24.98 | 0.88 24.30 | 0.88
G1fs(mid) 40.37 26.80 21.38 27.11 | 1.01 21.92 |1.02
G1fs(third) 40.46 22.40 22.46 25.10 | 112 24.60 | 1.09
G2fs(third) 37.00 25.75 26.07 29.63 | 1.15 27.83 | 1.07

(*) (numerical / experimental) deflection ratio.
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Stiff Steel Beam

Figure 4. General view of static test setup.
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Figure 5. Details and dimensions of a bolted splice
used in the experimental investigation.
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Figure 6. Details of the test specimens.
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Figure 11. Load-deflection curves at midspan for RGs and G1fs(third).
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ABSTRACT

Ultrasonic extraction is an inexpensive, simple and efficient alternative to conventional
extraction techniques, as compared with other novel extraction techniques such as microwave-
assisted extraction & supercritical fluid extraction techniques, the ultrasound apparatus is cheaper
and its operation is easier. Ultrasound assisted extraction has risen rapidly in the latest decade, and
for most applications it has proven to be effective compared to traditional extraction techniques. In
this paper, a method of ultrasonic-assisted extraction was used to extract Inulin from tubers of
Jerusalem artichoke, which have been reported to have several medicinal properties and uses. Inulin
is a storage carbohydrate found in many plants especially in chicory root, Jerusalem artichoke and
dahlia tuber. In this study, the effect of time, temperature, pH and solid to liquid ratio on Inulin
extraction from Jerusalem artichoke tubers by using ulirasonic water bath. The highest yield of
Inulin were investigated from Jerusalem artichoke tuber was (99.47%) at temperature of 70°C,
pH=7, 60 min and ratio of solid to solvent was (10gm/100ml). Then, The UV detector by
colorimetric method with vanillin—sulfuric acid was used for the quantification of Inulin.

Key words: jerusalem artichoke, extraction conditions, inulin, ultrasonic bath.
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1. INTRODUCTION

Inulin is a polysaccharide found in more than 30,000 species, which composed of a chain of
fructose units with a terminal glucose unit, Toneli, et al., 2008 and Costa, et al., 2013. It is a natural
carbohydrate source found mainly in roots and tubers of many plants, such as chicory artichoke
(Cynara scolymnus L.), viper’s grass (Scorzonera hispanica L.), and Jerusalem artichoke (Helianthus
tuberosus L.) , and has been reported to have an Inulin content of 14-19% (wet weight) , Saengkanuk,
et al., 2011, and Abou Arab, et al., 2011. Inulin is increasingly used in processed foods for its
unusually adaptable characteristics. It can be used to replace sugar, fat and flour. The Inulin has
minimal increasing impact on blood sugar and is not insulemic. Therefore, it is suitable for diabetics
and potentially helpful in managing blood sugar-related illnesses, Panchev, et al., 2011. Inulin is
particularly suitable for fat replacement in low fat or fat free products, such as chocolate, confectionery,
cheese and ice cream dressing, because it has a fat creamy form, gelling capacity and good body,
texture and mouthfeel, Nogueira, et al., 2007. In addition, Inulin has health-promoting properties such
as prebiotic activity, enhancement of calcium absorption, and weight control through the promotion of
satiety, Ripoll, et al., 2010. Inulin is water soluble, which depends on the temperature. At 10°C its
solubility is about 6% where as at 90°C it is about 35 % , Winarti, et al., 2011, Leite, et al., 2004 and
Gaafar, et al., 2010. From various extraction methods used to separate the active principles from
plants tissues, e.g. solvent extraction, steam extraction, supercritical fluid extraction, pressurized liquid
extraction, ultrasound-assisted extraction, micro wave assisted extraction etc., Conventional extraction
with hot solvent under stirring and ultrasound-assisted extraction are the most common techniques to
obtain Inulin. Extraction yield and quality of Inulin are depending on the extraction technique,
temperature and pH of extraction medium, operating time and solid/solvent ratio, Dobre, et al., 2010.
There are many demands on new extraction techniques with shortened extraction time, reduced organic
solvent consumption and efficient extraction of target components in plant matrixes. Recently, there
have been numerous reports on the application of high intensity or power ultrasound in the extraction
of various photochemical such as alkaloids, flavonoids, polysaccharides, proteins and essential oils
from various parts of plant and plant seeds, Firdaus, et al., 2010. It has been successfully applied in the
static mode for extraction of formaldehyde from cosmetics and shiitake mushroom, Chen, et al., 2008.
Ultrasound assisted extraction depends on the destructive effects of ultrasonic waves. The possible
advantages of ultrasound in extraction are intensification in mass transfer, cell disruption, enhanced
penetration and capillary effects, abdul razak, 2009 and Glibowski, and Bukowska, 2011. Ultrasound
can be considered as a useful alternative for solid sample pretreatment because the energy imparted
facilitates and accelerates some steps, such as dissolution, fusion, and leaching, among others, Jalbani,
et al.,, 2006. Ultrasound extraction has two main principles that constitute its advantage over other
leaching techniques. These are cavitation phenomena and the mechanical mixing effect, both of which
increase the extraction efficiency and reduce the extraction time, Ince, et al., 2013. Ultrasound-assisted
leaching is an expeditious, inexpensive and efficient alternative to conventional extraction techniques
and, in some cases, even to supercritical fluid and microwave-assisted extraction, Li, and Zhou, 2008.
Ultrasonication is a potential alternative technology: this is the application of high-intensity, high-
frequency sound waves and their interaction with material. The propagation and interaction of sound
waves alters the physical and chemical properties of materials that are subjected to ultrasound. High-
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intensity ultrasonication can accelerate heat and mass transport in a variety of food process operations
and has been successfully used to improve drying, mixing, homogenization and extraction, Li, et al.,
2004. Ultrasound-assisted extraction has been proven to significantly decreased extraction time and
increased extraction yields in many vegetables materials, Plaza, et al., 2008. Is this study, this
technique is used for the extraction of Inulin from Jerusalem artichoke tubers and the important
parameters such as temperature, pH and ratio solid to liquid are studied.

2.EXPERIMENTAL

2.1 Material

Sodium hydroxide (Reachim 98%), hydrochloric acid 35.4% (1.18) (AR), vanillin (4-hydroxyl-3
methoxybenzal dehyde) (BHD), concentrated sulfuric acid (98%), standerd Inulin (Sigma Aldrich),
deionized water , Jerusalem artichoke tubers (Helianthus tuberosus) were purchased from a commercial
market in Baghdad, Iraq .

2.2 Equipment

Ultrasonic heater bath (Grant Laboratories Ltd F5200b , 240 wvolt, 15 Amp) as shown in Fig.1,
thermometer, pH meter (CRISON, made in EU), hot plate magnetic stirrer (Model L-81), digital
balance (KERN(ABS)), volumetric flask (150 ml), filter paper, UV- visible spectrophotometer (Model
80 D, made in UK).

2.3 Procedures

The samples of Jerusalem artichoke tubers were cleaned with tap water to remove sand and other
undesirable materials. Cleaned tubers were peeled and cut into small pieces and used immediately. An
extractor equipped with an ultrasonic water bath transducer working at 20 kHz frequency with
amplitude, range and sample temperature being monitored up to 70°C. Ten grams of previously
prepared tubers were used for extraction in 100 ml of deionized water heated to (30,50,70°C) by
magnetic stirrer in a 150 ml conical flask then placed into the ultrasound assisted extractors at room
temperature. The ultrasonic bath were filled with water and heated to the temperatures required then the
conical flask containing the mixture was submerged in the ultrasonic water bath and samples were
taken periodically each 10 min for 1 hour, then extract filtered through filter paper and in refrigerator
stored for further analysis using UV/Vis spectrophotometer.

2.4 The standard curve

The standard curve was done by preparing stock solution using vanillin, in presence of concentrated
sulfuric acid, forms with Inulin a deep red color. The colorimetric method with vanillin— sulfuric acid is
used for the quantification of Inulin, Dobre, et al., 2008. This has been reported to be a simple, quick
and accurate method. 1.52 gm. Vanillin was dissolved in 200 ml of sulfuric acid then 4 ml of this
solution was added to 4 ml of extracted samples. Inulin standard stock of solution (1000 ppm) was
prepared. (20, 50, 100,150, 200 ppm) different concentrators were prepared. The protocol requires that
the colorimetric reaction is done for 15 min to obtain maximum color development; complex that yields
a characteristic adsorption spectrum with a peek at 520 nm. The absorbance will be scan using UV/Vis
spectrophotometer in the range of 200-700 nm. The absorbance at Vis 520 nm will be determined with
a glass cell of 1 cm. Standard curve was drawn by measuring the absorbance of the samples containing
Inulin standard is shown in Fig.2 and the Chemical structure of inulin compounds is shown in Fig. 3.
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3. RESULTS and DISCUSSIONS

3.1 Effect of temperature

The effect of ultrasonic duration at selected temperature on the recovery of Inulin from the tubers of
Jerusalem artichoke is shown in Fig. 4. Results illustrated that the ultrasonic extraction was more
efficient in obtaining Inulin by hot water extraction. The recovery rate was found to increase gradually
during the first 40 minutes of experiences time then reached a constant value until 60 min. In contrast,
the recovery rates of Inulin at 30°C was found to be (Inulin < 800 mg/ml) whereas at 50°C was 1220
mg/ml which corresponds to an extraction efficiency of (64.2%).the highest recovery rate of 1859.91
mg/ml corresponding to extraction efficiency (97.89%) of Inulin was obtained at 70°C after 40 min.
then, increased to (99.47%) after 60 min. The mechanism of ultrasonic extraction involves two physical
processes: the dissolution of the extracted Inulin near the particle surface (rinsing) and the diffusion of
Inulin to the liquid extract (slow extraction), Yang, et al., 2008. Increasing the ultrasonic time could
enhance these two activities, resulting in a high extraction recovery rate, which might account for the
increase, observed in the recovery rate of Inulin as the treatment time was extended from 40 to 60 min.
At high ultrasonic temperature, the liquid viscosity and density decreased resulting in a more rapid
mass transfer. Furthermore, high ultrasonic temperature can lead to an increase in the number of
cavitations within these tissues and surface contact areas .Thus, application of high ultrasonic
temperature resulted in enhanced extraction efficiency.

. . .of inulin in th !
extraction ef ficiency % = conc.of tnulin In the sample x 100% 1)

conc.of inulin in the Jerusalem artichoke

ml
Inulin content in the Jerusalem artichoke of 19% X wet weight 2)

Conc.of inulin in the Jerusalem artichoke (ﬂ) =

3.2 Effect of Solid to Liquid Ratio
From Fig. 5 it can be seen that the highest extraction rate of Inulin is 1889.93 mg/ml at a solid to liquid
ratio 10 wt/vol %. While a lower value of ratio 20 wt/vol % is 1600 mg/ml. The lowest value of was
obtained 1400mg/ml at 5 wt/vol %.

The reason for the low rates at the latter two concentrations may be that at 5 wt/vol % concentration,
the solute is not sufficient (dilute solution) and that at 20 wt/vol %, the solution is not sufficient. And
there is an optimum concentration in between of 10 wt/vol %.

3.3 Effect of pH

From Fig. 6 it can be seen that the highest extraction rate was obtained at pH equal to 7. It was noted
that for the acidic media of pH = 3 (adding few drops of hydrochloric acid) for the significant decrease
in Inulin recovery rate from tubers while alkaline medium (adding few drops of sodium hydroxide
solution) at pH value of 11, the extraction was more efficient as compared to the acidic extraction. It is
clearly seen that lowest rate of Inulin recovery was exhibited in the acidic extraction media 390 mg/ml
(20.5%) after 60 min; while in the alkaline extraction media the recovery rate was 1422.86 mg/ml
(74.84%) after 60 min. The highest extraction rate at pH = 7 was 1889.93 mg/l after 60 min. These

results are in agreement with previous studies, Glibowski, and Bukowska, 2011.
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3.4 Effect of Extraction Time

From the three figures presented above it can be seen that the extraction rate when used the
ultrasonic water bath increases fast up to 40 minutes, then at slower rate after 40 to 60 minutes. When
compared the best results obtained in these studied of extraction of inulin with extraction of inulin
without using the ultrasonic water bath at the same condition (pH=7 & 10 wt/vol % at 70°C). In Fig. 7
we seen the best extraction rate giving Inulin concentration of 987.52 mg/ml (51.97%) was obtained
without using the ultrasonic water bath at 60 minutes.

4.CONCLUSIONS
Ultrasound method improves extractions of microalgae significantly, with higher efficiency, reduced
extraction times and increased yields, as well as low to moderate costs and negligible added toxicity.
The best extraction rate giving Inulin concentration of 1889.93 mg/ml was obtained when using:

A temperature of 70 °C.

A solid to liquid ratio of 10 gnv/100 ml (10 wt/vol %).
ApH=7.

Operation time of 60 minutes.
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ABSTRACT

Friction stir welding (FSW) of Tee-joints is obtained by inserting a specially designed rotating pin into
the clamped blanks, through top plate (skin) to bottom plate (stringer), and then moving it along the
joint, limiting the contact between the tool shoulder and the skin. The present work aims to investigate
the defects occur for Tee-joint of an Aluminum alloy (Al 5456) with dimensions (180mm x 70mm) for
the skin plate, (180mm x 30mm) for stringer plate and thickness of (4mm).

The effects of welding parameters such as rotational speed, linear speed, plunging depth, tool
tilting, and die radii of welding fixture on the welding quality of Aluminum Alloy will be studied. Weld
defects had been summarized and studied, and then the best conditions that led to good welds had been
estimated.

Key words: FSW, T-Section, Aluminum 5456, defects analysis, 4mm thickness.
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1. INTRODUCTION

Friction Stir Welding (FSW) is a well-established joining process for welding aluminum and other
low melting temperature metals. The application of this process to steels and stainless steels has
primarily been limited by the availability of suitable tool materials. Friction stir welding was recently
identified by leading aircraft manufactures as "key technology" to replace riveting for fuselage and wing
manufacturing, Thurlby,2009.

FSW of T-joints is obtained by inserting a specially designed rotating pin into the clamped blanks,
and then moving it along the joint. The pin is inserted at a rather small nutting angle, limiting the
contact between the tool shoulder and the blank. As the pin is inserted into the upward sheet (skin), the
blank material undergoes a local backward and forward extrusion process in order to penetrate the
vertical blank (stinger) and to reach the tool shoulder contact, Fratini,et.al.,2005.

Aluminum 5xxx series is the Al-Mg group, it is high strength alloys, (AL5456) is an alloy of
aluminum and magnesium with good strength; it is good for structural use because it is of good
weldability. It is commonly used in the manufacture of high strength welded structures, pressure
vessels, marine applications, and in storage tanks ,Thurlby,2009.

Actually investigating the scientific literature of the last years, very few contributions are found to be
focused on FSW operations of T-joints. Some of the authors carried out fundamental investigations
regarding the mechanical performances of the FSW T-joints undergoing bending mechanics in
comparison to traditionally welded T-parts and the study of corrosion resistance of FSW T-joints.
Colligan,2009, Investigated two new techniques for visualizing material flow patterns in friction stir
welds are presented. Based on measured results in welds of 6061 and 7075 aluminum, material
movement within friction stir welds is by either simple extrusion or chaotic mixing. Cederqvist, et. Al.
,2002, carried out an extensive investigation on FSW lap joints. Two materials, Alclad 2024-T3 and Al
7075-T6, sheet materials were commonly joined and used in the aerospace industry. Welding variables
used included welding speed, rotational speed and, of particular importance, and tool dimensions.
Larsson, et. Al.,2000, studied report on microstructural observations and provide information about the
mechanical properties of joints welded using FSW. In a cross-section of a welded joint, the central part
had a shape of a “nugget” (often asymmetrical), in contrast to the well-defined beads of a MIG weld
compared FSW welds with MIG welds and noted that the presence of
the “annual rings” (or onion ring structure) in the FSW weld area which typically consists of concentric
ovals. Adamowski, et. al., 2007, investigated the properties and microstructural changes in friction stir
welds in the aluminum alloy 6082-T6 as a function of varying process parameters. Al-Ani, 2007,
investigated the effect of welding parameters on mechanical properties of welded joints using different
mechanical tests. AL-Joudi, 2009, investigated an attempt to understand the effect of tool pin profile and
rotation diameter on microstractur and mechanical properties of aluminum alloy (2218-T72).
Thurlby,2009, evaluated the effects of high rotation speed friction stir welding (HRS-FSW) on the
microstructure, mechanical, and corrosion properties of aluminum welds.

2. EXPERIMENTAL WORK
2.1 Welded Plates

The plates of Al-alloy 5456A, Tablel. were prepared with the dimensions (180mm x 70mm X
4mm) for the skin and (180mm x 30mm x 4mm) for stringer.
2.2 Welding Fixture

Because the milling machine didn't organize directly to the (FSW), fixture system should be added
to be suitable for the job. Welding fixture consist of two parts, these were manufactured from cast iron,
with base dimensions (135mm x 200mm x 30mm) and side wall dimensions (92mm x 200mm x 30mm) as
shown in Fig.1 and prepared to be suitable with the table of the Milling Machine. Both parts could be fixed.
on the machine table by using three bolts type (M16).

2.3 Welding Tool

A low alloy steel welding tool was manufactured to perform the welding of the Tee-joint
aluminum plates. Welding tool was consists of two geometries, the former called shoulder and the
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second called probe or pin. Tool was manufactured with shoulder of (22mm) diameter; it is the
source of heat input to the welding zone Fig.2.

Pin is the second part of the tool. Two types of tool pin had been tried in this work; first
type was progressive pin, Fig.3. with dimensions of (5mm) diameter for first (4mm) length
starting from shoulder face and (3mm) diameter for last (Lmm) of length. Progressive did not use
because of insufficient ability of stirring; this causes defects in welded joints such as Groove —
Like defect. Conical pin tool, Fig.4 was used with base diameter of (5mm), final diameter of
(3mm) and pin length of (5mm).

A group of welding parameters [(640, 960, and 1200) RPM rotational speed and (60, 90,
and 110) mm/min welding speed] was used with different profiles of welding fixture and tool and
tool tilt angle to study the effect of each parameter on properties and quality of welded joints.

3. TESTS

3.1 Non-Destructive Inspection

3.1.1 Visual inspection:

Perhaps the most straight forward and simplest inspection technique, it is an excellent
means for inspecting surface features including excess flash, galling, shoulder voids and even weld
misalignment. These defects are visible to the naked eye and are attributed to out of family
welding parameters such as excessive travel speed (mm/min), excessive rotational speed (RPM) ,
inadequate plunge force loads, and improper joint tracking. characteristics are, likewise directly
linked to the weld process itself. Primary factors affecting lack of penetration (LOP) during
welding include heat input or material flow and, most importantly, the depth of the FSW pin tool.
3.1.2 Liquid penetrates inspection:

Liquid penetrates inspection is a technique, which can be used to detect defects in a wide
range of components, provided that the defect breaks the surface of the material. The principle of
the technique is that a liquid is drawn by capillary attraction into the defect and, after subsequent
development, any surface -breaking defects may be rendered visible to the human eye, (Yousuf
,2007). Penetrate inspection of the FSW welds have been conducted on the root-side of as welded
condition of the stir welds.
4.Results and Discussion:

4.1 Non-Destructive Inspection Results

4.1.1 Visual examination results:

After conducting (FSW) process and several welded joints were obtained with different
welding parameters, several non-destructive inspection or examination techniques were used to
computation the soundness of welded joints and to complete the destructive tests for the defect free
welded joints. The first technique used was visual examination using a magnifying lens, visual
examination of welded joints was applied in three stages:

1. Visual examination of joint preparation.
2. Visual examination during welding.
3. Visual examination of the finished weld.

Different effected features due to repeated welding experiment cause these defects.

1. Fixture die radii: large die radii cause a large gap between skin and stringer plates appear as a
hole along welding line; the cause of this gap is the metal flow into die radii without additional
metal. When the die radii was been reduced the hole cross section area was reduce. After many
trials of redaction this gap, the best results die radii was obtained (2mm) that led to welded joint
without effected gap but a fine horizontal crack was reside, Fig.5.

2. Tool tilt angle: Tilting angle of the tool by (2 degs.) improved welded joint in two sides:
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» Good surface finish obtained due to improving metal flow, then no excess flash of metal on skin
surface, because of high leading edge and low trailing edge, Fig.6.

» Improving the wavy metal flow between skin and stringer plates that led to remove the
horizontal crack due to improving forging action by forced the metal inside the joint, Fig.7.

3. Welding operating parameters (rotation and travel speed). The range of travel speed was
limited by trying many speeds. When low rotation speed (below 640 R.P.M.) or high travel
speed (above 110 mm/min) was used, the plastic flow of the material would be incomplete
because of inadequate input heat and insufficient metal stirring. In this case many types of
defects were accrue such as kissing bond defect, tunnel-type defect, and groove-like defect,
Acerra et al.,2009.

When high rotation speed or low travel speed was used, surface defects were appearing
due to high input heat Fig.8.

4.1.2 Liquid penetrates inspection (LPI) results:

Liquid penetrate inspection technique has been used to detect any surface defects on weld
root that cannot be detected by visual inspection.

The results of this inspection firstly reveal the defects, which were detected by visual
inspection, and secondly other surface defects, which were not revealed by visual inspection.
Figs.9 — 11.

5. ANALYSIS OF FRICTION STIR WELDING DEFECTS
According to (NDT) results, weld defects can be summarized and analyzed as follows:
5.1 Excess Flash

Shoulder voids and even weld misalignment. These defects are visible to the naked eye and
are attributed to out of family welding parameters such as excessive travel speed (mm/min.),
excessive rotational speed (RPM) , inadequate plunge force loads, and improper joint tracking,
Fig. 12.
5.2 Incomplete Welding

At the beginning of welding line , this defect can be attributed to low heat input in the weld
start and this can be overcome by preheating (using welding tool) in weld beginning (dwell time)
Fig.13.
5.3Tunnel-Type Defect

Defect that occurs when the plastic flow of the material is incomplete, Fig.14 because of
inadequate input heat when the tool rotates at low speed and the welding speed becomes
high,KaijiKyokai ,2010.

5.4 Kissing Bond

Defect that occurs when stirring by the probe tip becomes extremely small. This defect is
difficult to detect by standard non-destructive inspection of incomplete welds in which the
bonding force was extremely small, KaijiKyokai , 2010, Fig.15. According to the weld defect
summary mentioned above, defect free joints can be made by selecting adequate conditions, and
the most important were (rotational speed, welding speed and plunging depth).

5. CONCLUSIONS

According to the results of the present study of Tee-joint FSW process on Al-Alloy (Al
5456) several conclusions can be written as follow:
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There are many types of defects were accrued such as Excess flash, incomplete welding,
tunnel-type defect, and kissing bond. Incomplete welding defect was the mostly appears.
Excess flash defect accurse due to excess plunge depth, this defect can be eliminated when
choosing a suitable plunging depth (0.3 mm).

Incomplete welding defect accurse when low heat input use. This defect can be overcome
by preheating using welding tool in beginning of welding process ( about 30 sec).

Tunnel —Type defect appears due to low heat input. This defect can be overcome by using
low traveling speed or high rotational speed of tool.

Kissing bond defect accurse when stirring becomes extremely small due to high traveling
speed (more than 110 mm/min).

Defect free joints can be made by selecting adequate conditions such as fixture design, tool
profile and tilt angle, and using of proper operation parameters.
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Table 1.Chemical composition of welded plates.
Element Si Fe Cu Mn Mg Cr Ni Zn Ti Al

Quantity % | 0.251 | 0.382 | 0.046 | 0.584 | 0.461 | 0.120 | 0.005 | 0.088 | 0.014 | Balance

Figurel. Sketch of process fixture (one part).

2em
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Figure2. Sketch of welding tool.
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Figure3. Progressive welding tool.

(&) r =4mm (b) r =4mm
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(¢) r=3mm (d) r =2mm

Figureb5. Stages of gap redaction due to reducing die radii.

g B S S
A s <

(b) (2 degs.) tilt angle

VA

(a) Zero-tilt angle

Figure6. Different surfaces due to tilt angle of tool.

-, 3 %;

Figure7.(2 degs.) tilt angle (no defects).

127



Number 10 Volume 20 October - 2014 Journal of Engineering

Figure8. Surface defects due to high input heat.

Figure9. LPI image of (TFS11: 960 RPM ,140mm/min) skin side.

Figurel2. Excess flash. '
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(@ (S.V.) (b) (T.V.)
Figurel3. Incomplete welding at starting point.

Figurelb. Kissing bond defect due to high welding speed (140 mm/min).
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ABSTRACT

Talking about the construction industry, they frequently characterized by risk, where most of the

construction projects involved in the property being fraught with risks and uncertainty, and this is due to the
complexity of the industry and the length of the project, and the large number of parties that have a
relationship with them. The risks in the projects is a reality that can not be neglected or ignored or canceled,
but must be managed properly and so transferred, distributed or transferred, and in any case be required to
avoid the impact (if possible) or reduce the losses caused them to a minimum.

It is noted that the bulk of the claims between the contracting parties arising from those risks where
those claims either extension or compensation or extension and compensation together, causing an increase in
the cost and duration of the project construction and thus exposed the project manager and architect of the cost
problem of building the project within budget and the prescribed period. Recognizes Parties on those claims to
be settled through follow-up and resolution takes time and effort "significant” and which may extend for many
years after the end of the contract, as well as no one can predict the final outcome of this settlement, although
it was in many cases in additional losses to the party who made those Claims believing they 4<a »%s for some
of the losses incurred by the former, and therefore called for the need to conduct a study of the risks that lead
to get these claims and to analyze them in order to identify risks causing compensation claims, as well as
causing claims extension and its impact on construction projects and how departments and actions that can be
taken to avoid or minimize those risk (in addition to the use of methods and modern techniques to predict the
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impact of those risks on the cost of the project, which help control and minimize the impact of those claims in
construction projects). Results showed that risks causing compensation claims, as well as causing claims ot
the most prominent "were errors in guessing, paras created in addition to changes in designs, has also been
reached on a number of actions that would lead to avoid or reduce these risks to as little as possible.
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