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C 2 ABI).R.ABOU. ABO MOSALLAM a: BAOR , 

under ho&b shur~.. : _,..........octlons fAil by !he lbrr.atioa <Jl plasuc "'''iU II 
lhe comel'l of the ~ &:tllowed by )'Ie1dil\j in ,'''' lite! beam. 

The matR ,....... .. ill lli.a tlud)- ~ In. &a..re Jo.dt,!he ddI«bon$ M 
"ariou. loQUON 0fI lh1 11'111 of mabwn,!he llrailol. ~..r""" and~_ 
directION II !he eof",," oflbl 01*l1l\I and 1he noodet 0( £iiIute. 

nc •• ;11 objtcll¥e .r IbiJ ."trI;tlllu ;. til . Iud y upcrioouldy Ille 
Ipt;"UaI Ioulico. oItM .,..., .. 11 reblIYI 10 ",e cnlc. Iii .. .tn •• lou ......... .. 

Hiatlvc 10 Ille uppon o(tbc bu .... 

1- INTRODUCT ION. 

The dcmuod for oo;ono~ effieienl IlruClUfU hu led deJtpm 10 twluo. or 
Ihmillllll !be space belo .... be&m$lI'Id girdcn III Dud<I .... provuIecl &:tor WIiIy PM". 
The usc of wcbOpCllln&I {holes in ,lie venlcal ~ ollheSltd --....).no...!he 
pwoAIc of utili .. ", thrCIup !he \lei .... reduce lhe lOW ~b of roof TIle wuI heoaJu 
of fhe build"" .an bit todur:<'d. raullJna III I "'bsI ......... duellon in "",!erial cosu 
TIle pIUlJ(: bc!uvJ(Jt and lilt,,"'" llrenglb anal,.. for l-«am wil~ teC\&ng1Jllr 
o~runp wach lQy t>e cent.red II mid_19M 0( I. bum .... "" been repOrted (I J usmg 
the lCOO'aI Iheory of pIuIic: ootIap ... The iIkIIizcd IIl'US d lltribubOfl II tltc 
bounUnes of tile bole 1ft iMI .... '--"-..... ,.=' [2.11 A ~oflQllle 
propowh for cklJtn method, .. willi .. "'Pf'I"'II\IaI_81UOftt 1b.1_~1III .... nh 
<JtICnIII, ....... b""" ... ~tecl [ •. 5.t6~ 

'The present piper pre_It !he resuhl of ... ~ "'"",II .. llon 
da.gr>ed 10 IIl1dy lhe bcNYior of ..... '111 "'1IlI-..: .......... web fII*IlIIIl 
Test"" mtthods Ifl 0III1m., buIr! boIIIo .... IS db"it:.d ill dIIai. IIlCI 1lIIfO' 
~ __ ~. Thai ... 1_ cues II:w 1M loc:.auoIo .tIM WOIb oponin8' 
....... _cd h ....... Cate(A). lho pofOIio. ofl"," opera ... it 1ou1ec1 in IhI hiah lnur-
s.".. _1Il10'' "'lion .... lIile caR (0). lhe potIUoo. ofthoo ... opo!IUfIi LI Iocotecl In the 
rqpon of pUlt momenl 

A «Jmplriton ~ ~ ~ r.w!Of tho aated b_ Wlth .. d 
--.., ... opcrill&' II dj",,'Md Tbc ""9"" _Iol po"""," bu been C>lcculod .n 
t.bo H .... "Y SInJCN,.. ..... Applied MedIaIocI Labcntorieo., I! MllIIOUlI 1I""cully 

1- EXPERIMENTAL INVESTIGATION. 
The aim IJorn lili. ertpOrUIOIIII. in. P'_ ;. 10 find tho oplimum Ioc:auon 0( 

itA WIb opa!InI mltrvelO lite hip ___ -'ow _ and the pur8 moment regAIns 
(..a A&.B) II!d (he ope!ll!l potItionI (Uftltic or lOp and bonom ecarnric:) For !he 
silt bMIlII (Uled, 1\00 dilre/lm «lImc optnina Iowiona were uled Ind!he other_. 
_ticop.nlnj locallOM, 

ill both th8 -wi.: opcriIlII IIId the ~ or . lIIiItctI bwnI .... _ 
JIM MClioIIwas used IlIdbot/l t..v. theJllllt _-tIIeu ratIO at thlO9I'ni,.. The 
...... openonp _e ~ cmuIc: IlId _uie "';'b retpec110 Ihe ~triod of !he 
JleotI ICCrion (r".I). Openina oi_ Wete dud wlthl dql.th tqIIll 10 4(M or 11.1'1"'" 
beam depth and llenp ~ 10 ..... ond loal{the openina de;ItlIlt 1100"'1! ill F'" ( 
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2. 1 : Bea m desip. 
The deS>an or llle _n Sled ~mIS followed lhe Egypilin Cochl [71 1I0wever. 

$II>Ce llIe beams wen: 10 ~ kw:Ied 10 f1ilur~ In.. ... llIlI\Ile tuenl'h 6o:sIan methods 
[1,"'1 were ... ~ The openang locaIions. lold ~OnfiglllllllOns. and llIe span IerIalhi ro. 
the beams Ife >hown 1ft fia I Also. in 1!Iis ligute. pall1 of ~1fUI8 tllrreneo II/Id 
bunna pLlles wee ptoVlded for Ihe Ileel ~lIn II !he supporu and II Ihe 1old,I\S ....... 
2.2: Bea m F.briCiriOll. 

The sleel ])o:&ms were I".lfclllsed from • WUcrurallled flClClr)" 10 dt,emwIe the 
mer:1I&NcI1 prope"'''' of Ihe IIHI mAlenal . S,~ spcamau (live< nom web and liIrtot 
!Tom nuac) have ~en liken Ic<end,na to Gttman SpeaficallOrul [I] F,om lhe Itnllit; 
1t$l1 fo. these specimenJ, lilt yield and uki!!lllt Sirena ~ 2 94 and • 08 tlo;ml 
r."'tcllvely Double nil I~lfenerl were welded ,/Idose COIILlQ to llIe web and n.n~ 
of the lleel bums 

E'Shl IM1 dilmew ho la wele drilled lIllie romm oilhe web openangs to 

.ed",ce I I'ell concenUllions (Fia I) The opet\InJI were formed 111<111 • dnuing 
II'IChiM and Ingullr and an:h fila. Grindinl of lllt CUI ",mas was 'e$U1c\ed 10 lIIe 
Slrain I'ael locllionl. The bums ....... e lated 1ft the main Sled frame 1ft IIIe Hu")' 
SINelural Laboralory A p'n Ind •• 0Uer were llsed 10 prOV>de the SUtI9It SOIpponI. 
BOlh lupponl ton",t ofS4 mm dwnetOf ooId rolled bI.s. 

2.3: h lSiNlDtDtlItioa s. 
E"h of Ihe 11K beams wu pro..;ded wilh eI«uK&I .e.IISlaJ1CC strain aages 

pll~ed II lhe comen of the ope!\lnl to n\tUUlt lhe $Ullns in lilt Ionaitucli .... and 
transverse d,re.:bOlU It 1M CO'""tU of the hoIeJ The patS were recessed IS mill fiom 
lhe edaes of lhe opeNIIl 10 aVOid reJPOIlI of Slress ron~nU'l>OJ1 The lIet; SUrfices 
we.e i'oulWl 10 remove lUIa and surfacc imperl"eellons Foil lI,ain sasel with 
ta,lllno;e 120 <>tun ",d 10 mm sa ... len&lh were ... sed. The P8a _re glued 10 Ih~ 
libel II lhe COrneTl Dial 'lies. ar-dlllted ,n 0 01 mill, w~fe ... sed 10 meuure verne" 
dellec1ion 

The loads wac II'plied II two <:ancenlnled l!ads II lhird poinll oflhe span in 
equal VlCtefnenli or (lOll k&) "" ... IIolllal pres"'ft device lill failul. (Fia.2) AI each 
IoI(P 0( l!ad,n" lhe vertICal ddleaion 11 vlr\OUllocllions on 1M spin and Ihe strains 
in !lw: Iongnudinlt .viii lfaII5\Ierse direcllons I ' 1M tomers of lhe opening """" 

,,"""~ 

3 : DISCUSS IONS & ANALYSIS. 

~ordin8 to Ihl! upenmenlll '1!IoOIIs. the behavior of Ih. IUled beanu il 
dilW.J$ed wllh rtlpCCl 10 dell«lIons .. V1nOI.IJ 1000lI'ons. 10ng,Iudinllind lranSverSl: 
lIrlmS at cornell of the opening, fallure loads and IOld-de/lteM"..,d IOld-Slnln 
rdlliw .. llipl. 
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3,1 : SlnillJ at Comus of t~e OpeMq. 

l- 1-1 , Combined S,r.i." ., the corlltn o( the Opell.in" 
Fi.....,.3 II!owI tha diauiOulioA of the _ " :I 1UMlI" the comers '" ,ho 

OPenin& ill 1M" """""'" and bI .. $IIeII ...... __ .qionI (_II.ot.8) rupectiY8ly 
f,um till. IipIR. ILw __ offallw. CIII be '""P'Clecillllrj • .., of the ioIdlnl teSt 

h gn .Ito precIia ,he ~e orlbr __ ofttle pIutK hinps at the ~ orthe 
oPerUnl. for ~ &0lIl eaH (B). ill. t.aII be conc:Wed dial the ~ or 
fbrTnMioII of'- pI&Wc ..... will be at --" l , I, 2.II1II4 .......,..ci • ..". 

AIIoo. h can lit noticed !hat. !he vIIua of!he c:ortIbined IInW ror bWnt (B1U> 
and (BJC) at. hip !!tan tholt ror bamt (81c&:8.0 and «B.u It 8n,) mpKItvdy 
Mor_, the '""peeled modes of faiIw. u. ill sood ... -" wil~ the...oda of 
f.ilura ... ,!\a, ouurred .. tM'alecI bums III shalll'll" rop)l:9 

3-1_2 : Load-Slnin Rtbtiomhlp, 
TIle reblinllS between the. load -' Ioqpw.tinel UId lfallSvene ...... II 

WO>tr1 (1.l.l.t4) of .he ~ ... un fIiIo.n ... ~ III rlp.4a:.s for teSted bwm 

(8x:.Bwl801ll and (BJC,awaa,u ~.d)o 
from 1"",,4, if. .. IIO<IoG<d .1Ia!. tho Ion&ilUcIinal and traOt~eIV 1I. llnll' ,he 

wmm of !he operiliw in CQI: (Al'" Nghly ",ed by Iht pOlibon of,lI& ~ 
(~entrie. 109 or bouom ~y), TIll! sip oro. IUUII at COflIeI' J dllnaed from 
ntgaIMI UI poIIlIYC due 10 tht cboop of !he position oro. opcni", tom centric .0 
IIouom _ n.. ap of the ...... at c:o.merl 1.2 Inc! 4 .... 11 O:OIlJ'Ul' bIi"ook 
ditfer_ ..a/uQ dolt 10 ,he cMnge in lhe openins po.oItlon. Aito , Ihe vaIuaa of JInins. 
""hen: l1li: openina ..... 1 .. lOp _tridty Wert II'\&lIer than tho.. (or othci poJitioftS 
of the ~ (_tne a.411oot ... ", eocerIIriciry) 

m 
__ Fn. r .. S, II .. IIObCfd that. Ih& ~ .. of lhe maim fo. ,he opcr.ir.a in ~u 

,.......,. fell" (cue 8 ). -.e very ImIU &tid CIII be ncs\ec.led 1\1I ratiot of(pIP,-.) 
'UIpIS fico", Q Q 10 Q I). ThtJe ...weI lit .... 1 .tfected by die. pOJition of I"," 0"""",,, 
(callne. lOp Or bottom OCCtatric). Alto, ,he values or the IWns .. tilt comers;' high 
u- -low _ rqioa (gjaA) were hi","," !han tilt corntpOlldina val_ for ,he 
~ ; •• -.- ill PII'" __ (".,., 8) 

l .Z : OdlectioUo 
The IIIOaSIII'cd deilealOlll Ilona 'M IpUl or tilt 'aled btamI!of 4i1f ... .." 

poIItiom 01 die ~ art lIMn ;., ,lbLe (1) and Ill' ""own ill Fia.6 II ia notkecI 
!'rom ,"" 1.tJk II well u lhi, ~gur. the fotlowina 'elllll"b 
( ,) The ....... """" recorded 4dIecUon 110", !.he beam _ IIIIht beam withoenu;r; "'*"" (Bu;) rn __ ..r hi'" a/IuJ"-iow _, ~ (cut A) while !he 

............ fCUlldId deIIcction _ in the bwn witt! top _enuic Clpo:nlna (8)1,) 
in _ ar 1iSh the .. -Iow rn<IlRe"' region .. 

(") The mu.imum ' OUlrded d. Ooo:non aICIna 1M 1Ieam "'" ill UIo beam ..... bouoM 
el;(:erI,nt opcnilll (811) in _ 01 pure _ rqjDoo (ea. 8) .. 1liIe the 
",111"""" recorded ddlection alOIII tile beam .. .., in !he MaIll ... th lop """"tnC 
openina(B6U) in puN! rna ....... ... &ion. 
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Tobit /I) : val...,. 1ft nun. al • IOld ( J~ .5 tlllon~ the 'pon Orth. dirr."nl 

C.,unc"""",,,, S" 1)04 17 " I" Il,,", 761 160 .<, ,., 107 

"7 l6S 11 01 1166 9 6S US lIP IHI 11.4 9.71 

3.2.1 : Ll'Ild· Otflution R t illionsh ip. 
The load deflection CUNU for 1M IUled bums with and without web OpeN ngs 

f..,.. differtflt Opel\lnglOClUOns till failure In! Voo wn tn fip. 7 .. 7b&:g [I II nouced from 
f ill.71 thlt! tM 1O)ad capacity of solid bam {B IS> is boghe. than of pcrio.ated be~ms 
(B1C,BlU.BoL &: B'C.B6U.Bn) The \old ClplClUU of bwns (B5C,/Jw &: B,0 .... 'Ih 
opening ,n pure fTIOment rtglon •• e grellu tun lllose ofbcams (Bzc. Bl u&: B.0 Wllh 
openin] unde.. the combined ICil0n of sJw:1r and moment The recorded deflectIOns II 
diff ••• nl positions (1. 2,l. 4&: S) on 1M span of the testocl beams are given in figl 11.&:8 
From Ih_ f,gurel. it i. IIOticed .111.1 1111: effect of thc Opening on tile deflections of 
beamJ with ope rung m lugh shur-Iow moment region (cue A) is highe' "'an for the 
beam, wIth operung in pure moment region (case 8) 

J.J ; f. ilu re Loads. 
The flilure loadS for bums (BK.BlU&B.0 \\;tn opo rung in high $/\car-low 

momCfl l .eglon and (BSC.B6U &. B7!.) in pure momcm region have: decuued I>y Btlln 
S 3%, 6 I'A &: 76'1', Ind 68%. 2W. &: S.l'Y. thltn ,he failu,e load ofbelm (S tS> 
Wltho.1I openIng .e,pe"iveJy. The mod", of failu ,~ .... e'" ,"" formatIon of rhe pllItoc 
hingu .. !h~ co mer, of rnc opening fo, bum. {B:c.BJlI&:S.U and yieldill8 In the 
~JeJ for beams (B1S.BIC.B6U &: B7L) 

4: CONCLUS IONS. 
From lIIe e><perimenraJ 'C$Uiu of rhe !e. red belms wi r" cenrnc and eccentric Qponing In 

cues of lugh , hear-low moment Ind pure momenr region •. lhe folloWl!lg 
conelusron'I'e d .......... 

The lOP ec«nlric operung in belms wirh hole,,, the optimum pomlon when 
the 0fIC"I"!I il in the IUgh shear-low moment regIon 
2 The c_ ric OpC:lWIg in beAms wLrh hole. is the op,imum position when the 

opaung" in lhe put. mOlTlCnt "'Slon 
J The load capacity ofl beam .... "h operung in pu,e moment .egio n i. g.ea le, Ihln 

the eorrtspO<tdin/: vatue f()f • beam .... ilh opening in combined $htar.mOmenl 
"!I'on 
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4 The vllucs O(,tl1tnl in Ihe longllud,n.ol .nd ".nlverse dl~1ON at the cornell of 

the opening ,n else of be.ms ""Ih ope",ngt ,n pure moment reJlOn ~ very 
5m.1I and c.n be lIl'alecled In tht r.nge of the ",110 (P1P'olIo.J ffom 0 0 to 0 S 

\ The sIr.ins II lhe comeu of lhe ope.-un& on case of be.ms WI,h operun&l ,n tush 
sh.,.,-Io w moment rtgJDn w~ hoghly affected by the pOJlllon of Optlll"i They 
have ILigh lIId dift"emII values for different pOSIllOM of the Ofl-Wn8 (centr>(.. lOP 
&: bono m ectentnC) 

6' The IlW<lmum .ocorded defl«hcH' along lhe beam .... " <II lilt ~Im ,,", h CtntrlC 
OptN'Ii ,n U'" of hi'" .tIeu-low rtKH1"ICfIl region .... hiIe the "" ... mum rfCO,dtd 
defiewon wu In the beam WIIh tOp ecc.cntnc optruna ,n tiM of Iu~ sh.,.r_lo w 
rnotnen •• tg/Oft 

7 The nwn,"um .ecorded ddlec'lDn along lhe be.m .... " 'n the ~m w,th bollom 
e<:Un'nc optfllllJ [n use of "".t moment regoon .... lute tilt m""mum tcc.ordod 
ddkaoon aIo", :be beim WU ,n lhe beam wll"'Op «Unlnc openr", III pure 
marnen. 'rgJOII 

I The failtJ.e load, <ker_ed by "'''IU ITom S l% 10 7 6% and &om 2 1% '0 6 S% 
for ,he "'Sled beams ""th opervn~ in lush shcat·!ow InIMneN IUId pure mometII 

regIons f"'pec"~y lhan thal oflhe tQled beam wtll!oul openana 
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