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p lu1111i111J, cxccu l. i111J u 1H.l co11 Ll.·ol ll111J a proJ c.:c t:., f rout i uccp l;ion 

l,v {.!<JIIIJ.,J.eLio11, lu a eivc11 Lime, al; u uiveu co,; t:., fol: a 1Jive11 

'-. 
L 

t, tu l 1•1·oduc;l. , aml 1 11 acL:oxclaucc wlt:.h available human ancl 

'J'l11., 111c1 11 .)( \<;t11e11i.' proc.:ec1:.: :.: l,uuld be <.:al'oblc of ..lC.:CCP \:.iug 

l J() l itiJ.l,J. ,• :, I l .<'-1'1 11 . 11 111 ; 11~ n. tl Y :_;l;\J/~C t..l1ut Jll~Y J."Ot;Ull. wl1c11: 

* Ur.l.cJ.11,.d . cc; Lima Le:.: ;Jrc 110 louccr vall<l . 

* 11011 r uc l,,;. ,·i,;1111:<::: 1-1 1111 re" L1. lc 1 • .1 o n :J occur 11iild, t:ot1lll 

.Lil l'.CllC 1: al, I.he 111'111:.1(.lCUICll \:. jJl.'OCC'-1!.l mu:.: t be c)yuaml<.:; i t:.:.i 

1110 :.: I; i1111'ul.·l.;J1ll. t.:o..ll 1:.: no L. u ccc:.::;..lrily 001111,lo t:.iou o.C p.i:ojec t 

'!'he l'l.· luclpal ulm ,;houl<l be to achieve 

Lhu .l.ul.<:11tlcd u l,J cel;ivo:; of Ll,c 1>rojcct in the lie,:;\:. 110,:;:;llile 

\I.Jy uud 111 t;h I.ho l>c:.: t:. vo,:;:.:.lblo l.'O '-IUl t:.. Fle. 1.2 :;how:.: the 

111.>.i 11 ; ,1<; l. i. v .i. l. l c,; of l.l, c d y11;rn1ic eye.le oI the 111;.u1a(.lcmcnt:. 
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1. 2 Oq,~;111,iz.a.l,i 011 a11d co11 l,racL,;: 

'l'l1<:1·,: :11"<! 11u111(:r<>1J:; 41 l.l.,:,:11:Jl.J.vc <:c>r1tr,.ict,1,, .l ;11.c.l orcn11-

J ;,:,l,.l.011;.,.l approachc:; to the <lcsicn ontl construcl:ion o:f q. 

p I:'() .I cc l'.. The pelnclpol cnl;e{!ories include ·t;he :followinu: 

* 'J'rudl.1,lonal ill'f.'roacli 

* 'l'u r11 l«:y ( De:; len- Con:; l:ru<.: t. or De:.. i 1J11- Mn11ni..:o) 

:t: (hmc r-llu.i . . Ldor 

u1,1 p .U.c1J Llou, iJ!ld cuch ha:; developed a cert:o.ln tleerce of 

! J.<.?Xil>l.ll \.y ,!:iO Um t; m;.u,y of t he lmli vitluu.l al terrwti vcs 

The: or(!onizot.lonal ;111<l contructun] 

xc.lu 1,1011:.: oould uo compllcnt:r.rl i n :Jome tratli·tionol 

or :.1 l.111p l.c and clctJ t' J.ll proper mnrwuemcnt 

~ l(!:;. J.. J &. l. •I !.iltuw "'<.11111.d.u!, v .1: ori.:unioo l,ionu and 

f .J.,.11 1 t: i llJ L \, ! I . 

<C.::l- A. II . J1<.) $ fl'I' J 
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2. 1 J.1t1,roduet:Joq 

l'la1111J 11,: and coul,roJ. arc I.he ma j or twJ.u functlou!l of the 

nicle!:. 

of' ;) col 11). Lho mo<> I; cha.llongl11c: 

l.a:;k:; faced l,y l.lt<: "Pro.ice I; Mana(!cmcrsl;''. 

011<:c t.1 oc p t·o f c ,;:; .Lon,d. co11!l l;ruc l;ion 111nnuuol.· hu::i been 

( ;) lC)!iC! JI , v ud even whcrt .r air arnl coutructunl 

l 1{.l1:cc111c:n l. l,;ivc} 111111.cd aJ.l 111t:111uer:; of l,ltc projcc t team and 

od.cra l.cd l.110111 l.<Hrnrd:; tltc owner'::; uoul:;, the tearn wlll still 

l,ho 1110:J I. cltaJ.J.c11u.i.n1.: paJ:t of project ma11a13cme11 t : · 

'l'la J.!.1 c.:11 n ho nclt.Lev<.:d l.,y 1•rov idlui.; tho rc,qu 1 rot! 

Juf"r111;Jl • .i.<rn t.o 011,.;uro l:hc fo l lowiui;: 

~: fldc:qu;Jl.C! n,::011rec:.; ,Ji·c .1val.l.ali.lc ot ·t.ho ri(lhl; rnomeut::i 

*' fld o qua t:,~ l,J.11111 j_,; a.lloweu .ror each !J tu(!c ln l.he pJ.· oce::;n 

uud 1.l>al. u 1. l varlou:1 co111l'o11c:nl·. ;,cl:.l.v.l l:.Le:1 :1l;arl: ut tho 

•Jfll'J:up1:l1 l,c l.Lmc . 

~c:;~- ,\ . 11. 1u:1~11\' 
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S THUCTLflt/\1.. Et4tJ. c,Eri· . 

* Adeq11u l.<: f1111d:; urc, avalJ.abJ.c 1.11 due 

l.o t, :, I. l,w),:<: I .. 

tlmc wlthln tho 

Jtor th.i.:; , a.1..1. p ,JJ: I.J.cj va11J;:; of Lho proj ect; toum will noc tl tho 

J'u 1.1.c:; L u11dcr:;t,111<U111: and co11l:t·ol procc!l!l and all practical 

Loo.l. :1 I.hut <!,HI t,,J [>111, a l, LhcJ.r <.11:;po:..H.1. . 

2. % 1~,1_,Jf!n !..rw [si•: !!!H!!, 1 

.t. L1.l.u nu l111.~ a,u.l <.: 0 11l.J: o.l l.<><>I !• 111;<! 1.1 w llli.l j O l' LwJ.u fuuc tlOll!l 

scrvit11J a 1..1. pacl.lcl.pa11l:!l 111 Lhc project . 

.t. l'.l. u1111 .i.11t~ ;1J.111:; ;1l. l.llc L>C!il; cco1101nl<.: u:;c of t.J\c availul.d.o 

rc:;011 rec:; ( J.al,out" , • ma I.er ial:; a11tl c•1u.ip111c n l;). 

* l'la1111.i.111~ p,·ovldc:, .11ccdcu ual:a Lo c u ::;uro tho fol l owiut: : 

Ad <:<JIJ ;, Lo rc,:sc,u rc:c:: arc ava.l.lalilc al; the rtt.:h l; moment. 

Adcq11al.e t.i 1110 .i.::. a.lloHcd for c,lch ::.ta[Jo in t ho procO!l!l 

and Lt.al, ;tJ.J. va ri.ou:; comp o11c11t activl t;lc::; !l l;ar l; at the 

U t,>l)J.'UJ)J.' J.._ll;o tJ.1110 , 

Adccp.111 1,c fu11d:1 arc avallab.l.c J. 11 dl1c 

Lo La.l \Jud1_.:c I .. 

:+: 1.•,·01.><,r. p L;,111111111 111a ke :1 l.t; po:;:.;J.hlt> Lo ach lcvc t h o 

t;l ,r: prv.ic:c I. l. 11 ;ic.:c:(>rtl,mc;e " l l.11: 

- Quu I.J. l.y l,;; 1:f<e t 

- (.: .l V C II l,j UH.: 

- npt!c:lfJ.c.: cl fu 11 cl!;. 

{C)- :\. ll . 11 u~:t1Y 

G 

.. 1thl11 Liiv 

ttoal!l o:C 
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J 

J :t. Uy,;l.0111 : ; pl. a 11, f lt!. 2.1 , co11:;ldcrc. a11<..l lnter;.ic l; wl·t h: 

- t:.l. J.c n I. n:q1J.l r: c111c11 \,:, 

- l'r.o.J<:c:l. 11 ccd:; 

- Co11t; i:~1cl.ot" cxpcrlc11co 

.I< Mo 1:111 a .l..l y .i. l. .111vc, L vc!:; u.l.J. r•l1~:.-.c!.i ol' t h e p 1·ojec(; , from 

COil l!Ol> l;. • - ...... . Cu111111 i!j!:ilo11l11f! , Jli (!!i , 2 . 2 & 2. 3 . 

• 
l'.l.;.11 111 i 11fi i,.; appll.ctl al; all project n ·tagcn in varyin(Z 

d"1.: rl!C!l oJ de l. a .i. I., ·,Jc pc11tl.ltr(! 011 L.hc ::; 1:at:e ot whlch it iz 

h c.i.11 g cu n : iotl ou l, . For con::;Lructlon wor.lt, it i!l usually 

dlvldc;cl l nl.o prc-Lc11tler, p t"c-contn1cl;, co11:; l:ruction nntl :Jhort 

l,er.111 p J.;, 1111.11111 011 :d . l.c . 

l.o u 11 0:1 t.l 111;.i l.c l>u,:cd 011 l.hc propo,.;cd me t lrod:; of wor ltlnu anc.l 

an c::; l;J.111 u l,c of I.he tJ.mc r.cc1uJ.recJ to carry out t ho work. 

Prognrn1111J11g 11 1; I.Ire prc-l,c11der !Jtugc in u!lually in an ou·tllnc 

f<>rtn Lo <.;ou:;iJui· 011J.y l.110 1> l1 c,1::;l1 1(.! of l.110 u1ilin opori.'tl:.iot1s. 

l,0011 wo11 a11d tlro pro Jee(; l::; co11nit101:ocl mol.·e f ully. Plonnlua, 

l,)11~ !3 t;Jf_!C!, J.uclu,lc,:; l,h e overall labour 

p l a "l. lllil l.c.) t • i 0\. 1, ::clroclu.lo, .. c l, e . Tho 

IC) - I\. II , 111J ~ IIY 
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STJlVCT\.11\.At.... l!::t-10. DErT. 

0 ovcr_·nl.l. p ro f(r.,Jm ,:;lioulc..l 11ot brc..il< the opern'\;ion,:; c..lown 

r~, lJ HJtt!u:;,,l,v,:.ly ,., i. t H.i. 1 1. 1111!1<11110 ,.,1111·•• ;,l I •; J, ;,, . 

cona truc·tion 

!J ,~, ., (.~ () • 
l, il l! l i.l.'-' conbraot 

11. c:,11 l>o c.llvitlcu i11to .tlotoiletl 

• 
!.iU.l>t;:>r.og1:u111~, l~l1t.1l. c ~, ,1 be CU!-iily ir1\..crco1111cct.ctl in a lllol>al 

l' J. a II ll :I. II IJ l' t'O 1.:i: a 111 . 

. . Thc ,;c pe<>(!r..im:.; ,.,bou.ld l>c floxll.J.l.o to allow 

11.i.tiwul, u .l,; r:upl..lou oJ the whole pro(!rom. 

l·h,n t.h .l y ,i1>1. la t. j 11(.! i.:i JU("J!i \.. COIHIUOU. 

Ll l1q;;I, _l.c,nu .i>l.illl'IJ rig 0 11 :; i. Lc: J.,; douc 111 grc utcr tl c taJ.l a11tl ·the 

p1:our_·;J111,; al.. I.Id.!.; '-• t at.:c aro l>roltcn <lowu much f urthor . 

Control 1111l!;L be corr.i.cd out. to maltc plnnnintJ effective, 

;,:1 w i l.lio11 l. c:urll .1: 0 L l' t 1J1111J.111.:, lu:;,;oa ,Jrc much of it,; value. 

J. t mu:; l. 1,o app 1..1.cd l:On t i.11uou:.;ly to updu to the p.lnn:.; 
antl to 

cnal>J.o 1:cco11:d . tl c 1:iJ Lio n of 1-10,:lt ohcod i n I.he lil,lht of whn·t ho:J 

aJ..t·cady l.,.t k c 11 1• I ncr:. 

.t. L t; l,c !J l1111> l c, t;hc olnt :i !l Lo outlluc complex 

.t. l. l; ::hou l.d t,,, ba:icd o u Ul'Lll.'Ul.'Li .al; c pruct;icuJ. informu t;ion. 

er; ~- f\., 11 . 11 1)!i! r1 v 
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* 1 t :;hou.1.<l u:::;c avai.l.al.>lc J:e:::;ource:::; to the utmo:;t. 

:t. .ll, :;J,ould l><: fl.c:>d.hl<:, .i. I. 11,u:;1. he po:.i:;lli.lc to t1.ll;er 

cc.: 1: l.a.i.11 cJ.eme11 t:1 o( t h e plu u wJ.Lhoul; tll:u.-upti11u t he out iro 

-, 
I 

' 1 
J,l l.f.lll. There 11111 :::;t be a reu:ionublc decree of n.lack built 

J. 11 1.o I.he p.l.1111 . 

. t: I. t :;t,ou.l.<l pcov J.do pcopoL• !l tOIIUUrc.Jt; of OX {'lOC ttl \.;..lO ll!i , l,y • 
pr.ov.itll.111.: 1.d c n tU'.icd and <J ua11 tl.tJ.cc.l ml.le :;tonc:i alonu the 

HUY :10 Lha I, c11:1y con l . .1:0.l muy· l.>e c x ercl:;ed. 

1- 'l'o p .i:ov.1.du ;.111 orea1d .zcu ;,ntl cf f ic:.:i.cu t mean:; of mcu:1url.llCJ, 

co.I. l cc 1lJ.11t: , vo r 1.C l' .l.1111 unrl 'l" '"' I. i ry I 11 11 <1.:i ·J;a :rc:O .cc tinf! the 

t h e project with 

~•c.: l1c.:Ut.tlc., CO!.>l:, rC!"iOUl.-cC~' procurc111c11t on<l 

<JLl !LL 1 (.y . 

z- To p r.ovl.dc :11'.:.111dai:d,; 

;,11d :; l:u tu:,. l~xomplc:.i of 

.ln <;.ludo Cl 'M :;cl1cciulc:;; , con trol 1.Ju<lce tn , 

pr.ocu ,:-cmr:11 I. :;c h c duJ.cn, qua l l l;y co11 Lrol :::;pcci:f ico.tion:; o.n<l 

co11::t 1:uc l,lo11 11odd.uu <lt·u11lrq! . 

:J- To l' rov .i.do a11 orea11.lzc d, .:,ccu t·o. ·te anti cl'f icion t mcun:::; o f 

co11vc 1:l.J.11 r: I.ht: dal.;1 J'L·o111 I.h o opot·:.il;io11:; iul;o lnformotlon. 

t(!)- /\. It . lt ( 1S II Y 
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Tho J 11J<H'111ut.iu11 ,;y:1t.c111 :;Jiuuld l>c rouli:;tic 011d :;hould 

:r: f!(:(Jf~ll l7.(); 

;+: 'J' he IIIC ,.lll :; o( L> eo <; o !; :_; itl t.! t h e iu.l;ormut;iou ( n1onua.l., 

C<l lllJ>U l;c..r: , 

* Tho :dt.i.J..l.,; ava.i.J.u b le, a11d 

:t: The value o.C the .l11.Cor111ut.lor1 compared wl th ·the co:; t o.f 

obt.aJ 1d.11H J.1, . 

'1 - 'I'<> t' <!POt: L l.) 11...: l....! \")J:r cc t~ uuc...l 11 t;co:.; 1.t:1r}' .t 1,J:01:n1uL ·lc>u l11 u foro1 

C:lTlCJ o ·t O 

J.cvcl o t: de t.ulJ. 1110:; I; up prop,: lute for tl, c individual 

J. 11 hoOJJ.i.rq ( Hi l;h the pri11cipJ.o:; of mu11ucc111ent l,y 

cx.eepLJ.ou , L11c lol lo1-1lnt.: two objcctJ.ves s houltl L,.., .... tld l!ld! 

!i- To J.dcntiJy ;111d J.,;oJ.utc t h o 1110:;t .importu11l; .ind cri·tical 

i111uL·rn;JU.on tor n clvc11 :.il Luc1t.io n , and to uu l. 
·1 t·. to tj10 

corrcc l~ 1i1:j1tdtJC.L ~ 0 11<.l :1u11or'1j.uor6, 1 .h '1 t i::i , those in a 

P<>!.iJ l,.i <111 I. <> ,11altc lu.!:; l. 11:.;_(; of .i t .. 

1; - To ,le .1.1 vor the l 11 1'ormal;lo11 t,o them 

c<11 1 !l l.c I,! r;\ t. \ t, rt n oc.l <lee l!i iort 11,v llll•l.! :.~<.> 1'.l1a l' • • 

in 

if 

time for 

11CCCU!lOrY, 

con: c c t, 1.vc acU.011 m;iy he 1; altc11 0 11 
t.ho:.,c opc.1:u tio11!l tha·t 

een,,i·at." d I.lie dut,a in I.he I lrc;I; 11lucc. 

i Z 
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l 
l\lt-1 $111\l,IS I Jl'l1Vl~' l l$l'I'\' S'l'ltUC'f lJU.J\L 12t.JO. LlEl'T. 

. I 

.;LJJ. . J~.1,/UUllHU Mlll W.t!IHUL '.[QJJ.L5 · · 

Thero u.t·o many tllf.l'oxcnt; anu.ly·t;l<.:u.l tools untl grOL>hical. 

Locltulqucu .!'or tho pJ.au11ln1J, ,;chetlulintJ untl control. of the 

o pu i:·;.1 l.l<>Jl !.i 1.,1\<t 1:<.!!J<>U t't!<.:!..l . '!'hey r 1111ce .Cro111 ,:d.rnplc chc,clt-ll!!'L 

und hu1: chu1.· \;:;, l;o more compLlcu l,etl ch,.u:t!l, schctlul.cs untl 

ncl.11or·k p.l.un,;, !lhow.l111J ·t;hc in l.o .L·rc.lution of <lif:(crcn-\. 
I _, 

uct;J.v l l;Jcu. 

3. l. Chc<0f-.l.J.st: .J 
Tho cl1<,uk- J..l. :1 l; l :1 proparod ·to :w .,·vn t;hc rcctulr.c<l J.>lll:[>O!JO 

Ull(.I love.l of 1.>lunnlnt! un<l eorrl:rol.. Thin eoul<l l.>e for either 

of the .fo.lloH1utJ: 

:t: Time proure:;,1 

* lJO!l I; 

* CJuu.ll l,y ~. 
Tim t.nvn I. or: clol·.a.U .,; doP<>tHl:; 011 t;h o pc,i:non wl10 will. J.11·t;e1;prol: 

l,lt<: clu 1.u uu<l ·t·.ui<u ·t;hc uppr o1u::i.a l;e tleci!; 1011, this pcr!.lon 111i,y 

vu1 ·y J'r<,n1 l.<>1> 11u111.1t,(<~111t~ul; ·1;0 ·t~ t, c J.nu11cd.J.;.1t~c !Jl.lt>CJ:vJ. :JoJ:!1. 

'!'ho ,10rk,J nocde cl t;o ho pc.r :Co.r.mctl ·1,0 complete o r•ro;lcc·t. 

u .1: n tU. v.i.c.J()d l.11 t;o a uumbcr o.l: ;., c t;l v l t;l.c!.1. 
The activil;iou may 

I I I l I t l L I J •.1""orc.Juncc Hi'l,11 the level of 
JO U .. 0 1;1 . <>i· ( C . l.l .. O( .II , vv 

t1:~- :\.1!. n O~:t-:Y 

2.o 



AlH S lll\t.lS 11 r-1 rv r ; n s 1·ry ~-:Tit ,.,cT LI J~ ;\ t. r::t-JO . uErT. 

pl;.11111.i111J aud co111;,:ol needed. 

The chcck- .1.l.!JI; 11111 )' l; .. ,kc the form o.t' .:, ,:ir,irco<l ,;heel: or o 

~;i111pl (! 1.;.11,I(! ft>CIII. l!°<>e <:;.,<:I, ;1<:t.i.v.il~Y .i. ra 'I.Ile c tieclc-J.i !il;. "Ll,e 

foJ..1.oH.l.nt{ i:J ·to be <l e tcl:mlne<l: 

:t. The durn l;lou noclle<l l;o <.:omplc te l:.bo uc·vi.v i ·ty 

.t. Tho ac \;.l. v .i. l:.i.o!l uocdo<l I,<> bt> comp lo 1:o<l i 111111o <li ,:.-l:o.ly l>e.f' OJ:O 

I.he c;·t;ar·I: o f ·thu nc ~-1 vi ·1:y ; rl'l;o consitic i;u·tlon ( imme<l.Lnt,e 

p1:ecc<lJ.11u uc t.i v.i t;lou ) . 'l'h.i.!l w 111 l'orn1 thfl logic 

nequcncc :f o i· pc.i:-Jor.111J.11g ·t;hc pro.l cc I; nc·t;i vi ti C!l . 

J\lzo dcpc11di11rJ 011 the pur1,>0!Hl o.f ·t;hc chcck- li:J t, the 

fol.l.o~d.1111 IIIOY UC ud<lcd: 

t' 11 11 .l I d.l1•r.1 11111 l,h n d 

* Hc:Jourco!l nee Jed ( lol>our, ma tc.l.' :Lul u m! ...:: •1ulp111nn Ii ) 

:t: l!c>:> h ( ~!.\ t..lrna l.<i 

.t. /\.1..1.ocu t;lon o.r funtl!l 

Gumplc!l o!' check-.U . i1 t; J. !I t:l vt:11 111 t ub.l c: :J. 1 

u:)- 1\ , 11.tlOSMY 



/\ I I I •. 11 , \ I I • I I I I I •.• I 11 •: I t y 
·:ru,11 : r11u,,1. · 1· t 1,1 . ,,1: l'·r. 

Tal,J., :1 . I 
···----- -·-- ·----· 

/\<: I. I v i l.y \Jt11111 I.J l.y ll11 it 1>11 ra l, l 011 Gt.or-t.. ~·111 l!lh 

11,,. 1,c~n1: r·, 1•t.J <11 1 

tlulol l . 

- ···-- - --

I' . t; . 

It. t; . I• OJ I I. I 1111 
. .. ···-----·· 

!, ll11ckl I 11 

:J . ;~ lt \ 11 · (:ltHr' I.!; 

1 •• !.i . 
- -·--- -

4 ll •.J 

; '. ()(1 

-· · - --
110 

I ;: lJ 

I, . !j . 

- :-,-
'" 

J 
rn 

- :, 
"' 

]J11y!I l 'lr111 
--·----- -

t, J - 1 ~~ 

l () ., - l ;! 

- -·-----· - ----· 
'1 111 - 12 

---- -
•I 2 :1- I ;! 

2 I;!~ 

f\ 1, .. 1· (: ht11·l. dtlB{:rl l>o=; ,:,·aphici1lly i , 

or II uni I t1crl11etl c,ollcct..jon of 

/\c l.uul l' J.tHI l\c tur.d. 

:1- L2 (j-12 !J - 12 

., -1 2 17-l.2 1 ·,-12 

LU-U! 22-J.;! r.4-.l:I. 

2·1 - l 2 ,!"l-1% 

:>.!J-J2 I 

l' L"O j cc t.; <:011,, L!l tl 1111 

or UC t...l V .l t • .lo!l, 1.110 

1:c.Hu1•l,1t.ic.,n (>I' wltl<;h rnarlt!l lL!J e nd. 
J\11 uc I.iv 1 t..y J.,:; a ta,; k or 

co11 tr.I.bu l.u!l 

J\ l:yvlcnl IIC {;.l v.l ty 

1101.c,d I 11 11 t,ar d1at·t. for a l>ui ldi n1: proJccL could g .Louul o!l 

·· Fuwoda t.1 c>n ·· 

1, lc,i II co11crc L,c 

Jl 1) l 11J ()l"C:t.; d t:<>tl<.;t'c.! l.t! 

11.iclt fll.t•• 

l!cmqrlw 

lJol(.ly 

.l II tj 1110 . 
JJoluy 

:1l10\ll\ I II l' lU. 

I 

I 

I 
,I 
' I 
' . 

J 



1\1 1 1 •; lll\tl··: 1 1) 11 \' I 11::ll' Y 

:1 . 

(I II JH.>t• i ;•,1,,i1 t.11 l !H:lllc.; o\lltl i 11 de I.all:> oJ 

1li:i1tl'itllllll ;it.l<.: !ll., }~ l t ! . 'J' \./ 0 I) f l.h<.! 010:i \, t.:on1n1011 t;y PC!l wiJ.J. uc 

I\ 1 Vt : I 1. 

'l'yp., l l,l11on1: \.1111<; ;tr:a.Jcd Jor: p .J,;11111.i.111: .f!lt! I ..lJ.fll.:.!.C 

11 r111~r·•1:,::; , :1,::1 11 :c l fc>t ' t' ftJ !<•r: 1. .t. 111~ 

) U I.Ii j :: I.)' p t. ! • l I. .i : i ;1!1!.llllH:d t. J,a t. t.ll u ()I\ 

:tf~l.ivil.y I•· II !1111c t.J 011 o.t Oltl. l H.IUt l ,. 11110. 

'l'li•t 1·,~ft , 1·,,, I, ; 1:l:111uiu1!. 11 () J 
• •• .. 

co1u1,J c t.lou at.. c,1 uy 

'l'hc t,;i,; i c lo nu 

:d 101111 011 f I H. :1. :J. . 

ntudo 

point 

J. !l 

to tho 

Oil I.ho uu r 

l;hc open bur 

I 11 o,11 lu, t. .. "'" ""' I, pro 111·u1111 , n 11 :11·;,I I ,:I hilt' ,I :1 !10motJ.1110,1 

l I; l!J J 11J.tiul.Ly 

it 1:r :1h11dcd .Ln 

UC 1;.l V .l l;y 

Thl:i can be prc!lcn tcd 0 11 tho 

,,1:.11 t,11 ,. :1!; : : 111>\ltl '" ,.,,~ . :l . i~ ll (Jt" c.:. llo I,<: l ,hn 1: l.llc 

.. 
p,-c,,cr, ::, : : , J lJJtc. : L I ()U. J l() t UC.! C<!!1! ll1 l

0 l l Y 

co I 11<: I d c, w 1 l.lt I.he currcn l. repurl.l11t: d n Lc. 0 time fun<.: 1;1011 . 

bar 

wll.lt 1. h (! <~urrcnL uat.c, one ol> toi r1!:i onlY l\ rouult 

11 •• • I\ 11 I 11 1• : 1 I Y 
Z3 

•. 
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"'"' fl!IIA ,.t ·; , n , , v,,:11?;:J'I'" 
!: '1' H\Jt,;'rlJHI\.L 1,;tr..1, l• tr. l"T, 

i11dl•:a1.J.·,,11 <)1' Hl1o l,!1e1· t·l,c ·;-- 1· 1 · 1 ' . , • ~ .,. v .1. ;y i,; uoltlnd or u ltcoc.l of 

,1chrnl11 I" . 

'J'l1c l;ypo J ha1: rc.tloct::; oot.1.vi l,y !Jtutus uccurat:cly only 
' '. 

11f1c11 cu111ulal,J.vo 111:01.tro:1:; la .l.111lood u dli:-cct; linear J unction 

u C Llmo. llo11evci:, lt; l:1 <1u.ll:c l'O:J:1lblc t;hut; t h o uulk of wo1·Jc 

· l n ·th:l ::1 

J.11 LhJ,:; Lypo, 1.ho pl.irrnctl eu111ul11 l; l vo 1>rocro::rn porcontaae 

Ul' O uri I; ton a I; tho OIH1 of each bus.ic time iutcrvol (<loy, 

\l(.U.lt , mon t h , nt:r.. I, Tho (>rogrc:i!I perconto1:10 moy uo 
f\XVl'(l!,i!_i()LI 111 Lonu:; ol' 11hy:;J.c:11.l work COIO!>l O Led, m:111 hour 

UX[ll!llclcd , IIIOIIOY vu.Luo, otc .. Flu. :J. 1 shows typicol 

J•rc::.011 tn Llo11 of Lypo 11 l,ar chur L . 

• t. tiJ 111p le r:ra11hlcn.l prc!lc11 t;a tlo11 r c:;ul ts 1 11 en!ly crenerol 

COlll(>CCIJCfl!.#lOJI. •. 
* c;ood form of co111111u11lcu Llou J.11 Lhc hul.ltll111t l1H.lu:1 Lry wl Lh 

l,uulc uudcr!l L,.111<1 LnH usuu lly :( ouml a I; all l ovels of 

lllflU t .l f_!( ) IIIOtl l;. 

* lloquJ ro l o :,:; rcv.i.!ij~o11 t llltl uptlul;int.: t l.1 0 11 rnoro 

:;ophi,:; l;icut;cd ::;y:; l;c111s. 

IC>- I\ . II. IIO S MY l(, 
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• '\.Ill :.:11.1.:t:-; IJft!•::·:::::1-:·,· 

• I I 
.i j 

I I I i 
I I I - ,1. ' 

I . I I 
: . I . I - I I 

~ :,i I, -fj.i ! -.1, · ;; . - -,-,r, ,-, I I I 

( :Lt111 _ --r ~ - - .: - - - - r. - - - 1-
J 1111 Fe ll , t. l:11..:li A1,1il t,l;,r 

' ' 

.. , 
:; ·• 

... 

... 
" 

(ul fhtlt; or wu, I. scl,r,l11ll',I ' "''" tit, 11,,llt or wurk ,.:1,c:,luh:,1 c:u, ly 

: JiJUftJ .J,3 J\c:livilic:: :;c;l11!dlllt:d VJJ:1 1 IIOlllllllfOIIU WU1hfu;11J::;, 

\
--1 J:uo I I'd, I f.l :udo I A1ull J •••Y _J ' · ~ 

It IU ,lfl :OIJ OU IOU... ,, 

~ lill~:; ;;:;:::. :;:;:;::!! :::: i! :; :;; ;:::;:::: !;!;!!!::;!! :::; S:;;"8:J· !! - .,~hc<tluh:,I 1•• ur.,..-•1 
,:, • . :.:, :.:,: . : ,:,: •. ,. · , · , •. •,• ,•, •, •.·,• ,•,•.·,•.•,· ,•.·,•.·.·.·.·· ----0, 11•!11111 scl1i:1h,lc 

. ._..__... ' ------ ...... --
. - 1 l · I I I . 1---.----

(11) ·ry,n:, II 1'11111 11.,r 

Ca:J ·ry11.: 11 llqotrll111:: r:i~c: '! 

Typu If t,:ir do:11 I~. 

"=~- I\. 11. 110:;11v 



,-=: Tl!tJ C'l'l.llt.\.L 1: t 1tJ , l JEl"I" , 

* l l; J.,i c~;po<.: .i.aJ .. l.y ltc.lpl:uJ. i11 tu1; liu.l. c 11t; early n t:01Je :; 0 £ an 

<11 111 i. 11<.~<~ r. j , 111! u ri<I con!,; l;.,1.·,.1c; t • .i. t,n J>J '<.1 .i<1c t.;. wl1c:r, ! roy,1crt t.. 

,.:ltt.lflt!<JU i.llHl J:ovJ.uJ.011!\ fll.'"C 1..1 :[ u c;I; c>.f J.lJ:c. 

* IJo<:1111,;o of t.l,o.i. t· lJJ:oad 1.1 I a1111 :i.11rJ ,w l;uro, t hoy bocomo very 

.t. 

<!t,1111 t,c.: r;!10111<1 ;1:1 l,l 1<~ r1tJ111l, c! t: <,.( .l.i. 11< 1 r.1 c l.lvlt;i<r:.1 , or l.l t t.t• 

l,nttl.c :lt)qllC..) U C.!(} I oJ! 

varloun :tt:t; i.v .lt • .i.<l!I .i. 11 l,he p r.ojc<:t;. .l:; root cxprc:;:;cd i11 

l,ho d.l.Ufj.l'Ulll. 

* ll; .l. !1 tllflJcult 1.o u:Je J. t Iot· fot·cc1.wtl11a t h e cf..l:cct:; 

l,hu 1, c:hu11{Jcw 111 o pat' l,J.c.:u .lor u<.: 1,l v .ll,y wlll hove vu the 

ovo n1J.J. nchcdu.l.c, or 1ivc11 t o pro.i cc t the pro~L·u:,:. 0£ on 

l 1111!vl<.Ju,i.J. . ;:u.:t..lviLy. 

,. 11. I :1 hi m 1•11(01·11 1 i m I l .r·d "" ;, COii t .J:O I. l;ooJ. . 

L)J:<>t! t: <,nt• <:111:v<.>:• ;11:0 ;.al!><> <:;1 .L.l. o<.I ··!; .. c11J;vou 1..luo ·to J.tc 

111, ,:-; t. <:cn11111C>ra t{.r :15,I, i. c.:n I. nlt\JJ•<?. 'l'I 10 c 1J rvo nl1ows :10111 0 mccl.otlrc 01: 

c..:tJ1uu.f.;1 L.i V<-l L> 1:01.~ 1·<:!\! \ <>11 t.11<1 v<11; t~.i. c: .a .L :ixi :i '11J.al11!J I~ 1~1n1c 0 11 tl10 

hor.l :--:011 l.11 I :,x.i.,:. l ' r·c,1:r.o!.t:, c:u 11 t,c rn<!t1:..,1,1 r.ctJ in 1:crm:; o.f 

q1J1111t.J.t;y aui:vcy:; of wodc 111 place, man -hour expen<.Jctl, money 

cx1><:r1<1C<1 or tlUY ol:!1<!.t.' ruca::;1Jrc wt1lc:f1 1naJtO!.i :;011::;c. 'l'l,l:.; cun be 

. . 



f\ lt·I :---: 11,,,11s , 11·11 v 1:.n:·: t 'I''\' !:Tlt\JCT\)Hi'\1.- f;:N1J. Ut!:rT. 

unit;:; ( L. E. , 
2 

rn , 
3 

ID , 

111 1 ••• ) <>.t' , .,!i u 1><:, .r.<:cn l~Utl<l o.r ·t~t10 c!.1 ~.i.111t, t.<.:<.l t.o tu.l <Juarftl ty ·t:o 

'l'hn ,; Jwpc ol: a 1;ypieul ti - eurve 1: ,::;u.l t;,:i J: rom .i.n t;eer,xt;ine 

Pl"O(tre:.rn per u t1.lt of ·1;inoe in order t,o ob·tain cumu.luti ve 

l l,.(.)J~l.'(!!i!i. (J11 111():; t L•1:ojcc t:.1 , \;end ·t;o !.I tu 1: t;. :,.lowJ.y, 

uu.i..Ld up, l.h~m 1.1.1per off rwur I.he end. /o.itJ. 3. ~ :;/lows ·the 

110 ,:rnal da.i .I y l' 1: ud1Ac,l:.i._011 pu l: t:u 1; 11 und t;Jw c:u111uJ...1 ti vo produc tio11 

i11 ~;J.i.11:; I. t.l.111<.: !.i- c,1rv<,-:. 

Tito p.lu1111cd · 1,1ro1.11:clW curve cun be made from prclimiuary 

<!r; ~.i.1ntt I.~<!~, 1>rcviou::; cx1.,cr lor1<:e, or from properly 11etwork 

,rnu.1.y,;.i.:; i.1!.l w.iJ.l bu <li!;c.:u!lsod .lutor. 

(Jneo tho pJ.muic t.l progre!.l!.l .i,; plot tot.I, it: can be compared 

i,J. l.)1 l.J10 Ut.!l;\Jtl.l J>J:t> f!t:(!!J!J . .lt lu al!JO pu:;:;iulc l;o niakc 

,,r.<Jj<·?c.;l . .i c,11::; l,uuc,tl 011 -1~1 10 r.i] C'JJ.>C <>:t' ·ttlo itctuul. profJro::.s curvo. 

:;uch 111:0 Joe l;J.01w , ltc)WcJVC e. ,1 Jwuld 110.l: ther. l>o nwdo n or 

J.11 l.(>rprn t.ed wl t;l 1ou t; u l!<>Od uudcr!l tond.i.11(t oI t ;he rcU!.lOll!J .for 
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tilr ll C llJt ill l.:.tlij, I J,tpl, 

(:'J - () I ~ t:.• ~;. c:, ,.1 ,- c e ( :::-_.- '-./' (?. :J . . I. I I L J 

0-l lntr'otluction 

nesource leveling is the process of reducing t~e demand for 

l I ,e re~uurct.? !:i. on lhe vn r-1 ou~ p ,- ojccl d.:ttes by re-schecJul ing the 

no,, - criticaJ activities to suit the ,nini,num resource .... equire,nent. 

Levt?lifl(J ~'lpplil?~ lo ~l l typus of r,rojaoctt; t"lnd is ir,denenc.J~nt 

of the type of networl.o: being used, Common resources t c, t,e 

for l eveling personnel, ,na ter ia 1 , 
consideretl 
fjn -,nc~ , lo l.o:eep cJ nn\.:inds at a n,inin,un,. Also cons trai n t on clny o1 

item!:. should he considered such as I i mi l t->d site 
re15ource 

storage area .... elc. 

I n modern projects, particularly very large ones, the nl?ed 

fur level i 1,y i~ ,nor<? prono,Jncecl than jn sm.:i11er projects 

.J 9re.Jler econon,ic gain in mal.o:ing lhP. adjust 1ner,t. In 
is 

IPrge. 

qui t l? 

large projectG the quantity of resource is often 

C,C,IITIC! 0 r lhe resources may ba l .1r9e ' and 
Fur therrnore I 

expensive to obtain and operate. Contractor's working in more than 

one project 1nily nt!C?d to luvl.?l rasourct.>5 in or"Uc-r to keep "''ith the 
were 

tJernand of ., ... c~, one of theo> e,:;pec:ia lly if 

;a roon() Lhe pro~ccts. Therefore, many attempts have 
distributed 
been 11,ade t o fi11d ~ saliGf~ctory 1n @tho d to level resources. 

A study of.modern operat ions research techniques 
the 

suggests 

problem, 
that linear 

tlue t b lhe big number of variables in the resources of 

programming c:an be applied to solve 

llowever, 

IC )-A.H. lh:isny 
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Ain Shc1n,s Ur1ivcr"Si ly Slruclur~I EHQ. l}epl. 

construction p,.-ojec ts, the use of compu ters will be essential. 

Hand calculations are not feasi ble in most cases to get accurate 

so I u t ions fo r ,..esou ,.-ce allcc~lion and cost optimization . 

Attention has Lurned lo the development of simplified procedure 

tlesignetl to give good ans.,ers «Idle recognizing that the results, 

may not be optimal. 

11,., ,,,,,,,,lilied procctluco con<'i«t<s nf ;i set .of rules-of-thu mb 

Ut?siynetJ lo progre!>~ivcly )c.Jd lllo USC?r" to a fe .::asible so l ution. 

1 l>ere 
these simplified 

solutions : 

~) One sets as its objeclives the minimization of the 

levels, an<..1 the re by the costs, o1 the resource while holding to 

the CPM project duration (Unli mited resource leveling). 

b) The otl,er takes as its objective the minimization of 

ll •P r111r.ition time of the proJecl .,t,ile v.eepiny the resovrce units 

fi11oc:J \LimitPrl re,:;ource allocation). 

0 - 2 Lt!v e 1ir\q t)Ujt1t...li v roG: 

I he rea\,Ulls. l oo· n ::courcll IPVP Iino can be grouped into three 

major categ~ries 

The need to meet the physical limits of a 

resource. F.'o.r. ,example i1 .limited nurnber ,Qf workers or equipments 
First 

levelinQ will assist in reducinQ their daily 
are availahle, 
<.Jemantls so t~al tl,ey cope with the limits . The same thing happens 

when there is limited dally funds. 

IC)-A.H.Ho,.ny 
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Structural Eng. Dept. 

51:'C 011<.I : The need to avoid the day-to-day fluctuations 

in resource demands. The rise and fall in the demand level is 

very undesirable, especially when tile, resource is labor. Hiring 

and releasing of wor.kers on a short-term basis ·is troublesome, 

inefficient, and cost l y. It is not con~uc tive to attracting and 

keeping top-quality workers. There are also·costs that are due to 

work inefficienc ies because new employees need time to learn 

their tasks and even previously employed persons need time to 

re<1djust to the working conditions of a particular job. 

TliirtJ: The need lo m.iinlain an even flow ol application 

.for the resource. This appears when the project employs high-cost 

rQsource uni ts a~ cr"anes , patching pl,o3nts, .. . etc . Such equipment 

sl1ould l.JC? ,·11Jlr. to wor l< continuou~ly ' due to their owner""sl1ip costs 

wl1ich are invoivid even if they stand idle on the Job sit e . 

8-3 T l10 traditional levPlinn gpproa c h 

This approach begins with the addit ion on every project day 

of the resource rates for aach activity scheduled in its early 

~t~,- t scl,edu l~ position . ThoGQ sums ~.-• rallPM t t1R daily resource 

s ums and repr<?sent the demands for lhe resource over· the time 

dural.ion of the project. 

Table ( 0. 1 J shows the early start, early finish, t otal 

f 1 oat , free float, resource rates and the total resources 

required for e;:ith activity in the construc~ion of rc,inforced 

concrete footing di scussed previously. 

I C )-f\.11.tlo,:;ny 
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lie t. Activ i ty Vun,tion ES Eft 'fF FF H.:,ec,urc<: 11e 00~1 re 
tl o . llat<:/day dayo 

1 Move l n 3 ( I 3 (I () 4 12 

2 cxcovution El 3 11 () () 8 64 

3 !'rep. fo r ma 7 3 1 (I 2 2 6 42 

4 Prep. rfLn. 4 3 7 7 7 6 24 

f> Pour P.C . 1 1 1 12 () 0 4 4 

G Set form 2 12 14 O· 0 4 8 

., Set rfLCl. 3 14 17 0 (I 4 12 
- -

e Pn11 1· ·rnnr rt>. tr: l p 18 0 o. 4 4 

To tal - 170 
.. 

., . 

'J'ublc ( U. 1) rt. C. J.ooo·tins 
--------------------------- . . 

a-:s-1 Unlirnit ierl resc,un:ie l ieveling: 

Figure ( 8 , 1) shows the bar c hart a n d the resource leve li ng 

f or the re.in forced concrete foot i ng. Above each ba r i s the 

res o u rce rate o f the activity , As a rule o f t humb in order . to 

keep the same tuta l duration of the p r oj e ct, the l eve li ng of 

r esources is ma de by movi n g t he non-critica! act i vitie s wi t hin 

their 1 loat. The critica l activities have been P.lotted first in ... . 
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Ajn S t1-1111s, Un i ve r r,J t y Struct.ur;.1 E,·.~ . Ce-pt: 

o.rder to qui c kly identify the nc,r,-critical activities witr, 110.;ts 

a& lliey .;re the ones which cou l d be shif ted during l eve li ng . Tne 

da il y resourcu sun1n ~ppe~r i n the li ne EO belo,~ t he bar c ha rt. 

The tot a l o f the d.ai ly re sourc e? sums is l7ci ' resource d.-ys. For a n 

ideal resource level the sums would average !70/ ! 8 = 9.4 resource 
uni ts . the minimum r~s~urce level must b ~ e q ual or 
bigger tha n t he average d~i l y r esource demand ( To t a l resource 

s ums I duratic,n of the prc,Ject) .an~/or the maximum r e source r.;te 

for .ir, ac li vi t y. 

l t i s n o ti ced from figu r e (0 . J) that t he maximum daily 

resource su,r,s, before l eveling , is 20 units ~nd is n~~oed i~ d~ys 

II ' ~. I:, and 7 . J,-, order to reduce this va lue one or both o f 

non- cr itic a l activities must be sh i f ted. Sh ifting activity 3 will 

no t cau se ony reduction Jn the n,a~1mum d~ily resou rce sum in vie~ 

of the fact th.;t t here will s t ill be overlapping betw2er, t r,e 

tl1rpe activities 2, J and~- In t he same t ime s hi ft ing .;ctivJty 4 

~Y le~~ than 7 d~y~ wi ll no t r Rd uce the maximum dai l v resourc~ 

un i ts required . Theref or e , the suit.;ble pos it ion t o give the best 

leveling ~r t ho r<>source •iilhoul e><tent.ling lhe projL'ct durati ::,r,, 

>IOU Id be by shifting activity II seven days . The r esu l ts o f t hl s 

shifting 

sum 1s redu Lwt.l to 14 unitG. 

(0.2) nresontut i on 1 c r resource 

l ~v eling, wh erer il 1;.l1ow$ the bur· cha.rt a nd resoUrce t-.istc.gra n, for 

the same e aample . 

B- 3 -2 Leveling under l irnited r esou rce allocation : 

F igure ("8. ·:}) shows t he bar char t a f ter resource l eve ling ior 

the same example , but und er constraint that. the masimum d~ily 

resourc e i s equal to 12 uni ts . lhis results t hat more leveling i s 

!C)-A.H.Hos11y 
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!11 !Juiltli11g operations, labour and equipments do not work 

6U minutes an hqur. the theoretically computed cycle t i me 

which represents iclE,al conditions, needs to be corrected by 

worki ucr efficiency <lcpendinc; mainly .on 

job condi tions 

rn.unagemen t con<lit,ions 

Job cfflcic11<.:y fc1ctors pei:l,ain ·to t he physical conditions 

of t ile j0b t,1.Jcl! l f 1. 0111 l,y pe of mate rial s to be handled. These 

fact.ors can be classified in t .he followintJ categories: 

1- Si t.e ·topography and i,;orkin(l conditions including working 

space availabl e and factors like depth of cut, distance 

and gxa<les for ma terial movement. 

2- Surface and cli1nate conditions (drainage of surface &ntl 

ground wa t er .... ). 

3- Geology of the area affecting the nature of soil and 

method of excavation. 

'1- r,,,ecifications of the work inclutiing the sequence of con

struction and tes·t.ing procedure (ex . of back fill ... , ) 

The management efficiency f.ictors pertain to stability of 

organi::ational set up and efficiency of operation of staff 

and worlunen. These factors include : 

1 - Personnel who opcrnte the cquip111e11t, their honesty, 

dil igence ancl skill, 

111a11ager11ent. 

as also the incentive plans of 

2- Selection of equipment and its operatioi:. 

3 - Job p l anning, including plant; layout, supervision and 

main te11u11ce of eQ.uipment , , roacl!:i, comrnunications etc . 

. . 



!1r~111 a stud;.~ in US/\ b:.- fr.:>.r1l~ l\.. t!ll-.ril, t he range of ef-· 

1'.icic1u;y f;;,ct.01:,; wer<£: urouped in the fo l lowing m;;,trix 

Management factors 

Job factors Excellent. Good . . Fair 

Excel l ent 0.0'1 0.01 0.76 

Gooc.l 0 . 70 0.75 0.71 

Fair 0.72 0.69 0.65 

Poor 0. G :J 0.61 0.57 

Poor 

0.70 

0.65 

0.60 

0.52 

f'ro111 a !ltu<ly I ol· actual working houri; for wheel and track 
t;;pe equip111ent the follo1:dng efficiency factors were recom

rne 11<lccl : 

Type of equip1i1en t. 

Day operation 

'l'rack type 

Wheel tyJ?e 

Hight operation 

'!'rack type 

Wheel type 

. . . . . 

Working hour 

50 mi n/1,our 

.45 min/hour 

45 min/hour 

40 min/hour 

Efficiency factor 

0.83 

0.75 

0.75 

0.67 

From a study in US/\ on productivity the time ~~tilization in 

a waste waber project for labours wa s as follows : 

Working hours/ Week 40.00 hr. 

Productive hours 1 2.SO 32.0 % 

Lost hOLtr!l were <luc to 

Lack of materials 6.27 15.7 0/ ,. 

Lack of tools 3. 00 9.5 % 

Access to wo'1.-lt 3 . 29 8.2 % 

L2cl~ of.instructions 2.14 5.3 ., ,. 

Waiting inspection 

& Redoing of work 11 .0 0 27.5 0, ,. 
J\u!.c11tecis111 0 . '/0 1.B 0, ,. 

------ - ------
27.20 60.0 ., 
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