


Al e g e 303 Y1¢

" gyl S Al 13 Ols il e

" Planning of repetitive projects "

o 055 e ol 2l s ) S Al ols oley el of
Sl sda e By ST LSS OB E ey Ll asLaall CHNCEN R e
23l oy 5, Sl (Activities ) Jles1 5 5l o daiiW) e degant o
— 3, bl oley i = ol bl Gleyie ) a ole gy all ol ald
S W e sy O jlally ¢ A1 o oley ey — SLY ooy 2
S Y e kS s Ls

AU JEL Ol 21 S dadall o3 ol al) b 556 - 5y
s o5 ¥ g b il L g e L 3 L 1) Sl

Of s Wing ¢ oS 1o Wb iy IS ol Il e sie ) g5l Vs s

1@;>ﬁw(°)>+‘w%§%%—“§5b;‘~y%@cljrﬂ‘

'A"JCW\Q\U‘&}@MHM;}’)J:%M\M_\
.-\"\jtlwiﬂib,bjli}_u‘\i}!d}ﬁ)j:‘,.A';‘JJ..!"Y
.Obw\ﬁ\ubﬂiu\\.uwjj!ﬁw\)ﬂt;b).hq—\“
.@Lﬁaﬁ)ﬁﬂubﬁuﬂﬁwﬁ:M\)l\)t,;;'-\.x;% —¢

:@b@ygcuy\dmoi&.
p gl [ oSV Jaasias ) e = WA -

28,0 1o ) ) .3



Al e g e 303 Yo

C oyt | oS V2 Jaas ity gl sy = Il -
.@Lﬂ ZG‘>G/(,S1/2 Joas, gt 10 JL::":C-.’\)‘ -
"Lﬁ“i/gw(VZJM.5A>)J\53)J&;T=WG.\@\ -

HI PR NN PR T QJ:.J» M)‘_»H(\r_,

Sl L bl o W LY 3 e L) o5y oS V2 Wby LY s )

Preparing Excavation Pipe laying Testing Filling
iy g i s ey Sl 25,
1 i 1 > 2 >3 [

pbed AT e g ald n LV S el e Ol S LWL

Q".b-)j\'\ Sde X 8.,'\7-))"\ ;'\.51 u,c) = C_’j&,[\'! u"‘J J§ _,Ub o V,M.s.;}

Lyl €A = 0 X A =
Y ) s s sy OF (o Al 3 oy on ol i of s g Eo
Sl Bk OF S 1M1 e il sy L5V 1 e sV V) Ty

POW e o ey oy A oy 1A o

NEEVSNETRR



Ll cile g a8y Y

da¥ 5»)5'| Al i—» Bi Crl_l—_-pi DI [ Bl

L,

ESCENE]

Wl s g

Ao o= 180y Asf Mg 3 Joall iz A1l 3 el il 0 sy, -
Buo 5> S, By ¢ By & leall iz B, Ll 3 et il O Ly, -
Coo o WSoy Cs ¢ Cy 3 Joall iy € Ll 3 el il O Loy, —
AX T iy . 45\.1;-}_».\.;;&)];\1\;\:,&;33)’ O J sis C)f;_{:._y JuL
C M Iy el _;;;u\.u Bl 0f s Ky G WS &MT EA. =

2 :LJL"J' C)Ua:—}\.&\ e ’C j&l\ \’,A) \.)L\..\>~ V,D/\.C |

2 K
o 1| Jr 2] J2 4 4 7 7 8
1 M 2 3 : 1
2 2 3 4 6 7 10 10 11
1 > 1 2 3 > 1
23 3 4 6 8 10 13 13 14
1 > 1 2 3 M ]

i \;»*Lﬂ\ f;)—,w'y‘ J \;_@,M: VX;\/‘ SJ:-}_H -

o s ool tjwa‘\[\ S P NN

A N e 3 g s ) -

9ok bl 5 ks a3 = Wl Ly sy IS s 00

CAd ods 3D

La) e ab) ) Lo



Al e g e 303 Y1v

DAL A e gt kS e Dl S8 S -
it-,,..-t\,.l\a-,‘l..+\'q’\"-.’-.+{1‘xiJ.:-_,nﬂ,}-tJ’¢J.1J.j
l:-_,,,..iﬁ,ha-n-i—‘n\.-(T"‘h)i—(\”x‘t.}-tjl:,mw:,j
o LSt s e Sy
i n (N ) 348 0 055 30 sl ok

G () TS sae ) X e g e e A L G J b e =
cad g Jaf eUd)
Ea—as ¥ (Sl sue ) X das e A LD 3 e Sl ey =
R R o I T U JRCR R 2, T AW ST S
ddd ey O Bl Earl @iy Ve = sl sie OIS 1 MG
ey

cabulTiom A s YAV = A+ qax T -
.c_.fl.-:‘r.a-o+‘|'---\+‘r+\+‘|+\1-x‘f.'-‘,i
Finish to Start 0,55 dati¥1 sy B OF 4o 61 ods s b 2
skl Jobms Gy oo P B e, OF (T 6 sy JSU sy e il s O
Dk LS 0S Jle

Objective line

to=8 tr= 185

28,0 1o ad) ) .3



addl) dile g pdia 5 0) YA

Tan © = &Y Jidas = ool Joas = 2900 JIo
ol 52 S = (Ol g gV S ) = L s

Rate of finishing = Rate of achieving =R

R=tanf= M-I
it

Sl gl e = N &>
Sa¥ i ) s 5 = o
(N ipiam oo cnj = e
Dl W oyl Ul gl o S L

s bt 1 s o gay ¥V =to 1 D A )
VAL = B adi dis o5 — E allte= A — VA0 =1

wmnn 18179 181 184 185

v

28,0 1o ad) ) .3



addl) dile g pdia 5 0) ARE

Qs adm g s 5 eag 8 =lo: C i =Y
VAV = F— At = Dad s ey =D aclite= VA =1
JaVisam il odos ) g2 Y =t B i -v
WA =Y =AY = C el iis ey — Cuclitr= Ava =T
) L R A
WA=V = Ve =B lis = B alitr= yvA=Tr

S ( A-B-C-D-E ) Jaull 55 ponde 5LEY) Jitas OF JU Vs 3 Jamis
e Y

N1

t—t

~60-1  60-1 60-1 60-1 60-1 59
“185-8 ~ 184-7 181-4 174-2 " 178-1 177

=0.333

AR TP 5 JFUNNS PSP T (P B0 PP R RIS R LA NEPR JARRTS
U3y el ¥ 9 Jadll o 57 i IS g Jadl el Jdee O} Il (S5 s
o G g e n
A g e pr s R s e 0

Ao A e g2 A B ol

A gl A e gp 2 G 1
23 VAS = T X 08+ A s 3 pn DBy f g s O U] (a8 M
.;.-Tl._-L-Lg._jE'l.;.l..:r_’;\:,;hi.hgﬁkd..ﬁj
Bk sdn (3 gay iy Jbl e pa Jaadl s s 3 oSE ol 0) s Sy
Uty e S F oy bmy 5 3 bl S1EY aulad ¥ e gy D
o el @) o Joalt 18 0 36 ikl 5 g2 3 Jles) i O

28,0 1o ad) ) .3



addl) dile g pdia 5 0) YV,

Ly ) Sl amdall s ey il OF YN Jast Wy Jay dadasidl A1
I"”"-rJL _,Al.f;r-jgi.hﬁw_}jlé“'l\jmhbﬁ‘\

N

E 3

A Lh o il s 1 32e

BJ_-,'l;,-i‘-ﬁ-_'n.;An-‘,il}.u-

C il o 5 mell iim J1se

Doy o il il gl 3 /;
i 7777

g Qe e T

rJ._E.T i_i'J'LLlJ Azl -5].1-;4- Ay N ,,,'gf Lo =1.1"!I'| g_]..'Lt.-_, (5 ghmct EL‘.:.L'" e =¥
S Sy fondl pus5 o Actual progress JEY ey adl el
JU o ) 3 Ls” Planned values 4 Jabsd)

/4
A'BCD /// >

28,0 1o ad) ) .3



Al e g e 303 YV

:Ju‘| .r....-).lll o -"h.i.lu" \_113‘)'4.]" u.!-l&e CL‘-.-:.--I -¥

(3,50 g gl stae g saey N
L3
M e ———
n E: ........................................

+Time

L

Ja¥ s I 3 ACtiVity Jnae s e slga) Fabi = Lo
(N o= 30 ) 3 activity Jsae Jos oo slg 5o U = L
objective line 3adl b= |ady; =0
pdl al- ke | i =R =0
JEW o)

I_riﬂl-;.a'l.n.v-,'ul.\# = N
Bled gy Jas g to o ) AL S s Jisae = n

28,0 1o ad) ) .3



il Gle g b)) YVY

(5,54 ¢ o Sl sus ) N

A

L) 4y Las/

LU i b

»Time

D

tto

tr

JsVV - 3 activity o Jes e clesV) b = Lo

(N 5= 50 1 3 activity e Jas o0 sgzY) b=t
objective line Subl b Jos 355 = 0

8l Ol sae

SEW )

=¥yl Jiws =R=0 U

S ol hsus = N

tf=to + —NR_I

to= tf' ..._.__N_'_l__
R

bledl gy b & to Q»j'.‘ JqUA\ 6&,‘\ ol sus =

(1)

Bl ae anb) ) L2



M\ QLQJJA&IA 3J\A! YvYy

e

sl ) S e dall s @l y 2l a3 (activity ) Jes du Sls 071
(L) I ¢ el g L5 3 0k )6 OISy By YO 3 0 O S
PELV LI FRP TRIES A b ok L;},.ﬂ\ Obd 3 o Y Joasy

DU Al e 4l

=t + —T—

=3+ 25b=3 42 =3+ 12= 15 weeks

o (D) a1 ) o (R) BV Jias 8 5 2egl) 3L 2800 Ll
( Number of crews ) Jas)l oibf s

HRS) e

R = Number of crews
D (2)

DOl e
Tan0=R = N-1 —  Number of crews
D

53 o OF o380 g Skl ol 0,50 6 Lol 1 8l 0f G L o
o5 RS a8y By s A Hay (R SEY) Jar 3 gl g2
055 aakdl 2assY 3 Y OV are Of Eom Lozl Oley i S dab
o iy ) Sl dagdal) s Ol y 2l bl die [ by ey dulas sole
Lb ool O et ley 201 ool e jlaeVl (3 oY1 Ve s

Bl e ) ) L3



addl) dile g pdia 5 0) YV

A e thh 055 = acid Gl caadt 3B ) fas U] b 0l S C b
(Ds ) ¢ Duration of B ) B &l o s sbed BY1 Lo Bl th
buffer time “Llisia Jo sl
AL Al S8 T OB A oL 13) oas.
this = tha+ Da

Juduy
o = tfs - N-1
RB
A Jame o 2STB ) Jums 087 13 L il 3 glss G500t ada g
Os = 0a Re = R

A L e BB LS Jaes 0187 31
O =< 0a Re < Ra

P AU e B LS

5

28,0 1o ad) ) .3



Al e g e 303 Yve

et e th 05T 5wkt g Onadl U B ) Jus o) Lo o F (o
(Dsy ( Duration of By B audl (e s slus Y e wls ths

buffer time wl.dloda Je 3l

AL b Sa thh OB A e 13) oas

ths = tfat+ Ds
Juuy
toe =1tfB~ N-1
RB

A 5 Jims p pSTB L Jame 07 13 e @l (3 ghs @5l o

08 > 0a Rs > Ra
A S e BB S Jaes 018 131

08 < 0a Rs <Ra
: L}Lﬂ\ (w,“ 3 LS

N
A B
0A 0B
1 > T
toa toB

28,0 1o ) ) .3



L) e g a5 e

s, Tor oo s Ton 055 o caadl L) Budd L3150 sl o 8 2 o

tOB = tOA + Ds
él) LS s ol VS-‘ Sty

tfr; = tOR + N-1
RB

™ . PN B W £
D Lo ey =B = (P

JOIEFIC B 1 AN

(l =~
¥ (M

Sy e Loy e 82 )l i ) sy S ool i JU (S

S(Y ) Jw
oy YV
11 11 17
11 1 17

3 7
B
7 4 |11
3 8
0 3
C
A >
3 (5 |8
013 |3
3 5
D
912 |11

28,0 1o ) ) .3




Al e g e 303 YVvv

Activity A :
to=3—atr=tat+ —i— =3+31 =34 18=2]
Activity B :

“Re>Ra — trforB=21+4=25

—»to for B=25 — =25 -—3% =13

Activity C :

wRe>Ra —» trforC=214+5=206
—> 1 for C=26--N=1_=26- % _ =17

4

Activity D:

“Ro=Rx —» trforD=21+2=23
—t, forD=3+2=35 Ad D

Activity E:

“*Re<Rec —» trforE=17+3=20

N-1 36
—>t. for B=20+—F—=20+—"73 =132

Activity F:

~Re=Re — F/ E te=26 tr=38

28,0 1o ad) ) .3



Al e g e 303 YVA

Activity A :

N-1

to=3—ptr=to+ —m— =3+

2Ll =34 18=21

2
Activity B :

+Re>Ra — trforB=21+4=25
- _N-1 36

—»to for B=25 - = 25- 3 =13
Activity C :
"."RC>RA —> trforC=21+5=26

—> t, for C=26 -2l = 26— — =17
Activity D:
*Ro=Ra —» trforD=21+2=23

—» t, forD=3+2=5 A/ D

_Activigy E:

“Re<Rc —» trforE=17+3=20
36

—>t; for B =20 +21—=20 +—3 =32

Activity F:

“Re=Re — F/ E to=26 tr=38

28,0 1o ) ) .3



M\ QLQJJ&A 3J\J! yva

P Yy e
1A J.ﬂ_u-.,:._x.p‘ijf:,.J:fl:aji.;,LJ_-.:ll.J._u-‘h' éﬂlwtﬁémlu&,ﬂl
bl
[ |
A
ol [o 131 |-} [ ] [T
Start C D E
[o] [ 1 [2] [3] [2]
B
[6]

gl og o ks JSI RGN Jane e S sk

Activity A B C 8] E
Production rate 3 5 2 3
unit / month ( R )

L

D ghdall
. ¢ 3l Objective chart jl=Y Slams v ) =1

e S F ) W PRRTREY

g
Activity A :
to=3—>tr=to+—l—=3 +-2L=23

Activity B :

N-1
L=6—*tU=t+—g—=6+-21-=18

Activity C :
ﬁ&ngQ‘;JF&MC#JﬁJE;.;-J

28,0 1o ad) ) .3



L) QLQJJA.’MSJM! YA

A& B 351 Jans o JS pr € 51 e 3 lis g U1l
Y Re > Ra & Rc = Ras
Rc = Ra '»L-:-P'JA .5...111-!(24..5'-3.-‘,&:

tf 2 C ol idsy =i 5 Aoy
JAJ R J-‘ - 5-‘-‘]

tr=23+2=25 to=25- —2— =25-12=13
Re=Rp &y B i C i jlas
tr=18+2=20 & L.=6+2=8
p ol B;izﬁh;#gitkt%‘;.ﬁclﬁhj‘;ai{kﬂ}
to=13 & tr=25

Activity D :
C o e sz )il
-+ Ron=Re &0
—t.=13+3=16 & tr=lﬁ+T“=36

Activity E :
D jlel Jdms as E st Juas & L
» Re< Rp
—>tlo=160+2=18 & tr=18 + ﬁlﬁ =78

28,0 1o ad) ) .3



addl) dile g pdia 5 0) YA

61 4 78
| c
| 1 % '\
AB CDE 3 61316 18 -
Ty Ja
Touﬂb;;#tjﬂy\}ilgﬁhﬁm'}'l-#_ﬁ,_:.hjﬁhﬁm\_j;géuﬁﬁﬂl
R
2| |s
F
2]
of |2 2 6 6| |? NERE
A > B - C g D
|z| 4 1 6
2 7
E
5

28,0 1o ad) ) .3



addl) dile g pdia 5 0) YAY

- Rce>Ra & Rc=Rs

Re>Ra comg A il o C ) &
tr oy C ) on sy of s ) s T
tr =23 +2 =25 to=25- —2— -25-12=13
Rc=Re QJB,\;,S\C,C,\;.J\:‘;JL;;,
tr =18+2=20 & te=6+2=8
P08 B STA e e 3 C i of e asTl
=13 & tr=25

Activity D :
C b Je dezny audi Vs
* Ro<Rc
>t =13+3=16 & t=16+—3—=236
Activity E :
D &) Jaws o E 1 i 3 )l
. Re<Robp

—>to=16+2=18 & tr=18+ 610 =78

Bl e ) ) L3



L) e g a5

YAY

61 /v

18 23 25

78

B

T /C
E
| ///
] L7
AB CD E 3 61316 18

(V) Jee

1

Yo wlis g sde g g o ) o o=y s e e AW Sl

K

NE

>
ANE
F
B
o] |2 o[ [s o |7 ‘e
A B S

5]

28,0 1o ) ) .3




Al e g e 303 YA

oA 25 oy JSU Junll (2B sae Jie QU J g

Activity A B C D E F
Max. No. of 4 12 3 6 15 6
Crews
. q}l‘\al\

. ¢ 35« Objective chart ;Y lass o) =)
&F i 0103 E a3 s o ol bl 0 sie T ol Y

g
INE
T |
3|3 l6
of |2 K o] |7 UE
A B — C N D
0|2|2 2|4|6 6|1|7 7]6]13
2| |7
E
2i 5]7
Activity A B C D E F
Max. No. of 4 12 3 6 15 o
Crews
R = No. of Crews 2 3 3 1 3 2
Duration

28,0 1o ) ) .3



Al e g e 303 YAS

No.
24 14 171819

/2

5 1011 Time

Activity A :

tia = toat Nfil =2+ =24+ 12=14

Activity B:

. Rs>Ra
Buffer between A&B should be at the unit 25
Buffer between A&B = time of B=4 1,e at week 18

to=to-(n-1)/R=18-24/3=18-8=10

Activity F :
RF =RA objective line of F // obj. line of A
With buffer of 3 which is the duration of F .

Lte=2+3=5 & th=14+3=17

Activity E :
Re>Ra  buffer between E & A should be at the upper limit
(25 unit ) ( final unit ) = duration of E=5

th=14+5=19 to=19—%=11

28,0 1o ) ) .3



addl) dile g pdia 5 0) YAT

te=tr -(n -1)/R=19-24/3=11

Activity C :

Rc=Rs buffer between C & B should be at the upper or lower
say lower limit (unit one ) ( first unit ) = duration of C = 1

Leat ta=10+1=11

te=tot+ (n -1)/R =11+24/3=19

E s oo

Activity D :

Ro <Re Dbuffer between D& E should at the lower limit = 6
to =11+6=17

th=17+24/1=17+24=41

E depends on A

tr=41-6=35 &te=2+5=7

tt=to+ (n -1)/R

35=7+24/R

24/ R=35-7=28

R=24/28

no. of gangs =24/28 * 15/3 =4.30 crews ~ 5.0 crews

28,0 1o ) ) .3



Al e g e 303 YAY

Early Finish
Late Finish
Duration
Critical activity
Total Floot
Free Floot
Cash Flow
Construction equipments
Productivity
Cycle time
Loading
Acceleration
Discharge
Fixed time
Variable time

Efficiency of equipmert

bl 5 S0 algd
Bolaall 3 = Lali 5l
| T s

1 = | R

[

= L I

- j
. ;JS,“ *_!-I.q,....l'.l a:;_l
-

{J;-'I} 'L.Fl:-'l';'-] :L-;.....\_Ill EJ:j:

G
UG REL P

Slaall Laid a.lis
r

28,0 1o ad) ) .3



addl) dile g pdia 5 0) YAA

Standard specifications Lwldl olisl
Quantity surveys Takeoff LS Gl
Negotiated contract ool dae
Site Overhead & P
Headoffice overhead : Waladl 5 15yl
Risk bl
Profit =
Insurance )
Bond Oleall
Unit rate method FERIUPNESN v

Operational Method EWOOS VIR
Tendering olelae
Bidding a2bls
Planning b by
Bar Chart . ol J gt
Critical Path Method (CPM) A LAl

Arrow Diagram Wiy’ b Jetedi
Dummy Activity e d) blad
Network Sl o I
Early start bl 5 S ai)
Late start blaall 5 =L 2

28,0 1o ) ) .3



Al e g e 303

YAQ

Early Finish
Late Finish
Duration
Critical activity
Total Floot
Free Floot
Cash Flow
Construction equipments
Productivity
Cycle time
Loading
Acceleration
Discharge
Fixed time
Variable time

Efficiency of equipmert

bl 5 S algd)
bladl s =Ll aigd
bledl e

CJ,’_\ L

S Fldis

(A FAH gledls B
’ JUW 3l s
Leadl ol

i syl

559

sal J\M&

L) ae a2





