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TOM TAT: Bai bdo nay trinh bay mét phwong phdp tor wu cho viée 1dp tién dé nhitng dw dn xdy
dung bao gom nhung cong tdc cg tinh chat Idp lai trong nhiéu don vi (nha nhiéu tdng, dwong xd, cdu
cong..). Muc tiéu cua viéc ldp tién d¢ duoc xem xét la thoi gian hoan thanh dw dn. Phuong phap nay
xem xét nhiéu loai cong téc véi nhitng ddc tinh khdc nhau (nhitng cong tdc phai dwoc thuc thi lién tuc,
hodc nhitng céng tdc co thé cho phép nhitng gidn doan trong qud trinh thuc thi) dé tao ra mot tién do
théa man yéu cdu cia ngu-or quan ly. Phuong phdp nay sir dung mot thudt todn ldp tién d¢ méi dé tim
ra thoi diém bat ddu va két thic t6i wu cho timg cong tdc trong méi don vi lap, dé ma thoi gian hoan
thanh du dn 1& nhé nhdt. Mot vi du dugc xem xét dé minh hoa nhitng wu diém ciia phuong phdp de xuat

va nhitng phwong phdp khac.

Tir khda: Tién A dw dn, dw én véi nhitng cong tac cd tinh lap lai.

1.GIOI THIEU

Nhimng du 4n xdy dung bao gdm nhiing
cbng téc c6 tinh chét lap lai trong nhiéu don vi
khad phd bién trong nganh céng nghiép xdy
dung. Nhitng du 4n nay c6 thé duoc chia ra 2
nhém chinh: Nhirng dy 4n c6 sy 13p lai giéng
nhau cua mot don vi chuan (Nhitng dy an nha
gom ngdi nha glong nhau, Nhitng toa nha cao
tng gdm nhitng ting gidng nhau). Nhimg du
an c6 nhitng cong tac 1ap lai do sy bé tri theo
hinh hoc (dw an dudmg cao téc, du 4n cau,
him..). Nhitng du 4n nay duoc goi chung la
nhitng du an co nhitng céng tdc ldp lai.

Nhitng du an xdy dung c6 nhiing cong tac
lap lai thuong yéu cau nhimg dang tai nguyén
gid tri (tb d6i xdy dung chuyén nghiép, méy
méc chuyén dung) thuc hién nhiing cbng viéc
glong nhau (vi du: cong tac xdy tudng) trong
nhiéu don vi cua dy an (vi du: nhirng tang nha
trong mot toa nha cao tang) Tai nguyén, do do,
s& dugc sir dung mot cach nhip nhang bing
viéc dich chuyén tir mdt don vi (ting nay) nay
sang mot don vi khac (tang khac). Bai vi su di
chuyén thuong xuyén ndy, mét tién d6 hi
hiéu cho nhimg dur 4n nay la hét sirc quan trong
dé dam bao viéc sir dung khong gian doan tai
nguyén cua nhung cong tc giong nhau &
nhitng don vi khdc nhau. Theo nhiéu nghién
ciru cho nhimg du n néu trén, nhitng lang phi
bét nguon tir viée cho doi nén duoc loai trie aé
duy tri sw lién tuc cua céng viéc (Haris and
Ioannou 1998) [1].

Viéc duy tri sy lién tuc trong cong viéc cua
cac dang tai nguyén (t6 ddi chuyén nghiép,
may moc chuyén dung) dan dén viéc ting hiéu
qua cua cdc cong tac do sur quen viéc, va cling
dan den su giam thiéu thdi gian nhan rdi cua
mdi t& d6i, tir d6 lam giam chi phi sir dung tai
nguyén [1]. Médc du, nhitng thuan loi cia viéc
duy tri su lién tuc trong cong viéc ciia céc td
déi, viéc 4p dung mot cach cimg nhic cé thé
din dén mot thoi gian hoan thanh du 4n bi kéo
dai mot cach khéng cd loi. Selinger (1980)[2]
dé xuét rang bang viéc cho phép nhitng gian
doan trong viéc thuc hién cong téc c6 thé lam

- giam thoi gian hoan thanh du an.

Nhing ky thuét truyén théng (vi du:
Critical path method —CPM) ¢6 nhiéu han ché
khi ép dung vao nhiing du 4n loai nay (Reda
]990[3] Suhail and Neale 1994[4]): (1) CPM
cén sir dung mot sb luong 16m cong tac dé bidu
din nhitng dy én c6 nhiing céng tac 1ap lai. (2)
CPM khong dam bao su lién tuc trong cong
viéc ciia cic td ddi chuyén nghiép hoic may
méc chuyén dung, va diéu nay cé thé gay ra su
lang phi trong viéc sir dl_mg tai nguyén. (3)
CPM khéng xem xét vi tri ciia cong vigc trén
téng thé dy 4n, va do d6 CPM gip kho khin
trong viéc theo ddi tién do cua cic cong tic
thuc té trén cong tn.rcmg

Tir do, dé co nhiéu phuong phap da dugc
phat trién cho nhimg du an bao goém nhimng
cOng tic co tinh chit 1ap lai, chdng han nhu:
phuong phéap dudng can bing (Carr and Meyer
1974[5], phuong phép san xuét theo phuong
ding (O’Brien 1975 [6]), phuong phap 14p tién

Trang 46



TAP CHi PHAT TRIEN KHB&CN, TAP 12, S0 18 - 2009

d6 tuyén tinh (David 1981 [7], Harmelink et al.
1998[8]), phuwong phap tién d¢ lip lai (RSM)
(Harris et al. 1998[1]). Trong do, phuong phap
RSM ciia Harris (1998)[1] duoc chép nhin mot
céch rong rdi boi nhimg ngudi ldp ké hoach
xdy dung nhu 1a mét cong cu hiru ich dé lap
tién d6 nhing dv an véi cong tic c6 tinh chat
1ap lai. Tuy nhién, phuong phép nay st dung
nhimg quy tic hinh hoc (diém diéu khién va
dudng diu khién) dé tim ra 1&i giai, va n6 thi
c6 1& khéng thich hgp cho nhiimg dy 4n 16n véi
nhiéu cong tac do su phirc tap trong viéc ép
dung nhitg quy téc hinh hoc.

Bai bdo nay trinh bady mét phuong phép
hitu hiéu cho viéc lap tién d6 du 4n véi nhitng
cong tac co tinh chat Iap lai. Phuong phép nay
tao ra mot tién d¢ co thoi gian hoan thanh du
&n nho nhat, trong khi duy tri s lién tuc trong
cdng viéc cua cac dang tai nguyén trong nhitng
cong tac quan trong (cong tac can thiét thyc
hién lién tuc), va cwc tiéu héa sé ngay gidn
doan trong viéc sir dung tai nguyén & nhing
cdng tdc loai khic (cong tac cho phép su gidn
doan trong viéc thuc thi).

2. MO TA VAN PE LAP TIEN $210)
NHUNG DU AN VOI NHUNG CONG TAC
CO TINH CHAT LAP LAI

Mot du an thuong bao gém nhiéu cong tic
va nhimg cong téc ndy thuéng duoc lap lai
trong nhiéu don vi, mdi don vi Iap cia du an
dugc mé hinh nhu mét mang cong viéc trén
nit, véi tdp N nat dung dé biéu dién N cong tac
trong mdi don vi lap, nhimg céng téc (1) (o day
i=1,..,N) nay c6 quan hé logic (vi du: két thiic-

Ponvi 1l

bat dau, bat ddu-bit dau), va mang nay duoc
lap lai Q lan twong ung voi O don vi trong du
an. Tai nguyén dugc yéu ciu cho mbi cdng tac
sé di chuyén tir don vi thir nhét (j=1) dén don
vi cudi cung (j= Q) dé thuc thi cong tac do.
Thoi gian thyc hién (d;) mdi phin khdi luong
cong viée cla cong tic (i) & mbi don vi (j) c6
thé khéc nhau, béi vi khéi lwong cong viéc cua
cong tac (/) & don vi (7) 1a c6 thé khac nhau.

Nhitng céng tac duoc chia 1am 2 kiéu, loai
kiéu {X} va loai kiéu {Y}. Theo nguyén tic
sau day:

1. Néu mét cong tac la loai X, thi cong tac
nay phai dugc thuc thi mot cach lién tuc.

2. Néumot cong tic 12 Y, thi cong tac nay
¢6 thé cho phép su gian doan trong viéc thuc
thi.

Viéc phén loai cong tac 1a X hay Y dugc
quyét dinh béi ngudi quan Iy du 4n, dua theo
tinh chét cia timg cong tac dé thoa man yeu
céu ky thuét va t6 chirc ciia du an (vi du, cong
tac chéng vach khi dao mot duong hdm nén
dugc lam lién tuc khong gian doan-chon loai
X).

Béng 1.Thoi gian dé hoan thanh céng tac (i), &

donvi(j)
Cong | d;- Thoi gian dé hoan thanh cong
tac tac i, & don vi j
Pon | Pon | Pon | DPonviQ
vil | vil | vijg
! dy | dpp | dy, djo
i dy
N

Hinh 1.Vi du ciia mdt mang cong téc trén nit ding dé biéu dién mot don vi 1ap gdm 6 cdng tac (N=6)
trong mgt dy an gom 2 don vi lap (0=2).
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Vin dé dat ra la phai cuc tiéu thoi gian
hoén thanh dy an, trong khi duy tri su lién tuc
trong cong viéc cua cac cong tac X (loai cong
tac cén duoc thuc hién lién tuc), va cuc tiéu
hoéa sb ngdy gian doan trong viéc sir dung tai
nguyén ¢ nhitng cong tac Y (loai cong tac cho
phép su gian doan trong viéc thuc thi).

3. PHUONG PHAP LAP TIEN DO
NHUNG DY AN VOI NHUNG CONG TAC
LAP LAI

Phuong phap dé xuét bao gdm 2 giai doan
chinh nhu sau:

3.1.Giai doan 1

Cuc tiéu hoa thoi gian hoan thanh du én,
trong khi duy tri su lién tuc trong céng viéc cua
cac cong tic loai X.

Goi Sy, F; 0) 14 thoi diém bét ddu, va thoi
diém két thic cua cong tac i (i=/,..,N) ¢ don
vij (j=1..9)

a) Néu cong tac i € {X}, thi:

=

—>d +lag,)

J=l

Max= MaJ(O 'y +lag,, F,
J=2,--Q

Jg=l

S,(J’) = Zdu + Max
=1

F

i) =Sils,) T4

i(y)

o j=l..j,..,0 . O day, j, 1a don vi lap
(tdng) dang xem xét.

= Codng téac ¢ la cong tac ding trudc clua
cong tac (i).

* lag,;la thoi gian cho doi dé thuc hién
cong tac (i) sau khi cong tic (1) két thic (lag,;
>0,<0,=0)

Aet()  Ad

Aet i} trwoe )7 '
Sl i d chuvén :
T' e Ilf_l!fi' i &

dane % 1P

Xy % . P
2 / W % i
P ; I .
1 o ' /~ Actft) sam khi di chwvén
- 1
i Time

Hinh 2. Lap tién do cho nhimg cong tac loai {X) ¢ giai
doan 1

* Trong trudng hcj’p cong tac (i) khong can
dugc thuc hién tai don vi (j), tirc la d;;= 0 thi

Sy = Max {0.F,, )

g
Noi day: Cong tac 7 la cong tac dimg trudc
cua cong tac .
F,, =8,
b) Néu cong tac (i) € {Y}, thi:
S, = J}éf{g)}c(O,F, T lag, ,, E.Uq_]))

f,_,rq,
F:.jq - Si.jq * duq
Noi ddy: Cong tac ¢ la cong tac dimg trude
cua cong téc i.

Unit .
Aer(n Actih

S J*'-.
j;.- M2 ‘ /K‘if "’ lllllll :r. ,'._-
¥ 4 :
1 / !
[ >

0 Time
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\.
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Hinh 3.Lép tién do cho nhimg cong tac loai {Y} ¢ giai

doan |
Bang 2. Vi du &p dung mé hinh dé xuat
Cong Cong tac dimg d,- Thoi gian dé hoan thanh cong tac /, & don vij Loai thudgc
tac trudc tinh
Ponvil DBonvj2 Ponvi3 Donvi4 DPon vi 5 DPonvi6

: ) 2 2 4 2 2 X

1 1 1 1 Y

3 1FS+2ngay 4 4 4 0 4 X
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4 2FS,3FS 3 > 3 3 3 3 %

3FS 1 1 1 1 1 X
6 4FS, 5FS 1 1 1 1 1 1 X

Linew f)(‘hi.*.(l;llill!::}\,tﬂllﬂd H e A i

- [(OnR) v
: /*”'/2 S
VAL Srres
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31

-
3
N

#6
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T1=30

€ 7 8 -9 101112

13 14 15 16 17

16 13 20 21 22 23 24 25 26 27 28 78 30

Hinh 4.Tién dd cia dv 4n vi du sau khi thuc hién thuat toan (Giai doan 1)

3.2.Giai doan 2

Cuc tiéu hoa thoi gian gidn doan khéng
can thiét trén nhiing cong tac loai Y. Giai doan
2 bao gom 2 buéc chinh sau:

Backward Step

Muc tiéu ciia Backward Step 14 cuc tiéu
héa téng thdi gian gidn doan khong cén thiét
trén nhung cong tac loai Y (loai cong tac cho
phép sur gian doan) bing viéc ¢ dinh thoi diém
bét dau cua cong tac loai Y & dom vi cu01 clng,
va thue hién viéc ddy céc cOng tac ve phia sau.
“Backward step” s& cyc tiéu hda s téng ngay
gian doan trong nhiing cdng tac loai Y, trong
khi van giit thoi gian hoan thanh dy an la
khong déi.

Forward Step

Déi voi mdi cong tac loai Y, ta ¢b dinh
thoi diém bét ddu tai don vi 1, va sau d6 thuc
hién viéc viéc ddy cong tac vé phia trudc. Néu
sau khi ddy céng tic & phan doan Jg vé phia
trudc, ma né khong ndi tiép vai thoi didm két
thic clia cOng tdc nay & phan doan j -/, thi
phuong phap khdng thuc hién viéc dich chuyen

nay (S,J # F; g _1)- Va nguoc lai néu

(S; 3= ,, Jl ), thi phuong phéap s& thuc hién

viéc dich chuyén nay. “Forward step” s& cuc
tidu hoa sb 1an gian doan trong mdi céng tac.

Bing viéc ap dung phuong phap dé xuét
cho vi du & bang 2, ta c6 thoi gian hoan thanh
du 4n 12 30 ngay, va tong thoi gian gian doan la
1 ngay nhu dugc minh hoa & Hinh 5.

Pé kiém chung su hitu hiéu cia mé hinh
dé xuét, tic gia da so sanh két qua véi phuong
phdp RSM cia Harris (1998). Theo phuong
phap RSM cua Harris, thoi gian hoan thanh du
an la 30 ngay, va tong thoi gian gian doan la 3
ngay, nhu dugc minh hoa & Hinh 6. Tir két qua
nay, ta c6 thé thdy ring mé hinh dé xuét 13 hitu
hiéu hon phuong phap cta Harris do c¢é cung
thoi gian hoan thanh dy én (31 ngay), nhung
tong thoi gian gidn doan la bé hon (1 ngay <3
ngay). Hon thé nira, bdi vi phueng phap kién
nghi la phuong phép sb, khéng giong nhu
phuong phap hinh hoc cia Harris [1], qua trinh
tinh toan clia phuong phép kién nghj 12 don
gian, va n6 thi dé dang cho viéc sir dung may
tinh dé tur dong héa.
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Hinh 5. Tién do cubi cung cua du an sau khi thuc hién giai doan 2.

Srajact Guration = 22 days —_—

o

Regatilive Unls
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Hinh 6. Tién do ctia dyr 4n khi p dung phuong phép
RSM [1] by Harris 1998.

4.KET LUAN

Phuong phap dé xuét ti uu thoi gian hoan
thanh dy 4n, trong khi dam bao la tit ca cac
céng tac duogc lap tién do ma khéng vi pham
rang budc vé mdi quan hé ky thuit va nhiing
rang budc vé thudc tinh cﬁng tac (lién tuc, hodc
gian doan).

Két qua tir nhirng vi du da cho thay su hiéu
qua ctia phuong phdp dé xuit so voi nhimg
phuong phép hinh hoc khéc. Phuong phdp dé
xuft 14 d& thuc hién va c6 thé tich hop vao cic

1=
Days

hé théng l8p tién d6 dua trén CPM ma khéng
cin sy thay dbi nhiéu. Phuong phap kién nghi
c6 thé dé dang giai auvet bang may tinh.

Phuong phép t chirc thi cong xdy dung
dugc dé xuét trong bai béo nay di dua ra mot
gidi phap t6i wu trong viéc sir dung cac to doi
cong nhdn chuyén nghiép va trang thiét bi
chuyén dung trong thi cong nhing du an xay
dung bao gém nhiing cong tac co tinh chat lap
lai. Phuong phap dé xuét duy tri su lién tuc cho
qué trinh té chiic san xuat xdy dung, dé nang
cao hiéu qua kinh té cho viéc sir dung nhimg tai
nguyén cua du 4n, ddp img dugc nhu ciu hoi
nhap va phat trién ciia nuéc ta hién nay.
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AN OPTIMAL METHOD FOR SCHEDULING CONSTRUCTION PROJECTS
INCLUDING REPETITIVE ACTIVITIES IN MANY UNITS

Luong Duc Long
University of Technology, VNU-HCM

ABSTRACT: This paper presents an optimal method for scheduling construction projects
including many repetitive activities in many similar units (e.g., high-rise buildings, highways, or
bridges...). The objective of scheduling is to minimize the project duration. This method considers many
types of activities with different characteristics (activities must be performed continuously to insure the
continuity in their performances, or activities can allow interruptions in their performances) to generate
a satisfactory schedule for project managers. This method uses a new scheduling algorithm to find the
optimal start and finish times of activities, so that the project duration is minimized. A well-known
example is used as an illustration to show advantages of this method to other methods.

Keywords: Project Scheduling, construction projects including many repetitive activities in many
similar units.
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