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NGHIEN CUU XAY DUNG THUAT TOAN TOI UU HOA
DIEN TICH CHIU LUC CUA COT CHONG TRONG THI CONG SAN
BANG TO HOP DA GIAO VAN KHUON

Tir Sy Quan'*, Nguyén Quang Thuan’, Nguyén Hai Thanh’

Tém tat: Viéc tbi vu hda so luong thiét bi trong céng téc thi céng cd y nghia rat quan trong, dac biét khi khoi luong thi
céng Iém, vitri thi céng ndm xa bai tap két, [am tang gia thanh van chuyén, ting sé gic thao tac ctia cong nhan. Dé thi
céng mot 6 san c6 rat nhiéu phuwong én ldp dét thiét bi. Viéc lura chon thiét bj déi khi khé khén, do phu thude vao nhiéu
yéu tb nhuw: déc diém hinh hoc ctia 6 san, théi quen thi cong, sé lugng dam va cot chéng sdn co dudi béi tap két,
nang lurc tai chinh ctia nha dau tw, yéu cau vé chét luong va tién dé...Cho nén viéc phét trién mét thuat toén 1a hét
strc can thiét va tién dung, xét trén phurong dién ky thuét ciing nhur kinh té. Nho do, ta co thé liét ké tat ca céc gidi
phép va chi ra gidi phap t6i wu trong timg trirong hop. Nham don gidn héa diéu nay, thuét toén gidi thiéu trong bai
béo sé cho phép liét ké, phan tich va dira ra danh gia vé cac phurong an trén trén co sé théa man yéu cau ky thuat (s6
Irong dam chinh, dam phu, cot chdng, téng khéi lrong thiét bj) dong thoi gidm thiéu chi phi thi cong cho nha thau.
Tirkhoa: Thuét toan t6i tu héa; cot chéng; van khuén; hé da gido; Peri Skydeck; Harsco Superdeck; Fuvi Honey S.

Summary: Optimizing the quantity of equipment in the execution phase is very important, especially when amount
of work is great, site of construction is far from the equipment yard, increasing transport costs, increasing the number
of hour operating of workers. For construction of a cell floor, we have a lot of methods for equipment installation. The
choice of installation equipment is sometimes difficult, because depending on many factors such as geometric
characteristics of the cell floor, construction habits, quantity of beams and shorings are available under the yard, the
financial capacity of investors, required quality and progress...Therefore, the development of an algorithm is
essential and handy, in terms of technical and economic. Thus, we can list all the solutions and the optimal solution
in each case. In order to simplify this subject, algorithms introduced in the paper will allow to list, to analyze and give
us an assessment of solutions based on satisfying the technical requirements (the amount of the main beam,
secondary beam, shoring, the total of the equipment) and also minimizing costs for construction contractors.

Keywords: Optimization algorithm; shoring; formwork; scaffolding system; Peri Skydeck; Harsco Superdeck;
FuviHoney S.
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@ 1. Gi&i thiéu vé céng nghé thi céng san bing té hop da giao van khuén

So v&i cdp pha truyén théng, cop pha céng nghiép cd nhiéu wu diém ndi tréi nhw: co tinh mé dun, dé thao
lap, van chuyén, dwoc chudn hoéa vé tinh néng chiu luc cling nhw cac thao tac thi céng, nang cao an toan lao
déng... Dac biét véi cdp pha céng nghiép ta co thé tai stv dung nhidu 14n va day nhanh tién do thi céng bang cach
quay vong thiét bi trén cong treéng. Tly vao cac hang cung cép thiét bi, tb hop da gido, van khuén thuéng bao
gdm cac bd phan nhw ddm chinh, dam phu, tAm panel, cdt chdng, van khuén, hé thdng hanh lang an toan...
(Hinh 1). Trén co sé& cong ndng clia tirng bd phan, vat liéu ché tao nén bo thiét bj twong déi da dang: thép khéng
gi, gb cong nghiép, nhwa cing...

Bén canh dd, cdp pha cong nghiép ciing co nhirng han ché nhat dinh: trong lwong I&n, gia thanh san xuét
cao, dac biét kém linh hoat vé mat hinh hoc do ¢é tinh dinh hinh I&'n. D& khéc phuc tinh trang trén, cac hang san
xuat thwdng cung cap cac bang tra trong catalogue cho phép ngwoi str dung xac dinh nhivng td hop dam va cot
chdéng cho moét 6 san nhat dinh (Hinh 2). Tuy nhién, khi dién tich 6 san cang l&n, sé t& hop cang nhiéu, khau tra
bang trong catalogue tré nén bt tién (tén nhidu cong stre, khé dat yéu cAu nhw mong muén...).

'TS, Khoa Ky thuéat Xay dung, Truong Pai hoc Giao théng Van tai.
*TS, Vién Toan tmg dung va Tin hoc, Trwong Pai hoc Bach khoa.
*PGS.TS, Khoa Pao tao Quéc té, Trirong Pai hoc Quéc gia.

*Téac gia chinh. E-mail: tusyquan@utc.edu.vn.
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SkyDeck (PERI - Birc) [4] TopDalle (ALPHI - Phép) [8]
1) Cot chong; 2) Dam chinh; 3) Tam panel 1) Cot chéng; 2) Dam chinh; 3) Dam phu

SuperDeck (HARSCO Infrastructure - USA) [6] Cdp pha nhua HONEY™ S (FUVI - Vigt Nam) [3]
1) Cot chéng; 2) Dam chinh; 3)Dam phu; 4) Van khuoén 1) Cét chéng; 2) Dam chinh; 3) Tam panel

Hinh 1. M6 hinh khéng gian céc dong thiét bj thi cong san bang té hop da gido van khuén

Nhw vay, v&i mot khodng cach cbt chan bat ky ta ¢d nhidu phuong an lwa chon 1&p dat thiét bj. Trong
trerng hop mat béng tang dién hinh Ion, khéi lwong thiét bi nhiéu, viéc phan loai cac giai phap, Iwa chon phuong
an thi cdng phir ho'p di khi cadm tinh, dan dén viéc gia tdng chi phi khdng can thiét.
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Hinh 2. Bang tra té hop dadm TopDalle (ALPHI-Phép) [8]

@ 2.Nguyén ly hoat ddng chung cuia té horp da giao van khuén

Cong trinh nha cao tang thwdng co nhiéu tang co dac diém twong tw nhau. Trong thi cdng, ngudi ta
thwerng chon tng phirc tap nhét va 13p di 1ap lai nhidu nhat dé 1ap bién phap thi céng, goi la tAng dién hinh. Khi dd
san tang dién hinh, ngwdi ta thudng chia nhd dién tich thi cdng ra 1am nhiéu phan khu. Viéc chia nhd phan khu
dwa trén nhiéu yéu té nhw ndng lwc thi cong ctia nha thau, dac diém hinh hoc, céu tric vat liéu va vai tro chiu lwc
ciia tirng cau kién trong két cau téng thé.
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Hinh 3. Cong nhan dang tién hanh Ip dét hé théng Superdeck trén cong truong [6]
1) Lap dat hé thong dam; 2) Lap dat tam panel; 3) Lap dat van khuon go;
4) Hé thong dam va tam panel nhin tee phia trén

Lira chon t& hop dadm d& va c6t chéng phu thudc chii yéu vao bé day san cong tac, khdi lwong riéng cia
loai bé téng can s dung cling nhuw chiéu cao clia tAng thi céng (Hinh 3). Tuy theo kich thwéc clia san swdn toan
khéi, tai trong sé truyén vao hé thdng van khuén, ké dén |a hé théng ddm phu, ddm chinh va cudi clung la cot
chéng, cu thé nhw sau: DAm phu va tAm panel hoat déng nhw mét dam gian don ma hai gbi 1a 2 dam chinh ké
nhau. Twong tw ddm chinh ciing hoat ddng nhw mét dam gian don véi 2 gdi la 2 dau cot chdng ké nhau. Dé tranh
lwe xd ngang, cac cdt chdng duwoc gidng véi nhau bdi cac thanh xién va thanh ngang, bé tri theo hai phwong
vudng goc. Trén thuc t&, ngudi ta thwdng 1&p cac to hop cot chdng, hé thdng giang rdi méi dén Iép van khudn
phiabéntrén.

2.1 Té hop dam théa man diéu kién hinh hoc

Theo yéu cau ciia nha san xuét, so v&i hé thédng van khuén, khe hé do td hop dam va cot chdng dé lai
khéng dwoc In hon 15cm. Trong treng hop khong thé thda man yéu cau hinh hoc dé ra, ngudi ta phai bd sung
thém vao khoang trdng cac cét chéng don va dam gé nham dam bao tinh n dinh clia hé théng van khuén phia
bén trén. Trong ban vé theo hai phwong, dé dé quan sat, ngudi ta thweng str dung cac cum hinh vai mau sic

khac nhau dé phan biét chiéu dai nhip ctia cac dam (Hinh 4).
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. . Hinh 4. M6 hinh ban vé thi cong san béang Superdeck )
1) Dam chinh; 2) Dam phy; 3) Cot chong; 4) Khung giang cot chong; 5) Dam go va ct chong don;
6) Hinh chiéu ding khung giang; 7) Hinh chiéu ding cét chong
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2.2. Lwa chon loai c6t chéng thich hop

Cot chdng nhin chung chidu dai co thé thay ddi bang cach dung kich hodc chan truot & hai dau, sao cho
phil hop voi chiéu cao tang thi cdng. Ngoai ra ta ciing co thé vi chinh béng cach dung con ké gé & phia dudi.
Tuong tw nhw dam, cot ch6ng cing dwoc phan loai dwa trén dac diém hinh hoc, trong lwong, kha nang chiu tdiva
thay ddi chidu dai..., chdng han nhw di véi bd SuperDeck, ta co ¢t chdng AF 1, AF2 va Renobloc (Hinh 5):

Chiing loai| Chiéu dai chan truot (Trong Iwong| Ma thiét bi

‘ ‘ Min Max
b7 AF1 1,7m 2,9m 14,4kg | 600290
‘ AF2 1,9m 3,4m 16,7kg | 600340

Hinh 5. Béc tinh ky thuét cda cot chong AF1 va AF2 [7]

V&i mbi cot chéng. khi chiéu cao thi cdng tang thi kha nang chiju tai ctia cot chdng giam do tinh méat én
dinh theo phwong ngang. Di véi bé SuperDeck, tai trong cuwe dai khi str dung dwoec tinh theo tiéu chuan
Eurocode 3, hé sé an toan dwoc 1ay bang 1,65. Khi thi céng, trong mét & san, loai cét chéng dwoe st dung la déng
nhéat. Xéttrén khia canh chiu lwc, ta cé 3 loai cot chéng khac nhau: cot goc, cot bién va cét trung tam. Trong d6 cot
trung tam chiju tai trong I&¥n nhat, phu thudc vao tdng chiéu dai nhip 2 dam chinh va téng chiéu dai nhip 2 dam phu
gaclénné (Hinh 6).
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SkyDeck (PERI) [5] SuperDeck (HARSCO) [7]

Hinh 6. M6 hinh héa dién tich chiu luc cta cét chéng trung tam dbi véi SkyDeck (PERI) va SuperDeck (HARSCO)

Trén thue té, ngudi ta thwdng cn ctr vao gia tri cwc dai clia tai trong tac dung 1&n cot chdng trung tam dé
lwa chon chiing loai ¢t chéng cho mét & san, chéng han nhu véi dong Superdeck ta co 3 loai cot chdng la AF1,
AF2 va Renobloc vai khéi lweng twong tng 1a 14,4 kg,16,7 kg va 37,4kg. M6t cach dinh tinh, ta d& dang nhan
thay, cot chéng cang to, khad ndng chiu lwc cang cao thi khéi lwgng cang Ién, khién gia thanh van chuyén, chi phi
nhan lyc, kho bai cling ting theo. D& giai quyét van dé nay, trong thi cong nguwoi ta ludn ¢b gang phan bd thir tu td
hop cac dam sao dién tich chiu luc ctia cac ot chdng la ddng déu nhat. Bén canh dé, ta ciing lwu y rdng, sé luong
cot chdng theo méi phwong phu thudc vao sé lwgng dam gac 1én né. Hay nai cach khac khi s lwong dam theo
mét phrong tang thém mot don vi, ta phai bd sung thém mét hang cot chdng va lam ting thém mat do cot chéng.
Diéu nay ciing anh hwéng tric tiép dén khéi lvgng tdng thé clia bo thiét bi.

@, 3.Thuattoantéi wu héava cach thirc sap xép thirtw cac dam

3.1 Xac dinh ham muc tiéu cua bai toan

Xét mot 6 san hinh chiv nhat véi kich thwée gia dinh LxW (chiéu dai L cm va chiéu rong W em). Nhiém vu
cla bai toan |a phai sap xép thir t ddm chinh va dam phu twong (ng theo cac phwong sao cho hop Iy. Trong vi
du nay, ta str dung céc théng sé ciia Superdeck cho chiéu dai ciia ddm (cach lam twong tw ddi véi nhivng dong
san pham khac). Nhw vay, dam chinh co 4 loai chiéu dai 210cm, 180cm, 160cm va 120cm, dam phu twong tng
c6 bén loai chigu dai khac nhau 180cm, 160cm, 120cm va 90cm. Vi hai phwong cé vai trd twong dwong nén ta cé
thé dwa bai toan 2D vé bai toan 1D dé giai quyét. Goi N la sd dam chinh can thiét dé st dung cho chidu daiL. Taco
thé chia L ra lam N doan nhé ma chigu dai cia méi doan nhé 1 mét trong bdn gia tri cu thé 210cm, 180cm, 160cm
va 120cm véilwu y c6 thé ton tai khodng trong gitra td hop dam va tuwdng chén clia hai phia ddi dién (Hinh 7).
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Hinh 7. Cach bé tri ddm chinh véi khodng céch L cho truée
Goi N, s6 lvgng dam 210 cm ¢6 san; N.: s lwgng dam 180 cm co sdn

N,:s6 lwong dam 160 cm ¢ san; N,: s lwong dam 120 cm co sdn

[ - chiéu daictiadoan nhé thiri (cm) i =1L, N

1 x,=1 néuchiéudaila210cm 1 y,=1néuchiéu daila 180 cm
X, = Z 5 = % a2
710 x=0néuchidudaikhac210cm Yi=10 ), ~0néuchidudaikhac 180 cm
1 z=1néuchiéudaila160cm 1 t,=1 néu chiéu daila 120 cm
;= : 3 t = ¢ 5
%710 z-0nbuchidudaikhac160cm "o 1,=0néu chidu daikhac 120 cm

Cac bién nhi phan chira loai ddm dwoc lwa chon cho doan nha thiv i

X ViZpt € {01} Vi= LN 1

V@i doan nhd thir i, ta childy mét trong bbn loai dAm, tir d6 ta cd mbi quan hé nhu sau:

X, +y,+z,+1,=1 Vi=LN (2)

Poannhdthiricochidudai 7, =210x, +180y, +160z, +120¢, Vi=1,N 3)

Visé lwong ddm str dung la hivu han nén ta co diéu kién rang budc nhw sau:

ix:SNuiy:SNz; iz,£N3;it,.£N4 (4)
i=1 i=l i=1

=l

DAu cot chdng Superdeck cé dwéng kinh 15¢m. Do yéu céu ki thuat cia viéc 13p dat gian gido, khe hé
khéng vurot qua 15cm. Do vay, tdng khodng cach tir cot chdng dau tién dén cot chéng cudi cling dwoc biéu dién
nhw sau: ”

L-30<) 1, <L-15 (8)

i=l

Nhuw d4 trinh bay & trén, ta can phai sap xép thir ti cac dam sao cho dién tich chju lwc cla cot chéng la déng
déu nhat co thé. Tir do dan dén viéc ta phai sap xép thir tw cac dam sao cho tong chiéu dai hai ddm ké nhau cla tat
ca cac t hop co thé 13 bé nhéat. Ta co (V- 1) cap ddm ké& nhau, muc tiéu cuc tidu hoa co thé biéu dién nhw sau:

s=max{[" +2["+‘ ;i=1,N—1} (6)

Muctiéu (6) co thé dwoc viét lai thanh min{s} véi li 1 <s i=LN-1 7)

2
Tém lai ta cé bai toan tdi wu héa nhw sau: (MIP) min{s} véi diéu kién rang budc tir (1) dén (5) va (7).
3.2 Thuat toan dé xuat

Bai toan (MIP) la dang 0-1 quy hoach nhj phan tuyén tinh. Loai bai toan nay cé thé giai b&i phwong phap
nhanh va bién ma trong d6 ta st dung cac buée 1ap nhw trong [2]. Cing ¢6 nhivng céng cu co thé gidi trirc tiép bai
toan (MIP) nhw CPLEX, GUROBI [1]. D& giai quyét hi&u qua md hinh toan dé ra, ta chon phdn mém thwong mai
CPLEX nhw cong cu dé gidi bai toan (MIP). Lwu y rdng N ban dau khéng dwoc xac dinh trwdc. Ta can tim gia tri
nguyén thich hop nhéat ciia N. Gia tri ciia N dao dong trong khodng gi¢i han nhw sau:

L L . ) )
[m} N< [_} v6i [u] 1a s6 nguyén I&én nhét nhd hon hodc bang u

120
Paty_ - [2%] VAN = [%} .Déivéinhiing gia trikhac clia N (tw N, dén N, ):

- Giai (MIP) dé tim gia tri thich hop ctia N sol[N]
- Timgia tri tdi wu hoa ctia (MIP) twong (png vai gid tri cta N, ky hiéu val[V]

- Sosanh tatca cac gia tri clia val[N] dé tim gia tri nhd nhat
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val[N"]= minval[N]|N,,, <N <N, }

- Chon két qua tdi wu val[N*] twong (rng voi sol[N*]

V&i mébi gia trj xac dinh clia N* ta sé co dwoc thir tw sap xép tdi wu clia cac dam. Biéu nay gilp cho viéc lwa
chon cac phwong an tré nén da dang va chinh xac. Cac phwong an duoc liét ké 1a rat can thiét trong trwong hop
thidu hut thiét bi dwdi bai tap két. Néu ta dt tiéu chi khdi lwong cuc tiéu clia bd thiét bj 1én hang dau, gia tri
min(V*) trong (rng véi trwdrng ho'p s6 lwong dam cwe tidu sé duoc lwa chon.

(® 4.vidyapdung

Gia str ta phai thi cong mét tang co chiéu cao 4,1m vai dién tich mat bang la 2500m’. Khi thi cong, nguwdita
thwérng chia nhd san ra lam nhidu phan khu. Ta chon mét phan khu bat ky hinh chi¥ nhat véi kich thwéc
25mx15m. Thuat toan chira t& hop dam chinh va dam phu tdi wu nhuw trong Bang 1 va 2.

Bang 1. Té hop dédm chinh tdi vu véi khodng céch gitra hai cét chdn 2500cm

Chiéu dai nhip (cm)

S6 lwong

Téng chiéu dai (cm)

Khéi lwong

210
160

11
1

2310
160

144,1
g5

Téng

2

2470

153,6

Ther tw sép xép tbi wu: 210-160-210-210-210-210-210-210-210-210-210-210

Bang 2. T hop dém phu téi vu véi khodng cach gitka hai cét chan 1500cm

Chiéu dai nhip (cm)

S6 lwong

Tong chidu dai (cm)

Khéi lwong

180
160

2
i

360
1120

13,8
42,7

Téng

9

1480

56,5

Thr t sap xép téi wu: 160-160-160-160-160-180-160-180-160

Dé tién so s&nh hiéu qua cla thuat toan, ta cd thé Iy mot vi du td hop bat ky nhw trong Bang 3 va 4.

Bang 3. Té hop dam chinh bat ky véi khodng céch gitra hai cot chdn 2500cm

Chiéu dai nhijp (cm)

S0 lwgng

Téng chiéu dai (cm)

Khdi lwgng

210
160
120

7
1
7

1470
160
840

il
9,5
538

Tong

il

2470

1544

Thir twr s&p xép bat ky: 210-120-210-120-210-120-120-210-210-210-210-120-120-120-160

Bang 4. Té hop dam phu bét ky véi khodng cach giira hai cét chan 1500cm

Chiéu dai nhjp (cm)

S0 lwgng

Téng chiéu dai (cm)

Khai Iwgng

180
160
90

3
3
5

540
480
450

20,7
18,3
15,5

Téng

11

1470

54,5

Thir ty sap xép bét ky:160-90-160-90-160-90-90-180-90-180-180

TirsbliéutrongBang 1, 2, 3 va 4, ta co thé xac dinh duoc sb lwong cét chdng can st dung theo cong thire
[N° dam chinh +1]* [N° dam phu + 1] (unit )
V6i dign tich san 2500m’, ta can sé lugng cot chéng la: 2500 cotehong ¢ .y
Dien tich o san

Dbi vei mbi td hop dam, ludn ton tai nhiéu cach sap xép thir twe. Ta thir lam phép so sanh gitra cach sap xép
thich hop dwoc chira béi thuat toan va cach sép xép bat ky tuan theo chi dan clia catalogue dé tim ra sw khac biét
(Bang 5). Gia slr dd day clia san ¢=235cm, trong lwong riéng clia bé tdng y=2500(daN/m’).

Nhuw d3 trinh bay & trén, muc tiéu tdi wu cla bai toan chinh la s = max{l‘;l’” i=1N - l} .Dats=scho

trwdrng hop ddm chinh va s,=s cho trwéng hop dam phu. Dién tich chiu lwc cla cot chdng dwec ky hiéu 1a A véi
A=s,.s,.(cm’)
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Taitrong chét|&n dau cot chdng, ky hiéu la Fvéi F=A.1.y(daN)

Béng 5. So sénh két qué gitra céch sép xép thich hop va céach sép xép bat ky

Lwa chon thich hop Lwa chon bat ky
S, 210cm 170cm
S, 170cm 180cm
A 35700cm’ 37800cm’
F 3123,75 (daN) 3307.,5 (daN)

S6 luong cot chéng

13*10*2500/375=867

16*12*2500/375=1280

Loai c6t chdng

AF2 (16,7kg)

Renobloc (37,4kg)

Téng khdi lwgng cot chéng

14478 (kg)

47872 (kg)

V@i chiéu cao tang 1a 4,1m, tra bang trong catalogue ta dwoc kha nang chiu tai ti da twong (rng clia AF 1,
AF2 va Renobloc twong (rng 1a 2073 daN, 3299 daN va 3458 daN [6]. Tir d6, ta co thé chon loai cot chéng AF2
cho cach sép xép thich hop va Renobloc cho truéng hop bat ky. Nhw vay, dbi véi méat bang tang dién hinh
2500m’, sw chénh I&ch vé& khéi lwgng cot chéng gitka hai phwong an |a 33394 (kg). Gia thiét ring, khoang cach
gitra béi tap két thiét bi va cong trrdng xay dung la 50km. Néu chitinh chi phi van chuyén phat sinh cho 33 tan thi
con sb nay co thé roi vao khoang 20 triéu déng [9].
@ 5.Kétluan

Thi céng san bang td hop da giao van khudn 1a céng nghé xay dung tién tién, dwoc ap dung ngay cang
phd bién trong céc cong trinh x4y dwng & Viét Nam. Tuy nhién, cdng tac |ap dat thiét bi va lwa chon phwong én thi
cong con nhiéu han ché, dan dén lang phi v& mat cong strc, thoi gian cling nhw tién bac. Dé gidi quyét bat cap
trén, bai bao da dé xuét ra thuat toan két hop vai viec st dung phan mém CPLEX nhw mot cong cu hé tro déc
lwe.Vige nay hivru ich khéng chi véi ki sw true tiép thi cong trén cdng trudng ma con gilip cac hang san xuét va
cung trng thiét bi cai tién cach thirc thi cong, ndng cao nang xuét lao dédng.
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