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Tém tit

Trén cic cong trudng xay dung, d€ ddm bao an toan cho ngudi di bd xuyén qua mit bang dang thi cong, ngudi
quan 1y can xic dudng di tam thdi phit hop véi tién do. Nham hd trg cho ngudi quéan ly t6 chiic dudng di trén
mit bing, ching t6i da phat trién mot chuong trinh mang tén Safepath2020. Tir dit liéu dau vao la file IFC chita
thong tin mé hinh 4D cda cong trinh, chuong trinh ty ddng xac dinh cac khong gian ma ngudi lao dong khong
nén di vao, cac khong gian con lai chinh la khong gian an toan tam thfji c6 thé st dung lam dudng di. Trudc
khi xay dlmg chtIdng trinh, ching t6i da nghién cidu cac kién thifc vé t6 chiic khong gian trén mit bang tang,
cdc yéu ciu vé an toan trong tiéu chuin va phuong phap hiéu qué trong thuc tién. Két qua nghién ctiu cho phép
ngudi quan ly cong trudng nhanh chéng xac dinh dugc khong gian an toan cé thé si dung lam dudng di cho
ngudi di bd trén mit bang cong trinh.

Tir khod: t& chifc 16i di trén mit bang ting; dudng di cho cong nhan; khong gian 1am viéc; mo hinh BIM — 4D;
stt dung file .*IFC.

AUTOMATICALLY DETERMINING SAFE SPACES FOR PEDESTRIANS ON FLOOR UNDER CON-
STRUCTION USING BIM-4D

Abstract

On the construction sites, to ensure the safety of pedestrians moving through the floor under construction,
managers need to define temporary paths in accordance with the project plan. In order to help managers plan
floor-level paths, we developed Safepath2020. From input data which is an .*IFC file of 4D BIM project, the
program determines automatically the work spaces that workers shouldn’t go through; the rest of spaces on the
floor are the safety spaces that can be used as workers’ path. Before building the program, we study knowledge
about floor-level layout planning, safety requirements and an effective practice method. The research result
enables managers to rapidly determine the safe spaces that can be used as workers’ path on the floor.

Keywords: floor-level path planning; labourer’s path; work space; 4D - BIM model; IFC-based.
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1. Gidi thiéu

Trong tim clia cong trudng xiy dung chinh l1a mit bang dang thi cong ciia cong trinh. Trén mot
mit bang (c6 thé 1a ting 1, 2, 3...), nhiéu hoat dong xiy dung cung dugc tién hanh song song, nhiéu t&
d6i cong nhan cling lam viéc. Do dé, cac cong nhan khi mudn di tit mot diém nao d6 trén mit bang téi

*Tac gia dai dién. Pia chi e-mail: loanltp@nuce.edu.vn (Loan, N. T. P.)

144


https://doi.org/10.31814/stce.nuce2020-14(5V)-12
mailto:loanltp@nuce.edu.vn

Loan, N. T. P, va cs. / Tap chi Khoa hoc Coéng nghé Xay dung

vi tri cong tac ctia minh phai di qua khu vuc thi cong clia nhiéu t& d6i khic. Piéu nay tiém 4n nhiéu
nguy cd gdy tai nan cho cong nhan di chuyén qua céc khu vuc nay nhu: trudt, vap nga do dung cu,
thiét bi trén miit sin; bi vat tu d6 vao ngudi, ... Theo bao cdo ctia HSE [1], trugt va vap ngi 12 nguyén
nhan hang dau dudc théng ké trong cic bdo cdo vé tai nan, thuong tich trong nganh xay dung & Anh.
Day 1a nguyén nhan clia hang nghin tai nan trén céc cong trudng & Anh mdi ndm, khodng 1000 ngudi
trong sd d6 bi nidt xuong hoic trat khép. Nhiing tai nan don gian nhu vdy budc cong nhan xiy dung
phéi nghi viéc dai ngay hodc thAm chi rodi khoi nganh. Vi tri trudt, vAp nga c6 thé 1a & noi 1am viéc
hoic & trén chinh dudng di chuyén ctia cong nhan do bi vudng bdi vat liéu, may moéc, dudng day. Nhu
viy viéc t6 chiic duong di cho cong nhan khong hop 1y, thiéu ngin nip c6 thé giy nén nhiing hau qua
16n.

Mic du viéc t6 chic duong di cho cong nhan 1a diéu quan trong trong phong tranh tai nan, c6 rét it
nghién ciiu vé van dé nay. Quan ly an toan trén cong trudng hién nay van chi yéu tap trung vio khong
gian 1am viéc [2, 3]. Piéu nay c6 thé do viéc xdc dinh mbi nguy khi nghién ctiu tinh huéng cong nhan
dang 1am viéc thuc té 12 d& dang hon so véi khi ho di chuyén. Mit khéc, viéc xdc dinh dudng di tam
thdi cho cong nhan trén mit bang thi cong gip nhiéu khé khin do sy thay ddi lién tuc ciia cong trudng
[4]. ) )

Bai todn xdc dinh dudng di cho cong nhan thudng dudc gidi quyét nhu mdt phan cia bai todn to
chiic khong gian trén mit bang. Muc tiéu bai todn 1a sap xép tat ca cac yéu t6 clia san xuét xiy dung
trén mit bing, bao gdm: cong nhan, may mdc cd dinh, thiét bi tam thai, vat tu, dudng di phu hop véi
tién do thi cong va giam thiéu xung dot giita chiing [5]. Viéc t6 chiic khong gian trén mit bang cong
truong 12 mot nhiém vu hét siic khé khiin va 1a viée thudng dude quyét dinh dua trén truc gidc clia
ngudi 1ap ké hoach thi cong [6]. Tuy vy, rat nhidu nd luc nghién ctiu da dudc dua ra nham muc dich
giai bai toan nay mot cach khach quan hon [2, 7-11].

Khi t& chidc duong di, cac nghién ciiu trude day déu chua dé cap dén van d& an toan. Nghién ctiu
ctia Guo nim 2002 [5] xéc dinh dudng di bing cach trudc tién tS chiic cac khong gian dang thi cong,
khong gian vat tu; sau d6 kiém tra do rong ddm bao (1 m) & khong gian xung quanh cic khu vuc ndy;
cudi cling gan cho cdc khong gian nay 13 khong gian di lai cho moi muc dich. Nghién cfu nay méi
diing & viéc sit dung mo hinh 2D ctia cong trinh 1ap bdi Cad va tién d6 1ap bdi Microsoft Project.
Trong nghién citu cia Choi nam 2014 [8], dudng di trén cong truong dugce xac dinh tu thuat toan lap
trinh r6-bdt tim dudng trong mé cung — thuit toan bam theo tudng (the wall follower algorithm) [12].
Thuit toan bam theo tuong tim dudng di c6 sin bing cac bude sau: (1) né tao ra mot dudng thang tir
diém bat dau dén diém dich; (2) khi duong di gip chudéng ngai vat, dudng sé di chuyén doc theo bé
mit clia chuéng ngai vat cho dén khi gip dudng thang dugc xac dinh trudc mot 1an nita. Nghién citu
cua Kim nam 2016 [13] xac dinh dutng di cua cong nhan trén cong trudng theo thuit toan tim dudng
ngan nhit Dijkstra két hop ly thuyét do thi kha ning hién thi. Cdc nghién ctu gan day [8, 13] st dung
thong tin tt mo6 hinh 4D BIM.

Han ché ctia céc nghién cidu trude day la: thd nhat, dudng di bam sit vao cac vat can, khong xét
dén cdc yéu t6 an toan; thi hai, cac 16i di khong dudc quy hoach thu gon ma phit trién trén bt ci
khong gian nao con lai trit khong gian thi cong xung quanh céu kién. Do d6, mdt nghién citu méi cin
dudc trién khai d€ tim ra phuong thiic tw dong vé duong di tam thdi cho cong nhan trén mit bang dang
thi cdong dam bao yéu td an toan. P& dat dugc muc dich nay, nhém nghién ctiu dé ra mot phuong phap
x4c dinh dudng di tam thdi ddm b4o an toan va mang tinh kha thi xuAt phat tif cic co s6 1y luan va
thuc tién. Phuong phap nay dudc mo phong lai bang mot chuong trinh viét trén nén WPF clia Visual
Studio. Thong tin du vao 12 file IFC ctia m6 hinh 4D-BIM va thong tin dau ra Ia cic khong gian cho
phép trién khai dudng di tam thoi. Pudng di nay thay ddi phu thudc vao ciu tao mit bang tang va tién
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do thi cong. Phan mém dudc kiém tra tinh ding dan véi mo hinh 4D-BIM ctia mdt cong trinh thuc
té. Két qua nghién ctiu cho phép ngudi thiét ké bién phap thi cong, quan ly cong trudng ing dung dé
vach tuyén duong di tam thoi hop 1y trén mit bang cong trinh.

2. Cd s 1y luan va thuc tién dé xuét phuong phéap xac dinh duong di tam thoi
2.1. Phdn loai cdc khong gian trén mdt bang cong trinh

V& cd ban, khong gian trén mit bang cé thé phan chia theo hai kiéu: theo tinh ning va theo kha
ning di chuyén [8]. Viéc phan chia theo tinh ning hay dudc stt dung hon do né gitip xac dinh dé dang
pham vi yéu cau ctia khong gian. Nghién ctiu ctia Riley va Sanvido [9] phan loai khong gian trén miit
bang tang thanh 13 kiéu. Dua theo nghién ciiu nay, tic gia bai bao [8] di phan loai khong gian miit
bing thi cong thanh 6 loai thudc 2 nhém 16n. Nhém khong gian truc tiép gdm c6: (1) khong gian cu
kién (2) khong gian thi cong, (3) khong gian vat tu. Nhdm khong gian phu thudc (khéng gian ma sy
ton tai ctia chiing phu thudc vao nhém khong gian truc tiép) gom c6: (1) khong gian may méc cb dinh,
(2) khong gian di lai va (3) khong gian khong st dung, khong gian dé€ béo vé cho cdc cong trinh da
hoan thanh ho#ic ddm bao khoing céch an toan trong mot s6 cong viéc dic biét.

Khong gian
trén mat bang
r— —
Khoéng gian Khong gian
tryc tiep phu thude
.l

A Al A Al A Al

h . N . N . Khoéng gian N . . Khéng gian
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Hinh 1. Phan loai c4c khong gian trén mit bang [8]

Bang 1 tom tit dinh nghia, vi tri, cdch xac dinh kich thuéc, thoi di€ém xuit hién va két thiic ctia 6
loai khong gian trén.

2.2. Yéu cdu clia cdc tiéu chudn, hudng ddn ky thudt trén thé gidi

Theo diéu 17, phan 4 “Phdp lénh vé Thiét ké va quan ly xdy dung- CDM 2015” ctia nuéc Anh
[14], cong trudng xdy dung phai dugc tS chidc sao cho cong nhan c6 thé di chuyén va tiép can mot
cach an toan tif bt ¢t vi tri 1am viéc ndo téi cac diém dudc phép trén cong truong hay ngudc lai (tir
céc diém dudc phép trén cong trudng t6i vi tri lam viéc). Diéu 25 “Phap 1énh vé an toan va siic khoe
lao dong trong xdy dung - 29.CFR 1926” ctia Hoa Ky [15] yéu cau cic 16i di trén cong trudng xay
dung phai ddm bao khong c6 vat liéu, rac thai xay dung chan dudng.

“Tiéu chudn thuc hanh cong tic xdy dung” ctia Australia [16] muc 7.1 ciing khang dinh sap xép
khong gian gon gang, hgp 1y 1a bién phap cd ban dam bao khong gian lam viéc an toan, trong d6 phai
ké dén: 16i vao, ra, di qua khu vuc 1am viéc phai dudc giit sach va khong bi can trd béi vat liéu va rac
thai xdy dung. Khong gian 1am viéc phai dugc xac dinh ro, tach biét d€ ddm béo cdng viéc dudc thuc
hién mot cach an toan. Can 1ap ké hoach quan 1y khong gian d€ chudn bi trude cac khu vuc nao st
dung cho muc dich gi: nhan vat liéu, trit vat liéu, 16i vao, ra, trif rdc thai.
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Bang 1. Pinh nghia va cic dic diém ctia khong gian trén mit bang [8]

Loai khong gian

binh nghia

Vi tri, cach xédc dinh kich thuéc

Thai diém xut hién va két thiic

Khong gian
chu kién

Khong gian do mét thanh phin
cuia cong trinh chiém: vach, cot,
cau thang.

Vi tri va kich thudc cia khong
gian phu thudc vao vi tri, kich
thudc cau kién theo thiét ké.

Xuit hién khi céng viéc gan lién
v6i cu kién bit dau va subt
toan bd du an.

Khoéng gian
thi cong

Khu vuc can thiét cho mét t§
ddi cung véi cac phuong tién
ctia ho thyc hién mot cong viée
chuyén biét.

Vi tri va kich thudc phu thudc
vao cAu kién dugc thi cong va
phuong phap thi cong.

Xuit hién khi cong viéc bt diu
va bién mét khi cong viéc két
thuc.

Khong gian
vat tu

Khong gian truc tiép

Khu vyc dé duy trit vat tu cho
mdi cong viéc trong cong trinh.

Kich thudc phu thudc vao céac
thong s& hinh hoc ciia vat liéu,
khéi lugng cong tic dugc thuc
hién. Vi tri phu thudc vao ké
hoach phéan phéi vt liéu.

Xuét hién khi céng viéc bat diu
va bién mét khi cong viéc két
thuc.

Khong gian
mdy méc cb
dinh

Khu vuc dit dé céc thiét bi cb
dinh cho cd cong trinh, vi du
can truc, van thing.

Theo téng mit bing cong trinh.

Xuét hién truée khi bit dau cic
cong viéc lién quan va bién mit
khi cic cong viéc lién quan két
thic.

Khoéng gian
di lai

Khu vuc st dung d€ luu thong
nhan luc hodc vat liéu

Phuong phdp thi cong va dic
trung hinh hoc cta vt liéu dinh
nghia khong gian t6i thiéu dé
Iuu thong.

Ton tai trong subt qud trinh tdn
tai ciia cac cong viéc lién quan.

Khong gian
khong st
dung

Khong gian phu thudc

Khéng gian d€ bao vé cho cic
cong trinh da hoan thanh hodc
dam bao khoang céch an toan
trong mot s6 cong viéc dic biét.

Cac mdi nguy phu thudc theo
phuong phép thi cong, yéu cu
vé bao vé ciu kién cho phép xac
dinh kich thudc va vi tri khong
gian.

Ton tai cling véi sy ton tai clia
phan cong trinh da hoan thanh
cin bio vé& hoic cong viéc cin
cach ly dam bao an toan.

“Tiéu chudn quan ly khong gian va phuong
tién 1am viéc” ctia Australia [18] quy dinh vé cach
t0 chuc khong gian 1am viéc (ké ca cac khong gian
di dong, tam thoi), cdc 16i di trong khu vuc 1am
viéc phai rong it nhat 600 mm va khong cé vt
can tai moi thdi diém. Trudng hop cin thiét phai
x4c dinh rd rang cdc tuyén dudng vao va ra, ranh
gidi ctia tuyén dudng phai dugc ddnh diu bang mot
dudng vinh vién mau tring, vang hodc khac mau
tuong phan rong t6i thi€u 50 mm hoic bang céc
vach phit siang. Yéu cau niy dudc minh hoa qua
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Hinh 2. Li di cho ngudi di bo trén cong trudng
ctia mot cong ty xay dung [17]

Nhu vay dé ddm bdo su gon gang, an toan cta 16i di tam thdi di thi c4ch tot nhit 1a ngiin cich
chiing khéi cdc khu vuc 1am viéc, ddnh d4u 6 rang, dong thdi didm bao d6 rong tdi thiu.

2.3. Phuong thiic t6 chiic duong di trén mdt bang trong thuc té

Tai Viét Nam, khdi niém vé tS chic dudng di cho ngudi di bo trén mit bang cong trinh chua thuc
su phd bién. Nhiéu cong trudng ctia Viét Nam khong c6 16i di riéng cho ngudi di bo. Cac vin ban
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phép luat, tiéu chuin ciing chua huéng dan cu thé vé cich thiic t§ chifc dudng di cho ngudi di bd trén
mit bing cong trinh.

(a) Pudng di xuyén qua khong gian chita van khudn (b) Pudng di trong khong gian thi cong cbt thép cot

Hinh 3. Pudng di tam thdi cho ngudi di bd trén mit bing cong trinh (dugc thé hién bing 2 vach mau sing song
song) tai mot cong trudng thi cong nha cao ting tai Seoul (anh tu lidu tlf chuyén di thuc tap cla tac gia tai cong
ty xdy dung SK - Han Qudc niim 2016)

Tai Han Quéc, trén céc cong trudng xdy dung Mit bing cong trinh PR
. ié ién ti 3i. ca St by A : R Tién d thi cong
16n, thiéu dién tich kho bai, cic mdt bang tang chia theo phan khu woug fng
dugc t& chic rat khoa hoc, chit ché, ciac khong thi cong

gian lam viéc, khong gian vat tu dudgc quy hoach | |
cu thé trén mit bang va cac 16i di cho ngudi di b ' |
(rong tir 50 cm — 100 ¢cm) dugc chi thi 16 trén mit Dy kién cée “khu vyre thi cong nhé” cho
bing biang cdc dudng vach mau cam gidi han hai fimg phan khu

bén mép dudng (Hinh 3). Cac vach mau cam nay ¥
lam tr cac dai nhya mau/ son mau, vi tri cia ching Xac dinh cac khong gian céu kién,

thay d6i theo su thay ddi ctia vi tri cac khong gian
thi cong va khong gian vat tu.

Vi tri clia cac dudng di nay dudc xac dinh bang
phuong phap nhu sau: 1) Mit bang cong trinh
dugc chia thanh cic phan khu thi cdng, cong tac
thi cong dudc t chic theo phuong phap thi cong
day chuyén [19]. 2) Mot phan khu thi cong sau d6
dudc chia 1am céc “khu vuc lam viéc nhd”. Mdi
mot “khu vuc 1am viéc nhd” bao gdm mot nhém

khong gian thi cong, khong gian vat tu,
khong gian khong str dung cua tung “khu
vuc thi cong nho”

I

Xac dinh toan bg khong gian ciia mot
“khu vuc thi cong nho”

I

Xac dinh cac khong gian con lai trong
phan khu va gan cho chung 1a khong gian
di lai

cdc cAu kién dang thi cong, khu vuc du tri vat tu
chung, khong gian di chuyén ctia cong nhén tit khu
vuc Vit tu t6i cau kién, khong gian cic thiét bi nhu
gian gido, van khuodn ... 3) Khong gian con lai trong cac phan khu thi cong ngoai trtt cac khu vyc lam
viéc nho sé dudc danh diu la dudng di tam thoi. Pudng di tam thdi nay phuc vu cho cic muc dich:
cong nhan, gidm sat di chuyén tir 16i 1én tang ti tiing “khu vuc 1am viéc nhd”, tir “khu vuc 1am viéc
nho” nay t6i “khu vuc lam viéc nhd” khac, cong nhan ddy xe ciit kit chd rac thai tif tiing “khu vuc lam
viéc nhod” t6i bai tap két chung ctia tang. VAt liéu trong khi thi cong phan thd van chuyén bang cin
truc theo huéng tir trén xubéng nén khong can dudng.

148

Hinh 4. Phuong phédp xac dinh dudng di ctia ngudi
di bo trén mit bang thi cong



Loan, N. T. P, va cs. / Tap chi Khoa hoc Coéng nghé Xay dung

Phuong phap nay tuy don gian nhung dam bao sy tach biét gitta dudng di va cac khu vyc lam viéc
mot cach toi da, d& dang thuc hién yéu cau vé su gon gang ctia cong trudng theo tidu chuan trén thé
gi6i. Phuong phap quy gon tuyén dudng nay thuc su phat huy hiéu qua khi thi cong phan tho ctia cong
trinh. Phuong phap nay dudc tém gon lai trong Iuu dd Hinh 4 va hinh minh hoa t& chiic khong gian
thi cong trén mit bang cong trinh ¢ Hinh 5. Dya trén phuong phap nay ching toi da xiy dung nén
chuong trinh Safepath2020.

C'_ _____ T IT rl] _____ U-l:_ :_IJ ----- e _:
| mm o g |
e 4o { SN
O__ '_'] ''''' b . T 'I: _____ Iy arrarrarrmerar 1.
| . | il N
O oy s ot e,
0 ¢ 0 0 o v 0 0

Hinh 5. T6 chiic khong gian thi cong két cAu diing trén mit bang ting dé€ dam bao 16i di cho ngudi di bo (cac
khdi mau den 13 khu vuc vat tu, cac dudng nét dit thé hién dudng bao khu vuc thi cong nhd)

3. Xay dung chuong trinh tu dong xac dinh duong di tam thoi

Gi6i han pham vi 4p dung ctia chuong trinh 14 cong trinh nha cao tang, giai doan thi cong phan
than, phuong phdp t6 chiic thi cong dy chuyén. Trén thuc té, c6 3 phuong phap t6 chic thi cong trén
cong trudng: phuong phap tuin tu, phuong phap song song va phuong phap diy chuyén. Khi t& chic
thi cong theo phuong phdp tuan tu, trén toan bo mit bang sé chi thuc hién mot dang cong tic vao
mot thdi diém (diéu nay c6 thé thiy trong giai doan thi cong phan ngam). Khi td chic thi cong theo
phuong phdp song song, trong ciing mot khu vuc sé tién hanh nhiéu cong tic cing mot lic (vi du &
ngoai lap kinh, bén trong trét, 6p, lt, ...), didu nay thudng thiy trong giai doan thi cong phan hoan
thién. Khi t6 chic thi cong theo phuong phap song song phai giai quyét dudc bai todn xung dot khong
gian thi cong. Giai doan thi cong phan than tho cong trinh, mit bang rong rai, cong viéc c6 tinh lip
lai cao, t& chiic thi cong theo ddy chuyén sé tranh su chdng chéo trong thi cong, ddm bio ning suit
va an toan trong lao dong. Phuong phép t& chiic diy chuyén 1a phit hop trong giai doan thi cong phan
than. Do gi6i han pham vi nhu da néu trén, chuong trinh dudc xay dung dua trén gia thiét cong trinh
st dung phuong phap t& chiic thi cong diy chuyén, cic khong gian thi cong clia cic cong tac khac
nhau trén mit bang tang khong xung dot.

3.1. Tinh ndng ciia chuong trinh

Muc tiéu chinh cta chuong trinh 1a xac dinh dugc cac dudng bao ctia cac khu vuc thi cong nho (1a
dudng nét dit trong Hinh 5). Khong gian ndm trong dudng bao 1a khong gian ngudi lao dong khong
nén di vao. D€ thiét 1ap dugc dudng bao nay, trudc tién chuong trinh can khdi tao cac khong gian thi
cong va khong gian an toan xung quanh két ciu. Khong gian thi cong xung quanh cac két ciu ding
§ day dugc dinh nghia 1a khong gian men theo bién két cAu, dudng bién ctia khdng gian sé cach bién
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ctia két cAu mot khoang d€ dam bio cho cic thao tic thi cong va cic phuong tién hd trg (vi du: dan
gido). Khong gian an toan 1a khong gian lién ké khong gian thi cong va bién ctia khong gian an toan
cling cach bién cua khong gian thi cong mot khoang dam bao an toan. Khoang cach gitta bién cua
khong gian thi cong va bién ctia két ciu ciing nhu khoang cach giita bién ctia khong gian thi cong va
khong gian an toan do ngudi dung lua chon. Sau dé, ngudi dung sé dudc phép xac dinh vi tri, kich
thuéc cua khu vuc vat tu, khoang cach tir bién khu vuc vt tu téi bién khdng gian an toan quanh khu
vuc vat tu. Cudi cing, ngudi ding nhém cac dbi tugng d€ tao thanh cac khu vuc thi cong nho.

Khu vuc thi cong nhd dugc khdi tao tir su lua chon ctia ngudi dung khi lua chon céc ciu kién
thi cong thudc vio cling mot khu vuc thi cong nhd. N6i cach khic néu ngudi diung chon 4 cot dé tao
thanh mdt khu vuc thi cdng nho thay vi 6 cot thi khu vuc thi cong nhd khdi tao ra sé chi bao quanh 4
cot ma ho chon. Diéu kién & diy la cdc cAu kién phai ndm trong cling mot phan khu va lién ké nhau.
Céch khdi tao khu vuc thi cong nhd nay md phéng hoat dong t§ chiic thi cong trong thuc té: vio dau
ca, can truc sé ciu vit liéu xudng cac vi tri da du tinh trudc trén mit bang, cong nhan sé di chuyén
dé 14y vat tu tli vi tri diit vat tu gan minh nhét va quay trd lai vi tri thi cong. Do d6, cong tac thi cong
ciing nhu viéc di lai trong khu vuc thi cdng nhd nay hét siic khin truong, tip nap nhung mit khac lai
g6i gon trong khu vuc, khong lién quan nhiéu dén bén ngoai va nén han ché ngudi khong c6 nhiém
vu xam nhép vao.

Sau khi nhép di thong tin, chuong trinh khdi tao cac dudng bién khong gian an toan quanh clu
kién va dudng bién khong gian an toan quanh vat tu, vé dudng bao xung quanh khu vuc thi cdng nho.
Dic biét, cdc dudng bao niy sé xut hién phi hop véi tién do thi cong do tai mdi mot thoi diém thi
cong, cic dudng bién ctia khong gian an toan quanh ciu kién va dudng bién khong gian an toan quanh
vat tu sé thay doi theo cong tac dang dudgc thuc hién. Nhu vy, cdc khong gian an toan dé di bo ciing
thay ddi theo. Hinh 6 minh hoa cho y tudng ctia chuong trinh.

I
DUONE BAO BUqNG BIEN
KHU V€ THI COME NHO KHONG GIAN AN TOAN XUNG QUANH VAT TU

DUONG BIEN
o IKHONG GIAN THI CONG

! : J - DUONG BIEN
& ki F KHONG GIAN AN TOAN
BT gl -

Hinh 6. Su hinh thanh cdc khong gian thi cong, khong gian an toan xung quanh ciu kién va hinh thanh dudng
bao ctia khu vuc thi cong nho (phan gach chéo chinh 1a khong gian an toan dé di bo)

coT

3.2. Cdu triic chuwong trinh

Dé thuc hién y tudng trén, ching t6i da xiy dung mot chuong trinh mang tén Safepath2020.
Chuong trinh gdm 3 md-dun, dugc 1ap bang ngon ngit C# st dung « bo khung » WPF ciia Visual
Studio. M6 dun 1 thyc hién nhi€ém vu doc thong tin tu file .*IFC. M6 dun 2 loc thong tin tu file .*IFC.
M0 dun 3 chiu trach nhiém xt 1y dit liéu va hién thi két qua. CAu tric téng quat clia chuong trinh dugc
thé hién & Hinh 7.
a. Mo dun 1 - bBoc di liéu file .*IFC

D€ doc dit lidu file * IFC ctia cong trinh, nhém nghién cifu da thiét 1ap mo dun 1 bing cich ding
ma ngudn XbimEssentials [20]. XbimEssentials 12 mot thanh phan nén ting cta Xbim, 1a mot bd
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( Safepath2020 )
l )

Module 3: Xt ly dir ligu

Module 1: Poc dir liéu file .*IFC Module 2: Loc thong tin tir file ¥IFC

va hién thi két qua

Hinh 7. CAu triic chuong trinh Safepath2020

cong cu ting dung cho mo hinh thong tin cong trinh (BIM) trén nén tang .NET. N6 1a mot thu vién
cho phép nha phat trién dé dang xay dung phan mém d€ doc va ghi, truy van dit liéu tir dinh dang
BuildingSmart IFC.

b. Mo dun 2 - Loc thong tin tu file .*IFC

Sau khi di c6 dugc dit liéu thong tin cic dbi tuong tur file .*IFC, chuong trinh tién hanh liy
thong tin danh muc tién do cdc cong tac thi cong tit 16p IFCRelAssignsTasks. Tir d6, ta sé c6 dudgc
hai phin dif liéu chinh: mot 14 ngay bat dau va ngay két thiic clia tiing cong tac, hai la cdc ciu kién
thudc cong tic d6 (vi du cot — IfcColum, vach — IfcWall, cdc thanh phan dic biét nhu van khudn —
IfcBuildingElementProxy). Di véi cac dbi tugng 12 cic ciu kién, ta s& 1dy thong tin hinh hoc tif cac
16p dién hinh nhu bé mit ciu kién — IfcFacetedBrep, dudng bao ctia ciu kién — IfcPolyLoop, va cic
diém IfcCartersianPoint - toa do diém niit ctia d6i tuong IfcPolyLoop trong hé toa do Dé - cic. Cau
truc mo dun 2 dugc mo ta § Hinh 8.

| l l
O IDiTh G e d"). e e e e RelatingProcess RelatingObjects
= <IfcRelAssigns ToProcess> A - e A A R A .
= Thong tin cia tirng cong tac thi cong Céc doi tugng thude cong tac
9 <IfcRelAssignsTasks> tuong tmg
=
2 | 1 4 A 3 N o A
s ; i D *‘ \ ‘ Lay thugc tinh hinh hoc cua doi twong
o Cong tac 1
=
2 | conguic2 | l Teén cong viée [ 1fcSlab 1 ] IfcFacetedBrep ﬁ I IfePolyLoop n
o | | ]
& Cong tic 3 1 f 1 I 1 I
= | o
Sh | [ . [aiybit i | [ iebuitdingElementerory |
2 _ 1 g I
2 l Ngay két thic [
: EF

Hinh 8. CAu tric mé dun 2

c. Mo dun 3 - Xit Iy dit liéu va hién thi két qua

M6 dun nay nham muc dich xi ly dir liéu file .*IFC thu dudc tr md dun 2 va dit liéu khai bao
khong gian thi cong, khong gian an toan, khong gian vat tu clia ngudi dung dé cho ra két qua cudi
ciing. So do ciu tric mo dun 3 dudc thé hién trong Hinh 9.

Dé bd sung thong tin diu vao cho phan xi ly dit liéu, chuong trinh yéu cau ngudi dung khai bao
céc thong s6 khong gian 1am viéc cho tiing cong tic (bao gom: khoang cich khong gian lam viéc,
khoang c4ch khong gian an toan), khai bdo khong gian du tri vat tu (bao gom tén khong gian Vit tu,
ID phan khu, ID cong tic ma né thudc vao, khong gian dit vat tu). Sau d6, ngudi ding dugc yéu cau
lua chon céc dbi tuong thude cting mdt khu vuc thi cong cong nhd. Chuong trinh nhém cic ddi tuong
thudc cung khu vuc thi cong nhd ma ngudi dung da khai bao. Chuong trinh khdi tao khong gian lam
viéc va khong gian an toan cho tiing ciu kién, khdi tao khong gian an toan xung quanh vat tu. Viéc
khdi tao khong gian sé tién hanh cho tiing cong tc (tiing IfcRelAssignsTask) theo trinh tu: 1) x4c
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Khai béo cac ciu kién, vat tw cung khu vuc

Khai béo thong s6 khong gian 1am thi cong nho

: Khai bao khong gian du trir vat tu
viéc cho tirng cong tac

Gop danh sich céc dbi tugng theo lya chon ngudi ding

r é

r Céu kién 2 I
[ 1D Phan khu tam vige | Slab2  [caukien3 ﬂ

|

I ID cong téc

| Tén

| Khoang cach khong gian lam viéc r

A4
A 4

[[Knoang cich an toan khi 1am vige |
3 ? I DPuong bao dat vat tu

Column 3 |Céu kién 4

Vittu 1

ID Nhém khu vye thicéong | (| ...

Module 3: Xtr 1y dit liéu va hién thi két
qua

nho
Gan ID khu vyc thi cong nho cho céc ddi twong
A
Khu vyc an toan gianh cho nguoi di bo Khoi tao cac khu vuc thi cong nho th“ L kl}ong %mn'lAam viee :& kh(?ng ‘?’la‘} an
toan cho tirng cau ki¢n theo cong tac thi cong
Duong bao khong gian lam vige
Danh sach duong bién cua khu vuc thi cong nho Danh sach dudng bao khong gian an toan cua cac dbi tuong - Polyline
! Céu kién
Danh sach Polyline Danh sach Polyline
L L Pudng bao khong gian an toan
Ly .
- Cong tac Polyline
Thudt toan Shamos-Hoey (tim giao gitra cac Polyline) < Thuét toan tim bao 161 | —]
l l Puong bao khong gian lam vige
R PR . — Polyline
Khu vyc an toan gianh cho ngudi di bo DPudng bién cta “Khu vyc thi cong nho’ Vit tu
Polyline Polyline Pudng bao khong gian an toan
> Polyline

Hinh 9. CAu tric mé dun 3

dinh cdc céu kién lién quan dén cong tic, 2) khdi tao khong gian 1am viéc va cac khong gian an toan
duéi dang cac dudng polyline kin tii cac thong tin lién quan (thong tin hinh hoc ctia cAu kién, khai bao
thong s6 khong gian clia ngudi dung), 3) gan thong tin tién do cda cong tac cho cic khong gian nay.

Tir dit lidu dAu vao 1a nhitng dudng bién ctia cdc khong gian an toan, tiép d6 chuong trinh st dung
thuat toan bao 16i chudi don diéu ctia Andrew [21] dé x4c dinh khu vuc thi cong nhé. Bai todn tim bao
16i 12 mot bai toan trong giai thuat hinh hoc dién toan. Bao 16i ctia mot tap hop Q gom céc diém 1a da
gidc 16i nhé nhit P ma mdi diém trong Q nam trén bién cia P hoic trong phan trong ctia né. Khi sir
dung thuét todn bao 15i trong chuong trinh, thuat todn s& liy dau vao la cic diém dinh ctia cic polyline
bi€u dién dudng bién khong gian an toan cho tiing cu kién, dudng bién khong gian an toan cho vat
tu, sau d6 tim da gidc 16i nhd nhit bao xung quanh tit c4 cic diém nay. Dau ra ctia thuit todn 1a dudng
polyline ndi céc dinh ctia bao 15i, chinh 1a dudng bao ctia khu vuc thi cong nhd chiia cic cu kién va
vat ti ma ngudi dung da chon. C6 nhiéu thuit toan dé tim bao 16i, trong d6 thuit todn ctia Andrew 12
mot trong nhitng thuét todn cho két qua nhanh nhét va dé viét chuong trinh nhit. Thuat toan nay xay
dung bao 16i ctia mot tap hop céc diém 2 chiéu sau O(nlogn) 1an.

Cudi cting chuong trinh sé tim ra khu vuc an toan cho ngudi di bo trén mit san bang cach tim giao
gilta mit bang san va dudng bién cac khu vuc thi cong nho, thao tic nay sit dung thuat todn Shamos —
Hoey [22]. Néu chi ding lai & budc st dung thuat todn Andrew, dudng bao ctia cic khu vuc thi cong
sé chifa c4 c4c 16 hong trén mit san do d6 phai tim giao gilta cic dudng bao 16i (két qua clia thuit todn
Andrew) va mat san. Thuat toan Shamos — Hoey 1a thudt toan dudc st dung trong trudng hgp mot ting
dung cin tim tap hop cic diém giao nhau cho mot tip hgp nhiéu doan thang.
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3.3. Giao dién chuong trinh

Giao dién chinh ciia chuong trinh gdm c6 1 khung nhin 3D cho phép quan st mo hinh 3D cta
cong trinh, mot bang chia tién do clia cac cong tac dang Gantt chart cho phép ngudi dung lua chon
thdi diém thi cong dé xem két qua tuong ting. Trén cuing 12 menu bao gdm cac phan: “File” dé md file
FIFC, “Khai bao” cho phép khai bédo, “ Thuc hién” dé xi ly dif liéu va cho ra két qua.

4. Panh gia chuong trinh

DéE danh gia hiéu qué ctia chuong trinh, ching tdi da thi nghiém véi mo hinh 4D clia mot cong
trinh bé tong cot thép. Két ciu cong trinh gdm 3 nhip, 12 budc. Nhip va budc nha déu bing 8,2 m.
Kich thudc tiét dién céac cot 1a 600 mm x 900 mm, c6 4 15i thang mdy phan bd & hai bén, chiéu day
véch thang mdy 1a 250 mm. Mt bing thi cong dudc chia lam 3 phan khu. Tién d6 dudc 1ap trong giai
doan thi cong két cAu diing ctia cong trinh & ting 2, bao gdm cic cong tac: cbt thép, van khuon, bé
tong cot vach. Tién do dudc t6 chiic theo phuong phap diy chuyén. Md hinh 3D ctia cong trinh dudc
1ap bang phan mém Revit va tién do thi cong dudc 1ap biang Microsoft Project. M6 hinh 3D va tién do
sau d6 dugc nhap vao phan mém Synchro4D dé thiét 1ap mo hinh 4D-BIM (xem Hinh 10).

B-A- 9% e L

(&
s

8 @

mal Documents
ta

-rs - [oamy 3 - [Task i@ Wk« VR E @@ &£ 0.

) Name

3 s, Cotthep cotivach (pk 1)
4 s act

5 s,

6 s,

chipk 2)
p cotbach (pk 3)
cothvach (pk 1)

3D Using Dates [Best] Filters[3D by Selection [System]] [1328x327] vax

Tian
—_—
p 256PM
B x4
#0500

Hinh 10. Mb hinh 4D ctia cong trinh lap bang Synchro4D

M5 hinh 4D dugc xuét thanh file .*IFC. Sau khi nhép file .*IFC vao phan mém Safepath2020,
nhap cic s6 liéu yéu cau nhu & phan phat trién mo hinh di néi. V6i cong tac cot thép cot/vach, khoang
cach tir mép cot/vach t6i bién khong gian thi cong dudc xic dinh 1 bé rong clia gido cong tic cb dinh
(1,2 m) cong thém 0,1 m khodng céch tit bién cot, két qua 1a 1,3 m. Véi cong tac van khudn cot/vach
chiing t6i 1y kho4ng céch tit mép cot/vach t6i bién khong gian thi cong tuong tng véi khoang cach tir
mép cot/vach t6i diém tua clia cot chdng van khuon trén mat san. Cot chdng dudc gia thiét 1a chéng
tlf vi tri cao khodng 3 m so v6i mit san (gia thiét nay phi hdp véi cong trinh c6 chiéu cao thong thiy
12 3,6 m nhu cong trinh dugc xem xét & ddy). Goc nghiéng ctia cdt chéng so véi mit san 1a 60°. Do
d6, khoang cich nay c6 thé tinh ra dugc 1a ~ 1,7 m. Cong tic bé tong cot/vach 14y gibng cong tic van
khuodn cot/vach.

Kich thuéc khong gian vat tu 1iy bang 1,5 m X 6 m do chiéu dai ctia cbt thép va van khudn dé thi
cong két cau diing thudng nam trong khoang dudi 6 m, bé rong vat tu trén san nén han ché duéi 1,5 m
dé tiét kiém khong gian. Khi thi cong dd bé tong cot vach thi khong con vat tu trén mit san. Cac thong
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s6 dau vao ngudi dung nhap cho mé hinh dudc tém tat trong Bang 2. Két qua 1a khi di chuyén vi tri
con trd trén biéu dd tién do Gantt sé cho ra hinh anh ctia dudng bao khu vuc thi cong nhd nhu trong
Hinh 11.

Bang 2. Thong s6 dau vao cho mo hinh thit nghiém

Cong tic Khoang cdch khong gian  Khodng cach khong gian  Kich thuée khong gian  Khoang cach an toan

lam viéc (m) an toan (m) vat tu (m) khong gian vat tu (m)
C6t thép cot 1,3 0,3 1,5x6 0,5
Vian khudn cot 1,7 0,3 1,3x6 0,5
Bé tong cot 1,7 0,3 Khong 0

%1 SAFEPATHZ020 = x

Aug2'20

Hinh 11. Két qua ctia phAn mém tuong ting véi thdi gian tién do

5. Két luan

Bai bdo da gidi thiéu mot chuong trinh méi mang tén Safepath2020. Chuong trinh st dung dau
vao 1a file *IFC chifa thong tin mo hinh 4D clia cong trinh, cac khai bdo ctia ngudi dung; két qua dau
ra 1 cac khong gian an toan cho ngudi di bo trén mit bang ting thay ddi theo tién do. Chuong trinh
gitip ngudi 1ap ké hoach thi cong c6 cdi nhin tric quan hon va rit ngan dugc thdi gian trong viéc vach
tuyén duong di tam thoi trén mit bang thi cong. Chuong trinh dé dang két hgp véi cac phan mém khac
do st dung thong tin dau vao 1a file .*IFC. D€ phat trién chudng trinh hon nita can nghién cifu thém
vé bai todn xung dot khong gian trong t& chiic khong gian thi cong va xiy dung dudc thuit toan kiém
tra do rong cua 16i di.

Gi6i han pham vi ting dung ctia chuong trinh 1a cong trinh nha cao tang, giai doan thi cong phan
than, phuong phép t& chiic thi cong diy chuyén. Néu dem ap dung chuong trinh niy cho phuong phap
td chiic tuan tu thi sé ra két qui vin hop 1y véi thuc té. Néu mudn 4p dung chuong trinh nay cho
phuong phép t& chifc song song thi phai gidi quyét mot bai toan phic tap hon trude d6: xung dot
khong gian thi cong.

Dé& dam bdo t8 chiic dudng di tam thdi hop 1y, nhiém vu tiép theo khi phat trién phan mém 1a phai
1ap dugc thuat toan ki€ém tra dudc do rong ctia khong gian di lai. DAy cling 1a hudng nghién citu trong
tuong lai cla chiing t6i. Thuc té, khi phat trién dugc module “xdc dinh do rong ctia khong gian di
lai”, phan mém sé kiém tra dudc do rong, hep clia cac khong gian ma hién tai dang coi 12 an toan cho
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ngudi di bo. Liic nay, ngudi st dung sé& xdc dinh dudc chinh xdc khong gian d6 c6 thé diat mot 16i di
hay khong. Néu cau tra 1i 1a khong, ngudi st dung phai chon lya mot trong 3 phuong an: 1) quyét
dinh cAm dudng (néu moi 16i di xuyén qua phan khu déu bi cAm thi phai m& dudng trén san thao tic
& bién cong trinh); 2) thu hep khong gian thi cong néu mudn vach tuyén tai do; 3) st dung cac bién
phap dam bao an toan nghiém ngat hon.
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