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Tém tit

Xay dung cau st dung ciu kién dic sin dang 1a xu huéng cong nghé chii dao d€ nang cao ning suit, chit lugng
va hiéu qua st dung chi phi. Tir giai doan thiét ké dén cac giai doan san xuét va lap dung, viéc chuyén giao
thong tin theo cdc cAu kién diic sin 12 mot thach thic ky thuat 16n do hiéu ting silo cin trd viéc trao d6i thong
tin gilta cdc giai doan. Nghién ctiu nay xem xét tic dung ctia chuyén di s6, mot xu huéng sit dung mo hinh k§y
thuat s6 két hop véi cdc tri thic khéc trong cc du 4n xdy dung d6i v6i van dé nay. M6 hinh s6 k¥ thuat (Digital
Engineering Model - DEM) cho cau sit dung céu kién dic sin da dudc nghién ciiu dé xuat dé két nbi cac dong
chay ky thuat tit mo hinh ky thuét sd cho thiét k&, dén mo hinh sb cho ché tao va Iip dung. D& minh hoa, bai
béo trinh bay két qua thit nghiém ap dung Phuong phap Thiét ké dinh huéng Ché tao va Lap dung (Design for
Manufacturing and Assembly - DfMA) va BIM (Building Information Modelling) cho giai doan thiét ké cau
st dung céu kién dic sin, cho mot tru cau tién ché. Két qua thit nghiém chiing minh céc mo hinh nay gitip ting
tinh hiéu qué trong viéc phdi hop va giao tiép giita cac bén hitu quan du 4n.

Tir khod: md hinh thong tin cong trinh (BIM); m6 hinh s6 k¥ thuat (DEM); thiét ké cho ché tao (DfM); thiét ké
cho 13p dung (DfA); phuong phdp thiét ké dinh hudng ché tao va 1ap dung (DfMA).

DIGITAL ENGINEERING MODEL FOR PREFABRICATED BRIDGES WITH DESIGN FOR MANUFAC-
TURING AND ASSEMBLY

Abstract

Prefabricated bridge construction is the key trend technology to improve productivity, quality and cost effi-
ciency. From design process to fabrication and assembly, information delivery for the prefabricated members
is essential technical challenge because of the silos effects which prevent the information exchange between
phases. Digital transformation by combining domain knowledge with digital modeling has become increas-
ingly significant in construction projects. In this paper, digital engineering model (DEM) for prefabricated
bridge are proposed to connect engineering workflow from digital design model, digital fabrication and digital
assembly model. For piloting, Design for Manufacturing and Assembly (DfMA) concept and Building Infor-
mation Modelling technology are adopted for the design process of a prefabricated pier. The findings confirm
the increased effective coordination and communication among participants.

Keywords: Building Information Modelling (BIM); Digital Engineering Model (DEM); Design for Manufac-
turing (DfM); Design for Assembly (DfA); Design for Manufacturing and Assembly (DfMA).
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1. Dat van dé

Trong nhiéu cong nghé xdy dung méi da va dang dugc ap dung trong viée xy dung ciu, viéc st
dung céu kién diic sin 1a mot trong nhitng cong nghé da dudc chiing minh 14 c¢6 rat nhiéu vu diém.
Uu diém dién hinh ctia cong nghé diic san dugc Ezy va cong su tdng két lai thanh ba nhém 16n vé 6
chiic, vé tai chinh, v&é moi trudng, va dudc chi tiét thainh 6 nhém nhd [1]: cdc vu diém vé lanh dao va
1ap ké hoach, cac uu diém vé thiét ké va xay dung, cdc uu di€ém vé ning sut - tai chinh, cdc uvu diém
vé vin héa, moi trudng, an toan lao dong. Céc uu diém ndi bat bao gdm dam bao chit luong, giam chi
phi, thoi gian 1ap dung nhanh va an toan hon so véi viéc thi cong d6 tai chd. Cac uu di€ém nay mang
lai hiéu qua cao trong viéc ning cao ning suét, riit ngan thdi gian thi cong, nang cao chit lugng cong
trinh so v6i cach lam truyén thong.

Tuy vay, cong nghé diic sin ciing c6 mot s6 nhudc diém. Viéc st dung ciu kién dic sin sé bi gi6i
han bdi kich thudc, khé khin trong viéc kiém sodt sai s6 ché tao va lip dung tai cong trudng va van
chuyén. N6 ciing doi hdi phai quan ly lién tuc cdc yéu cau dit ra dbi véi cAu kién, cong trinh, yéu cau
sai 18i san xuét thip, chi phi (k€ ca chi phi dau tu ban dau va chi phi thiét ké) ting 1én, khé st dung
cong nghé thong tin do dia diém phan tdn, kém da dang vé my thuat, ting 4nh hudng tiéu cuc dén moi
trudng do viéc san xudt va 1ap dung st dung nhiéu may mdéc thiét bi 16n, ting mitc d6 mit an toan do
phéi 1am viéc véi két cAu 16n, rdi ro vé sai 16i, khuyét tat ca cAu kién va mbi nbi 16n [1]. Vé mit k§
thuat, nhiéu nhugc diém trong sb trén dua dén yéu cau quan ly lién tuc d€ dam bao cic thong tin dugc
chuyén giao xuyén sudt tif qué trinh thiét ké, qua giai doan san xuét va lap dung. Tuy nhién, do hiéu
ting silo (viéc chuyén mon héa din dén han ché hop tac va chia sé thong tin), nhiing thong tin k§y thuat
nay con thiéu tinh lién mach xuyén sudt qua trinh thiét ké, san xuit va 1ap dung cac ciu kién dc sin,
chiing thuong bi mat mat va gidm do chinh xdc trong qua trinh trao ddi thong tin qua tiing giai doan
trién khai.

C6 nhiéu nghién cttu di dudc tién hanh d€ giai quyét cac han ché da dé cap ctia viéc st dung cong
nghé diic sin. Pa c6 mot s6 nghién ciiu tap trung vao phat trién cong nghé lién két va ing xit tong thé
ctia ciu kién cau sau khi 1ap ghép [2-6]. C6 mot sb nghién ciiu khac dudc thuc hién dé khong ché do
chinh xdc hinh hoc ctia ciu kién, 13 nhéan td ¢6 vai trd quan trong trong qua trinh ki€m sodt sai s6 1ip
ghép [7, 8]. Tuy nhién, thuc tién viéc st dung cong nghé dic sin van chua gidi quyét dugc han ché vé
trao d6i, ddm bao thong tin lién mach trong sudt qua trinh nhu trén da chi ra.

Phuong phap Thiét ké dinh huéng Ché tao va Lap dung (Design for Manufacturing and Assembly
- DfMA) 1a phuong phdp tap trung vao viéc thiét ké d€ ting tinh thuén tién cho ché tao va lip dung
cho cdc céu kién dic san, vi du nhu ciu kién cau bé tong cbt thép [9]. Phuong phap DfMA chi trong
dén viéc tao ra nén tang hd trg dé tich hop toi da thong tin ky thuat tir giai doan thiét ké sang giai doan
san xudt, ché tao va lip dung cdc cAu kién dic sin, nham giam thiéu viéc mét thong tin va dam bao do
chinh x4c xuyén sudt. Tir d6, dé trién khai DEMA c6 hiéu qua, can st dung mot mo hinh k§ thuat sb
1am ndi tich hop cac thong tin ky thuat da dudc sd héa va luu trit ching trén mot co sé dif liéu trung
tam, dudc quén Iy tap trung va st dung xuyén sudt vong ddi du 4n.

Gan day, BIM dudc gidi thiéu va phat trién, ing dung rong rii trong nganh xay dung trén thé giéi,
va cling da dugc gi6i thiéu va tiép can & Viét Nam [10]. V6i cic wu diém clia minh, BIM tr thanh
cong nghé nén tang dé tao diéu kién va phat trién viéc 4p dung phuong phap DfMA [11]. M6 hinh s6
ky thuat (Digital Engineering Model - DEM, dich diy dd 12 “m6 hinh k§ thuat k¥ thuat s6” hay “mo
hinh k§ thuat dugc s6 hoa”, goi tit 1a “mo hinh sb ky thuat” dé tranh lip tl) 14 mo hinh ky thuat da
dugc sb héa va dugc xay dung trén nén tang md hinh BIM dé han ché dudc cac nhugc diém cia tling
loai mo hinh, diic biét 14 van dé trong viéc sd hda, cap nhat va chia sé, chuyén giao thong tin ctia cic
bén hitu quan tai tiing giai doan trong qua trinh thiét k&, san xuit, 1ip dung da dugc dé xuit st dung
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trong DfMA.

Dua vao nén ting cong nghé BIM va phuong phap DfMA, bai bdo nay dé xuét y tudng ly thuyét
vé mo hinh s6 k§ thuat DEM cho cic ciu kién cau bé tong cdt thép diic sin. Két qua nghién ctiu dugc
minh hoa trong mdt trudng hop thi diém st dung DEM trong mot tru cau bé tdng cbt thép diic sin &
Han Québc.

2. Téng quan vé phueng phap thiét ké dinh hudng ché tao va lap dung

Thiét k& dinh huéng Ché tao va Lip dung, hay con goi la Thiét ké cho Ché tao va Lip dung
(DfMA), liic dau 12 mot phan mém do Cong ty Boothroyd Dewhurst Inc. déng tai Ireland phat trién
vao nim 1980 dé phan tich kha ning c6 thé ché tao dudc cia cic thiét ké co khi [12]. Sau d6, n6 da
phét trién thanh mot tu duy méi trong viéc trién khai cdc du 4n, bao gdm ca du an xay dung. Pay 1a
mot khdi niém téng hop, dudc két hop tir hai khai niém trong thiét ké: thiét ké cho ché tao (DfM -
Design for Manufacturing) va thiét ké cho 1ap dung (DfA - Design for Assembly) [9]. DfM Ia thiét
ké nhiam dam bao su dé dang cho viéc ché tao, san xuit cac thanh phin ma sé dudc st dung dé lip
dung/Ip rap thanh san phim cubi cling, trong khi d6 DfA 1a thiét k& sdn phdm dinh huéng viéc 1ip
dung/lap rap dudc dé dang [13].

Thiét ké cho l3p dung (DfA) cin dudc xem xét trudc nham muc dich tim ra céc giai phap don gian
héa ciu kién d€ dap ting yéu cu dé thi cong. Thiét ké cho lap dung doi hdi cé nhiing phuong 4n tdi
uu héa chi phi 13p dung va vt liéu di kém dé xem xét bai toan mot cach day dd. Sau dé, tu duy Thiét
ké cho ché tao (DfM) can dudc 4p dung nhiam giam chi phi ché tao cic ciu kién va tidu chudn héa cu
kién d€ phuc vu ca viéc san xuit va lap dung. Mot cich tdng hop, DFMA sé gitip phan tich, danh gia
phuong 4n thiét ké dudi géc do 1ap dung va san xuét/ché tao. Nhd c6 DfMA, san phdm sé dugc don
gian hda, c6 do tin cdy cao hon, chi phi thip hon trong cic giai doan 1ip dung va san xuit. Viéc giam
thiéu dugc s6 luong cac thanh phan dua ra 13p dung sé dua dén hiéu ting “qué cau tuyét” trong viéc
giam chi phi, vi du céc chi phi dudc cit giam kéo theo do khong phéi thuc hién cdc ban vé va tai liu
quy céch ky thuat, gidm chi phi lam viéc véi nha cung cip ciing nhu chi phi luu kho [9].

Tuy nhién, viéc trién khai san xuat xdy dung theo huéng tién ché st dung céch tiép cin DEMA
cling van phéi gidi quyét cic vin dé ndy sinh do ban chit clia viéc chuyén mon héa. Thi nhét, do
khong c6 su tham gia clia nhiing ngudi 1am cong tic ché tao trong qua trinh thiét ké, c6 thé dan dén
hau qua 1a san phdm thiét k& c6 thé chua thuc su thuén tién cho cong tic san xuét/ché tao. Thi hai,
hiéu ting silo, hiu qua cta viéc chuyén mon héa sau xuét hién lam han ché qua trinh trao ddi thong
tin, khién thong tin khong dudc thong sudt. Cac yéu ciu, quy tic, rii ro c6 thé ndy sinh va giai phap
phong tranh khi 1ip dung ma don vi sin xuit da nhan thic dudc thong qua viéc phan tich qud trinh
lap ghép, vi du théng qua moé phéng ciing ¢ thé khong dudc truyén dat day di va hiéu qua dén don
vi san xuét va don vi 1ap ghép. Céc giai phap dé gidi quyét nhu ting cuong hop tic gilta cic bén, ting
cudng lam viéc nhém, mai chuyén gia 1ap dung tham gia gép y trong giai doan thiét ké, hoidc don vi
san xuAt/ché tao t6 chiic dao tao d&€ dam bao don vi ldp dung nim bat dugc tit ca cic yéu ciu, quy
tac cling nhu cach thic tién hanh 13p dung theo thiét ké ctia ho khong phai bao gid ciing dat hiéu qua
mong mubn [13].

Ky thuat sb6 hoa (Digital Engineering - viét tit 1a DE), 1a mot ky thuat dugc gidi thiéu bdi
Kostopoulos vao nim 1975 [14], ldc du, dugc phat trién cho nganh dién ti. Muc dich chinh cda
DE 14 tao ra mdi chudi dif liéu va thong tin lién mach trong subt vong ddi ctia san pham. DE da dudc
ting dung cho DfMA thong qua viéc st dung cidc mo hinh sé 3D dudc dung 1én tir thiét ké, dugc tich
hop tbi da thong tin k§ thuat dé ho trg viéc chuyén giao thong tin tif giai doan thiét ké sang giai doan
san xudt, ché tao va 1ap dung cac ciu kién dic sin [11]. Tuy nhién, ding dung nay vin chua giai quyét
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dugc triét d€ van dé tao diéu kién dé dang d€ cic chuyén gia & giai doan sau c6 thé tham gia y kién,
chia sé kinh nghiém & cic giai doan tru6c. Cé thé néi, du da st dung DE, DFMA van thiéu ving mot
giai phdp hiéu qua d€ giai quyét triét d€ van dé trao ddi va quan ly thong tin, tri thic.

Gan day, nganh xdy dung cdc nudc trén thé gidi da tiép can va d4p dung M hinh thong tin cong
trinh (BIM). V6i cc uu diém ctia minh, M6 hinh BIM c6 thé sit dung nhu mot loai md hinh DE tién
tién hd trg cac hoat dong DFMA. Thong tin vé mua sam, ky thuat san xuét, van chuyén, lip dung,
ki€m tra va ddnh gia c6 thé dudc lién két va tich hop vao mo hinh BIM dé tao mot mo hinh giau dit
liéu (Data-rich model) [15]. St dung BIM, c4c md hinh ky thuit s6 thanh phan ctia DFMA c6 thé dudc
dung trén nén tang BIM va sé dugc két hop t6t hon véi muc dich hop 1y héa quy trinh san xuét va lap
dung. Ngoai ra, cdc tinh ning uu viét sin c6 ciia BIM nhu kha ning kiém tra xung dot, mo phong qua
trinh 1ap dung trén cong trudng d€ phat hién cdc van d& mit an toan, v.v... c6 thé dudc khai thac dé€
nang cao hiéu qua cﬁa cach tiép can DfMA trong nganh xay dung [16, 17].

DfMA dua trén nén tang BIM da dugc nghién citu va thit nghiém ap dung rong rai trong Xay dung
mo dun héa va xay dung tién ché cong trinh nha clia, nhu & Singapore [18] Uc, Vuong qubc Anh
[19], va Malaysia [20] v.v... Tuy nhién, viéc khao sat cac cd sé dit liéu vé cdc cong bd khoa hoc nhu
Scopus, Google Scholar cho thiy, chua c6 két qua nghién ctiu nao dugc cong bd rong rii vé viéc si
dung DfMA dua trén nén tang BIM cho cdc cong trinh cau. Mit khdc, viéc st dung BIM trong céc du
4n xay dung néi chung va ca khi st dung trong phuong phdp DfMA néi riéng cling vin con cic van
dé ton tai cAn khic phuc, trong d6 tn tai 16n nhit 1a do mo hinh BIM dudc phat trién vao ting giai
doan riéng ctia du 4n, nén giy ra cic han ché trong kha ning tuong tic va trao ddi thong tin giita cac
mo hinh & céc giai doan khac nhau [21]. Viéc cdc nha thau va don vi thiét ké dung cdc pham mém
BIM khéc nhau cho cong viéc clia minh gy mit mat thong tin khi chuyén giao, va cic nguyén nhin
khong dam bao dudc kha nang tudng tac ciia cdc mo hinh. (interoperability) cling 1a nguyén nhan gay
ra ton tai noi trén.

Do d6, nghién ctiu nay dé xuét s dung Mo hinh s6 k§ thuat (Digital Engineering Model — DEM)
nhu mot giai phap tién tién hon, tich hop dudc cic wu diém va han ché dugc cac nhudc diém ciia viéc
st dung DE va cd BIM trong cich tiép cin DfMA, 4p dung cho céc cong trinh cau.

3. Dé xuét Mé hinh s6 k§j thuat (DEM)

Mo hinh s6 k¥ thuat (DEM) dudc dé xuét st dung trong nghién cifu nay 1a mo hinh DE dugc phat
trién trén nén tang BIM c6 cdi tién (Hinh 1). N6 ké thita diic tinh ctia DE 12 tao ra mdi chudi dif liéu
va thong tin lién mach trong sudt vong doi clia san pham. DEM tap trung hon vao pht trién mot hé
thong tich hop toan dién toan bd vong ddi du 4n, ¢6 su cii tién hon M6 hinh BIM trong viéc didm bao
kha niing tuong tac va trao doi thong tin gitta cdc giai doan clia du 4n. DEM tré thanh mot moi trudng
k¥ thuat sb dudc tao ra véi muc tiéu ting cudng tinh hop tic, 13 noi tit ci cdc bén hitu quan cda du
4n cung cAp thong tin vao du 4n, nhiing thong tin nay dudc luu trif tai co sé dif liéu chung c6 tinh hé
théng va lién két gitta cdc mo hinh. Do d6, DEM c6 thé md ra mdi trudng md dé chia sé thong tin, mo
phéng chi tiét va tao ra mot nén tang cho viéc hop tac toan dién du an tir thiét k&, ché tao, 1ap dit dén
giai doan hoat dong va bao tri.

Hinh 1 thé hién tdng thé hai cip do phat trién ciia DEM. Cip mot ctia DEM bao gdm md hinh
thiét ké ky thuat s6, md hinh ché tao ky thuat s6 va mo hinh 13p dung k¥ thuat sb. Tir thuyét minh
tinh todn két cu, cic thong tin hinh hoc va vat liéu dugc trich xut va luu trit dudi dinh dang trao
ddi thong tin BCF (BIM Collaboration Format) nhu bang tinh Excel hodc tép tin XML (Extensible
Markup Language) trong cd s dit liéu chung cia DEM. M6 hinh BIM dudc tao ra béi phuong phap
mo hinh tham s6 (Prametric Modelling). Phuong phap nay lién két cic tham sb hinh hoc véi thuat
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Hinh 1. Cip dd phét trién ctia m6 hinh s6 k§ thuat DEM

to4n trong cong cu BIM dé€ tao ra mo hinh. Khi xuit hién cic thay d6i thiét ké, tham s6 hinh hoc dudc
diéu chinh va mo hinh BIM sé tu dong dudc cap nhap dua trén thuat toan két ndi giita mo hinh va co
s6 dif lidu. C4c nguyén ly thiét ké DfMA can dugc tich hop trong céc thuit toan md hinh héa. T d6
mo hinh thiét ké ky thuét sd sé chifa cac thong tin hinh hoc, thong tin vt liéu, phuong phép 1p dung
va sai s6 cho phép cho qua trinh san xuit va lip dung. M6 hinh thiét ké ky thuat sb sé dugc dong bo
v6i mo hinh ché tao ky thuat s6. Vi muc tiéu ning cao ning sudt, ting tinh tu dong hoéa, giam thiéu
chi phi va ché tao nhiing ciu kién c6 tinh thim my cao, cong nghé in bé tdng 3D dudgc st dung dé in
van khudn bé tong cb dinh cho céu kién da dugc nghién cifu 4p dung. Trong co sd dit liéu chung, tir
thong tin hinh hoc va vt liéu tif mo hinh thiét ké, cic tham s cho qud trinh in bé tong sé dudc tinh
toan nhu dudng din in, chiéu rong va do day 16p in bé tong, thdi gian in va cp phdi vat liéu. Md hinh
thiét ké sé dugc st dung d€ tinh todn nhitng tham s in. M6 hinh k¥ thuat s6 1ap dung chia dung trong
d6 huéng dan cho cong tac lap ghép va tidu chuin sai s6 1ap ghép dudc tinh hop vao mo hinh va co
s& dit lidu chung. Tiéu chudn sai s6 1ap ghép cho cu kién cau diic sin nhu trong dé xuét ciia Culmo
va cs. [7] da dugc danh gia trong md hinh md phéng qua trinh 1ap dung. TAt ca cac thong tin tlf cic
mo hinh thiét k&, ché tao va 1ap dung déu dudc chuyén dén cd sd dit liéu chung d€ dam bdo tinh lién
mach thong tin.

Mo hinh s6 ky thuat song sinh (Digital Twin Model) st dung d€ theo déi qu4 trinh 1am viéc cta
cdc cau kién sé dudc thiét 1ap cho DEM cép 2. Ciu kién dudc 1ap cam bién dé theo déi cac chi s6
trong qua trinh cAu kién 1am viéc. Dif liéu thu dudc tif cdm bién sé dugc st dung dé€ phat trién mo
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hinh k§ thuét sb song sinh. Qua trinh 1am viéc ctia cAu kién trong giai doan van hanh sé dugc luu trit
va s héa bdi hé thong bao tri. Dua vao két qua theo dbi qua trinh hoat dong, can riit ra cic phan hoi
d€ cai tién mo hinh thiét ké dudc thuc hién. Tai cAp 2 ctia DEM, dit liéu 16n trong qu4 trinh hoat dong
can dugc s6 héa va phan tich.

4. Thir nghiém M6 hinh s6 k¥ thut cho mét tru cau bé tong cbt thép diic san
4.1. Tong quan mo hinh

Qua trinh phét trién mo hinh s6 k¥ thuat DEM cip 1 cho tru cau bé tong cdt thép dudc trinh bay
tai Hinh 2. DEM cip 1 dugc phit trién bao gdm mo hinh tham s6 BIM dua trén nguyén ly thiét ké
DfMA, mb hinh ché tao k¥ thuét s6 va mé hinh lap dung ky thuat s6. Co s dif liéu chung dudc thiét
lap d€ Ivu trit, lién két va phan tich dit liéu xuyén subt cac qua trinh tir thiét ké, ché tao dén 1ap dung.
Trong giai doan thiét ké, mic do phat trién md hinh LOD (Level of Development) ctia md hinh ché
tao dudc thiét 1ap & muc t6i thi€u 12 LOD400, d€ dam bio c6 dii thong tin phuc vu céc giai doan san
xuit va lip dung. M6 hinh tham s6 BIM dinh huéng DfMA dudc khdi tao dé chuyén sang mo hinh
ché tao. Nhiing thong tin vé nha cung ting ciu kién, phuong 4n van chuyén, gidi han cong trudng va
sai s6 lap dung sé dudc tinh hgp vao mo hinh ché tao.

Thuyét minh TS S
tinh toan I Nguyén ly thiét ké DIMA | o ik Tl
A . A + Tich hop chudi cung tmg céu kién ‘| N [
M® hinh Ehlet ke tham | +Phuong an ché tao va lap dung II I|
s6 BIM + Gidi phdp tiéu chuan hoa - Sl
=R | +Yéu cau cua cac bén hiru quan
besa L .

4y . ] M6 hinh tham
Eﬂ M 56 BIM dinh

huéng DIMA

M hinh s6 cho ché tao
Moéng tru cdu Thén try cau Mii tru cu

e
=l
=

=
o
=

&

B

B

i)
7
=]

@]

CRTHHE G

M& hinh s6 mé phong I&p dung trude

+ Kiém soat sai s6 lip dung

+ M5 phong qué trinh Iip dung tai cong
truong

+ Kiém tra tinh kha thi va ning cao
hi¢u qua thi cong tai cong truong

+ Dao tao cong nhan, ky su hién truong

Hinh 2. M6 hinh s6 ky thuat cip 1 cho tru ciu

4.2. Mo hinh thiét ké tham s6 dinh hudng DfMA

Mo hinh s6 thiét ké dinh huéng DfMA 12 m6 hinh trung tdm trong viéc thiét 14p mo hinh DEM.
M0 hinh dudgc thiét 1ap dua trén nén ting md hinh tham sé6 BIM thda man cac diéu kién cho 13p dung
DfA va cho san xuit DfM.

Hinh 3 dién ta quy trinh hinh thanh m6 hinh thiét k& tham s6 dinh huéng DfMA. Buéc 1 1a budc
thiét 1ap cac tham s6 thiét ké cho DfA va DfM. Céc tham s dudc xem xét d€ ddm bao su phit hop cho
lap dung va ché tao, thong tin vé cac tham s nay can phén tich va tich hgp trong mé hinh BIM. Budc
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Thieét lap tham s6 s6 cho
DfMA

I

Khai tao ¢ sé dir liéu tham s6
cho mé hinh thiét ké

Cap nhap

| Khai tao mé hinh tham s6 BIM
cho DfA

M6 phéng qua trinh 1ap dat

| Phan tich cho yéu cau DfA ‘

Y

Kiém tra mé
hinh da dat yéu
cau cho DfA?

Chua dat [~ ap nhap nhitng tham s6 can

thiét cho DfA

M6 phéng qué trinh ché tao
A

Khai tao mé hinh tham s6 BIM
cho DIM

Kiém tra mé
hinh da dat yéu
cau cho DfM?

Chura dat

Phén tich cho yéu cau DIM Cép nhip ,,lhlmg tham s6 cén

Khéi tao mé hinh chi tiét | Kiém tra xung dét va téiwu
cho ché tao hoéa

M hinh s6 thiét ké

Thu vién mo6 hinh s6
k¥ thuat cho cau
kién dac san

Mo hinh sb ché tao

M5 hinh s6 m6 phong
lap dat

Hinh 3. Quy trinh thiét 1ap mo hinh tham s6 dinh huéng DfMA

tiép theo, can thiét 14p co s6 dit liéu tham s6 cho viéc dung md hinh v6i tham s dudc phan loai theo
mifc d6 LOD tit 200-400. Hoat dong lap dung dudc phan tich d€ 1am rd cic yéu cau can théa man.
Mot hé toa do cac di€ém quan trac can dugc thiét 1ap d€ hinh thanh dudng cin chinh mé hinh phuc vu
viéc 1ap dung ciu kién. Gidi han sai sb 1ap dung theo truc x, y, z dudc tich hdp vao mé hinh d€ mé
phdng qua trinh 13p dung. Sau khi md hinh ciu kién véi tham s6 1dp dung dugc thiét 1ap, budc tiép
theo 12 phan tich tham sd cho yéu cau ché tao DfM. Tham sb ché tao dudgc thiét 1ap dua trén diéu kién
vé san xuat cAu kién trong nha may. M6 hinh BIM théa man cic tham s6 diéu kién DfM sé dudc sir
dung cho viéc ché tao cac cu kién. Md hinh BIM sé dudc st dung d€ tinh toan vat liéu ché tao nhu
dién tich van khuon, khoi lugng bé tong cdt thép. Mo hinh than tru ciu sé dugc sit dung dé thiét 1ap
dit liéu in cho mdy in bé tong. Két qua cudi cung cic md hinh sb sé dugce chuyén giao cho cic bén
nha thau d€ thyc hién ché tao. M6 hinh sb thiét ké, ché tao va lap dung sit dung cho viéc mo phong va
ki€m sodt sai s6 trong qua trinh 1ap dung 14 két qua chinh ctia mo hinh.
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4.3. M6 hinh sé thiét ké

St dung cong nghé in 3D, than tru cau c6 thé dudc thiét ké dam bao yéu ciu thim my. Cong nghé
in 3D cho phép ché tao cac chu kién c6 hinh déng hinh hoc tu do, do d6 c6 thé gidp gidi phong tu duy
thiét ké khéi cac hinh khoi bé tong thong thudng do han ché ciia k§ thuat didc sin. Hinh 4 thé hién
mo hinh thiét ké thAim my mot than tru ciu c6 kién tric xoan. Trong trudng hop nay, tru cau khong
dugc in truc tiép, ma cong nghé in 3D dugc st dung d€ in van khudn cho tru cau. Cac tham sb thiét
ké chinh can dugc tinh toan cho viéc sit dung cong nghé in 3D 1a géc nho ra gitta céc 16p in, dd cong
va mtic d6 phiic tap hinh hoc. Géc nhd giita cic 16p in dudgc thiét ké trong khoang (—15, 15) do dé dat
dugc chit luong in tot nhit. St dung phuong phap mé hinh tham s6 gitip cho nha thiét ké c6 thé tao
ra cdc phuong 4n thiét ké v6i miic do phic tap khac nhau. Thuat toan dudc thiét 1ap dé kiém sodt gidi
han céc tham s6 in va rang budc d€ tao ra mo hinh c6 thé in dugc. M6 hinh in 3D ¢ nhé st dung may
in Formlabs3 dugc st dung dé kiém tra khuyét tat hinh hoc, va phuong phap lap dung.

11,500

2@5,750+11,500

¢ oF PIER
EL 15.805 EL 15.928 | EL 16162 | EL 16.039

CFM ek l- oM,

1,200 1,300
1,200] 1,534

Z2pAE FYR
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10,904

6170

2,150 2,400 2,150

0125 X2 M 8
228 YN
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T T
| i
g con'e M I
Tck =15 WPa H W BRUTYE
(6508087,
= ) L=32M

100 g,ol 01, 730+5,200 lssa 100

Phuong 4n thiét ké tham my than tru
cau

Inmau thiét ké ¢t cho tru cau
I . M5 hinh lip dung
May in c& nho FormLab 3 Cau kién 1 Cau kién 2 =

Hinh 4. M6 hinh sb thiét ké

Phuong an thiét ké tru cau ban dau M6 hinh thiét ké tru cau

Hinh 5 dién gii qua trinh khdi tao mo hinh tham sé BIM cho DfMA st dung phan mém mo hinh
tham s6 Grasshopper va Rhino. M6 hinh tham s6 st dung két hop cac tham s6 thiét ké dau vao va cic
thuat todn dung dung md hinh. Co s dit liéu tham s6 thiét k& 1a mot phan quan trong trong md hinh
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DEM. Quy tic dit tén cho cic tham s6 sé dudc thdng nhit sit dung xuyén sudt qua trinh thiét ké dén
san xuét va lap dung. Tham sb chinh dén ti thuyét minh tinh toan. C4c rang budc trong thuat toan mo
hinh 13 khoang cach t6i thiéu, toi da ctia c6t thép, 16p bé tong bao vé, sai sb cho phép, cac tham s6 cho
viéc ché tao va dung. Cic thuit toan dudc xdy dung cho cic mo hinh méng, than, mii tru cau véi cic
két cAu chi tiét nhu c6t thép, cap va 6ng cap. Thuit todn md hinh dugc 14p trinh trén nguyén ly mo
hinh huéng d6i tugng. Tt ca cac ciu kién c6 tham s6 thiét ké, rang budc va quan hé chinh — phu. Khi
thay ddi gid tri mot tham s thi cdc tham s khac sé tu dong thay d6i dua trén cc rang budc da dudc
dinh nghia trudc trong thudt toan. Nhitng dif liéu tham s6 nay ciing dudc st dung cho viéc tinh todn
khdi lugng va tao ban vé chi tiét 2D.

M6 hinh méng

Date:

Mo hinh than
M6 hinh ma

1. Footir}

M5 hinh mi

W'»Z'Lv Thuat toan m6 hink

thép mii tru cau

IV: Tendon

=1
=

=
£
=
©
=
=1

o |8

M5 hinh méng

Hinh 5. M6 hinh tham s6 BIM cho thén tru ciu

4.4. M6 hinh sé ché tao

MBb hinh sb ché tao cho méng, than va mil tru cau dudc phat trién trén nén ting md hinh tham s
BIM, cho phép tinh todn khéi lugng cac vat liéu chinh nhu bé tong, cbt thép va van khudn. Mo hinh
3D thép sé dugc chuyén truc tiép dén may gia cong thép dua trén nén ting cong nghé san xuit dudi
st ho trg ctia may tinh CAM (Computer-Aided Manufacturing). Than tru cau dudc ché tao bang cong
nghé in bé tdng 3D st dung mdy in gian 3 truc d€ tao nén 16p véan khuon bé tong vinh ctu. Sau do,
ngudi ta dit 1ong thép, dng cap va tién hanh d6 bé tong. M6 hinh sb thiét ké ctia than tru cau dugc
dugc st dung d€ tinh toan tham s6 cho qua trinh in bé tong. Hinh 6 trinh bay qu4 trinh tinh toan, mo
phong va tao ra dif lidu in cho viéc van hanh mdy in bé tong. Pudng din in dudc tinh todn va thiét 1ap
dua vao chiéu day va do rong 16p in. Qua trinh in dudc md phéng dua vao dudng dan in va tdc do in.
Dua vao céc tham s6 in, ma G-Code dugc khdi tao cho viéc van hanh mdy in. Miu in ¢d nhé cho van
khuon bé tong da dudc thuc hién v6i do day 16p in 20 mm, chiéu rong S0mm va sit dung voi phun véi
dudng kinh 40 mm. St dung cong nghé in bé tong 3D sé gitip gidm thdi gian va chi phi sn xut, so
véi viée st dung van khudn dinh hinh truyén thdng. Pong thdi c6 thé ché tao dudc nhiing cu kién c6
hinh khéi phiic tap, c6 tinh thim my cao.
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lap than
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Hinh 6. Qu4 trinh md phdng in bé tong 3D cho than tru ciu

Hinh 7 trinh bay qua trinh khéi tao G-Code cho mdy in bé téng trong Grasshopper. G-code 1a dit
liéu tap hop toa dd cac diém (x,y, 7) trong khong gian st dung d€ xdc dinh vi tri di chuyén cho voi in
tlf dudng din in. Dua vao tham s6 téc do in, toa do cac diém sé dudgc thiét 1ap trén dudng dan in. Voi

Lop in dau ti
m\\
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Printer setting

Hinh 7. Qua trinh khéi tao G-code cho mdy in
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in sé& di chuyén dén vi tri bat diu va chuyén dong dén cac diém tiép theo trén dudng din in. LSp in
dau tién két thiic khi voi in di chuyén vé vi tri diém bat dau, sau d6 voi in s& di chuyén 1én 16p in tiép
theo. Pudng dan in c6 vai trd quan trong trong viéc dinh hinh hinh ddng ctia md hinh in. Chiéu day
16p in, téc dd in, thdi gian in 14 nhitng tham sb chinh can dudc thiét 14p, tinh toan cho qua trinh in tir
mo6 hinh s6 thiét ké.

4.5. Mé hinh s6 mé phéng ldp dung (Digital preassembly model)

M6 hinh s6 ldp dung dudc st dung cho viéc mo phong trude qua trinh 1ap dung dua trén bién phap
lap dung va sai s 1ap dung cho phép. Hinh 8 thé hién tdng quan quy trinh st dung mé hinh sb cho
kiém soat sai s6 1ap dung. Tit mo hinh sb ché tao véi sai sb hinh hoc trong qu4 trinh san xuét, mo hinh
s& dugc cap nhap va chuyén sang mo hinh s6 mo phong qua trinh 13p dung. Sai s6 trong qua trinh 1ap
dung dudc tinh toan dua vao do 1éch giita toa do diém két ndi quan tric lién két véi toa do diém theo
mo hinh s6 thiét ké.

Kiém tra trong qua trinh lap dung

[ Toa do diém két ndi trong
M3 hinh s lip dung qua trinhllip dung

50 moO phong
lap dyng

Thu vién mé hinh sé ché tao

Tinh toén sai s lip dung ]

|

M& hinh s6 cho ché tao

S
— Sai so lap dung cho Diénh gia
Sai 0 trong qué trinh pheép sai s6 lp Stra chira
che tao dung

Toa d6 diém két ndi

Vat [i¢u va thong so
hinh hoc

[ Lip dung céu kién tiép theo ]

Hinh 8. Quy trinh st dung mé hinh s6 cho kiém sodt sai s6 lap dung

Puding cin chinh 1ip dung sé dudgc thiét 1ap dua vao toa do diém lién két 12 trong tim dit liéu cho
md hinh s6 mé phéng 1dp dung (Hinh 9). Piém quan tric 13p dung dudc xdc dinh 1a trong tim ciu
kién. Viéc lap dung tru cau yéu ciu chit ché vé sai sb theo chiéu cao (truc Z). Sai s lap dung cho
phép dugc thiét 1ap nhu sau: sai s6 truc x va y khong qua 15 mm va truc Z 1a 10 mm. Pudng cin chinh
theo theo gidi han sai sb 1ap dung dudc thiét 1ap dua trén toa do diém lap dung vdi sai s6 cho phép.
Sai s6 13p dung thuc té sé dudc tinh toan dua vao do léch toa do diém cin chinh trong mé hinh sb véi
toa do di€ém do dudc trén cdng trudng.

Hinh 10 trinh by phuong phap kiém tra sai s6 trong viéc dit 6ng cap. Sai s6 dudgc tinh toan giita
mo hinh thiét k& va ché tao dugc do tif trong tAm ciu kién dén tling vi tri 6ng cap dudc xic dinh tai
mit tiép gidp ctia hai cAu kién. Trong qua trinh lip dung, yéu ciu khong c6 khe hé trong khdp ndi
gitta cac cAu kién d€ tranh viéc cdp bi in mon. M hinh sb thiét ké khdp ndi dugc phat trién nhu trong
Hinh 10. Sau d6 khdp ndi dudc san xuét tit mdy in 3D. Chit luong khdp ndi ctia dng din cling véi sai
s6 1ap dung 12 mdt trong nhiing yéu t6 quyét dinh do bén tru cau lip ghép.
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Puong can chinh theo gidihan
sai s6 lap dung

Duong can chinh ban dau
khong c6 sai sd lap dung

S4(a4,b4,c4) P4(x4,y4,z4)

Piém quan tric ldp dung

P2(x2,y2,z2)

Sl(al,bl,cl) P1(xLyl,z1)

Phan mém tinh toan sai s& lép dung

T PC Member Management System - e
Mose_Compre _pre-ssemly Anshys_ Comscton
0-model #model sunen euen -
X Y oz owm x| Y oz oem X Y z T e b P An- Am- Rato
[ [ vl of 1Segment Bottom Pretension PT6 1 | oo/

Seo- locat Part  Pomt

| 1410_| 1327.| 12662 12590 89.26%
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| 1410_| 1410 | 12862 1299 [9212%)
| 1410_| 1410.| 12862 1299._[9212%)
| 1410_| 1410 12862] 129992 12%
| 1410_| 1410_| 12862 1299_[9212%)
| 1410 1410 128.62| 1299 92 12%,
| 1410_| 1410_| 12862 1299_[9212%)
| 1410_| 1410_| 12862 1299_[9212%)
| 1410_| 1410 12862] 1299 9212%,

1410.| 1410_ | 12862] 1299_ |92 12%|
o vero_| vz 1o (w2124

| 1410 | 1327..| 12662 1250 89.20%
39 057%) 1410.| 1248 12462] 1219_ |86 48%|
39| 057%) 1410 1410.| 12862 1299__|9212%
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Tolerance: Rato 39| 057%) 1410 1410.| 12862 1299_|9212%

Diflerence of Center 539 057% 39 057%) 1410_| 1410 12862] 120992 12%|
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T e
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Hinh 9. Tinh todn sai s6 1ip dung sit dung md hinh s

Mit trén

Mét trén cdu kién M6 hinh thiét ké Mé hinh ché tao Sai s6
than try the 1 (mm) (mm) (mm)
Ban kinh 370 371.47 147
Hole 1 300.00 299.67 -0.33
Hole 2 300.00 298.94 -1.06
Hole 3 301.44 1.44
Hole 4 301.74 74
Hole 5 294.66 5.34
Hole 6 - ->
M3t duéi cdu kién Shi s6
than try thir 2 hm)
Ban kinh 3.33
Hole 1 3.19
Hole 2 .28
Hole 3 0.23
Hole 4 300.00 298.51 -1.49
Hole 5 300.00 299.94 -0.06
Hole 6 300.00 297 -3

Hinh 10. Phucong phép tinh toan sai s& 1ip dung cap du tng luc
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5. Két luan

Bai bdo di 1am rd sy can thiét ctia mo hinh s6 k§ thuat DEM cho phit trién cong nghé thi cong
ciu st dung ciu kién diic sin trong bdi cinh yéu cau vé chuyén ddi sd trong nganh xay dung ngay
cang tré nén cip thiét. Khdi niém va co ché van hanh ctia DEM, 12 két qua chinh ctia nghién cifu nay,
da tao ra cd s6 1y thuyét dé 1am nén tang cho cdc nghién cifu trong tuong lai nham phat trién mot phan
mém hd tr¢ quan ly thong tin k§ thuét cho toan bo vong doi cong trinh tir thiét ké, ché tao, 1ap dung,
hoat dong va bao tri. M6 hinh dé xuét ciing da dudc trién khai trén thuc té trong mot trudng hop cu
thé c6 pham vi nho.

DE diy nhanh nhitng nd luc trong phat trién cong nghé ché tao ciu kién diic sin va lip ghép,
mo hinh thiét ké tham s6 dinh hudng ché tao va l1ip dung DfMA cling v6i cong nghé in 3D da dudc
nghién cifu 4p dung trong thuc tién. Bai b4o niy da trinh biy két qua nghién ciiu trong giai doan dau
ctia mot du 4n nghién ctiu mé hinh s6 ky thuit DEM cho cau sit dung ciu kién dic sin. Cac mo hinh
ky thuat s6 cho qua trinh thiét k&, ché tao, 1ap dung cho tru ciu da dudc nghién cifu va phat trién thi
nghiém. Két qua nghién cifu di ching té hiéu qua cta viéc tich hop cac thong tin k¥ thuit cho sin
xuét va 13p dung vao mo hinh DEM. Tinh két nbi gitta cac bén hitu quan ctia du 4n da dudc cai thién
nhd vao viéc thiét 1ap mo hinh trung tim trao d6i thong tin 12 mo hinh thiét ké tham sb dinh huéng
DfMA. Nhiing thong tin vé thiét ké, san xuat va 13p dung déu dudc tich hgp vio mo hinh trung tim
nay, dudc st dung d€ trao d6i thong tin gilta cdc nha thau. Két qua thi nghiém kha kha quan, cho thiy
mo hinh nghién cttu ¢6 thé dp dung dé hd trg viéc thi cong/xay dung cau nhanh (accelerated bridge
construction - ABC). Tuy nhién viéc 4p dung md hinh DEM con tdn tai nhitng han ché vé viéc dong
bd ky thuat ctia cong nghé BIM giita chii du tu, don vi thiét ké nha thau thi cong 1ap dung. M6 hinh
yéu ciu su tham gia ctia don vi thi cong lap dung, nha thau ché tao cung don vi thiét ké ngay tir giai
doan dau ctia du 4n. Van dé nay con nhiéu han ché trong cic du 4n dau tu xay dung hién nay & Viét
Nam.

Nghién cifu tiép theo can trién khai 1 ing dung mo hinh & mot pham vi rong hon véi thi nghiém
thuc té, ké ca & Viét Nam, d€ c6 thé danh gia dudc toan dién wu, nhugc diém ctia mo hinh. Tir d6 1am
tién dé cho cac nghién ctiu kha thi vé mit kinh té, tai chinh, tir d6 dua giai phap vao thuc tién dam bao
hiéu qué cao nhit.
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