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Tom tat

Trong kién tric hién dai, mat cong tu do ngay cang dugc (ing
dung réng rai nh& kha nang tao nén hinh khéi déc ddo, mém mai
va giau tinh biéu cdm cho cdng trinh. Tuy nhién, viéc thi céng cac
mat cong tu do trong thuc t€ lai dat ra nhiéu thach thic vé mat ky
thuat, kinh té va cdng nghé ché tao. Cac mat cong tu do thudng
yéu cau san xuat bang cac khuén mau dac biét hodc cong nghé
dat tién, dong thai doi héi trinh db thi cong cao d€ dam bao chat
luong va dé chinh xac. Trudc thuc té d6, giai phap dugc nhiéu nha
nghién ctu va kién tric su lua chon la don gian héa mét cong tu
do thanh cac tdm phéng da giac. Viéc phan manh mit cong thanh
cac da giac phéng gitp ngudi thiét ké cé thé lua chon cac loai vat
liéu da dang hon, ¢6 sdn trén thi trudng, dé dang gia céng bang
may CNC hodc cat tha cdng, déng thdi rut ngan thdgi gian va giam
chi phi san xuat, 1ap dung. Phuang phap nay ciing dugc hé trg boi
cac phan mém thiét ké d6 hoa hién dai, cho phép mé hinh héa va
kiém soét sai s6 trong qua trinh chuyén déi tir hinh hoc cong sang
mat phang. Bai bao la goc nhin toan canh vé nhiing thuan lgi va
khé khan trong qua trinh don gian héa mat cong tu do bang cac
tdm phang da giac trong thiét ké kién tric. Tuy nhién, viéc két hgp
vGi su hd tro ciia cdng nghé sé va phan mém mé hinh héa, quy
trinh don gian héa mat cong tu do bang cac tam phang da giac la
mdt hudng di da va dang mang nhiéu gia tri thuc tién. N6 khéng
chi gitp hién thuc héa cac y tuéng thiét ké tdo bao ma con déng
gép vao qua trinh téi uu héa chi phi va nang cao chat lugng thi
cdng trong thuc té xay dung.

Abstract

In modern architecture, freeform surfaces are increasingly ap-
plied thanks to their ability to create unique, smooth, and expres-
sive forms for buildings. However, the construction of freeform
surfaces in practice presents significant challenges regarding
technical execution, cost, and manufacturing technology. These
surfaces often require special molds or expensive technologies
for fabrication, and they demand a high level of craftsmanship
to ensure quality and precision. In response to these challenges,
a solution that has been widely adopted by researchers and ar-
chitects is to simplify freeform surfaces into flat polygonal pan-
els. Fragmenting the curved surface into flat polygons allows
designers to choose from a wider variety of materials available
on the market, facilitates fabrication via CNC machines or man-
ual cutting, and helps reduce production time and construction
costs. This method is also supported by modern design software,
which enables accurate modeling and control of tolerances dur-
ing the transformation from curved geometry to flat panels. This
article provides a comprehensive overview of the advantages
and challenges of simplifying freeform surfaces using flat polyg-
onal panels in architectural design. However, with the integra-
tion of digital technology and modeling software, the process of
simplifying freeform surfaces using flat panels has proven to be a
highly practical approach. It not only makes it possible to realize
bold architectural ideas but also contributes to cost optimiza-
tion and improved construction quality in real-world projects.

DAT VAN BE

at cong tu do vdi hinh

dang hinh hoc phtic tap

dang la xu hudng thiét

ké trong nhiéu cong

trinh kién trdc hién dai.
Tuy nhién, viec mé phéng va ché tao
cac bé mat cong phuctap nay lai khéng
phai la cong viéc don gian. Cac bé mat
cong tu do c6 dé cong, d6 déc va su
thay d&i rat 16n, doi hoi cac cong cu va
phuong phap x{ ly dac biét trong thiét
ké va san xudt. Mot trong nhing thach
thiic I6n nhat trong thiét ké kién tric la
cach chuyén déi cac bé mat cong phic
tap nay thanh cac bé mat cé thé duagc
thi cong trén thuc t¢ ma khoéng lam
mat di vé dep thdm my clng nhu sy 6n
dinh vé két cdu. Cac cong trinh co s
dung méat cong tu do can dugc thiét ké

sao cho phu hop vdi tinh chét cla vat
liéu, dong thoi dap Ung cac yéu cau vé
an toan, khd nang chiu luc va kha ndng
thi cong. Bay la mot bai todn kho ma
cac nha nghién ctu va kién tric su van
ludn tran trd.

Mot gidi phép kha hiéu qua van dugc
Ung dung phé bién la phan manh
mat cong ty do thanh cac tdm phang
da gidc. Nhing “manh ghép” da giac
phang nay cé thé gitp don gidn hdéa
qua trinh sdn xudt va tang kha nang thi
cong l&p dat chinh xéc. Phuong phap
nay cho phép cac kién tric su va ky
su ¢6 thé tao ra nhing bé mat cong
phuic tap tU nhiing phan ti don gian,
gitip gidm thiéu chi phiva rit ngén thoi
gian xay dung cong trinh. Vi vay, mét
géc nhin tdng quan vé viéc tng dung
don gidn héa mét cong tu do bédng cac

tdm phang da giac trong thiét ké kién
trdc la can thiét. Biéu nay gilp ching
ta hiéu biét hon vé mot gidi phap thiét
ké kién tric hién daiva nhing thuan Igi,
khé khan khi dp dung gidi phap nay vao
thuc té.

CAC KHAI NIEM CO BAN
Khdi niém vé don gidn héa mdt cong tu' do

Méat cong tu do - Freeform Surface la
hinh dang bé mat khéng co su déi xing,
tinh tién hodc quay lién tuc quanh cac
truc. Cac bé mat dang tu do thudc loai
bé méat bat bién phuc tap [1]. Mat cong
tu do c6 tinh chat phuc tap, theo Ab-
dul-Rahman, cac bé mat dang tu do la
bé mat phi Euclid [2]. BE mat dang tu
do khoéng thé dugc chiéu 1én mot mat
phang ma khoéng bi bién dang hodc
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méat mot sé thong tin bé mat. Dang
hinh hoc clia mdt cong tu do khong
thé dugc mo ta bang mot phuaong trinh
phé quat duy nhét.

Pon gidn hdéa mat cong ty do la
“ohuong phap phan chia bé mat tu do
thanh mot tap hop cac phan riéng biét
va don gidn hoda hinh hoc déi tuong
thiét ké”

Phdn muc don gian héa mdt cong tu do
trong thiét ké kién triic

Cong trinh sau khi dugc thiét ké trén
may tinh. Bon gidn hoa la budc tiép
theo can thuc hién. Don gidn hoa mat
cong la chia madt cong tu do thanh
nhing manh nhé dé tir dé 1ap dat van
khudn. Hinh thiic van khudn phu thudc
vao viéc phan chia don gidn hoa mat
cong tu do. Van khuén da phan duac
ché tao tl cac loai vat liéu nhu sat, gd,
polystyrene gidn n& (EPS), vai va duogc
tao hinh bang cong nghé tao hinh diéu
khién s& bang may tinh (CNQ).

Cac so do trén hinh tém tét ba phuong
an hién tai dé phat trién va xay dung
cac bé mat cong, ham y cac muc do
don gidn héa khac nhau. [3]

Phuong dn A: Don gidn hoa t6i da. Hinh
dang bé mat cong dugc xdy dung
khéng cé cung dac tinh hinh hoc cua
thiét ké ban dau. Bé mat cong tu do
dugc phan chia thanh cac tam da giac
phang. Théng tin dudng cong cla nd
bi mat trong qua trinh si dung cac vat
liéu tdm cling va phdng nhu thay tinh
hodc gb.

Phuong dn B: Két cdu thu dugc gan vdi
bé mat cong do may tinh xay dung hon
bang cach s dung vat liéu tdm co kha
nang udén cong nhu kim loai, o thé hoat
dong tot véi cac bé mat cong don. Tuy
nhién, véi su hién dién cla cac dang

76 | VIETNAMARCHIVN | 56257 -2025

@’@

& @

Hinh 1: Ba phuong.dn hién tai d€ phdt trién va xay dung cdc bé mdit cong tu do

Miire d§ dom giin Cao nhiit

héa

Tinh chat bé mit Minh mit 1 tim
phing da giac

Phuong dn A

Phuong dn B Phwong dn C
Trung binh dén Trung binh dén
thip nhit thip nhit

Manh mit cong 1 chiéu, 2 chiéu dén
mit cong nguyén thiy theo thiét ké

Bang 1: Tinh chdt cGa cdc phuong dn don gian hod mdt cong tu do

hinh hoc c6 dudng cong kép hodc co
dudng cong phc tap, cac tdm cédu kién
phai dugc sdp xép hop ly dé tai hién gan
dung cac duong cong 3o nhu y tudng
thiét ké. Cac ky thuat tinh toan dé téi
uu hoa viéc phan chia cac tdm cdu kién
thanh cac phan tuy theo viéc thay déi
kich thudc cla chung theo dé cong. Vi
du nhu quy trinh phan chia theo thuat
toan dugc si dung trong qua trinh don
gidn haéa thiét k& dy an Am nhac trai
nghiém culia Frank Gehry hodc st dung
cac vat liéu dan héi linh hoat nhu vai.

Phuong dn C: Tai hién hinh hoc géc. Cac
cau kién 13 khéi rdn ba chiéu co thé
dugc ché tao véi dé cong hinh hoc can
thiét nhu bé tong, d4, gach. ..

So sanh tu ba phuong an A, B, C cho
théy tinh don gidn hoa gidm dan tu
phuong 4n A dén C. § phuong &n A,
tinh don gidn hdéa mat cong tu do dugc
day lén cao nhat khi chuyén cac manh
mat cong tU 1 hodc 2 phuong trg thanh
cac tam phang. Viéc nay khién viéc thi
cbng mat cong tréd nén don gidn hon.
B&i ngudi thiét ké chi can phan chia
manh mat trén may tinh, trdi phang
no6 va thi cong ché tao bang may cat
CNC ma khong can mat thém thai gian
cong stic dé gia cong dd cong cho ting
manh mat.

VGi phuong an B va C, cdc manh mat
dugc phan chia tU mdt cong tu do co
thé dugc gitt nguyén dd cong nguyén
thlly hodc gan gan ddng theo mét mat

cong hinh hoc quen thudéc nhu non,
try, mat HP... Rd rang, viéc gia cdng cac
manh mat gir nguyén doé cong sé kho,
mat thoi gian va gia tang chi phi nhiéu
hon so vdi viéc don gidn héa mat cong
tu do thanh cac tdm phang. TU lgi thé
nay nén nhiéu nha thiét ké van lya chon
phuong an A lam tiéu chi dé don gian
hoda cac mat cong tu do.

Nguyén tdc co bdn cta phuong phdp don
gidn héa mdt cong tu do bdng cdc tdm
phdng da gidc

Vi phuong an A - phuong phap don
gidn hdéa mat cong tu do bang cac tdm
phang da gidc dua trén nguyén ly phan
chia bé mat cong thanh cac da giac
nho, thuong la cac tam gidc, tU giac,
hodc cac da giac phuc tap hon, nham
tao ra mot bé mat gan giéng véi mat
cong ban dau.

Co s& dé thuc hién qué trinh nay can
4p dung cac thuat todn phuc tap vi du
nhu Delaunay triangulation [4] hodc
quadtree subdivision [5] dé phan chia
bé mat cong thanh doan thang. Mai
doan nay sé tuong Ung vai mot tam
phéng. Cac doan nay cé thé la cac hinh
da gidc (thuong la tam gidc hodc tu
gidc) tuy vao hinh dang va kich thudc
cla bé mat cong can xdp xi dé tao ra
mothé thdng da gidc mé phdng bé mat
cong. Sau khi phan chia bé mat thanh
cac da giac, cac diém trén bé mat dugc
xac dinh bang cach st dung phuong
phap ndi suy vdi thuat todn nhu least



squares [6] hodc NURBS (Non-Uniform
Rational B-Splines).. Nhiing diém nay
sé gitp dinh hinh cac tdm phéng sao
cho chung co thé tai tao chinh xéac bé
mat cong ban dau. Cac thuat toan toi
uu hoda sé tham gia & budc tiép theo
dé diéu chinh cac manh phang sao cho
ching gidm thiéu sai s6 va tao thanh
mot bé mat muot ma, lién tuc ma van
dadm bdo tinh chinh xac.

Cac phan mém thiét ké hién dai nhu
Rhino, Grasshoper... déu 4p dung céac
thudt toan trén vao thiét ké. Cac cong
cu nay cho phép kién tric su va ky su
tao ra cdc mo hinh bé mat cong phic
tap tu tdm phéng da gidc mot cach dé
dang va chinh xac.

L

Vi duy, trong quéa trinh thiét ké céng
trinh MyZeil, Frankfurt, kién tric su sau
khi tao hinh céong trinh trén phan mém
Rhino, budc tiép theo, hinh dang 3D
can dugc chuyén déi thanh moét ludi
két cdu. Do cau truc hinh hoc phc tap,
phuong phap chiéu don gian khong
thé dugc ap dung trong truong hop
nay. Khi st dung cac trinh tao Iudi tu
doéng ti phan mém phan tich phan tu
h(u han (FE) hoac phan mém mo hinh
3D, hé ludi nay thudng khong cho ra
két qua thoa man [71.

Chung thuong bat dau tir cac bién va
két néi cac vung duagc tao riéng 1é, dan
dén cac ludi khong déu & phan trung
tam. Do d¢, st dung phan mém 3D két

Y

Hinh 2: Ludi da gidc

[ —_
He

Hinh 3: Ludi duoc tao tu ddng (bén trdi) va két qua sau khi xi ly bang céng cu ldp trinh

(bén phdai)

hop cling cac thuat toan trong plugin dé
phan chia lai hé ludi nham dat yéu cau ca
vé mat thdm my 1an két cau.

CONG TRINH UNG DUNG DON GIAN
HOA MAT CONG TU DO THANH TAM
PHANG DA GIAC TREN THE GIOI VA TAI
VIET NAM

Trong qua trinh don gidn hoa, viéc
phan chia manh mat van ludn la van
dé can ban luan. Cac nha thiét ké hiéu
rang khi don gidn héa mat cong tu do
theo phuong an A, manh mat la cac
tédm phang da giac thi viéc phan chia,
ché tao va lap dat sé dé dang va chinh
xac hon. Cong viéc dugc rdt ngan thoi
gian nén cé rat nhiéu cong trinh da ap
dung phuong phap nay vao thiét ké va
thanh cong.

Du an Web of North Holland cla Kas
Qosterhuis la mét vi du vé viéc strdung
cong nghé ky thuat s6 dé thiét ké va
xay dung toan bd cong trinh tif cac tdm
cdukién phéng, srdung hé théng nhan
dang dé danh dau cac tdm cau kién rai
rac dé thuan tién cho viéc 1&p rap.

Hay gian hang Trada dugc thiét ké
dua trén moét bé mdt dang form
found surface - bé mat dugc tim ra
théong qua phan tich can bang luc tu
nhién, gidp toi uu vé két cau, xuat phat
tu mo hinh toan hoc ly tudng hoda theo
phuong phép truyén théng clia Antoni
Gaudi hodc Frei Otto, nhung da duagc
diéu chinh thanh hinh dang thuc té
hon. Phan két cdu vé dugc phan manh
thanh mot ludi phang co céc nut ba
lien két, qua d6 cho phép bé mat tu do
dugc xay dung thanh cac tdm phéang.

Cong trinh trung tam thuong mai
MyZeil dugc xay dung 2009 do KTS
Massimiliano Fuksas thiét ké. Ban dau,
hinh dang téng thé da dugc téi uu hoa
thong qua su phdi hop chdt ché vdi
kién tric su nham dap Ung ca tiéu chi

Hinh 4: Bon g/'a;n hda mdt cong tu'do nho phé‘n mém Form-Z
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thdm my va két cau. Viéc trao ddi céac
tép Rhino gilra nhém ky su va kién trdc
su da cho phép danh gia nhiéu phuong
an hinh hoc khac nhau cho mai. Viéc
chia ludi bé mat 3D c6 dd cong cao
da dugc nghién ctu rat chi tiét, va cac
cong cu dac biét da dugc phat trién dé
tao ra hé ludi phu hop vai ndi luc trong
két cdu vo.[7]

TaiViét Nam, viéc dp dung don gidn hoa
mat cong tu do trong kién tric la mot
xu hudng dang chi y, phan anh su két
hop gilta tu duy séng tao va tinh thuc
tién trong diéu kién thi cong va kinh
té hién nay. Mat cong tu do thudng cé
két cdu phuc tap, dé thi cong doi hoi
ky thuat, trinh do va chi phi cao. Do d¢,
viéc don gidn hda mat cong tu do bang
tdm phang da giac trd thanh mét giai
phép thiét ké hiéu quad, phu hop véi boi
canh Viét Nam.

Mot vi du tiéu biéu gan day nhat la
cong trinh Cung thiéu nhi Ha Noi
khanh thanh ngay 21/9/2024 do GS.TS.
KTS Doan Minh Khoi chu tri thiét ké. Vi
nhing dusng nét mém mai uén lugn
theo cd phuong ngang va phuong
duing, cong trinh dugc hinh thanh nhu
mot biéu tugng kién tric mang y nghia
“uom mam” va “phat trién” Trong do,
phan “uom mam’ dugc thé hién qua
kh&i Nha hat va Rap chiéu phim - hai
ntia hinh khéi dang cau dugc két néi
mot cach hitu co, chdt ché, tao nén
mot téng thé hai hoa va sinh dong. Véi
hinh khoi nay, néu 4p dung hoan toan
mat cong tu do sé rat phuc tap va tén
kém. Ngudi thiét ké da khéo léo phan
chia mat cong clia cong trinh thanh céac
manh t& gidc phang réi 1dp ghép ching
trén hé khung xuong, téi tao hinh khoi
coéng trinh nhu thiét ké ban dau. Cach
tiép can nay khong chi gitr dugc tinh
biéu tuong clia cong trinh ma con dam
bdo khd nang thi cong thuc té, phu
hop vdi diéu kién ngan sach va ky thuat
trong nudc.

LOI iCH VA K!-I() KHAN CUA PHUONG
PI:IAP bON GIAN H(:)A MAT CONG TY DO
BANG CAC TAM PHANG DA GIAC

Viéc xUr ly mat cong tu do thudng doi
hoi cao vé nang luc thiét ké. Thai gian
bi kéo dai dé xay dung mé hinh vi tinh
chéat phuc tap ctia bé mat. Do do, moét
phuong phdp dugc ap dung rong rai
la phan manh cdc bé mat bang cac
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Hinh 5: Mét cong trinh thudc du dn Web of North Holland cta Kas Oosterhuis
(ngudn: oosterhuis.nl)

Hinh 6. Gian hang Trada cta Ramboll
Computational design
(ngudn: Archup.net)

tdm phang da giadc. Cach tiép can nay
khong chi giup don gidn hoa qua trinh
tinh todn ma con dem lai nhiéu lgi ich
thiét thuc. Tuy nhién, bén canh nhing
uu diém, phuong phap nay clng tén
tai moét s6 han ché nhéat dinh. Dudi day
la phan tich cu thé vé cac mat lgi ich
va thiéu sét clia phuong phap don gidn
hoa mat cong tu do bang tdm phang
da giac.

Loi ich ctia phuong phdp don gidn héa mdt
cong thanh tdm phdng da gidc

Gidm chi phf va thai gian gia cong: Viéc
chuyén déi cac bé mat cong phuc tap
thanh cac tdm phang gitip giam thiéu
chi phi san xuét va gia cong, bdi vi cac
tdm phéng dé dang cét, va lap rdp hon
bdi khong can gia cong udn cong.

Hinh 7. Trung tam thuong mai MyZeil,
Frankfurt (nguon: Judy Knesel)

Tang cuong khad nang van chuyén va
thi cong lap dat: Cac tdm phang cé thé
dé dang van chuyén va l&p rap tai cong
truong. Biéu nay gilp gidm bét cac kho
khan trong quéa trinh thi cong, déng
thoi gitp tdng hiéu qua va gidm thdi
gian xay dung.

Tinh linh hoat trong vat liéu: Cac tdm
phang c6 thé dugc san xudt tu nhiéu
vat liéu khac nhau nhu kim loai, kinh,
bé téng, hay composite c6 san trén thi
truong. Biéu nay mang lai su linh hoat
trong thiét ké va thi cong, dac biét déi
véi nhiing cong trinh yéu cau su két
hop gitra nhiéu loai vat liéu.

Tinh thdm my cao: DU ¢6 sy hién dién
cla cac tdm phang, cac cong trinh kién
trdc nay van git dugc vé dep tham my
va tinh biéu tugng.



Hinh 8. Cung thiéu nhi Ha Noi

Han ché khi don gian héa mdt cong tu do
bding tdim phding da gidc

Chét lugng tham my: Bé mat dugc phan
manh cé thé khong dat dugce dé ‘muat”
hodc su lién tuc hinh hoc nhu bé mat
cong that, ddc biét & khoang cach gan,
gdy anh hudng dén yéu t6 my quan.

T6i wu hda hinh hoc phuc tap: Viéc
phan manh moét bé mat cong tu do
can tinh toan sé lugng tdm téi uu, hinh
dang tdm hop ly, han ché bién dang va
dé gia cong la mot bai toan hinh hoc
rat phuc tap, doi hoi ngusi thiét ké can
c6 chuyén moén cao biét 4p dung nhiéu
codng cu mo phéng va tinh toan.

Chi phi phan mém va nhan luc: Méc du
tiét kiéem chi phi thi cong, nhung viéc
Ung dung cac cong cu thiét ké s6 clng
doi hoi chi phi l6n dau tu phan mém,
phan cung.

BAN LUAN

Viéc Ung dung don gidn hdéa mat cong
tu do bdng tdm phang da giac trong
thiét ké kién truc la mot xu hudng quan
trong khong chi & cac qudc gia phat
trién ma tai Viet Nam clng ngay cang
dugc chu trong. T cac cong trinh néi
bat nhu Cung thiéu nhi Ha N6i dén cac
du &n trong tuong lai, viéc Ung dung
don gidn hoa mdt cong tu do thanh cac
tdm phang gilp giam thiéu chi phi va

thdi gian thi cong. Diéu nay rat quan
trong trong béi cdnh ngudn luc tai
chinh va nhan luc tai Viét Nam van con
nhiéu han ché.

Tuy nhién, du phuong phap nay mang
lai nhiéu lgi ich, nhung cling tén tai
nhiéu thach thic, nhat 1a vé mat thdm
my va dé chinh xac khildp ghép cac tdm
phang. Ngoai ra, déi ngl ky su can phai
trau doi hoc hoi dé cé trinh dé chuyén
mon cao. DE dat dugc diéu nay cing
can Nha nudc tao diéu kién dé cac nha
thiét ké tiép can dugc cac cong cu thiét
ké s tién tién dé nang cao nang luc va
cht trong déau tu vao cong nghé thiét
ké va thi cong.

Trong tuong lai, vai sy phat trién cua
nganh xdy dung va kién tric tai Viét
Nam, viéc Ung dung don gidn hoa mat
cong tu do bang tdm phéng da giac sé
khéng chi mang lai nhiing cong trinh
kién trdc ndi bat vé thdm my ma con
gop phan tao ra cac cong trinh bén
ving, tiét kiém chi phi va phu hop vdi
xu huéng phat trién dé thi théng minh
va sang tao.

KET LUAN

Viéc don gidn hoa mdt cong tu do bang
tdm phang da gidc hién dang la mot
giai phap phd bién va thuc tién trong
thiét ké kién tric hién dai, dac biét
trong bdéi canh gia tdng nhu cau sé héa

va san xudt cong nghiép hoéa. Phuong
phap nay khéng chi gitp téi uu héa chi
phi, rit ngan thai gian thi cong ma con
tan dung hiéu qua cac cong nghé ché
tao tién tién nhu cadt CNC, tao hinh so.
Tuy nhién, viéc don gidn hdéa clng
dong nghia véi sy danh déi vé mat
hinh hoc va tinh nguyén ban cla thiét
ké. Trong thuc té, nhiéu cong trinh lya
chon phuong én st dung tdm phang
da gidc nhd uu thé rd rét vé ky thuat
va chi phi, du phai hy sinh mét phan
chat lugng thdm my va dé chan thuc
hinh hoc. Do do, trong tuong lai, viéc
phat trién cac thuat todn t8i uu hoéa
phan manh mat cong, két hop vaéi vat
liéu linh hoat va cong nghé ché tao s6
sé la hudng di quan trong, giup dung
hoa gilfa tinh nghé thuat clia mat cong
tu do va khd ndng hién thuc héa trong
thi cong kién trdc./.
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