NGHIEN CUU KHOA HQC
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THIET KE KET CAU BEN VOUNG VA QUAN LY VONG DOI CONG TRINH
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TOM TAT

Trong béi canh nganh xay dung chiu ap luc kép tir yéu cau phat
trién ha tang va gidam phat thai carbon, viéc tich hgp Mé hinh
Théng tin Céng trinh (BIM) va Phan tich Phan ti Hitu han (FEA)
néi 1én nhu mét gidi phap chién lugc dé téi uu héa hiéu suat
két cau va bén viing vong doi cong trinh. Nghién ciiu nay thuc
hién danh gia téng quan chuyén sau, phan tich so sanh cac céng
trinh vé BIM truyén théng va BIM-FEA theo bén tiéu chi: téi uu
hda nang lugng, quan ly rac thai, giam phat thai carbon va nang
cao an toan két cau. Két qua cho thay BIM-FEA gitp tang miic
tiét kiém nang luong tir 10-15% Ién 20-30%, gidm rac thai thém
8-10% va giam carbon ham chda tir 15-20% lén 18-28%, dong
thoi cho phép st dung an toan vat liéu xanh hodc tai ché. Trén
co s& d6, nghién ctru dé xuat khung phuang phap ba giai doan
(thiét k&, thi cdng, van hanh-bao tri) cing cac ing dung phéan
tich co hoc ndng cao nham hé tro ky su va nha quan ly ra quyét
dinh hudng t6i xay dung xanh, tuan hoan va chéng chiu khi hau.
Tur khéa: BIM; FEA; ky thuat két cau; xay dung bén viing; téi uu
héa néng lugng; quan ly rac thai; gidm phat thai carbon.

ABSTRACT

In the context of the construction industry facing dual pressures from in-
frastructure development and carbon emission reduction, the integration
of Building Information Modeling (BIM) and Finite Element Analysis (FEA)
has emerged as a strategic solution to optimize structural performance
and ensure the sustainability of the building lifecycle. This study conducts
an in-depth overview, comparing traditional BIM and BIM-FEA projects
based on four criteria: energy optimization, waste management, carbon
emission reduction, and structural safety enhancement. The results show
that BIM-FEA increases energy savings from 10-15% to 20-30%, reduces
waste by an additional 8-10%, and reduces carbon embodied emissions
from 15-20% to 18-28%, while also enabling the safe use of green or re-
cycled materials. Based on this, the study proposes a three-stage method-
ology framework (design, construction, operation-maintenance) along
with advanced mechanical analysis applications to support engineers
and managers in making decisions towards green, circular, and climate-
resilient building.

Keywords: BIM, FEA, structural engineering; sustainable building; energy
optimization; waste management; carbon emission reduction.

GIGI THIEU
ganh xay dung hién doéng
gop khodng 38% tdng
luong phat thai CO, toan
cau, trong dé phan lon bat
ngudn tU nang lugng van
hanh clia cong trinh va lugng carbon
ham chua trong vat liéu xay dung (IPCC,
2022). Trudc ap luc ngay cang gia tang
cla cac cam két gidm phat thai, yéu cau
tiét kiém tai nguyén va thach thuc tu
bién d6i khi hau khac nghiét, nhu cau vé
cac cong cu hd trg ra quyét dinh mang
tinh hé théng, tich hop va cé kha nang
mo phong chinh xac hiéu sudt két cau
trong suét vong doi cong trinh trd nén
cdp thiét. M6 hinh Théng tin Cong trinh
(BIM) da phat trién manh mé tU mot
codng cu mo hinh hoéa hinh hoc 3D don
thuan thanh mét nén tang quan ly d
litu toan dién, bao gébm théng tin vé
hinh hoc, thudc tinh vat liéu, chi phi,
tién do va vong doi (Eastman, C, et al,,
2018).Tuy nhién, cac kha ndng phan tich
nang cao vé ca hoc két cau trong BIM
truyén théng van con han ché, dac biét
& cac bai toan yéu cdu moéd phong phi
tuyén, phan tich déng luc hoc, danh gia
dé moi vat liéu, pha hay cau kién, hoac
Cac tuong tac phuc tap gita nhiét-co
va dong chay-két cau (fluid-structure
interaction, FSI) dudi tdc dong clia moi
truong khac nghiét.
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Viéc tich hop BIM vdi cac cong cu Phan
tich Phan t& HOu han (FEA) tién tién
nhu ABAQUS hay ANSYS mang lai kha
ndng vuot tréi trong viéc mé phong
chinh xéac ing xt két cau & cap do chi
tiét va da vat ly. Thong qua doé, ky su co
thé danh gia Ung sudt, bién dang, va
cac o ché hu hong tiém &n clia cong
trinh dudi nhiéu kich ban tai trong thuc
té, bao gém gié bao, dong dat, bién déi
nhiét do I6n va tdc dong clia moi trudng
an mon. Quan trong hon, FEA cho phép
t6i wu hoa thiét ké két cdu nham giam
thiéu viéc sir dung vat lieu khéng can
thiét, tinh chinh hé s& an toan dua trén
cac phan tich dinh lugng thay vi cac gia
dinh bao thu, t&r dé gidm dang ké luong
carbon ham chi’ta ma van bdo dam do
bén va kha nang chéng chiu clia cong
trinh (Bathe, K.J, 2006). Diéu nay dac
biét quan trong trong béi canh nganh
xay dung dang ddy manh s dung vat
liéu nhe, vat liéu tai ché hodc céc loai
vat liéu xanh cé tinh chét co hoc khac
biét so vai vat liéu truyén théng.

Bai bdo nay hudng tdi hai muc tiéu
chinh. Th&t nhét, tién hanh phan tich
dinh lugng va so sédnh hiéu qud gita
quy trinh BIM truyén théng va khung
tich hgp BIM-FEA dua trén ba tiéu chi
bén ving then chét: hiéu quad ndng
luong, qudn ly rac thdi xay dung va

gidm phat thdi carbon ham chua. Thu
hai, dé xuat mot khung phuong phép
tich hop ba giai doan - thiét k&, thi
cdng va van hanh-bao tri - nham khai
thac t6i da gid tri d liéu BIM két hop
phan tich co hoc nang cao tu FEA,
hudng téi phat trién ky thuat két cdu
bén viing, an toan va thich Ung tét vai
bién déi khi hau.

TONG QUAN NGHIEN CUU VA PHAN
TiCH SO SANH

Trong hon hai thap ky qua, M& hinh
Thoéng tin Cong trinh (Building Infor-
mation Modeling - BIM) da trdi qua
qué trinh phét trién vuot bac, t& mot
cébng cu mo6 hinh hoa hinh hoc 3D
thuan tuy phuc vu tryc quan héa thiét
ké, tré thanh moét nén tdng quan ly di
litu tich hop, két néi thong tin hinh
hoc, thudc tinh vat liéu, tién do, chi
phi va tham chi cad d liéu van hanh
trong vong dai cong trinh (Volk et al.,
2014). BIM khéng chi déng vai trd nhu
mot “ngan hang di liéu” phuc vu phoi
hop lién nganh ma con dugc khai thac
manh mé dé hd tro cac muc tiéu bén
ving. Cac nghién ctu hién tai c6 thé
phan thanh ba nhém chinh: (i) toi uu
hoa hiéu qud nang lugng, (i) quan ly
va giam rac thai xay dung, va (iii) gidm
phat thai carbon ham chua.



O nhém thi nhét, lién quan dén téi uu
héa hiéu qua nang lugng, nhiéu céng
trinh nghién ctu (Ghaffarianhoseini et
al, 2016; Azhar, 2011) cho thay BIM, khi
két hop véi cac phan mém mo phdng
nang lugng nhu EnergyPlus hodc IES
VE, cé thé du béo va t6i uu hda tiéu thu
nang luong, gitp dat muc tiét kiéem 10-
15% so vai phuong phap thiét ké truyén
théng. Tuy nhién, mot han ché dang ké
la cdc mo hinh nay thudng gid dinh
diéu kién khi hau tinh va 8n dinh, chua
phan anh dugc cac yéu t6 bién déng
I6n vé nhiét do, d6 dam va tai trong gid
cuc doan do tac déng cta bién déi khi
hau. Su thiéu sot nay dac biét nghiém
trong déi véi cac cong trinh & khu vuc
nhay cam khi hau, noi cac tai trong moi
truong bién thién theo mua va ngay
cang tr&é nén bat thudng. EhsankK, et
al, (2023) da khac phuc khodng tréng
nay bang cach tich hgp BIM vé&i Phan
tich Phan t& HGu han (FEA), cho phép
thuc hién déng thoi phan tich nhiét-
ca (thermo-mechanical analysis). Cach
ti€p can nay gilp danh gid chinh xac
Ung sudt nhiét, bién dang va do bén
clia cac cau kién nhe hodc cach nhiét,
dadm bdo vua duy tri hiéu qud nang
lugng & muic 20-30% vua bdo toan an
toan két cau trudc cac tac dong gié lon
va bién dang nhiét khdbng mong mudn.

O nhém tha hai, lién quan dén quan
ly va gidm rac thai xay dung, cac ung
dung BIM truyén théong da cho théy
khd ndng gidm 12-15% lugng rac thai
théng qua du toan vat liéu chinh xac,
lap ké hoach tién do hop ly va dp dung
module tién ché (prefabrication) (Won
& Cheng, 2017). Tuy nhién, nghién clu
cla Annelise Nairne Schamne, et al
(2024) vaWon, J, etal, (2017) chirarang
mot nguyén nhan gay lang phi vat liéu
dang ké la cac hu hong cau kién trong
qua trinh 1dp dung do khong luong
trudc cac trang thai Ung luc tam thdai
va bién dang vong khi chiu tai trong thi
cébng. Bang cach 4p dung BIM-FEA dé
mo phdng chi tiét quy trinh 1dp dung,
phan tich ndi luc tam thoi va du bao
bién dang vong, cac ky su co thé phat
hién sém cac nguy co hu hong va diéu
chinh bién phap thi cong trudc khi xay
ra sy c6. Phuong phap nay gitp giam
thém 8-10% rac thai so vdéi BIM thuéan
tdy, dong thdi nang cao an toan lao
doéng va gidm chi phi khac phuc sy cé.

Nhom thu ba tap trung vao gidm phat

thai carbon, trong dé BIM thudng dugc
két hop véi Phan tich Vong doi (Life
Cycle Assessment - LCA) dé dinh lugng
va t6i uu hda carbon ham chia trong
vat liéu (Soust-Verdaguer et al, 2017).
Cac nghién ctu dién hinh chiing minh
rang khi BIM dugc tich hop véi FEA, ky
su c6 thé mo phong chinh xac tng xu
co hoc cla vat liéu téi ché, vat liéu nhe
hodc cac loai vat liéu xanh cé cudng do
co hoc thap hon so véi vat liéu truyén
théng. Nha do6, hé s6 an toan khong
can thiét co thé dugc gidam xudng, khoi
luong vat liéu dugc téi uu hda, gilip cat
gidm tai 28% carbon ham chia ma van
duy tri an toan két cau - moét két qua
vugt trdi so vaéi muc gidm 15-20% cla
BIM-LCA truyén théng.

Téng hop cac bang ching dinh lugng
thu dugc, Bang 1 cho thay viéc tich hgp
BIM-FEA thé hién nhing uu thé ro rét
trén cac chi tiéu bén ving chi chot,
bao gbm hiéu qua ndng lugng, giam
thiéu chat thai, nang cao muc do an
toan két cau va kéo dai tudi tho cong
trinh. Nhing céi thién nay cho thay
tiém nang cla khung tich hgp trong
viec hd trg cac chién lugc thiét ké
dinh hudng hiéu nang, phu hop vaéi xu
hudng nghién clu hién dai trong linh
vuc ky thuat két cdu va co hoc.

Su khac biét nay bat nguoén tir ba yéu to:
(i) BIM-FEA khai thac dU liéu hinh hoc va
vat liéu sau hon cho phan tich két céu,
(i) m6 phong két hop nhiéu kich ban
tdi trong va bién ddi maéi trudng, (iii)
kha ndng diéu chinh thiét ké sém dua
trén két qua phan tich da muc tiéu. Tuy

nhién, BIM-FEA doi hoi nguédn luc ky
thuat cao, chi phi phan mém I3n va khoi
luong d liéu Ién, gay thach thiic cho cac
doanh nghiép nho va trung binh.

KHUNG PHUGNG PHAP DE XUAT

Dua trén phan tich téng hop cac cong
trinh nghién clu trudc day, dac biét
la cac hudng tiép can tich hgp BIM va
FEA trong ky thuat két cdu bén ving
(Volk et al., 2014; Zhen Liu, et al.,2022;
Ehsan Kamel et al, 2023), nghién clu
nay dé xuat moét khung phuong phép
tich hgp BIM-FEA bao quat ba giai doan
chinh clia vong doi cong trinh: thiét
ké, thi cong va van hanh-bao tr, véi d
liéu BIM dugc duy tri xuyén sudt, déng
b6 va lién tuc cap nhat dé phuc vu cac
phan tich co hoc nang cao.

Giai doan thiét ké

M& hinh BIM dat muc do chi tiét toi
thiéu LOD > 300, bao gobm day du dir
lieu hinh hoc 3D, thudc tinh vat liéu
(module dan héi, cudng dd nén-kéo, hé
s6 gian nd nhiét, d6 bén mai), diéu kién
bién va d liéu moi trudng (nhiét do,
do am, tai trong gio, déong dat). Thong
qua cac giao thuc trao déi dir liéu tiéu
chuédn nhu IFC4 hodc gbXML, m6 hinh
nay dugc xuat sang cac phan mém FEA
tién tién nhu ABAQUS hodc ANSYS, cho
phép thuc hién da dang céc loai phan
tich: phan tich tinh-déng tuyén tinh
va phi tuyén, phan tich nhiét-co hoc
ghép (thermo-mechanical coupling),
phan tich tuong tac dong chay-két cau
(fluid-structure interaction, FSI) va phan

Muc tiéu bénviing | BIMtruyén | BIM-FEA | Caithién Nguén chinh
théng tuyét doi
Tiét kiém nang 10-15% 20-30% +10-15% | Ghaffarianhoseini et al. (2016);
luong Ehsan Kamel et al,, (2023)
Gidm rac thai 12-15% 20-25% +8-10% | Annelise Nairne Schamne, et
al. (2024), Won, J, et al., (2017)
Gidm carbon ham 15-20% 18-28% +3-8% Zhen Liy, et al. (2022)
chua
Do an toan két cau ftdanh gid | Banh gia — Ehsan Kamel et al,, (2023)
day du

Bdng 1. So sanh dinh luong gidia BIM truyén théng va BIM-FEA

theo nhém muc tiéu bén ving
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tich &n dinh cuc bé-téng thé. Cac mo
phdng nay giup ki su du bdo chinh xac
phan Ung két cdu dudi nhiéu kich ban
tai trong moi truong khac nghiét nhu
gi6 béo theo tiéu chudn ASCE 7-22,
doéng dat theo Eurocode 8, hodc bién
thién nhiét d6 I6n do bién ddi khi hau.
Két qua phan tich hé trg qua trinh téi uu
hoda cau hinh két cau, lua chon vat liéu
xanh/tai ché phu haop, va gidm carbon
ham chia thong qua viéc diéu chinh hé
s6 an toan dua trén di liéu mo phong
thay vi gid dinh bdo thu.

Giai doan thi c6ng

M6 hinh BIM 4D (két hop tién do) va 5D
(két hop chi phi) dugc lién két vai FEA
dé mo phong chi tiét trinh tu 1dp dung,
phan tich Ung lyc tam thai, bién dang
voNng va trang thai Ung suat clia cac cau
kién trong tung budc thi cong. Diéu nay
dacbiét hGuich véi cac dudn co strdung
cdu kién tién ché, két cau thép khau do
l6n hodc két cdu bé tong Ung luc trudc.
FEA cho phép danh gid anh hudng cla
cac yéu t6 nhu dung sai ché tao, do
khong thang ban dau va va dap trong
qué trinh cau 13p (Annelise Naime Sch-
amne, et al, 2024; Won, J, et al, 2017),
tU do nhan dién sém nguy co nut, véng
qué muc hodc mat én dinh cuc bo. Cac
két qua nay cung cap co s& khoa hoc
dé diéu chinh bién phép thi cong, bé tri
thiét bi nang ha t6i uu, gidm thiéu lang
phi vat liéu va nang cao an toan céng
trudng, gidp gidm thém 8-10% rac thdi
xay dung so véi BIM thuan tdy.
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Hinh 1. Khung tich hop BIM-FEA cho xdy dung bén ving

Giai doan vdn hanh-bdo tri

BIM dugc tich hop véi hé théng quan
ly toa nha (BMS) va mang cadm bién loT/
SHM (Structural Health Monitoring) dé
thu thap drliéu van hanh thdigian thuc
vé tai trong st dung, dao déng, nhiét
d6, dd &m va cac chi s6 an mon. D{ liéu
nay dugc déng bd va cap nhat vao moé
hinh FEA, cho phép du bdo chinh xac
qua trinh bién dang, phat trién vét nut,
moi vat liéu va suy gidm kha nang chiu
luc (Ahmed Ehab, et al., 2024; Giuseppe
Desogus, et al., 2021). K§ thuat nay hinh
thanh nén tang digital twin phuc vu
predictive maintenance - 1ap ké hoach
bdo tri du bdo t6i uu dua trén mo hinh
vat ly-d liéu, giup kéo dai tudi tho
céng trinh, gidm chi phf bao tri va cat
gidm phat thai carbon lién quan dén
stfa chira hodc thay thé.

Hinh 1 mo ta truc quan luéng d liéu
gira BIM va FEA & cd ba giai doan, lam
rd cac diém tich hop dir liéu, quy trinh
phan tich va dau ra chinh phuc vu cho
qua trinh ra quyét dinh chién lugc trong
quan ly vong ddi cong trinh bén ving.

KET QUA VA THAO LUAN

Két qua téng hap t nhiéu nghién cdu
gan day (Ghaffarianhoseini et al,, 2016;
Annelise Nairne Schamne, et al, 2024;
Won, J, et al, 2017; Zhen Liu, et al. 2022;
Ahmed Ehab, et al,, 2024) cho thay viéc
tich hgp M6 hinh Théong tin Cong trinh
(BIM) v&i Phan tich Phan t&r HGu han

(FEA) mang lai nhing cdi thién dinh
lugng dang k& so vai quy trinh BIM
truyén thong trén cac tiéu chibén viing
va hiéu suét két cau.

Vé hiéu qud ndng luong, muc tiét
kiém trung binh tdng tur 10-15% & BIM
thudn tdy lén 20-30% khi trién khai
BIM-FEA nha kha ndng thuc hién phan
tich nhiét-ca ghép (thermo-mechani-
cal coupling) va toi uu hda hinh thic
két cau dua trén cac kich ban tai trong
va diéu kién moi truong bién doéng
(Ahmed Ehab, et al., 2024).

DGi véi quan ly rac thai xay dung, ty 1é
gidm tang tu 12-15% lén 20-25% nhd
khd ndang moé phong chinh xac quy
trinh 1&p dung, ddnh gid Ung lyc tam
thai va bién dang vong trong tung giai
doan thi cong, tu do giup phat hién
sdm va diéu chinh céc bién phdp nham
han ché hu hong cdu kién va hao hut
vat liéu (Annelise Nairne Schamne, et
al,, 2024; Won, J, et al,, 2017).

Vé gidm phat thai carbon ham chua,
muUc cat giam tang tu 15-20% & BIM-
LCA truyén thong lén 18-28% khi tich
hop FEA, nha kha nang téi uu hoa cau
hinh vat liéu va diéu chinh hé s6 an
toan dua trén phan tich phi tuyén va
mod phong ca hoc chinh xac, cho phép
ap dungan toan vat liéu nhe, vat liéu tai
ché hodc vat liéu xanh ma van dam bao
khd nang chiu luc lau dai (Zhen Liu, et
al, 2022). Ngoai ra, lgi ich bd sung quan
trong cla BIM-FEA la nang cao dang ké



doé an toan két cdu thong qua kha néng
phan tich phituyén, phan tich déng luc
hoc va phan tich moi, vén la cac yéu
cau then chét trong thiét ké két cdu
chéng chiu vai cac diéu kién khi hau
khdc nghiét. Nhiing cai thién nay dugc
thé hién truc quan trong Hinh 2, minh
hoa muc téng hiéu qud dinh luong &
tung tiéu chi so vai BIM truyén théng.

Tuy nhién, qua trinh trién khai BIM-FEA
trong thuc tién van déi mat véi mot
s6 rao can, bao gom thiéu chudn da
litu bén ving toan dién (vi dy, bo tiéu
chudn 1SO 19650 hién chua bao quét
day dd cac théong sé co hoc dac thu
cla vat liéu xanh), chi phi dau tu ban
dau cho ha tang phan mém-phan cing
va dao tao nhan sy, cing nhu nhu cau
nhan Iyc am hiéu déng thai ca BIM va
FEA. Trong béi cadnh do, su phat trién
nhanh chéng clia cdc cdng nghé dién
toan dam may, tri tué nhan tao (Al) va
Internet van vat (loT) dugc ky vong sé
giam thiéu dang ké cac rao can nay, mé
ra khd nang Ung dung réng rai BIM-FEA
trong quan ly vong dai cong trinh bén
viing trong tuong lai gan.

KET LUAN

Téng hop cac két qua va phan tich so
sanh cho thdy BIM-FEA la mot budc
tién quan trong trong ky thuat két céu
hudng téi muc tiéu bén viing, khéng chi
cai thién cac chi sé moi truong nhu tiét
kiém nang lugng, gidm rac thai va gidm
carbon ham chia, ma con bé sung yéu
t6 danh gid va téi uu hda an toan két céu
- mét khia canh c6t 16i thudng bi bd qua
trong cac nghién cu BIM truyén théng.
Khung phuong phap ba giai doan dugc
dé xuat cho phép khai thac t6i da du
liéu BIM trong sudt vong ddi cong trinh,
ho trg ky su va nha quan ly dua ra quyét
dinh chinh xac, gidam thiéu rui ro va téi
uu hda ngudn luc.

DU van ton tai cac thach thic vé chuén
hoa di liéu, chi phi va nang luc nhan
su, xu hudng hoi tu cong nghé s6 nhu
Al, digital twin va blockchain sé md ra
ca héi nang cao hiéu qua va minh bach
trong quan ly xay dung. Do do, BIM-
FEA khong chi la moét cong cu phan
tich, ma con la nén tang chién lugc dé
nganh xay dung chuyén déi sang mo
hinh phat trién xanh, tuan hoan va cé
khad nang chéng chiu cao trudc bién
déi khi hau./.

So sanh tac dong ctaa BIM va BIM-FEA tdi cac tiéu chi bén virng

s BIM
w BIM-FEA

Gia tri (%)

Réac tha

Nang lugng

90

Carbon An toan két cau

Hinh 2. So sdnh tdc déng cta BIM va BIM-FEA t&i cdc tiéu chi bén ving

TAI LIEU THAM KHAO

1.Ahmed Ehab, Mazkour A. Mahdi, Arfa El-Hello-
ty (2024). “BIM Maintenance System with loT In-
tegration: Enhancing Building Performance and
Facility Management” Civil Engineering Jour-
nal 10(6):1953-1973, June 2024. DOI:10.28991/
CE)-2024-010-06-015.

2Annelise Naime Schamne, et al (2024). “BIM
in construction waste management: A concep-
tual model based on the industry foundation
dlasses standard” Automation in Construction.
Volume 159, March 2024, 105283. https//doi.
org/10.1016/j.autcon.2024.105283.

3.Bathe, KJ. (2006). Finite Element Procedures.
Prentice Hall, New Jersey. https//soaneemrana.
org/onewebmedia/Finite%20Element%20Pro-
cedures%620in%20Engineering%20Analysis%20
Bathe%20KJ pdf.

4.Bemardette Soust-Verdaguer, etal. (2017). “Criti-
calreview ofbim-based LCAmethodtobuildings”
Energy and Buildings. Volume 136, 1 February
2017, Pages 110-120. https/doiorg/10.1016/
enbuild2016.12.009.

5.Eastman, C, Teicholz, P, Sacks, R, & Liston, K.
(2018). BIM Handbook: A Guide to Building In-
formation Modeling for Owners, Managers, De-
signers, Engineers and Contractors. 2nd Ed, Wiley,
New  Jerseyhttps//www.benardmakaa.com/
wp-content/uploads/2021/11/BIM-Handbook -
A-Guide-to-Building-Information-Modeling-for-
Owners-Designers-Engineers-Contractors-and-
Facility-Managers-Wiley-2018 pdf

6Ehsan Kamel Ali Kazemian (2023). “BIM-
integrated thermal analysis and building en-
ergy modeling in 3D-printed residential build-
ings” Energy and Buildings. Volume 279, 15
January 2023, 112670. https://doiorg/10.1016/;
enbuild 2022.112670.

7.Ghaffarianhoseini, A, et al. (2016). “Build-

ing Information Modelling (BIM) uptake: Clear
benefits, understanding its implementation,
risks and challenges.” Renewable and Sustain-
able Energy Reviews, 75, 1046-1053. https://doi.
0rg/10.1016/j.rser2016.11.083.

8Giuseppe Desogus, et al (2021). “BIM and loT
Sensors Integration: A Framework for Consump-
tion and Indoor Condiitions Data Monitoring
of Existing Buildings” Sustainability 2021, 13(8),
4496; httpsy/doi.org/10.3390/5u13084496.
9IPCC (2022). Climate Change 2022: Mitigation
of Climate Change. Contribution of Working
Group Ill to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change,
Cambridge University Press. https://iwwwijpcc.ch/
report/ar6/wg3/.

10Jongsung Won, Jack CP Cheng (2017). “Iden-
tifying potential opportunities of building infor-
mation modeling for construction and demoli-
tion waste management and minimization’.
Automation in Construction. Volume 79, July
2017, Pages 3-18. https//doiorg/10.1016/.aut-
con.2017.02.002.

11.Rebekka Volk, Julian Stengel, Frank Schult-
mann (2014). “Building Information Modeling
(BIM) for existing buildings - Literature review and
future needs” Automation in Construction, Vol
ume 38, March 2014, Pages 109-127. https.//doi.
org/10.1016/j.autcon.2013.10.023.

12Salman Azhar (2011). “Building Informa-
tion Modeling (BIM): Trends, Benefits, Risks, and
Challenges for the AEC Industry”’ Leadership and
Management in Engineering. Volume 11, Is-
sue 3. https.//doiorg/10.1061/ASCE)LM.1943-
56300000127

13Zhen Liy, et al. (2022). “Building Informa-
tion Modeling (BIM) Driven Carbon Emission
Reduction Research: A 14-Year Bibliometric
Analysis” IntJ Environ Res Public Health, 2022 Oct
6;19(19):12820.doi: 10.3390/ijerph191912820.

S8 261 -2026 ‘ VIETNAMARCHILVN ‘ 71



