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TOM TAT: Bai bao gi6i thiéu viéc nghién ctru tmg dung phin mém Comsol Multiphysics trong linh virc xdy
dung dé& mo phong tac dong cua gi6 toi két cdu cong trinh. Thuat toan duoc st dung trong phin mém nay dira
trén phuong phap phan tir hitu han FEM - Finite Element Method (PTHH). Dua trén két qua nghién ctru nay
¢6 thé xem xét 4p dung phan mém trong tinh toan cac cong trinh phirc tap, doi hoi do chinh xé4c cao.

TU KHOA: Comsol Multiphysics, Gi, Nha cao tang

ABSTRACT: This paper investigates the application of COMSOL Multiphysics software in the field of
construction to simulate wind effects on building structures. The algorithm used in this software is based
on the Finite Element Method (FEM). Based on the results of this study, the software can be considered
for use in the analysis of complex structures that require high precision.
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1. GIOI THIEU

Dui tac dong cua gi6 cong trinh s€ sinh ra dao
dong 1on hodc nho tuy thude vao do 1on cua ap luc
gi6 va co thé dao dong theo phuong bat ky tiy
thugc vao hudng gid va cach bd tri két cau cong
trinh, néu cach bd tri 1a hop ly thi s&€ han ché duge
dao dong dudi tdc dong cua tai ngang va ngugc lai
s& gdy nguy hiém cho cong trinh.

Hién nay co nhiéu tiéu chuén tinh toan loai tai
trong nay, vi du nhu Tiéu chuin Chau Au EN 1991
-1 - 4, Tiéu chuan Viét Nam TCVN 2737, Tiéu
chuin My ASE 7....

Comsol Multiphysics 12 phin mém mé phong
va mo hinh hoa dua trén cac nguyén ly vat ly da
dugc xay dung sin. Phan mém cung cip mot moi
truong mo phong truc quan va manh me, gidp giai
quyét nhiéu bai toan trong cac linh vuc khac nhau
nhu co dién, co khi, chat long, sinh hoc, hoa hoc, y
hoc, v.v. COMSOL Multiphysics dugc ra mat vao
thang 7 nam 1986 boi Svante Littmarck va Farhad
Saeidi tai Vién Cong nghé Hoang gia (KTH) &
Stockholm, Thuy Pién. Sau d6, hai nha sang lap da
thanh 1ap cong ty COMSOL AB, ¢6 tru s¢ chinh
tai Stockholm va hién nay COMSOL da md nhiéu
chi nhanh trén toan cdu, bao gdm Hoa Ky, Phap,

Plrc, Anh, An Do, Trung Quéc, Nhat Ban va nhiéu
qudc gia khac.

COMSOL AB la cong ty hang dau thé gi6i
trong linh vyc phdn mém mé phong da vat ly
(multiphysics simulation), cung cap cac cong cu hd
trg nghién ctru, thiét k& va téi wu hoa cho cac ky
su, nha khoa hoc va nha phit trién san phdm trong
nhiu nganh cong nghiép.

bé giai quyét céc bai toan vé chét long va nhiét,
Comsol ¢6 modul CFD (Computational Fluid
Dynamics - M6 phong dong luc hoc chét luu) 1a mo-
dun chuyén biét dé giai quyét cac bai toan lién quan
dén dong chay chit long va khi, tir dong chay don
gian dén dong chay réi, hdn loan va phirc tap.

Mé-dun nay duoc tich hop truc tiép trong
COMSOL Multiphysics, cho phép két hop nhiéu
vat ly (multiphysics) nhu nhiét, ap luc, phan ung
héa hoc va dién tir trong cuing mdt mo hinh.

Nghién ctru tdc dong cua tai trong gid vi du nhu
van toc va hudng gio ¢6 thé dugce tién hanh véi cac
thir nghiém ham gi6 tuy nhién viéc 4p dung ham gié
dé nghién ctru anh hudng nay c6 nhiéu kho khan nhu
gi6i han v& 4p suét, chiu gi6,... Trong khi d6 viéc
tinh toan sb hoc dé dua ra gia tri ap luc tac dong lén
két cAu bang cach thiét 14p mé hinh 3D géan cac gid tri
vé the d6 gi6, hudng gié bang phuong phap phan tir
hitu han duge cho 14 t8i wu hon. Dé 1am 13 vén dé
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ndy tac gia lya chon phan mém Comsol Multiphysics
chay mé hinh CFD dé mo phong, kiém tra tac dong
ctia gi6 1én bé mit cong trinh.

2. KHAI NIEM CAC LOAI DONG CHAY

2.1 Dong chay rdi (Turbulence Flow)

Bé mat tiép x0c cua vat chit moi truong voi
chat 16ng (khi) luén c6 d6 nham nhit dinh, phan
chit 1ong (khi) chay sat bién s& c6 van téc thay doi
tao thanh cac xody. Do chét long (khi) ¢6 tinh nhét
nén khi van toc dong chay du 16n cic xody lan
truyén vao trong 1ong chét long (khi) giao thoa vai
nhau 1am cho cac phan tir chit long (khi) chuyén
dong r6i loan va hinh thanh dong chay rdi.

2.2 Hé s6 Reynolds va ché dd chay

Osborne Reynolds (1842-1912) tim ra hé sb
khong thir nguyén dac trung cho ché do chuyén dong
ctia dong chét Iuu va duoc goi 1 tri sé Reynolds.
_pxwxdy  wxdy

n \%

Re

Trong do:

p: Khéi luong riéng cua luu chéit, & didu kién
tiéu chuén (0 °C, 1 atm) bang 1,293kg/m’;

u: o nhét dong luc hoc luu chét (kg/ms);

v: Do nhét dong hoc ¢ didu kién tiéu chuén
bang 17.1 x 10°° m?/s;

W Van tdc dong chay luu chat chuyén dong
trong ong (m/s);

dw : Puong kinh twong duong (m).

i Os‘porne Reynolds

rang néu:

da ching minh duoc

Re < 2320: dong chay tang;
Re =2320 + 10000: dong chay qua do;
Re > 10000: dong chay rdi.

3. CAC PIEU KIEN BIEN VA SO LIEU PAU
VAO TRONG MO HiNH COMSOL

3.1 Gan thong s6 dau vao

Cong trinh dugc nghién ciu gia dinh c6 kich
thudc mat bing 6 m x 8 m, cao 15 m (bao gdm
phan dinh mai) xdy dung tai ndi thanh Ha Noi.

Theo Tiéu chuén Viét Nam TCVN 2737-2023
cong trinh gid dinh dugc xdy dung tai Ha Noi
thudc vung gio I dia hinh B ¢6 ap luc gio co so
W, = 95 (daN/m?). Ciing theo muc 10.2.3 ciia
TCVN 2737-2023 quy d6i ap luc gi6 vé vén tdc
theo cong thuc:

W, =0,0613x v?
Trong do:
Vo : van tde gi6 ¢ d6 cao 10m so véi méc chuan
(van toc trung binh trong khoan thoi gian 3s bi

vugt mot 1an trong 20 nam) twong ting véi dia hinh
dang B, tinh bang (m/s).

v, = W = 95 =39,36 (m/s)
0,0613 0,0613

Kiém tra hé s6 Reynolds phan loai dong chay
trén bé mat cong trinh.

_pxwxdy  wxdg
u \%
— Re =4,14.10" > 10000

Re

3.2. Nghién ctru dnh hwéng cia do cing téi két
qua m6 hinh

Tién hanh xay dung 03 mo hinh dang khéi dic
hinh hdp chir nhat c6 kich thudc theo chiéu dai,
rong, cao va modun dan hdi 1an luot 1a:

+Ml: X=10(m), Y =10 (m), H=20 (m), E
=25.10° (Pa)

+M2: X=10(m), Y =05 (m), H=20 (m), E
=25.10° (Pa)

+M3: X=10(m), Y =10 (m), H=20 (m), E
=2,5.10° (Pa)

Chii y: Ca 03 md hinh déu chiu tic dong gio
theo phuong Y 1a nhu nhau véi v, = 10 (m/s).

Két qua chay mé hinh cho gid tri ap luc gi6
trén bé mat khéi hinh hop va gia tri chuyén vi dinh
nhu sau:

Contour: Pressure (Pa) o
30

20 2 :

Hinh 1: Gid tri dp lyc gio tdc dong lén bé mat
khoi hgp mé hinh M1
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Contour: Pressure (Pa) o
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Hinh 2: Gid tri dp lwc gio tic dpng lén bé mdt

khoi hjp mo hinh M2
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Hinh 6: Gid tri chuyén vi dinh mé hinh M3

Gia tri ap luc gié va chuyén vi dinh dugc thong
ké theo bang dudi day:

-117.14

Contour: Pressure (Pa) o

A Béng 1: So sanh anh hwéng cia d cing
185.68 toi ap lwe bé mat va chuyén vi dinh
168.86
152.04 z I3 A 2
e A s Vian toc Ap luc bé Chuyén vi
10136 Mohinh |y ms) | mit (Pa) dinh (m)
67.92
aLts Ml 10 194 1,70.10°
17.45
SE M2 10 202 1,25.10°
-33.03
Seer M3 10 194 1,70.10°
Too32

R Can cur vao 03 md hinh thir nghiém so bd trén
- z
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Hinh 3: Gid tri dp lwc gio tic dpng lén bé mdt

khéi hop mé hinh M3

Skce: Welocity magnitude (mis) Volsme: Displacoment magnitudo (m)

m
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Hinh 4: Gid tri chuyén vi dinh mé hinh M1

Shca: Vakochty magatisde (mis) Vokume: Displacemont magneuds (m)

mis
m A151
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Hinh 5: Gid tri chuyén vi dinh mé hinh M2

dura ra két luan ban ddu vé anh hudng cua do cimg t6i
két qua khao sat ap luc gié va chuyén vi nhu sau:

- V& ap lyc gia tic dong 1én bé mat: coi mé hinh
M1 1a m6 hinh gbc dé ddi chiéu, khi giam kich
thuéc khdi hop theo phuong Y xubng 50% tuong
g voi giam b xubng 50% thi ap luc gi6 tac dung
lén bé mat khdi hop ting 04% (& mod hinh M2),
COMSOL CFD tinh ap Iyc vét ly thuc té theo diém,
khéc véi Cp tiéu chuan tinh toan trung binh, c6 thé
théy ap luc tang ¢ cac diém cuc bo, nhét 1a khi toa
nha hep, dong chay tap trung va xody manh hon; khi
giam modun dan hoi ctia vat lidu 90% thi ap luc gi6
bé mat khdi hop 1a khong ddi (6 mé hinh M3). Nhu
vy kiém nghiém dugc trong md hinh anh hudng
cta d6 cimg EJ t6i 4p luc gio tac dong 1én bé mat
cong trinh 14 khong dang ké 1a hop ly.

- V& gia tri chuyén vi dinh: Coi mé hinh M1 1a
md hinh gdc dé ddi chiéu, khi giam kich thudc
khdi hop theo phuong Y xudng 50% tuong (mg voi
giam b xudng 50% thi chuyén vi dinh ting 7,4 lan
(6 m6 hinh M2), khi giam modun dan hdi cua vét
lidu 90% thi chuyén vi dinh ting 10 lan (6 md hinh
M3). Nhu vay kiém nghiém trong mo hinh anh
huong ciia d6 cung EJ t6i gia tri chuyén vi dinh 1a
rat dang ké.

- Can ctr vao cac kiém tra so bd véi cac mod
hinh don gian vé anh huong cia do cimg toi két
qua khao sat, tir 4y rat ra duoc nhitng luu y khi tién
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hanh nghién ciru tinh toan voi cic bai toan cén
nghién ciru cu thé.

4. AP DUNG MO PHONG TINH POI VOI
CONG TRINH MINH HQA

4.1. Mo phéng gié theo phuong X

Cong trinh gia dinh dugc khao sat la mot toa nha
cao ting c6 mai chéo nghiéng 1 bén, kich thudc theo
mat b'f‘?mg x =20 m; y = 15 m; cao d¢ dinh mai z, =
40 m; cao d) phia chan mai z,= 30 m.

Pé thuc hién viéc gan gia tri van tde gi6 theo
cao do can phai thiét 1ap mot ham toan hoc va gan
cho mo hinh, trong nghién ctru nay tac gia lya chon
ham s6 mil theo AS/NZS 1170.2

Trong do:

\_/O : Van tbe gi6 co ban trung binh;

E: Hé s6 anh huong theo do cao ctia véan tde gio;
B; a: Cac hﬁng sb phu thudc dang dia hinh.

Duéi ddy 1a nhitng két qua nghién ctru bing
phin mém Comsol d6i véi mé hinh gia dinh. Va
két qua tinh toan theo TCVN 2737-2023

1,5 18,50

av Ll
M nEe*’
\ LA

o062

0,346

g

0,277

Hinh 7: So do hwéng tic dpng va viing gié trén
bé mdt cong trinh theo phwong X
(hwong 0° theo TCVN 2737-2023)

B W,

s
kZ) € Cya C (m) (da/m?)

z b h z,
(m) (m) (m) (m)

30,0 150 [ 40,0] 40,0 | 1,34 | 0,80] 0,20 | 060 | 50 ] 55

A R e R L A R R
F |Méivai-Hol | 302 150 | 40,0 400 | 1,34 | 007 | 020 |-003] 50| 12
H |méiwdi-pinh | 40,0 | 150 | 40,0 400 | 1,34 | 0,07 | 0,20 | -013] 50| 12
E [Tubmgphdi | 40,0| 150 | 40,0| 400 | 1,34 |-0,55] 0,20 | 075 50 | -69
A [Tuing hai 304 | 150 | 40,0 | 40,0 | 1,34 |-1,20| -0,20 | -1,40| 5,0 | -129
8 [Tuing hai 31,7 | 150 | 40,0 40,0 | 1,34 |-0,80 -0,20 [ -1.00 50 | -82
¢ [Tuing nai 40,0 | 150 | 40,0 40,0 | 1,34 |-050| 0,20 | -0.70| 50 | 65

Hinh 8: Gid tri dp lwc gié trén bé mdt
cong trinh theo phuwong X
(hwong 0° theo TCVN 2737-2023)

Hinh 9: Gid tri dp lwc gi6 trén bé mat D cong
trinh theo phwong X

So sanh két qua cua phin mém Comsol
Multiphysics va TCVN 2737-2023:

- Theo Comsol Multiphysics gia tri ap luc gié
trén bé mat D 1a 537 Pa.

- Theo TCVN 2737-2023 gia tri ap luc gio trén
bé mat D 1a 550 Pa.

Két qua tinh toan theo TCVN 2737-2023 16n
hon so voi md phong bang phan mém Comsol
Multiphysics khoang 2,4%.

4.2. Ap dung cong trinh SCENIA Nha Trang Bay

Cong trinh SCENIA Nha Trang Bay dugc xay
dung va thiét ké duya theo tiéu chuan TCVN 2737-
1995, do do phén nghién ciu md rong tinh thuc
tién khi 4p dung phan mém Comsol Multiphysics
duoc truy hoi tinh toan theo TCVN 2737-1995.

Comsol hoan toan cho phép lién két voi cac
phin mém khac dé tao mo hinh tinh toan cho cac
khdi hinh phuc tap, do d6 & déy tac gia s& thiét lap
moé hinh 3D bang phan mém Revit sau dé import
vao Comsol dé tién hanh phan tich tinh toan.

Hinh 10: Mé hinh 3D dwoc tao trén Revit

]

Hinh 11: M6 hinh dwoc chia lwoi tinh todn
theo phwong phap PTHH
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Hinh 12: Gid trj vin toc gié theo huwong X
dugc tinh todan bang Comsol Multiphysics

& ]

Contaur; Pressune (Pa)

& 159x10"
=10

- 143
1.22
1 1088 1.01
o8
0.8
0.39
0.18
003
il 24
-0.45
a 66
o87?
108
129
1.5
o .71
191
212
2,33

m
l = 259

¥ 2.50=10"

Hinh 13: Gid tri dp lic gi6 duwgc tinh todn
bang Comsol Multiphysics

Biing 2: Két qué mé phéng biing Comsol
Multiphysics doi voi cong trinh SCENIA
Nha Trang Bay, theo huéng giéo X

- VUNG GIO
TR 1A 1 A ] 1A m v v

W, (daNim?) 58 65 83 95 115 125 155 185
Voimis) 3227 | 3500 | 3950 | 4240 6,67 48,70 54,20 59,20
Vs (05} 4600 | s450 | s160 | 66,10 7180 76,00 84,60 9240

* 0,00 1848 [ 3391 | 4370 58,26 65,22 8391 100,87
Prs (P 1060 1250 1590 1830 2200 2400 3000 3600

*% 0,00 1792 5000 | 7264 107,55 12642 183,02 239,62
P (Pa) -1730 | -2030 | -2590 | -2990 -3600 4000 4900 S0 |
% 0.00 1734 | a7 | 728 108,09 132 183,24 23526

1 {mm) 753 £35 1000 | 10,00 20,00 20,00 20,00 000 |
% 0,00 1753 | 3280 | 3230 163,60 165,60 165,60 29841
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GIA TRI VAN TOC THEO VUNG GIO
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Hinh 14: Twong quan giita viing gio
va vdn toc theo phwong X

Tuong Quan Gilra Ving Gio Va Gia Trj Ap Luc Bé Mt
Py (Pa)
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Hinh 15: Twong quan viing gié va dp lwc bé mat
Pmax theo phwong X

Tuong Quan Ving Gio Va Gia Tri Ap Lue Be Mat P,
(Pa)
0
1A I 1A ] na n v v

-1000
-2000

-3000

Pmin

-4000
-5000
-6000

— PN

-7000
Ving gié sssesesss Poly, (PmIN]
Hinh 16: Twong quan ving gié va dp lwc bé mdt
Pmin theo phwong X

Kiém tra gia tri ap luc gio tai mot vi tri bat ky
ctia cong trinh cho két luan nhu sau:

- Theo TCVN 2737-1995 véi cong trinh cu thé
trong bai bao nay xét voi hudng gid doc nha tai do
cao 40,5 (m) cho ap luc tai mat don gid la 950 (Pa)
va theo tinh toan cua Comsol ap luc nay la 880
(Pa) chénh I¢ch khoang 8%.

- Ciing theo TCVN 2737-1995 tai cac héc gi6
déu nhén gia tri ap lyc hat 1a 503 (Pa) va ap luc
day 1a 672 (Pa) nhung theo tinh toan ctia Comsol
thi ap luc tai cac hdc gi6 1a khac nhau & dau va
cudi cong trinh. Cac hdc gio déu chiu 4p luc hut do
tai cac hdc nha gio bi xody va gia tri ap luc hut ¢
dau cong trinh 1a 623 (Pa), cubi cong trinh 13 433
(Pa). Gia tri tinh toan theo TCVN 2737-1995 16n
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hon khoang 25% so véi phan tich bang Comsol
Multiphysics.

5. KET LUAN

Tir nhitng nghién ctru cta tac gia vé tinh mg
dung cua phin mém Comsol Mutiphysics vao
nganh xdy dung, cu thé trong béo cdo nay la tac
dong cua tai trong gid lén cong trinh xdy dung,
budc ddu dua ra nhitng két luan co ban nhu sau:

- Gia tri chénh 1&ch gitta TCVN 2737 thuong
cao hon gié tri tinh toan mé phong bang phan mém
Comsol Multiphysics, diéu d6 13 hoan toan hop 1y,
bdi TCVN 2737 thudng ¢ cic hé s6 an toan cao
hon dé dam bao tinh bén viing cho cong trinh trong
moi diéu kién bat loi nén gi tri tinh toan theo tiéu
chuin thudng bao thu hon va ly giai tai sao gia tri
thuong 16n hon so voi mo phong, trong khi do
phan mém Comsol Multiphysics thuong co gia tri
thip hon do cac phan tich vi mé dugc tinh toan ky
ludng boi thudt toan may tinh nhu dong xody tach
hop, ving hut sau cong trinh,...

- Pbi v6i cac dang mit bang phuc tap nhu ddi
voi cong trinh SCENIA Nha Trang Bay, cé dang
céu truc hinh xuong c4, yéu té cong hudng giao
thoa gitra cac hdc gi6 chua duge dé cap cu thé theo
TCVN 2737 do d6 ap dung md phdng tinh toan
bang phin mém Comsol Multiphysics gitip cho
don gian hoa viée tinh toan va cho két qua véi do
tin cdy chinh xac cao.

- Ngoai ra Comsol Multiphysics c¢6 thé tng
dung tinh toan nhidu yéu té khac lién quan toi tac
dong cua tai trong gi6 1€n cong trinh nhu tai trong
gi6 thay ddi theo thoi gian, chuyén vi, van toc gio,
ap luc gio 1én cong trinh va cac cong trinh lan can
trong pham vi anh huong... véi gidi han va pham
vi ctia bao céo nay tac gia chi trinh bay déi véi mo
phéng tinh cua tai trong gid.

- Kién nghi: dya trén nghién ctru mé phong
bang phan mém Comsol Mulytiphysics, két hop
véi thi nghiém ham gi6 va cac do dac thuc tién dé
tang do tin cdy voi nhitng cong trinh doi hoi tinh
chinh xéc cao va cac cong trinh phuec tap.
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