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TOM TAT: Céc cong trinh xay dung tai Viét Nam ngay cang cao va hinh dang phtc tap nén viéc ap dung
céc tiéu chuan gié hién hanh ciia Viét Nam va qudc té nhiéu truong hop 1a khong kha thi. Thi nghiém ong
thoi khi dong 1a mot phuong phap hién dai va ngay cang dugc ap dung dé xac dinh tai trong gi6 cho cong
tac thiét ké cong trinh xay dung tai Viét Nam. Ngoai ra, thi nghiém nay con ¢6 nhiéu y nghia trong viéc nang
cao chét luong thiét ké va giam gia thanh xay dung vi tai trong gié xac dinh theo phuong phap nay thuong
nho hon khoang tir 20% dén 30% so vdi tai trong khi xac dinh bang tiéu chuan. Bai bao nay trinh bay céac
két qua ap dung thi nghiém Ong thoi khi dong trong hon 10 nam qua tai Vién KHCN Xay dung.

TU KHOA: Thi nghiém dng thoi khi dong, tai trong gi6, nha cao tang.

ABSTRACTS: Buildings in Vietnam are increasingly tall and complex in shape, so it is not feasible to apply
current Vietnamese and international wind standards in many cases. The wind tunnel test is a modern and
increasingly applied method to determine wind loads for design work in Vietnam. In addition, this test
has many meanings in improving design quality and reducing construction costs because the wind load
determined by this method is usually about 20% to 30% smaller than the load when determined by the
standard. This paper presents the results of applying wind tunnel test over the past 10 years at the Vietnam
Institute of Building Science and Technology.
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dng thdi khi dong thi cic luat mé hinh hoa quan
trong (tuong tu vé hinh hoc, tuong tu vé moi truong
gio (profile van tde gi6 va do réi), tuong tu dong luc
ctia dong gid xung quanh cong trinh v.v) can dugc
thuc hién, trong khi cac twong tu khac & trong thi
nghiém nay duoc tuan tha.

1. GIOI THIEU

Trong ba muoi nim qua, Viét Nam c6 nhiéu cong
trinh cao tang v6i hinh dang phuc tap da duoc thiét
ké va xay dung nhu: T6 hop cong trinh Keangnam,
Toa nha trung tdm thuong mai Vietinbank,
Landmark 81 .... Tai trong gi6 tac dung 1én cac cong
trinh thuong dugc tinh toan dya theo cac tiéu chuén
qudc gia nhu: tiéu chuan Nhat Ban AIJ-RFLB 2015
[1], tiéu chuan My ASCE 7-16 [2], tiéu chuan Uc/
Newzealand AS/NZS 1170.2:2011 (R2016) [3], ti€u
chuan Chau Au EN 1991-1-4:2005 [4], tiéu chudn
Trung Qubc GB 50009-2012 [5], tiéu chuan An Do
IS: 875 [6], tiéu chudn Canada NBCC 2015 [7], tiéu
chuan Viét Nam TCVN 2737-1995 [8]..... Nhung
dbi v6i cac cong trinh nha cao tang véi cac hinh
dang phtc tap va chidu cao 16n thi viéc ap dung thi
nghiém ng thdi khi dong s& c6 két qua chinh xéac
hon so v6i ding cac tiéu chuan nay.

Céc thi nghiém trong bai bao nay duoc thuc
hién trong 6ng thoi khi dong ciia Vién KHCN Xay
dung. Pay 1a dng thoi khi dong c6 dang kin (Closed
Circuit Wind Tunnel) theo phuong dtng, c6 hai
nhanh va co téng chiéu dai 1a 35,5 m, chiéu cao la
9,1 m.

Kich thudc tiét dién trong long ong thdi cua
nhanh dudi c¢6 kich thuée 2 m x 2 m v6i phan mo
rong co6 b tri ban xoay dudng kinh 4 m, kich thudc
tiét dién Ong thoi nhanh trén chiéu cao 2 m véi chidu
rong rong 8 m, tai vi tri ban xoay c6 ctra kinh 16n
dé quan sat.

Ong thdi khi dong c6 hé théng dong co tao gio

2. THi NGHIEM ONG THOI KHi PONG
Dé xac dinh tai trong gi6 bang thi nghiém trong

cong suat Ion gom 4 dong co va bo diéu khién. Ong
thoi di kem véi ban tao nham bé mat, hé thong cac
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loai dau do, hé théng may tinh ndi mang ndi bg, hé
thong thu thap va xir 1y s liéu ciing cac phan mém
chuyén dung kém theo.

Céc két qua thi nghiém thuong c6 duogc cho ap
dung cho cong tac thiét ké:

- Chuyén vi dinh cta cong trinh va gia toc twong
ung voi chu ky lap khac nhau (véi cac do can 1%,
1,5% va 2%).

- Lyc gi6 tinh tuong duong phan b tai cac ting
(v6i cac do can 1%, 1,5% va 2%) dung cho thiét ké
két cau.

- Gia tdc dao dong tai dinh cong trinh tng véi
cac chu ky lap khac nhau (0,1 ndm, 1 nam va 10
nam).

- Caché ) ap luc l6n nhét, nho nhat, trung binh
va léch chuén dung cho thiét ké hé bao che.

Thanh chan
Gio Mb hinh thi
nghiém
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Hinh 3. Profile van tc gié va profile d rdi theo
thi nghiém va theo tiéu chuan

3. PIEU KIEN TRUONG GIO

Diéu kién méi truong gié duge md phong bang
cac khdi tao nham va thanh chin duoc dit trén san
ctia 6ng thoi khi dong (xem Hinh 1 va Hinh 2). Céc
thanh chin duoc thay d6i do vat dé diéu chinh profile
van toc gio dé dat dén profile van toc gio cua theo
cac dang dia hinh loai A, B, C (TCVN 2737:1995).
Chiéu dai bd tri cac khdi tao nham va do cao cua
khéi tao nham s& dugc diéu chinh dé dén khi dat
duoc profile d6 réi theo yéu cau. Profile van tdc gio
va profile do r6i theo tiéu chuén va theo thi nghiém
(dang dia hinh loai A, B, C cia TCVN 2737:1995)
dugc thé hién trong Hinh 3.

4. MO HINH THi NGHIEM
4.1. Céc thong s6 mé hinh héa

Ti 1€ kich thuédc md hinh thi nghiém dugc xéac
dinh theo Cong thuc 1:

.
' Ly M

Trong do6:

AL: ti 1€ kich thude.

Lwr: kich thudc mo hinh.

Lrs: kich thudce thuec.

Ti 1& van tdc gi(") giita van tdc gio trong dng thoi
khi dong va van toc gid thuc dugc xac dinh theo
Cong thtrc 2:

7

__WT
Ay = A 2

Trong do6:

Ar: ti 16 van téc.

VWT‘: van toc giQ trong ong thdi khi dong (lay
theo dif:u kién cua ong thoi khi dong va kha nang
cua thiét bi).

Vrs: van tde gi6 thuc.

ﬂ Ti 1¢ thoi gian ldy s6 liéu thi nghiém trong ong
thoi khi dong dugc xac dinh theo Cong thuc 3:

Ay === )

4.2. Mo hinh thi nghiém
’ Mo hinh thi nghi€ém 15} loai m6 hinh cting, dugc
ché tao tur vat liéu nhya bang cong nghé in 3D.
Vi ti 1€ mo hinh thong thuong 1a:
1 1 1 1

A, =—+——: Tilévantdc A, =—+—;
L7100 500 A 3.7

Cac md hinh thi nghiém trong dng thdi khi dong
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Hinh 4. Hinh anh mé hinh ciia mt sb cong trinh trong 6ng thdi khi dong ciia Vién KHCN Xay dung

e s ciia Vién KHCN Xay dung dugc thé hién trong
il e Hinh 4.

M0 hinh thi nghiém c6 2 loai m6 hinh: (1) Mo
hinh do ap luc bé mat va (2) Mb hinh do tong luc

=& D6i v6i md hinh do ap lyc bé mit thi cac dau

- Mé hinh = do ap luc dugc bo tri trén bé mat cac mo hinh thi

&Fé_!"i; Lr?:‘ hl_hl - ngh‘iém (xem Hinh 5) va dugc ndi bang cac éng co

it g chiéu dai 1 m va duong kinh trong 1,2 mm dugc

ni v6i hé théng thu nhéan ap lyc dong DPMS (xem

Hinh 6). Céc s6 liéu do tir cac cam bién ap luc dugc
thu nhan dong thoi voi tan sb 1dy mau 1a 500 Hz.

Ap | !hg{" dang

M6 hinh do téng Iyc thi mo hinh duoc gén trén
thiét bi can luc tan sb cao JR3 (High Frequency
Hinh 5. So' d6 do ap lwc cho md hinh thi nghiém Force Balance JR3) (xem Hinh 7). Pay 1a thiét bi

trong trong 6ng thoi khi dong dic chung v6i 6 thanh phan luc (Fy, Fy, Fz, My, My,
M) (xem Hinh 7) duoc do dong thoi véi tan sé cao
(tan s lay mau tir 500 Hz dén 1000 Hz).

5. CAC HUONG GIO THi NGHIEM

Thi nghiém dugc thuc hién véi nhiéu huéng gio
khac nhau (Thong thuong thi nghiém vaoi 36 hudng
gi6 khac nhau (10° mot hudng)) (xem Hinh 8). Tir két
qua thi nghiém theo cac hudng gid tir d6 ta xac dinh
duoc tai trong gi6 bat loi nhat dé thiét ké cong trinh,
day 1a viéc s& khong xéac dinh duoc tir tiéu chuan.

Ap W tinh tham chidu = -+
A

180°

Hinh 7. Thiét bi cAn lyc tan s6 cao JR3 (High
Frequency Force Balance JR3) va ky hiéu chiéu
cho 6 thanh phan luc cia thiét bi Hinh 8. So’ d6 cac huéng gié thi nghiém
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6. XU LY SO LIEU
6.1 Xir Iy s liéu cho ap lwc

Chudi s6 liéu theo thoi gian clia cac cam bién ap
luc dugc xac dinh theo Cong thirc sau:

C, (60 =pl.0) / py 4)

trong do:

C ) (i,1) : hé s6 ap lyc tai cam bién ap lyc i tai
thoi gian ;

p(i,t): ap luc tai cam bién 4p Iuc i tai thoi
gian t;

Py - ap lyc tham chiéu tai d6 cao dinh mé hinh
thi nghi¢m H.

Céc hinh vé& duong dong ml'I(E cua cac ’gié tri
hé so ap lyc (trung binh, 1€ch chuan, 16n nhat, nho

nhit) duoc tinh tir cic Cong thic 5, 6 va 7. Cac gia
tri nay duoc tinh ttr 10 chuoi so liu.

_ 1 9
C,=—> C»r
» 10; (n) (5)
- 1 &
C, =E;Cp(n) (6)

trong do:

C,(n): hé sb ap lyc trung binh cua chudi sb
liéu tht n;

C, (n): hé s6 ap lyc 1éch chuén ciia chudi s6 lidu
thir n;

Cac gia tri cuc han (16n nhét va nho nhét) duoc
xac dinh theo phuong phap Cook & Mayne[10],
trong d6 phan bd cuc trj cta cac hé sb ap luc dugc
gia thiét theo phan bd Fisher-Tippett loai 1 (FT1).

Cong thirc 7 duoc dung tinh hé s ap luc 16n
nhit C p» va cing dugc dung cho tinh hé sé ap luc
nho nhat C,.

CP:U@P+a (7)

Trong do6:

U & md hinh ctia phan bé Fisher-Tippett loai 1.

1 .
——: do phan tan cua phan bo Fisher-Tippett

aép
loai 1.
va dugc tinh theo phuong phap Best Linear

Unbiased Estimators (BLUE)[9, 10, 11] (cac Cong
thire 8 va 9)

10
U@p = i=1 aiXi (8)
1 10
= 2mbX ©)
Cp

Trong do6:

X;- gi4 tri thtr i cua chudi gia tri ting dan cta cac
gia tri 16n nhat cua 10 chuoi soO lidu;

a;va b; dwoc xac dinh tx [10].
6.2 Xir Iy so liéu cho lue

S6 liéu vé 5 thanh phan luc (Fy, Fy, My, My, M)
tai chan cia mau thi nghiém theo thoi gian dugc thu
nhan (doi mo hinh cong trinh nha thi thuong khong
can xac dinh thanh phan lyc doc theo chiéu cao cong
trinh do gi6 gay ra, F). Cac lyc nay sé duoc xu ly
cung voi cac dic trung dong luc cua cong trinh nhu:
tan sO dao dong riéng, dang dao dong, do can, khoi
luong...

Giéa tri trung binh cua Fy dwoc xdc dinh theo
cong thire sau:

F 2B (10)
n
trong do:
Fx(?): luc theo phuong X theo thoi gian;
n: tong s6 cac gia tri do.
Gi4 trj léch chuan cua Fy duoc xac dinh theo
cong thuc sau:

ﬁ:JZUW%Ef

* n—1

(11)

Gia tri 1on nhét ( F, ) va nho nhét (F, ) cta Fy dugc
xir Iy theo 1y thuyét gid tri ciee tri theo phuong phap
Cook & Mayne[10]:

Xir 1y twong ty nhu vy voi cac thanh phan Iyc
con lai Fy, My, Myva M,

Céc gia tri cua Fy, Fy, My, Myva M, cuia mo hinh
(model scale) s& dugc quy doi sang cac gia tri cia
Fy, Fy, My, Myva My cua ti 1€ thuc (full scale) theo
cac cong thirc sau:

(amaaMJ%ﬂif

WMFWMJ%H%I

(12)

(13)
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(14)

00 =00 (1] (]
o) o

(M), =01,),.., (fj [%]

7. KET QUA THi NGHIEM

Céc két qua thi nghiém cho cac huéng gi6 khac
nhau da dugc xir Iy va thé hién dudi cac hinh vé
duong dong muc.

(16)

Hé sb ap luc C, da dugc thé hién cho tat ca mat
ctia cac md hinh thi nghiém va cho tit ca cac hudng
gi6. Qua cac két qua thi nghiém cho thay, cac hé sd
ap luc co gia tri duong tai cac mat don gio va gia
tri Am tai cdc mat bén va khuét gi6. Tai cac vi tri
canh, céac hé sb ap luc thay ddi nhanh theo thoi gian

’l —

va khong gian do sy tuong tac gitta gido va mo hinh
(hién tugng tach xody). Cac hinh c6 hinh dang phutc
tap thi gi4 tri ciia cac hé sb ap luc thay ddi nhiéu
v6i phan bd ap luc thay d6i nhanh theo caic mat va
theo huorng gi6 tac dung. Sy thay dm hé s6 ap luc
C, thay d01 theo thoi gian ctia mot s vi tri trén mo
hinh (hé s6 ap luc dwong (xem Hinh 9 (a)), hé s6 ap
luc duong va am (xem Hinh 9 (b)), hé s 4p luc am
(xem Hinh 9 (c)).

Phan b hé sb ap luc trén cac mat cia mo hinh
thi nghiém cho tat ca cac hudng gi6 dugc thé hién
& Hinh 10.

5 thanh phan luc (Fy, Fy, My, My, M) sau khi
dugc xtr 1y s& duge thé hién cing hudng gio (xem
Hinh 11). Fy 1a lyc doc ludng gi6 (theo phuong X),
Fyla lyc ngang ludng gi6 (theo phwong Y), My 1a mo
men quanh truc X, Myla m6 men quanh truc Y, M 1a
mo men xodn quanh truc Z (truc dimg).

Qua két qua cua Bang 1 cho thiy két qua luc
cat day do gi6 gy ra tir thi nghiém thudng chi bang
tir 61% dén 81% két qua luc cit day do gié giy ra

e
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 500 1000 1500 2000

a) Hé s ap luc duong

o o P— 5
2500 3000 3500 4000 4500 5000 0
S6 cic gid trj do $6 cic gid trj do

b) Heé s6 ap luc duong va am

25

. .
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
$6 cic gid tr do

¢) Hé s0 4p luc am

Hinh 9. Sy thay ddi hé s6 4p luc C, theo thoi gian [12]

a) Heé s6 ap luc lon nhat

[
)

el

* IR

b) Hé s6 4p luc nho nhét

Hinh 10. Phan bd hé s ap luc trén cic mit ciia md hinh thi nghiém cho tit ca cic huéng gié [13]

...n aita ,A

\\ s

a) Luc cit day theo b) Luc cét day theo
phuong X (Fx) phuong Y (Fv)

¢) Mdémen day theo d) Momen déy theo e) Momen day theo
quanh tryc X (Mx) quanh truc Y (My)

quanh truc Z (Mz)

Hinh 11. Su thay ddi ciia cac lwc cit ddy va mémen day véi hwéng gio [13]
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Bang 1. Luec cit day 16n nhét cho mjt s6
cong trinh dwgc xac dinh tir thi nghiém ong
théi khi dong [13]

" Lure cit day l(’)’ll nhét ﬁX / nhé nhit
Céng | Chicu Fy (kN) Chénh
trinh cao Iéch
(m) Phuong TCVN Thi nehié
tac dung | 2737:1995 1 nghicm
(6)=
om| @ ©) 4 O] )
X 16.729 12.547 75%
(-13.547) | (-9.889) | (73%)
A | 152
v 19.043 13.711 | 72%
(-20.127) |(-14.894) | (74%)
13.490 8.364 62%
B 1881 X (-8.938) | (-5.810) | (65%)
v 13.135 9.063 69%
(-17.668) [(-11.131) | (63%)
X 30.933 22.581 73%
(-26.138) [(-20.910) | (80%)
C | 130
v 20.857 | 16.477 | 79%
(-18.188) [(-14.732) | (81%)
% 24.683 | 18.759 | 76%
(-22.925) [(-16.735) | (73%)
D | 159
Y 10.503 7.457 71%
(-13.455) | (-10.360) | (77%)
CHU THICH: Gi4 tri ngoai () 1a luc cit d4y 16n nhét F,
gid tri trong () 1a luc cét ddy nho nhit 7,

tlr tinh toén theo tiéu chuan TCVN 2737:1995. Két
qua nay ciing phu voi cac két qua thi nghiém ong
thdi khi dong dugc thuc hién boi mot sé don vi thi
nghiém cua nudc ngoai cho cac cong trinh tai Viét
Nam. Céc két qua nay nho hon do tai trong gi6 1én
cong trinh 1a tai trong ap luc, luc gi6 bi anh huong
boi cac yéu t6 nhu: hinh dang cong trinh, huéng gid,
anh huong cua cac cong trinh xung quanh, sy tuong
theo khong gian, sy tuong quan theo thoi gian...
Ma cac yéu tb nay khong duogc xét dén hodc co xét
dén nhung khong chinh xac khi tinh toan bang tiéu
chuén. ich.ua Qu

8. KET LUAN

Bai bao nay trinh bay cac két qua ap dung thi
nghiém ng thdi khi dong tai Vién KHCN Xay dung
cho cac cong trinh nha cao tang tai Viét Nam trong
hO'n 10 nam qua. Cdc két qua tur thi nghiém da giup
rdt nhiéu cho cong tac thiét ké nhue: xdac dinh lyc gié
tac dung Ién két cdu cong trinh, anh hieong ciia cdc

hwémg gio, dp lec gié lén cdc bé mdt bao che. Céc
tai trong gio nay thuwong bang 70% den 80% khi
tinh toan theo tiéu chuan TCVN 2737:1995.
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