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TOM TAT: Bai bdo khdo sat tic dung chong dong ddt ciia hé can chat long nhét (Fluid
viscous damper, FVD) qua két qua phdan tich dong lec hoc mot cong trinh 10 tang bang bétong
cot thep (BTCT) chiu tac dong dong dat. Phan ung cuc dai cua két cau dwoc xdc dinh cho
truong hop két cau khong dimg FVD va két cau c¢é ding FVD véi cdc cach phin bé FVD khdc
nhau va céc gid tri hé sé can khdc nhau. Tir @6, hiéu qua khdng chdn cia tirng gidi phdp phdn
bo FVD sé dwoc danh gid.

1. GIOI THIEU

Céc h¢ thdng diéu khién két cAu chong dong dat thuong dugc sir dung 1a hé ¢ 14p mong va
cac thiét bi can 1am viéc theo nguyén ly khac nhau (can nhét, can dan nhét, can ma sat, ...) [2].
Hinh 1 trinh bay cau tao mét dang hé can loi dung tinh nhét ctia chat 16ng silicone do hang
Taylor Devices ché tao. L3 can hinh vanh khuyén duoc tao thanh boi khoang ho gitra mat trong
cta cylinder va mat ngoai cua dau pistol 1am bang dong Chat long chuyén dong voi van tdc
cao qua 16 hinh vanh khuyén tao ra su chénh 4p sut tai dau pistol va sinh ra luc can.

Hinh dang dau pistol quyét dinh dic trung can cua thiét bi. Quan hé giita lyc can nhét FD
va van toc tuong ddi 0 gitta hai dau thiét bi la FD=C|u|"sgn(11). Khi o = 1 ta ¢ hé can nhét
tuyén tinh; khi o <1 ta c6 hé can nhdt phi tuyén, thuong c6 hiéu qua cao v6i chan dong manh;
con hé can c6 o >1 thi it gap trong thuc té.
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Hinh 1. Ciu tao thiét bi can nhét cua hang
Taylor Devices

Hinh 2. Cong trinh c6 lap dit thiét bi can

Do cac thiét bi can thuong duge bd tri ¢ vi tri cac thanh gidng (hinh 2) nén chung lam viéc
song song voi két cau, lam cho ung xir ciia hé két cdu c6 thiét bi can tré nén vo cing phirc tap.
Bai bdo s& khao sat tac dung khang chin cta hé can chit 10ng nhdt voi mot s6 cach phan bd hé
sb can khac nhau.

2.COSOLY THUYET
2.1. H¢ mot bac tw do ¢é hé can nhét tuyén tinh

Xét hé mot bac ty do ¢6 gin thiét bi can nhét tuyén tinh chiu chuyén vi diéu hoa theo thoi
gian u=ugsinwt voi ug la bién d6 chuyeén vi va o la tan so goc cua kich dong. HE can nhot tuyen
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tinh s€ cho lyc can FD = Cu védi C 1a hé so can cua thiét bi can nhét va u 1a van toc tuong doi
cua hé.
27/ @

Néng lugng WD tiéu tan bai hé can : W, = §FDdu =§ Cridu = j Cidt = nCule (1)

Goi&q laty s6 can do su dong gop cua thiét bi can; K, m va ag lan luot 12 do clng, khoéi
luong va tan s6 tu nhién (tin s6 riéng) cua két cdu; WS ning luong bién dang dan hdi cia hé
(hinh 3). Ta co:
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Hinh 3. Dinh nghia ED va Hinh 4. H¢ nhiéu bac B I B —
ES cta hé mot bac tw do c6 tw do co thiét bi can  Hinh 5. Phan tich pho chuyén vi tang 10
thiét bi can nhét nhot vGi dong dat Northridge

2.2. Hé nhiéu bac tw do ¢é cac hé cin nhét tuyén tinh

Xét mot hé nhidu bac tu do ¢o gén cac hé can nhét tuyén tinh nhu hinh 4. Ty s6 can hiéu
qua Eeir ciia hé (két cau + thiet bi can nhoét) 1a Eeir = Eo+ &g VO §p 1a ty sO can cua riéng két
cau va £q 1a ty so can do sy dong gbép cua cac thiét bi can nhét.

Mé rong quan diém ddi v6i hé mot bac tu do & phan 2.1 vao hé nhiéu bac tu do, ta co:
W,
2nWy

éd:

v6i Wj 1a ning luong tiéu tan do thiét bi can nhét thir j va WK 13 ning lugng bién dang dan
hdi cua két cdu. Dong dat 1a mot qua trinh ngiu nhién, do d6 dap g dau ra cua két cdu ciing 1a
qua trinh ngéu nhién, trong do6 ta can tim mot mode chi dao (predominant mode) Ung voi mot
tan s6 ma pho dap ing s&€ co gia tri lon nhat. Chang han qua phan tich pho dap ung (hinh 5)
mot nha BTCT 10 tang (hinh 6) chiu dong dat Northridge (California, 1994) bang phan mém
SAP2000, ta nhan xét raing mode chu dao la mode thtr nhat.

Goi K, m, ®; lan luot 1a ma trdn do ctng, ma tran khéi luong thu gon va mode shape chi
dao cua hé; ¢; 1a chuyén vi cta ting thir i trong mode chu dao; mi 1a khdi lugng tang thir i.
Goi uj va ¢ lan luot 1 chuyén vi trong di theo phuwong doc truc va phuong ngang cua thiét
bi cdn nhdt thir j (c6 goc nghiéng 0; so véi phuong ngang) trong mode chu dao. Ta c6 WK va
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LWj dugc xdc dinh theo (5) va (6), suy ra ty sO can hiéu qua cua hé nhidu bac tu do cé cac
thiét bi can nhdt tuyén tinh dugc xac dinh theo (7).

41°
WK =@/ K®; = & o’ md; = Zmzmiqﬁ =1 Zmid)f (5)
ZWf _Z” MW = T Z M= T Z 19, cos” 0, (6)
j j ] j
2T 50 4 cos? 6 TS C 2 cos? O
T Z i cos” 0 Z i, cos” 0
&eff = ao + - = go + > (7)

4nzmi¢12

An? )
2n = Z:mid)i
Tir (7) ta thay 1 rang hé can nhdt da lam tang ty sé can cua két cau tir &y thanh ..

3. TINH TOAN BANG SO

3.1. Mo ta bai toan

- Mot khung cimg BTCT 10 tang (hinh 6) véi khéi luong mdi tang 1a m = 240 kNs*m va
ty sb can cua ban tl}én k‘ét ciu la §0 = 5%, chiu tac déng’ cua trafm’déng dét Northridge d‘uqc mo
ta duoi dang gia toc nén thay doi trong 60 gidy.Tri s6 16n nhat PGA cua gia téc nén dugc
khuéch dai thanh 0.387 cm/s” ~ 0.4g. H¢ s6 can cita mot thiét b can nhét FVD tuyén tinh Ia c,
cua cac FVD & moi tang la C=2c.

Cdn nhdt
C 0.1C C
= - A A e P C C 0ic
L 8000 L 8000 L 8000 L 8000 L 8000 L A s s
* i * i i i Déu Tam gidc Tam gidc ngugc

Hinh 6. So db két ciu va céac truong hop phan bé damper theo chiéu cao

Khao st v&i 3 cach phan bd hé sb can C theo chiéu cao cong trinh:

- Phén b déu : hé s6 can ciia FVD 1a gidng nhau cho cic tang.

- Phan b6 tam giac : hé s6 can ciia FVD tang 1 1a C, rdi giam tuyén tinh dan dén gié tri
0.1C cho tang trén ctng. Cach phéan b nay tuong tu v6i sy phan bd trong lugng cong trinh.

- Phan b tam gidc nguoc: hé s6 can ciia FVD tang trén cung 1a C, rdi giam tuyén tinh
dan dén gi tri 0.1C cho tang 1. Cach phan bd nay tuong tur voi su phan b luc dong dat tuong
duong theo cac quy pham thiét ké khang chan.

3.2. Xac dinh so bd gia tri hé so can ciia thiét bi cin nhét dung dé khao sat
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Phén tich ph6 phan tng (hinh 5) cho thiy mode chii dao cta két cau 1a mode thir nhat co
chu ky T= 2s, ta tim dugc ¢;; va ¢, tng voi mode nay.

Nhu vay, néu hé sb can cua thiét bi duge phan bd déu theo cac téng va gia su ta muén dua
ty sO can & 1én bang 20% thi tir (7) rit ra duge C = 11494 kNs/m hay ¢ = C/2 = 5747
kNs/m.

Viy, dé khao sat anh huong d6 lon cua hé s6 can ¢ dén phan tng két cdu, thi tng vdi mdi
cach phan bd damper (déu, tam gidc, tam gidc ngugc) ta s& xét 10 trudng hop c thay doi tur
1000 dén 10000 kNs/m. Dung phan mém Sap2000 NonLinear dé phan tich dong lyc hoc két
cAu phi tuyén chiju dong dit, trong d6 hé can chit long nhét duge mo ta bang phén tir damper.

3.3. Phén tich két qua
3.3.1. Sw hdp thu va tiéu tin néing lwong

Khi két cau khong ¢ thiét bi can nhét thi nang luong dau vao do xung dong dat (input
energy) dugc chuyén thanh dong ning (kinetic energy), the nang (Potential energy) tich liy
trong két cau va nang lugng bi ti€u tan do can cia két cau (modal damping energy). Truong
hop két cu co thiét bi can nhét phan bd déu voi ¢ = 5000 kNs/m thi hau hét nang luong dau
vao dugc hip thu boi cac thiét bi can nhét (Ndamp energy). Didu nay dugc thé hién rd trén
hinh 7 (lich st thoi gian) va bang 1 (gié tri dinh cta cac thanh phan ning lugng).

Bang 1. Gia tri dinh cta cac thanh phan nang luong (kNm)
Tieutando | o« Pone nine | 11U tan do thict
két chu 8 PRENAME | bj can nhot
khi khong damper 315 40 126 0
khi c6 damper 90 18 90 208
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Hinh 7. Cac thanh phan ning lugng. (a) : khong co thiét bi can nhét; (b): c6 thiét bi can nhét

Mic du cac gia tri cuc dai clia cac thanh phan ning luong khac nhau thi thuong xay ra tai
céc thoi diém khac nhau, nhung ta ciing thdy rang: do cac thiét bi can nhét da hap thu phan 16n
nang luong dau vao nén ning lugng ma ban than két cau phai tiéu tan sé giam di dang ké (giam
71%), tic 1a kha nang hu hong va pha hoai két cdu ciing giam theo. Ngoai ra, thiét bi can con
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gitip giam chuyén vi (do thé nang giam 55%) va giam van toc dao dong ctia san (do dong ning
giam 29%). Co thé n6i hé can nhét da bao vé ket cau.
3.3.2. Xdc dinh 1y sé can hiéu qua & ciia cdc phwong dn phan bé thiét bi cin nhét

Chiing t6i d& nghi phuong phap xac dinh & thong qua phan tich dong luc hoc két cu chiu
dong dat nhu sau:

(i) Xac dinh chuyén vi san cuc dai ctia két ciu khong c6 thiét bi can nhét voi ty s can cia
ket cau thay doi tur thap dén cao. Két qua dugc cho ¢ hinh 8.

(i) Vi 30 so d6 két cau co bo tri thiét bi can nhot (g0m 3 cach phan bd: déu, tam giac, tam
giac nguoc; xeét 10 truong hop hé s6 can thay doi cho moi cach), nhan dinh xem chuyén vi cuc
dai cua ting truong hop gén bang véi gid tri ndo trong cac gia tri da tim dugc tir phén tich (1) &
trén. T d6 ndi suy ra ty so can twong duong ctia hé két cau cé gan thiét bi can nhot. Két qua

dugc cho trong bang 2.

Hinh 8. QUAN HE GITA CHUYEN VICUC BALVA TY 80 CAN

u {(mm)
caB3E2Es238E

0% 1040 20% W% 40%

T4 sii cin

Bang 2. Ty s can hiéu qua

¢ (kNs/m) | 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 9000 | 10000

Déu 10% | 12% | 15% | 18% | 20% | 23% | 25% | 27% | 28% | 30%

Tamgiac | 9% | 10% | 12% | 14% | 16% | 18% | 20% | 22% | 23% | 24%

Tamgtac | g0, | 1005 | 10% | 12% | 13% | 13% | 15% | 16% | 17% | 18%
nguoc

3.3.3. Hiéu qua giam chuyén vi, gia toc, ngi lwe do dng dit ciia thiét bi cin nhot
Tur phén tich dong luc hoc phi tuyén, ta tim dugc cac gia tri dinh cua phan ng (peak value)
gom chuyen vi san, gla toc san, moment va luc cit cOt gitra tang trét, moment dam glua tang
trét; (mg voi so d6 két cau khong cé thiét bi can nhét duge 1y 1am chuan va 30 so d6 két cau
¢6 b tri thiét bi can nhot khac nhau. Hiéu qua giam phan ung két cdu cua thiét bi can nhét
duogc thé hién trén cac dd thi hinh 9a— 9e, dong thoi tong hé sé can can thiét cho mdi phuwong
an phan bd thiét bi can dugc cho trén do thi hinh 9f.

3.3.4. Ddinh gid hiéu qud khdng chén ciia cdc phwong dn hé cin nhét
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- Phuong an thiét bi can nhét phan bd déu doi hoi tong hé sb can XC gip 10/5.5=1.8 lan
$0 v0i cac phuong an tam giac hay tam glac ngugc tuong u’ng (cung c, chi khac £C). Khic =
5000 + 10000 kNs/m (khoang gié tri phd blen) ta ¢c6 mdt s6 nhan dinh sau (xem bang 3):

- Hé can nhét c6 thé dé dang dua ty s6 can ciia két cau tir gia tri < 5% ban dau 1én gia tri
> 20%, voi thiét bi can nhdt duoe phan bd déu hodc theo kiéu tam giac, 1am giam dang ké phan
{mg cua két cu.

- Du cung doi héi tong hé sb can cua thiét bi nhu nhau, nhung phuong an tam gidce nguoc
cho hiéu qué thdp hon khoang tir 1.5 dén 2.5 14n so v&i phuong an tam gidc.

- Céch phan bo tam gidc chi doi hoi tong hé s can thiét bi can nhot bang 55% so voi
cach phan bd déu, co thé cho hiéu qua giam chuyen vi va gia toc bang khoang 80+ 85% so voi
cach phan bd déu. Ngoai ra, hiéu qua giam lyuc cit va moment cot, dim cua phwong an tam gidc
khong thua kém ma d6i khi con troi hon ca phuwong an phan bd déu cac thiét bi can. Tur d6 ta du
doan rang, néu ting hé s6 can cia phuong an fam gidc cho nd bang véi phuong an phan bd déu
thi hiéu qua giam noi luc cdt, dam cua phuong an fam gidc cang vuot xa phuong an phan b
déu.

Bang 2. Hiéu qua khang chan cua cac phuong 4n phan b thiét bi can nhét

COUEWE e S omn | G Gidm | Gidmlyc | 1M G
SO can cua 2m 2 A q o K o A moment moment
hiéu qua | chuyén vi gia toc cat cot N A
damper cot dam
Déu n 20-30% | 37+49% | 36+42% |33+41% |24+35% |26+38%
Tam giac 0.55n 1624 % | 30+-42% | 36+38% |[37+42% |28+35% | 26+36%
Tam giac 0.55n 13+18 % | 23+33% | 25+28% | 23+20% 12+ 7 % 12+ 13 %
nguoc
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HIEU QUA GLAM MOMENTDAM TONG 11E 0 CAN CAN THIFT
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Hinh 9. So sanh hi€u qua giam phan rng két cau va tong hé so can can thiét ciia cac phuong an bo tri
thiét bi can nhaot

4. KET LUAN

St dung hé can chét l6ng nhét 1a mét giai phap hiéu qua dé giup cong trinh chdng choi véi
tac dong dong dat. Can tién hanh nhiéu nghién ctru ly thuyét 1dn thuc nghiém hon nita dé c6 thé
bao dam d¢ tin c@y cua giai phap diéu khién két cau nay, tir d6 img dung vao thyuc tién mot
cach t6i vu. Do hé can nhot lam viée song song voi két cau nén dap ung vai dong dat cua két
céu ¢ hé can nhét rt phic tap, khong chi thay 601 tiy theo cac déc trung cua két céu va hé can
ma con tly vao cach phan bd thlet bi can. Trong sO cac phuong an b6 tri thiét bi can di khao sat
thi phuong 4n tap trung hé sb can ¢ cac tang dudi rdi giam dan khi 1én cao nhu cach phan bd
tam gidc té ra uu vi¢t nhat trong viéc giam chuyén vi, gia téc dao dong ciing nhu ndi luc cua
két cau, tirc 1a giam thiéu kha ning pha hoai cong trinh.

THE INFLUENCE OF FLUID VISCOUS DAMPERS’ DISTRIBUTION ON
STRUCTURAL CONTROL OF DYNAMIC EARTHQUAKE LOADING

Bui Dong Hoan”, Nguyen Huu Anh Tuan®, Chu Quoc Thang(3)
(1) LIGICO company, (2) University of architecture, HCMc
(3) International University, VNUH-HCM

ABSTRACT: Numerical simulations of a 10-storey reinforced concrete building are
conducted to investigate the effectiveness of fluid viscous damper (FVD) for control of
structures under dynamic earthquake loading. The responses of the structure without FVD are
compared to the responses of the structure with FVD. Various damping coefficient and various
installation locations of dampers are studied to evaluate the effectiveness of the FVD
approach.
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