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Tém tat

Trong thiét ké cong trinh ciu, t3 hop tai trong lién quan dén dong dit thudng quyét dinh dén viéc lua chon két cdu moéng,
md, tru ciu. Do d6, Iua chon phuong phap phén tich dong dit phii hop véi dic thi clia titng loai két cAu cAu 1 hét stic quan
trong trong thiét k& cau, dam bao an toan va tiét kiém. Cau bé tong ing suit trudc dic hing can bing dudc st dung rat phd
bién & Viét Nam bdi kha ning vudt nhip va tinh kinh té k§ thuat phit hgp. Bai bdo hé théng lai cic phuong phip phan tich
dong dat, phan tich cau bé tong ting sut trudc bang hai phudng phéap phan tich don phd va phan tich da phé, so sanh két
qua noi luc d€ kién nghi Iva chon phuong phép phit hgp. Cac gidi phap lién két gifta dAm va tru cAu ciing dugc nghién ciu.
Nghién ctiu cho thiy phuong phip da phS phan dnh phan bd ning lugng qua nhiéu dang dao dong, mang lai két qua hop
1y hon d&i véi cac két cAu phic tap so v6i phuong phap don phd. Nghién citu gép phan lam rd pham vi d4p dung ctia tiing
phuong phap trong phan tich dong dit cho ciu diic hing can bing tai Viét Nam, ddng thoi cung cip cd sd tham khio cho
cic ky su trong viéc Iua chon phuong phap phan tich phil hgp khi thiét ké cAu chiu dong dt.

Tir khod: dong dit; cAu didc hing; phS phén ting; phan tich don phd; phan tich da phd.

COMPARISON OF EARTHQUAKE BEHAVIOR OF BALANCED CANTILEVER PRESTRESSED
CONCRETE BRIDGES BY SINGLE-MODE SPECTRAL METHOD AND MULTIMODE SPECTRAL
METHOD

Abstract

In bridge design, earthquake-induced load combinations play a critical role in determining structures of
foundation, abutment and pier. Therefore, choosing an earthquake analysis method suitable for the characteristics of each
type of bridge structure is essential to ensure both safety and economic efficiency. Balanced cantilever prestressed concrete
bridges are widely used in Viet Nam due to their ability to span and suitable technical economics. This study systematizes
commonly applied earthquake analysis approaches and investigates the seismic response of balanced cantilever prestressed
concrete bridges using two analysis methods: single-mode spectral method analysis and multimode spectral method. Internal
force results obtained from the two methods are compared to identify the suitability of each approach. Connection solutions
between girders and piers are also studied. The findings indicate that multimode spectral method reflects energy distribution
through many types of vibration, giving more reasonable results for complex structures than the single-mode spectral
method. The study contributes to clarifying the application scope of each analysis method for balanced cantilever bridges
in Vietnam and offers a practical reference for engineers in selecting appropriate seismic analysis methods when designing
earthquake-resistant bridges.
Keywords: earthquake; balanced cantilever bridge; response spectrum; single-mode spectral analysis; multi-mode spectral
analysis.
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1. Gidi thiéu

Dong dét 1a hién tuong rung dong clia mit dat, xdy ra do su gidi phéng ning luong dot ngot trong
16p vo trai dit, lan truyén dudi dang séng dia chan, c6 thé giy ra rung lic manh tai bé mit dat. Pong
dét dudc dic trung bdi cac thong sd nhu bién do rung, gia toc cuc dai nén (Peak Ground Acceleration
— PGA), phd phan ting dong dat va tan s6 dao dong dic trung ctia ving dia chit [1]. Theo Cuc khao
sat dia chit Hoa Ky (United States Geological Survey — USGS), trung binh mdi nim trén thé gi6i c6
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khong 20.000 tran dong dat dugc ghi nhan, trong d6 hang trim tran c6 kha niing gy thiét hai nghiém
trong cho con ngudi va cd s6 ha tang [2, 3]. Tai Viét Nam, lich sit cdc hoat dong dia chin cho thiy, da
tiing x4y ra cdc trin dong dit manh tir 5 dén 6,8 d6 Richter trong thé ky 20. Pong dét & nudc ta chi
yéu tap trung & cac khu vuc phia Bic, gan diy nhiéu rung chin ciing da xuét hién 6 mot sb noi thudc
khu vuc mién Trung va Nam B9 [4].

Déi v6i cac cong trinh dan dung va ha tang giao thong, dong dit 1a mot trong nhitng tic nhan
nguy hiém hang dau, c6 thé giy ra cic dang hu hdng nhu: niit giy cu kién, mit &n dinh méng, dich
chuyén tru cau, pha hiy lién két va mbi ndi [5—7]. Pic biét, cic cong trinh c6 dd cao 16n hoic két
cAu phi dbi xiing rat dé bi cong hudng dao dong, dan dén gia ting bién d6 rung lic va nguy co sup
dd cuc bo. Theo nghién ctiu ctia Chopra (2012), cdc cong trinh chiu tic dong dong dit c6 thé xdy ra
hién tugng dao dong tu do cudng biic, phu thudc vao diéu kién bién va dic trung cla két ciu [8, 9].
Céc cong trinh ciu 13 thanh phan quan trong trong hé thdng giao thong, déng vai tro thiét yéu dbi vé6i
su phat trién kinh t& — xa hoi. Két ciu cau thudng c6 chiéu dai nhip 16n véi khbi luong tap trung chii
yéu & két cAu phan trén, trong khi méng md, tru thudng st dung hé coc véi kich thuéc bé 16n. Vi vay,
cdc cong trinh cau rat dé bi anh hudng bdi céc luc tac dong ngang, dic biét 1a trong trudng hop xay ra
dong dit manh [10]. Hu héng ctia két cu tru cu c6 thé din dén su sup d6 clia toan bo cdng trinh. Do
d6, nhiéu nghién ctiu vé cong trinh ciu chiu tai trong dong dat tap trung vao danh gid kha ning lam
viéc cta két cau tru cau [11].

Gan day, cac nghién cifu vé phan tich dong dit cho két cu cong trinh da ting manh, dong thdi
viéc ing dung cic phan mém chuyén dung va mdy tinh hiéu niing cao tré nén phd bién. Trong thiét ké
ciu, cac phuong phap phan tich dong dit dudc phat trién da dang tir don gian dén phic tap, va c6 thé
phén loai dya trén hai tiéu chi: tinh chit ctia tic dong dong dét 1én cong trinh va dic tinh 1am viéc clia
két cAu chiu Iuc. Su két hop hai tiéu chi ndy cho phép chia thanh bon nhém chinh theo hai huéng phan
tich tinh va phan tich dong (Hinh 1). Theo tiéu chuan thiét ké cau duong bo TCVN 11823-2017, tinh
toan tai trong dong dét c6 thé dugc thuc hién thong qua nhiéu phuong phdp khac nhau nhu phuong
phap dan hoi tai trong phan bd déu (Uniform Load Method — ULM), phuong phap phan tich phd phan
ting (Response Spectrum Analysis — RSA), phuong phép lich st thdi gian (Time History Analysis —
THA) [12—-14]. RSA st dung phd gia toc thiét ké d€ x4c dinh phan tng cuc dai clia cong trinh qua cic
dang dao dong chinh (Vibration Mode) va anh hudng phi tuyén dudgc phan 4nh gidn tiép thong qua hé
s6 diéu chinh d4p ung [15]. THA mo phdng truc tiép dap ting ctia két ciu theo chudi gia toc nén thuc
té, cho két qua chinh xdc nhung doi hdi mo hinh tinh phiic tap va dit liéu dau vao chi tiét [16]. Mot
s6 nghién ctiu chi ra riang phan tich phi tuyén theo phuong phap THA 1a ddng tin cdy trong phan tich
dong, nhugc diém 1a phiic tap, khé trién khai, tinh todn mét nhiéu thdi gian va tai nguyén [17, 18].
RSA dugc danh gid 1a phuong phép lua chon tot nhit gitia chi phi va do chinh xac ddi véi cac két cAu
thong thuong so v6i THA [10, 15].

Déi véi linh vuc xdy dung cau, ciu bé tong ting suét truéc (BTUST) dic hing can bang dudc st
dung rit phd bién & Viét Nam bdi kha ning vudt nhip kha 16n, c6 chi tiéu kinh t& — ky thuat hop ly,
phil hop vé6i diéu kién dia hinh, dia chit cda nhiéu ving & Viét Nam. C6 thé ké dén mot s6 cong trinh
ciu BTUST dtc hing tiéu biéu nhu ciu Vinh Tuy, cau Thanh Tri, cAu Méng Sén, cau Ham Luong, ...
Trong thiét k& cau, két qua phan tich dong dat thudng quyét dinh viéc lua chon diéu kién bién, kich
thudc, luong cbt thép phit hop cho cac bo phan két ciu cau.

Bai bdo nay nghién ciu d4nh gi ting xi cia két cAu cau bé tong ng suit truéc (BTUST) lién tuc
ba nhip (52 + 85 + 52) m diic hing can bing chiu tic dong cia tai trong dong dit st dung phucng
phdp phd dang don (phuong phép phan tich don phd) va phuong phép phan tich phd dang phiic (phan
tich da phd) theo tiéu chudn TCVN 11823-2017 [12]. Két cAu cAu dugc md phéng va phan tich ting
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Xt chiu dong dit bang mé hinh phan ti hitu han. Hai trudng hop st dung gbi va ngam ciing dé lién
két gitta dAam va tru chinh ciing dudc nghién ctiu nham danh gid anh hudng ctia diéu kién bién dbi véi
ting x1 ctia két cu cau khi chiu dong dat.

[ Cac phuong phap phan tich ]
|
|

¥

[ Phuong phap tinh

v

[ Dong tuyén tinh ]—)[ Phé phan tng ] [(Tzﬁﬁ;l;i;n;;l};g)]
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Hinh 1. So dd mot sb phuong phap phén tich dong dat

Phuong phap dong

2. Co s6 Iy thuyét mdt s6 phweng phap phan tich dong dit
2.1. Phuwong phdp phan tich phé phdn iing (RSA)

RSA 1a phuong phap phan tich dong luc hoc gan ding, két qua thu dugc phan ting cuc dai (gia
tde, van tdc hodc chuyén vi) cia hé mot bac tu do (SDOF) c6 cung ty 1& gidm chin, nhung véi cic
tan sd dao dong riéng khac nhau, khi chiu tic dong ctia mot kich thich dia chin cu thé. Véi két ciu c6
n bac tu do dugc bién ddi thanh n hé mdt bac tu do va RSA ¢6 thé d4p dung cho cdc hé c¢6 nhiéu bac
tu do. Ddi v6i hau hét cac ciu thong thudng, khong can thiét sit dung phan tich phi tuyén lich st thdi
gian (Time History) do khi thiét ké thudng chi dua trén phan ting cuc dai clia két cAu khi xay ra dong
dat. Vi vay, RSA 1a mot trong nhiing phuong phap phd bién nhit dugc st dung dé thiét ké cac cong
trinh cau chiu tai trong dong dat [19-21]. Muc tiéu ctia RSA 1a hiéu rd hon vé céach cic cong trinh
phén tng véi cic dao dong ciia dong dat, tir d6 gitip tdi uu héa thiét ké ciu d€ ddm bio an toan va do
on dinh khi x4y ra dong dit. RSA bao gém hai dang phan tich 1a phan tich don phd va phan tich da
phé.

Su chuyén dong ciia nén dit 1am cho cong trinh dit trén né bi dao dong theo. Gia téc dao dong
clia két cAu cong trinh do dong dat giy ra dugc goi 1a gia tbc phan dng ciia két ciu (Responses
Acceleration). Gia toc phan ting ctia két ciu cang 16n thi luc dong dit tic dung vao két ciu cang 16n,
va phu thudc vao do 16n clia gia toc nén do dong dat giy ra, tan s6 dao dong riéng ciia két cAu cong
trinh va diéu kién dia chit noi dit cong trinh [22, 23].

Hé sb ddp ting dong dat dan hdi Cy,, 1a mot thong sb gidn tiép, ty 1é thuan véi gia tbc phan ting
ctia két cAu. Cy,, dudc xdc dinh dya trén phd ddp ting clia nén dét, cho phép chuyén ddi tir gia tri gia
téc nén thanh gia téc phan ting ctia két cAu trong trang thai dan hoi. Diéu nay c6 nghia 13, khi gid tri
Cyn 160, két cAu c6 xu huéng phit sinh gia téc phan dng 16n, tif d6 din dén luc dong dat tic dung
manh hon 1én cong trinh. Hé s6 Cy,, dong vai trd quan trong trong viéc danh gid va thiét ké ciu tric
chong dong dét, gitp xéc dinh chinh xdc miic do ting cudng hodc giam chin can thiét d€ dim bo an
toan két ciu dudi tdc dong clia dong dat [12, 24].
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Theo tiéu chuin TCVN 11823:2017, hé sb ddp ting dong dat dan hoi Cy,, cho dang thiic dao dong
thit m dugc xac dinh nhu sau [12]:

Déi v6i dat loai I va II thi hé s6 Cy,, xdc dinh theo cong thiic (1).

Csm = % <2,5A (D
m
trong do: T, 1a chu ky dao dong kiéu thi m (s), x4c dinh dua trén co s& khoi lugng danh dinh, khong
c6 hé s6 clia cdc cAu kién hoiic két cAu; A 1a hé s6 gia toc 14y theo Bang 1 va S 1a hé sb thuc dia liy
theo Bang 2.

Vi viing dét loai 111 va trong cdc viing ma hé s6 A khong nho hon 0,3 thi Cy,, < 2,0A. Déi véi dit
loai III va IV, véi cic kiéu dao dong khac véi kiéu dao dong co ban c6 chu ky T, nhd hon 0,3 s thi
Cm x4c dinh theo cdng thiic (2), véi chu ky dao dong ctia mot ki€u bt ky 16n hon 0,4 s thi Cy,, xac
dinh theo cong thic (3).

Cgn =(0,008 +0,4T,,)-A )
3AS
Csm = T/?’ (3)
T

Bang 1. Viing dong dat [12]

Hé sb gia toc Ving dong dit Cip (MSK-64)
A <0,09 1 Cip <65
0,09 <A <0,19 2 6,5<Cip<175
0,19 <A <029 3 7,5 <Cip< 8,0

Bang 2. Hé s6 thuc dia [12]

Loai dat

Hé s6 thuc dia
I 1I 111 v

S 1 1,2 1,5 2

2.2. Phuong phdp don phd (Single-Mode Spectral Method)

Phuong phéap don phd (Single-Mode Spectral Method) 1a phucng phap phan tich phé mot dang
dao dong dua trén dang dao dong riéng co ban theo phuong doc hoic ngang ciu. Dang dao dong nay
¢6 thé dudc tim thiy khi ta tic dong vao két cAu mot tai trong nam ngang rai déu va tinh todn bién
dang tuong ting ctia két cdu. Chu ky dao dong riéng dudgc tinh todn biang cach can bing thé ning va
dong ning cuc dai két hop véi hinh dang dao dong co ban. Bién do ctia dang chuyén vi dudc tinh todn
thong qua hé s6 ddp ting dong dit dan hdi Cy,, va phd chuyén vi tuong ting. Bién do nay dugc dung
dé xac dinh céc hiéu ting luc do dong dit tac dung vao két ciu [22].

Quy trinh phan tich két cAu chiu tdi trong dong dit theo phuong phidp don phd nhu sau: (a) Tinh
chuyén vi tinh V,(x) ctia két cAu nhip do tai trong rai déu gia sit Py = 1,0 N/mm tac dung vao két cau
nhip theo phuong ngang hoiic doc ciu (Hinh 2); (b) Tinh todn cic hé s6 tinh todn « theo cong thiic
(4) va S theo cong thiic (5); (c) Xdc dinh chu ky dao dong T, theo cong thiic (7); (d) X4c dinh hé sb
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Cm theo cong thic (8); (e) Tinh toan luc tinh tuong duong P,(x) theo cong thiic (9); (f) Gan tai trong
P.(x) 1én mo hinh két cAu d€ x4c dinh cac hiéu ting luc tic dung ctia dong dit.

o= f Vi (x) dx 4)

B= fW(X)-Vs (x)dx (5)

y= f w(x) - Vi(x) dx 6)

Ty =2n p;a (s) (7)

o = I’Tzr{/‘f <254 ®)

pe) =2 C;’” w (@) V; (x) (N/mm) ©)

bk i

Hinh 2. So d6 phan tich két cAu ciu theo phuong ngang va doc duéi tic dung tai trong rai déu Py

Can luu y ring hiéu ng luc tic dung 1én két cAu phai dudc chia cho hé sb diéu chinh dap ting R.
Day 1a hé s6 dugc quy dinh ddi véi tiing bo phan ctia két cAu cau, xét t6i kha ning ting xi khong dan
hdi ctia cdc bd phan két ciu cau dudi tac dung ctia dong dat va sé 1a khong kinh té khi thiét ké cau véi
luc dong dit dan hdi qud 16n.

2.3. Phuong phdp da phé (Multimode Spectral Method)

Phuong phap phan tich da phd (Multimode Spectral Method — MMSM) phic tap hon so véi
phuong phap phan tich don phd va rit hiéu qua trong viéc phan tich phan ting ctia cic két cAu tuyén
tinh dan hoi phiic tap khi chiu tic dong ctia dong dat. Phuong phéap nay dic biét phit hop dbi véi cac
két ciu c6 hinh hoc, khéi lugng hoic do cting khong déu. Nhiing yéu t6 nay gy ra su tuong tic giita
ba phuong truc giao trong tiing dang dao dong. Pbi véi cac loai cAu nay, nhiéu dang dao dong cling
tham gia vao phan ting tong thé ctia két ciu. Viéc phan tich da phd thudng dudc thuc hién bang cach
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mo hinh héa két cAu cau dudi dang hé khong gian ba chiéu, véi khdi lugng két cdu dugc phan bd tai
cdc vi tri khac nhau nham dai dién cho céc dang dao dong cta tiing cu kién [19]. Quy tic phd bién
1a @& mo phong dang dao dong thd i, mdi nhip can c6 it nhit (2i — 1) phan td. V6i cac két ciu cau c6
nhip dai, cin nhiéu phan tit hon d€ moé phéng diy du cic dang dao dong. D€ c6 phan ting hop ly, sb
dang can xem xét thuong it nhat gip ba 1an sb nhip [12].

Cic budc sau day tom tat cac phuong trinh dudc sit dung trong phan tich phd da phd [20, 25]: (a)
Tinh céc dang dao dong khong thif nguyén va céc tan s tuong ting w theo cong thifc (10); (b) Xdc
dinh bién do6 mode tuyét ddi 16n nhét trong toan b lich st thdi gian dao dong theo cong thiic (13);
(c) Tinh gia tri ctia dai lugng phan ting R(r) (Iuc cit, mdé men, chuyén vi), theo cong thic (14); (d)
Tinh gid tri 16n nhit ciia R(f) trong thdi gian x4y ra dong dét bang cach sit dung cic phuong phap t&
hop mode céc gid tri ddp ing nhu phuong phép t& hop theo gid tri tuyét ddi (AS) theo cong thiic (15),
phuong phap nay khong xét dén dau va su léch pha ctia cic gid tri cuc dai clia tiing dang dao dong;
Phuong phap t6 hdp theo cin bac hai cla tdng binh phuong (SRSS — Square Root of Sum Squares)
dua trén co s clia cac ly thuyét xdc suét thong ké xdc dinh theo cong thic (16) va Phuong phap t&
hdp can bac hai (CQC — Complete Quadratic Combination) theo cong thiic (17), phuong phap nay ap
dung trong trudng hgp chu ky dao dong riéng cta cac dang dao dong khong duge phan biét rd rang.

[[K] = o [M]] {u} = 0 (10)

ui=) ¢y =oy (11)
j=1

T,-:2—7T(i=1,2,...,n) (12)
Wi

TS o (&, T) (@i} [M1{B}iig
472 {ea" [M1{epi)

Yi(Omax = (13)

R =) AY: () (14)
i=1

trong d6: y; = bién do mode clia mode thit j; ¢; = hé s6 dang mode ctia mode thif j; @ = ma tran dang
mode; Chu ky dao dong cho mode thi i tinh theo cong thic (12); S (&, T;) = gCy, gid tri phd dap
ting gia toc; Cy,, = hé sb ddp ting dong dan hoi theo phd gia tdc; A = hé sb gia toc tif ban d6 hé sb gia
téc; S = hé sb khong thif nguyén clia nén dat tly theo loai dia chit; T,, = chu ky dao dong ctia mode
thd n; Hé s6 A; 1a hAm clia ma tran dang mode (®) va mdi quan hé gitta luc va chuyén vi.

R=D"IRl =) IRy IS (15)
R= >R (16)

17

Trong hé két cAu tuyén tinh, phan ing toan phin c6 thé dudc udc luong bang cach t& hop cac
mode sau khi di tinh todn tan sé dao dong thuc va cidc mode tif phan tich dao dong tu do. Phan ting
cuc dai khong thé tinh don thuin bang cach cong céc phan ting cuc dai clia tiing mode, vi mdi mode
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dat dinh tai cdc thdi di€ém khic nhau [19]. Trong phan nghién ciiu 4p dung phuong phap CQC dé t5
hgp gia tri cuc dai R.

Theo tiéu chudn TCVN 11823-2017, cic ung luc dong dit dan hdi trén mdi truc chinh clia mot
chu kién tinh toan theo cdc phuong vuong géc phai dudc td hdp thanh cac trudng hop tai trong theo
ty 1& phan traim. Cu thé, 4p dung 100% hiéu ting dong dit theo mot phuong cong véi 30% hiéu ting
dong dat theo phuong vudng géc. TS hop tai dong dat I-1 (Extreme Event I-1) = 100% phuong ngang
(Transverse) + 30% phuong doc (Longitudinal) + 30% phuong thing diing (Vertical). TS hop tai dong
dét I-2 (Extreme Event I-1) = 30% phuong ngang + 100% phuong doc + 30% phuong thang diing. TS
hop tai dong dit 3 = 30% phuong ngang + 30% phuong doc + 100% phuong thang ding [12, 19].

3. Mo phéng va phan tich két chu ciu chiu tai trong dong dat
3.1. Doéi tuong nghién ciiu

Trong nghién ctiu nay, d6i tugng nghién ctiu 1a mot két cAu cau dam hop BTUST diic hing can
bing ba nhip bd tri theo so dd (52 + 85 + 52) m vé6i bé rong dam 1a 11,7 m, chiéu cao thay ddi tir 2,5 m
tai gitta nhip va ddu dim dén 5 m tai dinh tru. Tru cAu c6 dang than hep, chiéu cao than tru chinh Ia
15 m dugc tinh tir dinh bé coc t6i dinh tru. Bé tong dam sit dung loai C40, tru st dung loai C30. So
dd cau, mit cit ngang dam va than tru thé hién trén Hinh 3 va Hinh 4. Diéu kién dia chit cong trinh
gia dinh tai huyén Pong Anh, thanh phd Ha Noi tuong duong dat loai IV, viing dong dat cip 2 theo
TCVN 11823-2017. Hé s6 diéu chinh ddp ting R = 2,0 cho tru va R = 1,0 cho céc lién két ctia tru véi
mong hay két cAu phan trén [12]. Hai phuong 4n lién két giita dAm va tru chinh ciing dudc nghién ciu
nhiam dénh gid anh huéng cia didu kién bién dbi véi ting xit ctia két cAu.

& W

Hinh 3. Mb hinh ciu lién tuc dAm hdp diic hing can bing

11700
5850 - 5850

-7

200

4683
5000

3850 - 4000 - 3850

Hinh 4. Mit cit ngang dim ciu trén dinh tru
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3.2. Mé phong két cdu cdu

Trong nghién cifu nay, st dung phan mém RM Bridge v11 d&€ mé hinh két cAu cau BTUST lién tuc
dic hing cin biang néu trén bang phan ti hitu han. Mo hinh dim va tru s dung phan tit Beam danh
s6 tr 101 dén 160 d6i v6i dam, phan ti tir 1001 dén 1008 va tir 2001 dén 2008 d6i v6i tru. Hinh 5
thé hién mo hinh két cAu cu v6i phuong 4n lién két giita dam va tru chinh 12 ngam cing tao thanh hé
khung. Hinh 6 thé hién m6 hinh két cAu cau vdi lién két dam va tru chinh thong qua cic gbi cau. Gia
tri d6 cing nén moéng dugc 14y theo Bang 3. Hé sb thuc dia § = 2,0; hé sb gia tbc nén A = 0,1168;
hé s6 diéu chinh dap ting R = 2.,0; hé s gidm chin 5%. St dung hai phuong phap don phd va phuong
phdp da phd dé x4c dinh dng x1 tic dong clia hiéu ting dong dét tic dung 1én két ciu cong trinh cau.

Bang 3. Gid tri do ciing nén méng

Tru Cx(kN/m) Cy((kN/m) Cz(kN/m) CMx(kNm) CMy(kNm) CMz (kN.m)

P1 1x108 1 x10° 1x10° 5% 10’ 1x108 1x108
P2 1x108 1x10° 1x10° 5% 107 1x108 1x108

L.\' ") .

4\‘{',-}( b .

Hinh 6. M5 hinh phan tich két ciu cAu bing PTHH — trudng hdp lién két gdi tai tru

3.3. Két qud phdn tich theo phuwong phdp don phd

Déi véi trudng hop lién két ngam tai tru (Fix): Khi dit luc tic dong don vi rai déu theo phuong
ngang cau thu dudc chuyén vi 16n nhét 1a 0,62 mm. Khi dit luc tac dong don vi rai déu theo phuong
doc thu dudc chuyén vi 1a 0,38 mm. Tai trong tinh tuong duong xdc dinh dugc theo phuong doc
P.(x) = 50,9 kN/m va theo phuong ngang 16n nhét 1a P.(x) = 58,32 kN/m dugc thé hién nhu &
Hinh 7.

60

40 58,32
20
0 m

0 20 40 60 80 100 120 140 160 180 200

Pe{x) N/mm

Hinh 7. Biéu d6 luc tinh tuong duong do dong dit theo phuong ngang
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Déi v6i trudng hop lién két gbi dan hai tai tru (Bearing): Khi dit luc tdc dong don vi rai déu theo
phuong ngang cau thu dugc chuyén vi 16n nhét 1a 0,54 mm. Khi dit luc tic dong don vi ri déu theo
phuong doc thu dugc chuyén vi 1a 0,53 mm.

Node Node
1010 1010
1008 1008 /
1006 1006
1004 1004
1002 1002
1000 . s " s 1000
0 10000 20000 30000 40000
Vs_(mm) M_(kN.m)
e Vz_Fix —@—V/x_Fix —a— Mz Fix - My _Fix
Vz_Bearing —0—\/x_Bearing Mz_Bearing —4— My_Bearing

Hinh 8. Biéu db chuyén vi clia tru ciu véi 2 trudng  Hinh 9. Biéu d6 md men ctia tru ciu véi 2 trudng hop
hop lién két dAm va tru theo phuong phép don phd lién két dAm va tru theo phuong phap don phd

Envelop_Mz_Fix

-11000 -10019 Envelop_My_Fix

Envelop_Mz_bearing

Envelop_My_Bearing
-6000

-1000

M (kN.m}

4000

9000

Hinh 10. Bi€u d6 bao m6 men diam véi 2 trudng hop lién két dAm va tru theo phuong phap don phd dudi tai
trong dong dat

Noi luc do hiéu ting dong dét giy ra thé hién nhu trén Hinh 9, Hinh 10 va chuyén vi nhu trén
Hinh 8. C6 thé thiy ring, khi lién két gbi bb tri tai dinh tru, chuyén vi va ndi luc phat sinh déu 16n
hon so véi trudng hop st dung lién két ngam.

Déi véi phuong 4n lién két gbi tai tru theo phuong ngang chuyén vi 16n nhét tai dinh tru 1a
7,45 mm, md men 16n nhét tai ddy than tru 12 24752 kNm. Theo phuong doc chuyén vi dinh tru 12
11,21 mm va md men tai ddy tru 30532 kNm. V&i két cAu nhip cho md men theo phucong ngang 1a
10019 kNm 16n hon so v6i phuong doc c6 mod men 1a 2344 kNm. Déi véi phuong 4n lién két ngam tai
tru theo phuong ngang chuyén vi 16n nhét tai dinh tru 12 6,01 mm, md men 16n nhét tai day than tru Ia
20111 kNm. Theo phuong doc chuyén vi dinh tru 12 5,79 mm va mo6 men tai day tru 15837 kNm. Véi
két cAu nhip cho md men theo phuong ngang 1a 7835 kNm 16n hon so v6i phuong doc ¢6 mo men 1a
6607 kNm.

3.4. Két qud phdn tich theo phuong phdp da phd
Hé s6 phan ting dong d4t dan hdi Cy,,, dbi véi phuong phap da phd xét trong chu ky 10 s thu dudgc
phd phan tng nhu thé hién trén Hinh 11. Két qua phan tich cac mode dao dong dau tién thé hién trén
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Hinh 12, Hinh 13 va Bang 4.

0.4

0,3

— 5
0,2
0.1

0,0
0 2 4 B 8 10

Csm

Tis)

Hinh 11. Biéu d6 hé s6 phan ting dong dit dan hoi Cy, theo phuong phap da phd

L

(a) Eigenmode 1, f; = 1,404 Hz ) (b) Eigenmode 2, f, = 1,475 Hz
T (c) ].Ejgenmode 3, f5=1,896 Hz (d) Eigenmode:l, f1=2216Hz
(e) Eigenmode 5, fs = 3,045 Hz .H ’ ®) Eigefn-mode 6, fo = 3,282 Hz
F (2) Eilginmode 7, f =3,612Hz (h) Eigenmode 8, f3 = 4,584 Hz
(i) Eigenmode 9, fo = 4,618 Hz (j) Eigenmode 10, fio = 4,625 Hz

Hinh 12. 10 mode dao dong diu tién véi trudng hop lién két ngam tai tru
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" £
a v L
(a) Eigenmode 1, f; = 1,250 Hz (b) Eigenmode 2, f, = 1,302 Hz
(c) Eigenmode 3, f; = 1,370 Hz (d) Eigenmode 4, f; = 2,130 Hz
-

(e) Eigenmode 5, fs = 2,521 Hz (f) Eigenmode 6, f; = 3,229 Hz
(g) Eigenmode 7, f; = 3,427 Hz (h) Eigenmode 8, f; = 4,312 Hz
(1) Eigenmode 9, fo = 4,482 Hz (j) Eigenmode 10, fip = 4,562 Hz

Hinh 13. 10 dang dao dong (mode) dau tién vdi trudng hop lién két gbi tai tru

V6i phuong 4n lién két ngdm, mode thif 1 13 dang dao dong udn ngang dau tién, mode thi 2 1a dao
dong udn doc dau tién va mode thit 3 1a dao dong ubn ditng dau tién. Tong khbi lugng tham gia trong
10 dao dong dau tién theo phuong doc ciu 95,73% va theo phuong ngang cau 94,85%. Dbi véi truong
hop b tri gbi trén tru, mode thit 1 1a dang dao dong udn doc dau tién, mode thi 2 1a dao dong udn
ding dau tién va mode thd 3 1a dang dao dong udn ngang dau tién. Téng khdi lugng tham gia trong
10 dao dong dau tién theo phuong doc ciu 99,34% va theo phuong ngang cau 94,59%. Do trong thiét
ké dong dét phuong thing ding khong chiu chi phdi 16n nhu phuong doc va phuong ngang vi vy khi
phuong doc va phuong ngang c6 tdng khdi lugng tham gia phan ting 16n hon 90% [12, 13].
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Bang 4. Tan s6 dao dong va hé s tham gia khéi lugng ctia 10 mode dao dong dau tién — trudng hop ngam
tai tru

Hé sb tham gia khéi lugng

Mode Tan s6 (Hz)
Dx (%) Dy (%) Dz (%) Rx (%) Ry (%) Rz (%)

1 1,404 0 0 63,72 21,11 0 0
2 1,475 72,93 0 0 0 0 16,57
3 1,896 0 6,02 0 0,07 0 0
4 2,216 0 0 0 0 0 60,63
5 3,045 16,89 0 0 0 0 0,68
6 3,282 0 24,37 0 0 0 0,01
7 3,612 0 0 21,83 0,07 0 0
8 4,584 0 0 9,3 36,04 0 0,12
9 4,618 0 0 0 1,07 11,63 0
10 4,625 5,91 0 0 0 0 0,08

SUM 95,73 30,39 94,85 58,37 11,63 78,09

Bang 5. Tan s6 dao dong va hé sb tham gia khéi lugng ctia 10 mode dao dong dau tién trudng hop gbi tai tru

Heé s6 tham gia khéi lugng

Mode Tan s6 (Hz)
Dx (%) Dy (%) Dz (%) Rx (%) Ry (%) Rz (%)
1 1,250 77,51 0 0 0 0 2,39
2 1,302 0 2,54 0 0 0 0
3 1,370 0 0 64,56 13,99 0 0
4 2,130 0 0 0 0 65,58 0
5 2,521 0,74 0 0 0 0 52,07
6 3,229 0 28,80 0 0 0 0
7 3,427 0 0 19,44 0,01 0 0
8 4,312 0 0 0 9,72 2,80 0
9 4,482 21,09 0 0 0 0 0,16
10 4,562 0 0 10,59 0,01 0 0
SUM 99,34 31,34 94,59 23,73 68,38 54,62
Node Node
1010 1010
1009 1009
1008 1008
1007 1007
1006 1006
1005 1005
1004 1004
1003 1003
1002 1002
1001 1001
1000 1000
0 1 2 3 4 5 0 2500 5000 7500 10000 12500 15000
Vs_(mm) M_{kN.m)
—&—Vz_Fix Vz_Bearing e Mz_Fix —8— My_Fix
Vx_Fix —8—Vx_Bearing Mz_Bearing —&— My_Bearing

Hinh 14. Biéu dd chuyén vi tru cau véi 2 trudng hop
lién két dAm va tru theo phuong phap da phd

Hinh 15. Biéu d6 md men tru cau véi 2 trusng hop
lién két dam va tru theo phuong phap da phd - tru cau

102



Pat, H. Q., Hung, C. V./ Tap chi Khoa hoc Céng ngh¢ Xay dung

-7000 -6074 Envelop_Mz_Fix

Envelop_My_Fix

-5000 Envelop_Mz_bearing
-3000

-1000

M (kN.m)

1000

3000

5000

7000
101 104 107 110 113 116 119 122 125 128 131 134 137 140 143 146 149 152 155 158 161
Node

Hinh 16. Bi€u d6 bao md men dam véi 2 trudng hop lién két dAm va tru theo phuong phap da phd duéi tai trong
dong dat — két cAu nhip

Tuong tu nhu trudng hdp phén tich bang phuong phap don phd, két qua cho thdy noi luc trudng
hop lién két gbi tai tru 16n hon trudng hop ngam tai tru dudc thé hién trén Hinh 14, Hinh 16 va chuyén
vi trén Hinh 15. D6i v6i phuong 4n lién két gbi tai tru theo phuong ngang chuyén vi 16n nhét tai dinh
tru 12 3,22 mm, mo men 16n nhét tai ddy than tru 12 11394 kNm. Theo phuong doc chuyén vi dinh tru
12 4,90 mm va mo6 men tai ddy tru 13871 kNm. Vi két cAu nhip cho md men theo phuong ngang 1a
6074 kNm 16n hon so véi phuong doc c6 mo men 1a 2521 kNm. Dbi v6i phuong an lién két ngam tai
tru theo phuong ngang chuyén vi 16n nhét tai dinh tru 12 3,01 mm, mo6 men 16n nhit tai ddy than tru 1a
10894 kNm. Theo phuong doc chuyén vi dinh tru 1a 2,92 mm va md men tai day tru 8403 kNm. Véi
két cAu nhip cho md men theo phuong ngang 1a 5444 kNm 16n hon so v6i phuong doc ¢c6 mo men 1a
4169 kNm.

4. Thao luén va danh gia

Ciac két qua phan tich cho thiy chuyén vi va ndi luc tai ddy than tru va theo phuong ngang cau
12 16n nhit & ca hai trudng hop theo ca hai phuong phap thé hién trong Hinh 17, Hinh 18. Véi ca 2
phuong phap phan tich, cdc gia tri nay trong mo hinh st dung lién két gbi déu 16n hon so véi mo hinh
st dung lién két ngam. Ddi vé6i phan tich don phd, chénh 1é&ch chuyén vi gitta hai phuong 4n lién két
dam va tru 12 23,96% theo phuong ngang va 93,61% theo phuong doc, trong khi ndi luc tai ddy tru
chénh Iéch 23,08% phuong ngang va 92,79% theo phuong doc. Ngudc lai, véi phan tich da phd, mic
chénh léch thip hon nhiéu: chi 6,98% theo phuong ngang va 67,81% theo phuong doc dbi v6i chuyén
vi; ndi luc tai ddy tru chénh léch 4,59% phuong ngang va 65,07% theo phuong doc. Két qua nay phan
4nh rang lién két gbi 1am két cAu linh hoat hon nhung ddng thoi khién két ciu tru cAu chiu anh hudng
dong dat 16n hon Hinh 19, Hinh 20.

Két qua so sanh ciing chi ra ring ndi luc va chuyén vi cuc dai ctia két cAu véi phuong phap phan
tich da phd c6 xu huéng thip hon dang ké so véi cic gia tri tuong ting v6i phuong phap phan tich don
phd (hon 30% dbi véi gid tri noi luc va 100% véi gid tri chuyén vi). Phuong phap don phé cho noi luc
16n hon do phuong phap nay gia dinh ring toan bo hé théng dao dong chi yéu theo mode dao dong
co ban (Fundamental Mode), tiic 13 tan sb dao dong dau tién. Pap ting clia mode co ban thudng chiém
uu thé va c6 bién do 16n nhit so vdi cidc mode cao hon. Viéc khong tinh dén sy giam thiéu noi luc do
hiéu ting pha hoic tuong tic giita cdc mode (nhu trong phuong phap da phd), din dén noi luc trong
phuong phap don phd c¢6 xu huéng cao hon so v6i phuong phap da pho.

Céc tiéu chuan thiét ké thuong st dung phuong phap don gian héa d€ dam béo an toan, nén két
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qué ndi luc tif phuong phap don phd cé thé mang tinh udc lugng qua miic (Overestimate). Trong khi
d6, phuong phép da phd cho ndi luc nhd hon do phucng phap nay xem xét nhiéu mode dao dong. Miic
dii cdc phéan ting tli cac mode cao hon thudng gidm dan so v6i mode co ban nhung do su 1éch pha giiia
cac mode khic nhau anh hudng dén gia tri tdng hop c6 xu huéng thip hon so véi viéc chi xét mot
mode cd ban nhu phuong phéap don phd. Vi vay, phuong phdp da phd phan énh chinh xdc hon cich
ma ning luong dudc phan phdi qua cic mode dao dong khéc nhau, gitip gidm ndi luc khong can thiét
bang hiéu ting triét tiéu pha trong qu4 trinh tinh todn thiét ké.

Node Node
1010 1010
1008 1008
1004 1004
1002 1002 \.
1000
1000 0 5 4 6 8 0 10000 20000 30000 40000
Vs_mm M_(kN.m)
—#—\Vz_Fix_Dapho —8—Vz_Fix_Donpho —#&— Mz_Fix_dapho —8— Mz_Fix_donpho
Vz_Bearing_Dapho —&— Vz_Bearing_Donpho Mz_Bearing_dapho  —@— My Bearing_donpho

Hinh 17. Biéu dd chuyén vi than tru v6i 2 trusng hdp ~ Hinh 18. Biéu d6 mo6 men théan tru véi 2 trusng hop
lién két dAm va tru theo hai phuong phap phan tich lién két dAm va tru theo hai phuong phap phan tich

101104107110113116119122125128131134137 140143146 149152155 158161
Node

———Mz_Dapho Mz_Donpho ——My_Dapho ——My_Donpho

Hinh 19. Biéu d6 m6 men dam trudng hgp lién két ngam theo 2 phuong phép phan tich dudi tai trong dong dét

11000 10019
9000
7000
5000

M(kN.m)

3000
1000

-1000
101104107 110113116119122125128131134137 140143146 149152155158 161

Node
~———Mz_Dapho ——My_Dapho ——Mz_Donpho ——My_Donpho

Hinh 20. Biéu d6 mdé men dam trudng hop lién két gbi theo 2 phuong phap phan tich dudi ti trong dong dat
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Phuong phap don phé thudng cho noi Iuc 16n nhit theo phuong ngang, con phuong phap da phd
lai chi ra su anh hudng dong thdi clia cd phuong ngang va phuong doc, cho thiy su dnh hudng r rang
cdc mode dao dong cao trong phan ting tdng thé ctia ciu. Diéu nay khang dinh su cin thiét trong viéc
xem xét tic dong clia cac mode bic cao trong viéc phan tich dong ddi véi cac cong trinh cau c6 két
cAu 16n va phic tap va sit dung phuong phap da phd dé€ phan tich dong dét 12 phit hop hon so vé6i phin
tich don phé trong qua trinh phan tich dao dong cho céc cong trinh nay dudi céc tdi trong nguy hiém
nhu dong dat.

5. Két luan

Bai bdo phan tich Ung xif dong dit, so sanh noi luc va chuyén vi ctia mot két cAu cau dam lién tuc
BTUST diic hing can bing theo hai phuong phap phan tich dong dét dugc st dung phd bién 1 phan
tich don phd va phan tich da phd. Tir két qua nghién cifu phan tich c6 thé rit ra mot sb két luan sau:

- Phuong phéap don phd chi tap trung vao phan dng cia mot mode dao dong chinh ciia két ciu,
bd qua anh huéng dao dong béc cao va tuong tac gilta cic mode dao dong. Vi vdy, ndi luc trong cac
két ciu cau dic biét 1a tru rit 16n, dic biét khi bd qua dnh hudng dao dong bac cao va tuong tic giita
cic mode dao dong. Phuong phap don phd c6 uu di€ém dé 4p dung, nhanh chéng, phit hop véi cac két
chu c6 phan ting chi phbi bdi mdt mode dao dong chinh, thich hop phan tich dong dit tuyén tinh. Tuy
nhién, phuong phép nay khong phin dnh day di cc @ng xi phiic tap ctia cdc két cAu c6 nhiéu dang
mode dao dong.

- Phuong phap da phd phan 4nh dugc dng xit phiic tap ctia cac két cAu chiu dong dét béi viéc xem
xét dén nhiéu mode dao dong khic nhau, phit hop véi cdc cong trinh ciu cé két cAu phiic tap, chiéu
dai 16n. Noi luc, chuyén vi ctia toan bd hé két ciu phan tich theo phuong phap da phd ciing cho gid
tri nhd hon dang ké so véi phuong phap don phé do su cong don giita cic mode dao dong léch pha.
Nhugc diém ctia phuong phap nay 1a yéu cau nhiéu thong tin hon, phan tich, tinh toan phtc tap hon.

- Dbi v6i két chu cong trinh, diéu kién bién 1a dic biét quan trong, anh hudng nhiéu dén ting xu,
noi luc, chuyén vi ctia két cdu. D6i véi ciu lién tuc thi cong dic hang cin bing, giai phap lién két giita
dam va tru chinh 4nh huéng nhiéu dén két qua phan tich két cAu chiu dong dat. Lién két ngam gitip
cho két cAu cing hon, giam chuyén vi ctia cau, phan phdi déu noi luc vé tru. Tuy nhién, nhugc diém
ctia lién két ngam 12 tao ra mo6 men tai dinh tru, Iam ting yéu cau vé kha niing chiu luc va c6 thé giy
nguy co pha hoai cuc bo. Ngudc lai, lién két gbi cho phép cau c6 kha niing xoay hodc chuyén vi nhit
dinh tai try, 1am ting tinh linh hoat ctia két cAu, gitip gidm ndi luc tip trung tai tru. Tuy nhién, do két
cAu linh hoat hon nén chuyén vi tdng thé lai 16n hon, lam ting bién do dao dong va nguy co méit dn
dinh t8ng thé khi chiu dong dit manh va noi luc tai ddy than tru 12 rat 16n.

- Hién nay, khi thiét ké cau chiu dong dét, dic biét 1 cdc cAu nhip 16n, cic k§y su thudng st dung
nguyén ly két cdu di ciing, dii khoe d€ c6 thé chiu dudc tic dong clia cac hiéu ting tai trong dong dét,
bdi vay gia thanh xay dung cong trinh thudng cao. Thém nita, viéc st dung phd phan ting tiéu chuin
c6 thé khong phan anh chinh xac diéu kién dia chin thuc té tai khu vuc cong trinh, dic biét trong céc
viing c6 dia chét phic tap. Lua chon phuong phap phan tich va gidi phdp lién két gitta dAm va tru phu
hop c6 thé gitip két ciu chiu tai trong dong dét theo nguyén ly cing dao dong va hdi phuc. Viéc st
dung céc loai gdi cach chén, thiét bi gidm chén tién tién hay thiét k& khép déo trong thiét ké két ciu
cAu chiu dong dét s& 1am giam kich thudc, tiét kiém vat liéu va ha gid thanh xy dung.
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