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LOI CAM DOAN
T6i 1a Nguyén Thi CAm Nhung xin cam doan day 1a cong trinh nghién
clru cua riéng toi. Céc sd liu, két qua trong ludn 4n 14 trung thue va chua duoc

ai cong bd trong bat ky cong trinh nao.

Tac gia

Nguyén Thi Cim Nhung
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LOI CAM ON

Téi xin bay t6 long biét on chén thanh va sdu sic déi véi GS. TS
Hoang Xudn Lwong, ngwoi da tin tinh hwéng dén, givp dé va cho nhiéu
chi din khoa hoc cé gid tri gitip cho téi hoan thanh ludn dn nay. Sw dong
vién, khuyén khich, nhitng kién thirc khoa hoc ciing nhw chuyén mén ma
Thdy di chia sé trong nhiéu nam qua da gitp t6i nang cao nang lwc khoa
hoc, phwong phdp nghién civu va long yéu nghé.

Téi xin trdn trong cdm on tdp thé B¢ mén Co hoc vit rin, Khoa Co
khi, Phong Sau dgi hoc, Phong thi nghiém Sirc bén vit ligu, Phong thi
nghiém Co hgoc mdy va Trung tam cong nghé - Hoc vién Ky thudt Qudan sw
dd tao moi diéu kién thudn loi, hop tdc trong qud trinh nghién ciru. Téi ciing
xin chan thanh cam on GS.TS Nguyén Thdi Chung - Hoc vi¢n Ky thuit Quin
sw dd cung cdp cho t6i nhiéu tai ligu quy hiém, cdc kién thivc khoa hoc hién
dai va nhiéu 167 khuyén bé ich, chi dén khoa hoc c6 gid tri dé téi hoan thanh
lud@n dn nay.

Cudi ciing, t6i xin bay té long biét on gia dinh, ngwoi thin va ban bé
dd thong cam, dpng vién va chia sé nhitng khé khan véi téi trong suot thoi
gian nghién ciru va hoan thanh lugn dn.

Tac gia ludgn an
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MO PAU

Heé lién hop dam — day — cot 1a dang cong trinh str dung hé thong day cap
dé hd tro chiu mot phén tai trong cua két cAu chinh. Mot trong nhitng wu diém
ndi bat cta hé lién hop dang dam — day — cot 13 chiing cho phép truyén bt tai
trong tir phan nay sang phan khac thudc cong trinh. Nguoc lai, tai trong cia
cong trinh tir cac phan khac nhau c6 thé duoc phan bd vé cot tru trung tim. Nho
su linh hoat trong thiét ké va nhiéu wu diém khéc, hé lién hop dam-day-cot ngay
cang duogc sir dung nhiéu trong cac két cdu thuc té, chang han nhu cdu treo hay
cau day vang.

Cung sy phat trién manh mé cta khoa hoc cong nghé, hé lién hop dam — day
—cOt dang cau day vang hién dai co két cAu thanh manh hon, trong lugng nho hon
va kha niang vuot nhip ngay cang 16n hon. Cau diy ving hai ting con cho phép
lwu lugng phuong tién giao thong 16n va da dang. Mot sd cay cau hé day hai ting
c¢6 chiéu dai nhip chinh hon 1000m (Hinh 1.2) nhu ciu Verrezano (1298m, My,
1969), Tsing Ma (1377m, Hong Kéng, 1997), Minami Bisan-Seto (1100m, Nhat
Ban, 1988), 25 de Abrill (1012m, B6 Pao Nha, 1966) ...Tuy nhién cac két cAu
lién hop dang nay hau hét déu dugc xdy dung ¢ nhitng khu vuc chiu tac dong cia
gid, voi phuong va gia tri rat phic tap, khong nhimg phu thudc vao van toc gid
ma con phu thude vao chuyén vi va vén tbc chuyén dong cua két cAu. Mat khac,
theo su phat trién cua kinh té xa hoi, tai trong va mat do phuong tién giao thong
qua ciu ciing gia ting, 1am anh huong dang ké dén dap tng dong cta két cdu cau.
Do d6 cau day viang thuong xuyén phai chiu tic dung dong thdi cia ca tai trong di
dong va luc khi dong.

Trong nhitng nim gan day, van dé nghién ciru két cdu lién hop dang cau day
vang mot téng, hai tﬁng chiu tdc dung cua cac dang hoat tai khac nhau nhu tai
trong di dong, tai trong khi dong, dong dét... d3 thu hat su quan tam cua nhiéu
nha khoa hoc trén thé gi6i va da dat duoc mot sb két qua nhit dinh. Vi hé thong
song ngodi day dic tir Bic vao Nam, ¢ Viét Nam hién nay mot sd cong trinh cau

hé treo quy mé 16n da hoan thanh, mot sd khac dang trong trong giai doan chuan



bi va xay dung, doi hdi sy nghién ctru chuyén sau va toan di¢n ddi voi céac tac
dong va co ché gay ra dao dong cho cac két ciu lién hop nay.

Vi vay, dé tai “Phan tich dong lwc hoc hé lién hop dam ddi — day — cot —
thanh dan hdi chiu tic dung ciia tii trong di déng va lwc khi dong” ma luan
an giai quyét 1a cap thiét, co ¥ nghia khoa hoc va thyc tién trong bbi canh xay dung
co so ha tﬁng phat trién manh mé & Viét Nam.

Muc tiéu nghién ctru cia luin an

1. Xay dung mo hinh tinh, cadc quan h¢ ing xtr co hoc, thuét toan PTHH
va chuong trinh tinh dé phan tich dong luc hoc két ciu lién hop dam d6i — day
— cOt — thanh chiu tadc dung cua tai trong di dong va luc khi dong.

2. Khéo sat sb trén céac bai toan khac nhau, véi cac thong s6 hinh hoc, vét
liéu, co hoc thay ddi, dé nghién ctru anh hudng ctia chung dén phan tmg dong cua
hé lién hop, tir d6 rit ra cac nhan xét, khuyén cdo, lira chon cac thong sd hop 1y
cua hé.

3. Tién hanh thyc nghiém trén mo hinh két cau lién hop dam doi — day —
cOt — thanh chiu tac dung ctia mot hodc doan tai trong di dong tai phong thi
nghié¢m, xac dinh phan irng dong cua hé (gia tdc, bién dang) lam co s& kiém tra
do tin cay cua thuét toan va chuong trinh tinh d4 1ap theo nghién ciru li thuyét.
Poi twong va pham vi nghién ciru ciia luin 4n

Trong khuoén kho lun 4n, dbi tuong nghién ctru dugc xac dinh nhu sau:

- Vé két cau: Két cu lién hop dam d6i — ddy — cot — thanh.

- V@ tai trong: Tai trong di dong dudi dang khi lwong di dong va hé dao
dong di dong, tai trong khi dong theo md hinh tuyén tinh cua Scanlan.

Pham vi nghién ctru: Dao dong ty do va dao dong cudng buc cia hé lién
hop dam doi — day — cot — thanh chiu tac dung cua tai trong di dong va luc khi
dong. Gia thiét vat liéu trong giai doan dan hoi tuyén tinh.

Phwong phap nghién ciru

Két hop nghién ctru 1y thuyét, khao sat sé va thuc nghiém mé hinh.



Vé Iy thuyét, luan an str dung phuong phap PTHH, x4c 1ap mé hinh tinh,
thuat toan va 1ap trinh bang ngdn ngit 1ap trinh Matlab, khao sat s6 voi cac tham
s6 khac nhau.

Vé thyc nghiém, stir dung phuong phap thi nghiém dong bang cac thiét bi
tao tai va thiét bi do dac hién dai dé xac dinh dap ung dong cua h¢ trén mo hinh
thuc nghiém.

Cau tric ciia luin an

Luan an gdm phan M¢ dau, 4 chuong, phan két luan va kién nghi, tai
li¢u tham khéo va phu luc.

Mé dau: Trinh bay tinh cép thiét ciia van dé nghién ctru, muc tiéu, doi
tuong, pham vi va phuong phap nghién ctru cua luén an.

Chuwong 1: Téng quan vé tinh toan hé lién hop chiu tac dung cua tai
trong di dong va luc khi dong.

Chuong 2: Phuong phap phan tir hitu han phan tich dong luc hoc hé lién
hop dim d6i — day — cot — thanh chiu tac dung cua tai trong di dong va luc khi dong.

Chuong 3: Khao sat sé nghién ctru anh hudng ciia mét s yéu 6 dén dap
g dong cua két cAu dim d6i — day — cot — thanh dan hoi chiu tac dung cua tai
trong di dong va luc khi dong.

Chuong 4: Nghién ctru thuc nghiém phan tmg dong ctia mé hinh két cau
lién hop chiu tac dung cua tai trong di dong.

Két luan va kién nghi: Trinh bay nhiing két qua chinh, nhitng déng gop
m&i cua ludn 4n va cac kién nghi cta tic gia rat ra tir ndi dung nghién ctru.

Danh muc cic cong trinh da cong bd cia tic gia.

Tai liéu tham khao.

Phu luc.



CHUONG 1
TONG QUAN VE TiNH TOAN HE LIEN HQP CHIU TAC DUNG CUA
TAI TRONG DI PONG, LUC KHi PONG
1.1. H¢ lién hop dim — day — ¢t va vng dung trong tinh toin ky thuat

Hé lién hop dam — day — cot 1a dang cong trinh sir dung hé thdng day cap
dé nang d& hoic hd trg phan bd mot phan tai trong cta két cAu chinh. Téi trong
tir mot bd phan nao do6 cua cong tinh co thé dugc truyén bot sang bd phan khac,
mat khac ciing c6 thé phan b tai trong tir cac phan khac nhau vé cot try trung
tam. Chinh vi su linh hoat vé mit chiu luyc nay ma két cau dang dam — day —
cot thuong duge str dung lam cdu trac cudi hodc ciu tric trung gian trong giai
doan xay dung cac cong trinh nhu san van dong, thap truyén dan, tram thu
phi... (Hinh 1.1).

Két ciu dang nay té ra dac biét hi¢u qua voi cac két cAu cau day vong
hodc cau ddy vang. Nhiing cay cau nay 1a nhiing cong trinh kién tric dan dung
thudce loai dep nhét & cac d6 thi trén thé gidi.

Su quan tam cua cac nha khoa hoc dén dang két cAu dam — day — cot
ngay cang nhiéu khong chi do gia thanh hop 1i, tbc d6 thi cong nhanh, kha ning
vugt nhip 16n ma con vi phan ing co hoc cua loai két cdu nay voi cac dang tai
trong c6 nhiéu van dé can nghién ctru. Ciu tric dam — day — cot — thanh thuong
rat linh hoat, ddi vdi cac cay cau ddy ving mot tang hodc hai tang, xu huéng
xay dung hién nay 1a chiéu dai nhip ngay cang ting, két hop voi hé thong thanh,
dam ctig va thon hon. Dé dat duoc diéu nay, can phai phat trién hon nita nhiing
nghién ctru li thuyét phan tich va thuc nghiém dé c6 thé hiéu rd hon va du doan
chinh x4ac hon phan tng ctia két cdu chiu tac dong khong chi cua tai trong gio
hodc phuong tién giao thong, ma con 1a su chiu t6 hop ddng thoi cia cac dang

tai trong thuong xuyén va lién tuc nay.



Hinh 1.1. Mot sb cong trinh lién hop dam — day — cot trong thyc té
a) Ga tau dién ngdm Sabaneta (Colombia), b) Cong chao dao Ré (Phap),

c¢) San van dong Essen (DPuc), d) Tram thu phi Van de Loing (Phép)
e) Khu bao ton bién Lisbon (BS Pao Nha),
g) Thap truyén dan Ulm-Jungingen (Dtc) (https://structurae.net/)
Vi két cdu hién dai, hinh dang kién trac dep, lwong phuong tién luu thong
16n v6i kha nang vuot nhip dai, nhidu cay cau diy vang hai ting co trinh d6 cong
nghé cao da hoan thanh, néi lién doi bo nhiéu dong song 16n, cac tuyén giao thong

lién ddo hay vuot qua cac eo bién & mot s6 chau luc (Bang 1.1).



Bang 1.1. Mot s6 cau day ving hai tang trén thé gidi

NAM | NHIP
STT | TEN CAU NUOGC | HOAN | DAI PAC PIEM
THANH | NHAT
1 |Kap Shui Mun | Hong Kéng 1997 430m | 6 lan duong bg trén, 2
lan duong sat, 2 lan
duong b dudi
2 | Wuhu Trung Qudc | 2000 312m | 4 lan duong bo, 2 lan
duong sat
3 | Tianxingzhou | Trung Quéc | 2009 504m | 6 lan duong bo, 4 lan
Yangtze river duong sit cao toc
4 | Minpu Trung Qubc | 2010 708m | 8 lan duong trén, 6 lan
duong dudi
5 | Dongshuimen | Trung Quéc 2014 445m | Tau, xe mo to, xe dap
va nguoi di b
Oresund Thuy Pién | 2000 | 490m | Puong sit, duong bd
Rokko Nhat Ban 1976 | 220m | Cau ddy viang 2 tang
dau tién, cap hinh quat
8 | Great Seto Nhat Ban 1988
Hitsuishijima 420m | 4 lan duong bo trén, 2
Iwakurojima 420m | lan duong sat dudi
9 | Yokohama Nhat Ban 1989 460m | 6 lan dudng bo & tang
Bay trén va tang dudi
10 Higashi-Kobe Nhat Ban 1992 485m | 6 lan dudng bd O tang
trén va tang dudi

Hau hét cac cau day vang hai ting hién dai déu két hop giao thong dudng
bd & ting trén va dudng sit, duong bd ¢ ting dudi (Hinh 1.2). Mot sb cau day
vang hai tang tiéu biéu dugc hoan thanh gan day nhu : cau Oresund (Thuy Pién)
c¢6 chiéu dai nhip chinh 490m x4y dung nim 2000, cau Kap Shui Mun (Hong
Ko6ng,1997) ¢6 nhip chinh dai 430m, 1a mot trong nhitng cdy cau diy vang dai
nhat thé gidi, to hop cau treo — cau ddy ving hai ting Great Seto (Nhat Ban)

ndi cum dao tir Okayama dén Kagawa voi chiéu dai tong cong 13,1km hoan



thanh nam 1988, cau Minpu (Trung Qudc) vira dugc dua vao luu théng nim
2010 v&i chiéu dai nhip chinh 1én dén 708m 1a ciu day ving hai ting dai nhat

cho dén thoi diém hién tai ,... Cac ky luc vé chiéu dai nhip lién tuc bi pha v&

trong nhirng nam gan day.

(a) Cau Tsing Ma (b) Cum cau Great Seto  (c) Cau Verrazano Narrows

(d) Cau Oresund (e) Cau Yashima

B 2

(f) Cau Yokohama Bay (g) Cau Rokko (h) Cau Higashi — Kob
Hinh 1.2. Hinh anh mét sé cau hé day hai ting
Mo phong s dap tng dong cua cau day vang chiu tac dung cta nhiéu
dang tai trong khong don gian, can c6 mé hinh phan tir hitu han phirc hop cho
két cau voi nhiéu mé hinh tai trong dong nhu tau dang chay, phuong tién duong
b, gid, va cac md hinh twong tac cta cau va gio, cau va tau hoa, ciu va phuong

tién duong bo.



Trong trudng hop phirc tap nhét, hé lién hop dam doi — day — cot — thanh

md phong cau diy ving hai ting nam trong ving anh huong cua gié manh co
ca dudng sit va duong bd cao tdc, vi thé cau chiu anh huong ddng thoi cua tai
trong di dong va luc khi dong.
1.2. Tong quan v@ tai trong di dong va lwe khi dong
1.2.1. M6 hinh tdi trong di dong

Tai trong di dong 1a loai tai trong dong cé vi tri tac dung trén két cau thay
d6i theo khong gian va thoi gian, thong thudng, tdi trong di dong duge xét &
ba dang nhu sau (Hinh 1.3):

Dang thir nhét: Luc tip trung c6 diém dat di chuyén trén két ciu, tai mdi
thoi diém luc duge xem 1a héng $0.

Dang thir hai: Vat mang khoi luong cung véi lyc tac dung 1én nd di huyén
trén két cAu, c6 tinh dén gia tdc cua khéi luong chuyén dong cung két cau.

Dang thir ba: Hé dao dong di chuyén trén két cau, giita hé di dong va két

cau co cac lién két dan hoi va can nhot.

o, 0
I_&

Zrl \
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Hinh 1.3. M6 hinh tai trong di dong [82],[120]




Trude day, tai trong di dong thuong dugc mo hinh hoa nhu cac luc di
ddng vi kha nang tinh toan ctia may tinh con gi6i han hodc trong nhiéu truong
hop c6 thé tim duoc nghiém giai tich d& dang hon [52, 53, 85, 102, 111]. M6
hinh nay b6 qua tuong tac gitra két cau va vat thé di dong, chi phu hop khi trong
lwong cua vat di dong rat nho so véi két ciu hodc khi khong can quan tim dén
dap mg ciia vat di dong [116]. Truong hop xét dén quan tinh cta vat di dong,
tai trong thuong dugc moé hinh hoa thanh khoi luong di dong [22, 70].

Su xuat hién cia may tinh téc do cao voi nhiing tién bo trong cong nghé
phan mém da cho phép giai bai toan véi nhitng mé hinh tai trong di dong c6
cac dac trung dong luc hoc sat thuc hon [24, 45, 49, 63, 84]. Tuy nhién, khong
c6 md hinh nao tong quat hét cac dang tai trong di dong véi cau hinh phuc tap
bét ki. Phuong trinh chuyén dong cua tai trong di dong chi thiét 1ap duoc véi
nhitng mo hinh cu thé di xac 1ap trude. Khi md hinh va s6 luong tai trong thay
ddi, phwong trinh chuyén dong twong Gmg ciing can thiét 14p lai. Trong luén an,
tac gia sir dung mo hinh tai trong di dong dudi dang khdi lugng di dong va hé¢
dao dong di dong (gom khdi luong tap trung, 10 xo dan hdi va can nhdt) ma
theo quan diém cua Fryba [52] 1a phu hop va da chinh x4c véi mé hinh cau day
vang nhip dai.

1.2.2. Cac hién twong khi dong phdt sinh bagi gié va mé hinh lyc khi dong
1.2.2.1. Cac hién twong khi dong phat sinh boi gio

Du doan déap tng dong luc hoc gay ra do gié dugce tom tit nhu sau:

N _ | Cac ham lyc o o -
Van tbéc gio > khi déng »| Tai trong gid

Cac ham dap
| &ngclia két cau

> Dap lng

A

Hién tuong xay ra do twong tac gitta két cau va gio 1a tong hop cac hién

tuong khi dong hoc co ban dugc tém luge & Bang 1.2 [118].
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Bang 1.2. Phan loai tac dung cua lyc khi dong [118]

Loai tac dung Hién twgng trang thai

Bién dang va ting suét tinh (Static deflecction and stress)
Mit 6n dinh tinh (Static instability)

Téac dung tinh A , _
Mat 6n dinh uon ngang (Lateral buckling)

Mit 6n dinh xodn (Divergence)

Dao dong c6 bién do gidi ndi (Limited vibration)
Dao dong rung lic (Buffeting vibration)
Dao dong do kich dong xody (Vortex-induced vibration)
Tac dung Dao dong do mua — gi6 (Rain-wind-induced vibration)
dong Dao dong do c6 can gié (Wake-induced vibration)
Tu dao dong (Self-excited vibration)
Dao dong Galloping (Galloping)
Dao dong Flutter (Flutter)

Dbi véi trudong hop tac dung tinh, bién dang va tng suét tinh duoc tao ra
bdi cac thanh phéan tinh cua luc khi dong, khong phu thudc vao thoi gian va co
thé tinh theo van téc gi6 trung binh trong mot khoang thoi gian. Trudng hop mét
6n dinh tinh, bao gdm mét 6n dinh udn ngang va mat 6n dinh xoan, thuong xay
ra nhanh chong dudi tac dung cua lyc khi dong vaoi van tdc t&i han cao [48, 95].

Lién quan t&i thanh phﬁn tac dung dong cua luc khi dong, dao dong céd
bién d6 gioi noi khong dan t6i pha huy két ciu cau trong thoi gian ngin. Tuy
nhién n6 anh huong toi trang thai sir dung nhu gy moi cho két ciu hodc cam
giac khong thoai mai ctia ngudi tham gia giao thong. Déi véi dao dong co bién
d6 gidi ndi thi dao déng rung lic phu thude vao dong gié ngu nhién, dao dong
do kich dong xody phu thudc vao su cong hudng giira tin sé dao dong riéng
ctia két cau va tan sb ctia gié xody & khu virc khuat gid. Su sup d6 cau Tacoma
Narrow 12 mot vi du dién hinh vé cong trinh bi mét 6n dinh khi dong dudi tac

dong cua gio va sup d6 (Hinh 1.4).
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Hinh 1.4. Sy sup d6 cua ciu Tacoma Narrows [103]

(a) Dao dong xodn dan dén sup dd (b) Sy tach dong xody khi
Két cau lién hop cau day vang c6 khdi lugng nho hon, kha ning vuot
nhip 16n hon so véi cac loai cau khac do thanh phan chiu lyc chinh cia cau 1a
day cap tan dung triét dé kha nang chiu luc cua vat liéu. Mat khac, voi hiéu qua
thdm mi cao, hinh dang kién trac doc ddo nén cau hé day thuong duogc uu tién
lua chon dé két ni giao thong [60, 118]. Tuy nhién, do c6 dang két cAu thanh
manh va do cimg nho nén cac cong trinh cau hé day rat nhay cam véi tac dong
cua gio, chiéu dai nhip cang lén, chung cang dé bi dao dong tu kich thich [48],
[107]. Gia thiét so do tinh két cdu c6 hiru han béac t do, phuong trinh chuyén
dong cua két cAu chiu luc khi dong c6 dang [35,45]:
[M, J{d} +[Co]{at +[K, a} ={F(a.q.6: Ust;w)} (1.1)
Véi [MO],[C0 ],[KO] tuong tng 14 ma tran khéi luong, ma tran can, ma
tran d6 ctng cua ban than két cau, {q} ,{Q} ,{&i} 1a véc to chuyén vi, van tdc, gia
tdc cta két cau, U 1a van tdc gi6 td1, o 1a cac tan s6 dao dong riéng cua h¢. Bai

toan khi dong dan hoi c6 thé chia thanh ba dang, gdm bai toan dap Gmg dong
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luc hoc (luc khi dong chira cac thanh phﬁn phu thudc thoi gian), bai toan on
dinh khi dong (su trao d6i nang lwong giita két ciu va cac luc khi dong gay ra
chuyén dong tang dan va mat on dinh khi vén toc gi6 dat gia tri té1 han), va bai
toan két hop ca hai dang trén.
1.2.2.2. Mot s6 mé hinh luc khi dong tac dung lén két cdu cau
a) Mo hinh luc khi dong thuc nghiém

Mo hinh lyc khi dong thuc nghiém tuyén tinh thudng duoc ap dung
trong truong hop nghién ciru on dinh dang dao dong ubn xodn két hop,
md hinh mit cit két cdu dugc coi 12 ¢6 2 bac tu do, luc khi dong bao gém
luc nang theo phuong vudng géc dong khi va md men xoan, bo qua céc
tac dong phi tuyén. Theo d6 c6 thé ké dén mot s moé hinh thudng gip
nhu sau:

o M6 hinh lyc khi dong tuyén tinh theo ham Theodorsen [110]:

Theo mo6 hinh nay, luc nang va m6 men xoan phan bé doc theo chiéu

dai cua két cau:

I, ==p.U’B b B C(K)+ th +Ba
2 U 4U 4U° ' 4U
. 2 : (1.2)
m =TpuroB|| L BE c(k)|- 2% B
2 U 4U 3207 4U

trong do:
B N I3
K=—2. tan soO thu gon;
U
C(K) = F(K) + ]G(K) - ham Theodorsen dugc xac dinh tir thuc nghiém;

1, - luvc nang phan bo; m - m6 men xoan phan bo; h- chuyén vi thang

ding ctia mat cit ngang.
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o Mo hinh lyc khi dong tuyén tinh Scanlan [91, 92, 95]:

) =§anzB[KH:(K>%+KH’;<K>B§+K b (K)o KH ()
- (1.3)
M, =Ean2B2 {KA] (K)E+ KA, (K)— 5 +K?A; (K)a+K2A4(K)E}

trong do Hf, Af (i =1+ 4) 1a tam hé sb khi dong, xac dinh béng thuc nghiém
A Ae 7 3A A \ - < A A N o A U
trong Ong thoi khi dong, phu thudc vao dang mat cat két cau va ti so Ba’
®
Duya trén mé hinh nay tac gia P.P. Sarkar tiép tuc phat trién thém thanh
phan lyc day D, twong ung voi dich chuyén theo phuong gi6 thdi (phuong

ngang) [89]:

L, —Lp UB KH*h ki B¢ e ko L Pk 2
2 U U ‘B ‘U ‘U

M, =+p, UB?| KA! h RABE LAtk kA R kAT R |(1.4)
2 U U ‘B B B

04

D, =1p.UB| kP 24 kp; BY L k7pia+ k7P R4 k7P h e prl
P U U B U U

o M0 hinh lyc khi déng thwe nghiém phi tuyén [71]

L, =—p,UB| H, Bzh“ H, L sp, 2t
2 U’o ‘U B
(1.5)

a

2 . . 27’
M, =1p UB?| A B——+A2@+A3a+A4ﬂ
8 'U? h U
c) Mot s6 mo hinh luc khi dong khac [36, 39, 43, 48,51]
Luc khi dong phu thudc vao cac bac tu do cua két ciu va dao ham cua

chung, trong trudng hop tong quat ¢ dang nhu sau:

e (qﬁ,a’m) =P(t,0)q +Q(t,0).q +R(t,®).g (1.6)
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trong d6 q' = {p h oc} 1a véc to chuyén vi chira bac tu do udn theo phuong
ngang, phuong dung va X04n clia phén tur, P(t, co),Q(t,co),R(t, co) la cac ma
tran hé sb, phu thudc thoi gian va tan s6 dao dong riéng cua két cau.
o Luc khi dong “mirc 0" (nonaeroelastic theory)
Truong hop nay khong xét dén hiéu ung khi dong trong cong thirc tinh,
goc tuong doi gitra gié va mit cit két cdu thay ddi theo thoi gian chi phy thudce
vao su hon loan ctia dong gio:

1

D, :Ean2 (t)Bey (A(t))
L, :%anz(t)B.KLok(t) (1.7)

M, =%an2(t)B2.KMok(t)

Vo1 A- g0c g10 t01, ¢, - hé sd nang, K Lor Ko - hé s0 goc luc nng va md men xoan.
e Ly khi ddng binh on (Steady theory)

Day 1a luc khi dong mirc mot, trong d6 goc twong ddi giita gié va mat
cat két cdu phu thudc vao dong gid va gbc xodn ciia mat cit két cdu. Gia thiét
mit cat xo0ay quanh vi tri can bé'tng 9=9,,theoli thuyét chuyén vi nhd, cac hé
s6 khi dong c6 dang:

CL (Y) =CL (80 ) + KLo-(y - ‘90)
Cm (Y) =Cy (80) + KMo-(Y - 80)

v6i K,,.K,, 1a cac hé sd goc trong truong hop 9=9,, gia thiét
y(t):oc(t)—S(t):

D, =%an2(t).B.cD(y(t));Lh =%an2(t).B.cL(y(t))

(1.8)

1 (1.9)
M, = Eanz (1) B ey (v(1))
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Tur (1.6), luc khi dong binh 6n c6 dang: F=F(q,t)=R.q(t) (1.10)

e Ly khi ddng twa binh én (Quasi steady theory)

V.,=U+u-p V,=W+w B

Hinh 1.5. M6 hinh lyc khi dong tya binh on [51]

M0 hinh luc khi dong “mirc 2” nay dua trén gia thiét: luc khi dong tuc
thoi tac dung 18n két cau duoc xem nhu twong duong véi véi luc tac dung khi
két cAu di chuyén va xoay véi van tdc khong doi, tire 1a coi nhu két cdu khong
chuyén dong khi vén tdc va huéng gié bang van tdc va hudng gié twong ddi
ttrc thoi (hinh v&). Cac hé sb caa § (bi,i = L,M) dugc xac dinh tur thi nghiém
trong 6ng thoi khi dong [65] hodc phuong phap CFD [32].

Theo gia thiét chuyén vi nhé quanh vi tri can béng tinh, thay thé o(t)

(Uxo_h+u9@)

trong (1.8) bo1 B. (t)=arctan
g (1.8) boi B (t) U

J véii=L, M, tir (1.9) co:

Dpzég;ﬁ@yBcD@4o)

L, :%ani(t).B.cL(y(t)) (1.11)
M, =2p,U3 (B, (1(1))

trong do v,(t)=p,(t)—9(t) va ‘Ui(t)‘z

theo (1.6), luc khi dong tua binh 6n c6 thé viét duéi dang sau:

= (U, )’ +(U, ~h+b,B) .
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F=F(q.q,t)=Rg(t)+Qq(t) (1.12)
o M6 hinh lyc gié twa binh 6n mé réng (Modified Quasi-Steady)

Ly thuyét khi dong dan hdi “mirc 3” nay dugc phat trién tir mé hinh lyc
gi6 twa binh 6n, trong d6 cac hé sb khi dong d6i voi luc nang va md men xoin
1a dai lugng dong, dugc do tir thi nghiém trong 6ng thdi khi dong. Theo Hinh
1.5, lyc khi dong dan hoi co thé viét dudi dang sau:

D, :%ani(t).B.cD(y(t))

L, :%ani(t).B.c;(y(t)) (1.13)
M, :%anid(t).Bz.c;,[(y(t))

’ ’ A A ; FA * * \ r A A A 7 A ’
trong do cac hé so khi dong ¢, , c,, 1a cac h¢ so6 dong, tinh theo cong thirc sau:

*

¢, =c.(9)+ L?OKLd@ i

*

3 p—
cy =Cn(9)+ jSOKMdS
& day ¢, (9), oy (9,) 1a cac hé sb khi dong tinh, dugc tinh tai vi tri can bang

tinh (8=9,); K,, K,, 12 cac vi phan khi dong:

oc oc
o8] k(2]
9=39 9=9

V61 h,, a, la cac hé s6 dugc xac dinh tir thi nghiém trong 6ng thdi khi dong.

Tuong ty nhu cc vi phan khi dong trong cong thirc Scanlan (1.4), cac hé sb

ndy phy thugc vao goc xoay clia mat cét va van toc thu gon U, = U/ (0B).
Dang tong quat: F= F(q,a,t) =Q(t)g+R(t)g (1.15)

oMb hinh lyc chita cdc vi phdn khi déng trong mién thoi gian



17

Lyc khi dong “murc 4” nay chira cac tich phan chap tinh theo cong thurc [39]:

Ly =30,U° [ [Ty (=90 + 14, (1 )p(e) + 1, (- )or(2) Jow

—00

t

D, :%anz | [IDh (t—1)h(t)+1,, (t—‘c)p(‘t)—i—IDa(t—’t)ot(‘t)}d‘t (1.16)

—00

t

M, :%anz J [IMh (t=1)h(t)+ 1Ly, (t—1)p(t)+ Ly, (t—‘t)ot(‘t)]d‘t

voi I (i =D,L,M; j= p,h,a) la cac ham xung cua cac lyc khi dong 1 tuong
rmg v6i béc tu do j, co thé tinh theo cac vi phan khi dong Scanlan thong qua
cac bién ddi Furier. Sir dung ham xap xi Roger [39] va phép bién ddi Laplace,
thanh phan lyc nang khi dong ching han, c6 thé viét dudi dang:

2 m
L, =4p,U? (t)B(al.h(t) +a, E.h(t) +a, B—z.ﬁ(t) +> ¢, (t)] (1.17)
2 U U =1
VOl ¢, (t) 1a cac tich phan trong mién thoi gian ma luc gié tac dung lén két cu.

Tuong ty nhu cach sir dung ham xung, luc khi dong trong mién thoi gian

con duoc biéu dién théng qua cac ham chi s [122]:

E,(t) :%anZBV > dg j @, (t—1)i(1)dr (1.18)

r=p/Uh/U,axy  —o
F_=L,D,M, y=1khiF_=L,D,y=2khiF_=M
D, (f =M,L,D; x = p,h,oc) 14 cac ham chi sd biéu dién cac dac trung bién do6i

tic thoi cia f do chuyén vi x va dugce biéu dién duéi dang:
Ni
D, (s)=1-D be ™ (1.19)
i=1

cac hang s6 b;, ¢; cia ham chi s6 @, c6 thé duoc xac dinh thong qua cac vi

phan khi dong tuong timg, véi luc nang va mé men x0éan trén mot don vi do dai
ctia két cau duoc cho theo cong thirc ciia Scanlan ([90, 91]).

Céc luc khi dong (1.16) hodc (1.18) c6 thé biéu dién dudi dang tong quat:
F*(9,9,9,0)=P(t,0).q+Q(t,®)J +R(t,0)q (1.20)
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Nhan xét: M6 hinh luc khi dong thuc nghiém Theodorsen va mé hinh luc
khi dong thuc nghi€ém Scanlan phu hop cho tinh todn cac cong trinh nhu: nha cao
tAng, cau treo, cau ddy vang va mot s thiét bi bay c6 van toc dudi am. Mot sé mo
hinh luc khi dong 1i thuyét khac trong mién thoi gian gay mot s6 kho khan nhat
dinh khi tinh toan sb. Trong nhiéu trudng hop, cac hé sé khi dong ctia cac md hinh
nay van can tinh thong qua thue nghiém theo cong thirc cta Scanlan, vé6i thoi gian
tinh toan dai hon nhiéu lan d€ thudt toan 6n dinh.

Trong khudn kho luan an, tac gia chi xét dén luc khi dong gay ra boi twong
tac gitra chuyén dong két cau va gid. Mic du mé hinh tinh két cau lién hop dam
d6i — day — cot — thanh dan hoi mo hinh hoa cho cau day ving 2 ting 13 phirc tap
v6i nhidu dang dao dong riéng, hai dang dao dong riéng dau tién theo phuong
dung va va theo phuong xoan doc truc dam thuong dugc coi 13 quan trong nhat
[31, 39]. Mit khac, theo phuong phap chong mode, 2 dang dao dong riéng dau
tién nay co thé don gian hoa thanh h¢ hai bac tu do. M6 hinh lyc khi dong hai
béc tu do theo Scanlan 13 phu hop khi phan tich dap ung dong cia két ciu chiu
tac dung cua luc khi dong gay nén hi¢u tng flutter. Chinh vi vay, mé hinh luc
khi dong Scanlan (1.3) duoc tac gid lua chon dé thuc hién luan 4n cia minh.
1.3. Céc nghién ciru vé két ciu chiu tac dung ciia tai trong di dong, lwc khi dong
1.3.1. Cic nghién ciru vé mé hinh két ciu lién hop

Trong nhitng nghién ctru ban dau, khao sat twong tac cau — xe st dung
nhiéu mo hinh két cu don gian. Vellozzi [105] di xac dinh dép ung dong luc
hoc cta ciu treo mot nhip, chiu tdc dung cua mét luc di dong co gia tri va
phuong khong d6i, dugc biéu dién bang chudi Fourier. Morris [72] st dung
phuong phép tich phan truc tiép dé xac dinh dap tng dong cua cau day ving
chiu tai trong tinh. Meisenholder va Weidlinger [18] d3 sir dung mé hinh dam
trén nén dan hoi dé phan tich dap ung dong cuia cau day viang chiu tai trong xe

di chuyén & tdc d6 cao. Henchi va cong su [59] da dua ra mot phan tich lién tuc
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dé x4c dinh dao dong udn — xodn cua cau treo chiu tac dung cua tai trong xe di
dong. Trong cac nghién clru trén, cac nha khoa hoc str dung moé hinh tai trong
di dong hoic md hinh cau rit don gian dé phan tich dap Gmg dong cua cau hé
day chiu tac dung cua tai trong di dong.

Gan day, v6i su phat trién ciia phuong phap PTHH, viéc str dung phuong
phap sb dé 1ap mé hinh phan ttr hitu han cho cac cau dy ving trd nén phd bién
hon. Xu va cong su [114] da str dung mdt mo hinh phan tir hitu han ba chiéu
dé m6 hinh hoéa cho cau treo, st dung phan tich tri riéng dé xac dinh cac tan sb
riéng va dang dao dong riéng ctia cac dao dong ngang, doc va xoan clia cau.

Jiao va cong su [37] xay dung hai mo6 hinh cau hai téng, mo hinh thi
nhat gdm cac phan tir thanh va vo, mo hinh thér hai gdm cac phan tir thanh
tuong duong bang phan mém ABAQUS. Két qua phén tich tinh phi tuyén hinh
hoc va phén tich dang dao dong riéng cho thiy hai mé hinh gan twong duong
nhau. Dya trén cac ban vé& thiét ké cua cau day ving hai ting Minpu, Wei va
cong su xay dung mot md hinh phan tir hitu han khong gian [61]. Trong md
hinh, cac han ché chuyén vi doc va ngang giira thap va gian, ciing nhu giita dim
va cot cling duoc thiét lap.

Zhou, Chen [120] lai str dung md hinh phn tt hitu han ba chiéu v6i phan
tir dam phi tuyén theo li thuyét dam Timoshenko, trong do bién dang doc truc,
udn, xoin va bién dang truot dugc xét cung mot thoi diém. Céc day cép dugc
mo hinh hoa thanh phan tir cap hai nat dua trén nghiém giai tich hién cua hé
phuong trinh vi phan va cac diéu kién bién cta day cap dan hoi.

Mo hinh ciia cau nhip dai c6 thé dugc thiét 1ap bang phuong phap phan
ttr hitu han véi nhiéu loai phan tir khac nhau nhu phan tir thanh, phan tir dam,
phan tir tim, v6. Theo phuong phap chéng mode, dap Gng twong tmg tai diém
bat ki doc cau c6 thé dugce tinh trong mién thoi gian [35, 114]. Dao dong cua

cau theo ba huéng ngang, thang dimg va xodn.
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1.3.2. Phdn tich hé lién hop chiu tac dung cua tdi trong di dong

Bai todn phan tich dong luc hoc hé lién hop chiu tac dung cua tai trong
di dong trudce ti€n can xay dung ma tran d¢ cing, ma tran khdi luong, ma tran
can va véc to luc nat va hé lién hop, bao gdm ca cac diém tiép xtic. Cac phuong
phap tim nghiém co thé chia thanh hai nhom theo tinh lap tai mdi budc thoi
gian.

Nhom phuong phap dau tién giai phuong trinh chuyén dong cua hé cau
xe tai mdi budc thoi gian ma khong can tuong tac. Phuong phap nay dugc sir
dung rong rdi trong phan tich hé cau — xe [29,50,59,113,116,114], c6 d6 6n
dinh tinh todn cao, thuén lgi cho bai toan tuong tac cau — xe khi mé hinh xe
don gian. Nhuoc diém 16n nhat 13 phuong trinh chuyén dong cta hé phu thudc
thoi gian, vi viy cac ma tran ddc trung can tinh lai cho mdi budc thoi gian. Hon
nita phuong trinh chuyén dong ciing kho xac dinh hon khi xét dén tinh phi tuyén
cuia mo hinh tai trong di dong.

Nhom phuong phap thir hai giai phuong trinh cho cau va xe mot cach
ddc 1ap, doi hoi mot qua trinh ldp dé chuyén vi tai cac diém tiép xuc hoi tu. Véi
diéu kién nay, dac diém hinh hoc va lyc tai vj tri tiép xuc s& phuc tap hon, can
mot phuong phap tich phan 6n dinh trong khoang thoi gian nho dé hé cu — xe
hoi tu tai cac diém tiép xtic sau mdi budc thoi gian. Nhidu nghién ciru da ap
dung phuong phap nay dé phén tich twong tac hé cau xe [33,44,97,117]. Uu
diém cua phuong phap nay 1a cac ma tran dic trung dong luc hoc trong hai hé
phuong trinh 12 ma trdn hing s, rat thuan loi cho viéc xem xét twong tac phi
tuyén hé ciu — xe va tinh phi tuyén cta mo hinh tai trong di dong [81]. Tuy
nhién, trong ki thuat rng dung, su hdi tu ctia qua trinh 13p la van dé co ban cla
phuong phap nay. Li va cong su [81] khao sat qua trinh 1ap theo phuong phap
Wilson va phuong phap Newmark.
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Hau hét cac phuong phap trén déu giai phuong trinh chuyén dong ciia hé
cau-xe véi gia thiét tai trong di dong doc két cau ludn tiép xtic v6i mat két cau.
Diéu nay khong phai ludén dung theo dac diém vat li cua xe di dong trén mat
duong. Luc tuong tac gitta xe di dong va cau phu thudc vao chuyén dong cua
xe, tinh linh hoat ctia cdu va cac dic diém bat thuong cia dudng ray. Li va cong
su [81] da sit dung md hinh c6 budc nhdy va phuong phap Runge-Kutta khong
lap dé giai bai toan twong tac cau — xe.

Tuong tac giita cau va xe di dugc nghién ciru tir gitra thé ki 20 [30, 79].
Céc luc twong tac ndy bi anh huong dang ké bai toc do xe va d6 nham mat
duong cta cac ciu nhip ngan [93, 121]. Cac nghién clru nay chii yéu tap trung
vao cau nhip ngin va bé qua hiéu tng cua tai trong khi dong. Cau nhip dai
thuong nhay cdm hon voi tdc dong cua gid, doi hdi phai khao sat toan dién hon
vé anh hudng dong thoi cua gio va xe 1én cau [119, 120].

Trong vai thap nién gan day, cac nha khoa hoc Viét Nam danh nhiéu su
quan tdm nghién ctru vé két ciu chiu tai trong di dong cling nhu luc khi dong.
GS Nguyén Vin Khang va cong su da 1ap va giai cac hé phuong trinh vi phan
mo ta két ciu dang dam lién tuc bang phwong phap giai tich. Phuong phap
Galerkin va phuong phap Newmark an dugc nhém tac gia Nguyén Dinh Kién,
Lé Thi Ha [73] st dung dé nghién ctru dap tmg cua dam dan hdi chiu tic dung
cua lyc nén doc truc va tai trong di dong. Nhoém tac gia Nguyén Tién Khiém,
Phi Thi Hang [9] nghién ctru dao dong ctua dam dan hdi ¢ nhiéu vét nut sir
dung phuong phap pho tan sd va dé xuat mot thuat toan thir nghiém chan doan
vét nut trong dam dan héi chiju tai trong di dong.

Cac tac gia Hoang Xuan Luong, P6 Anh Cuong, Nguyén Thai Chung,
Ta Hitu Vinh va cdng su [6,7,18,19,74] da xay dung thuat toan PTHH va céc
chuong trinh mé phong dao dong cta hé thanh dam chiu tac dung cua cac dang

tai trong di dong khac nhau, tac dung dong thoi cua tai trong di dong va luc khi
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dong, tai trong di dong va dong dat. Bai toan dao dong cua tAm mong chiu tai
trong di dong duoc cac tac gia DS Kién Qudc, Khong Trong Toan, Lé Ngoc Ly
[11],[13] nghién ctru, trong d6 céac tac gia str dung phuong phap PTHH dé giai
bai toan va xem xét dao dong cua mot s6 diém dic trung thudc tam. Anh huong
cta lyc him phanh dén dap Gmg dong cua cau nhiéu nhip Hoa Xuan (Pa Ning)
dugc nhom tac gia Nguyén Xuan Toan, Tran Vin Puc [76] khao sat theo
phuong phap phan tir hiru han, c¢6 kiém chimg bang thyc nghiém.
1.3.3. Phén tich hé lién hop chiu tac dung cua luc khi dong

Déi véi trong tac dong luc hoc gitta két cau va lyc khi dong, cac nghién
ctru vé luc khi dong tac dung Ién két cAu lién hop c6 thé chia thanh ba nhom:
phuong phap thi nghiém trong dng thdi khi dong, phuong phép giai tich va
phuong phap Pong luc hoc chét 1ong (CFD-Computational Fluid Dynamics).

Thi nghig¢m trong ong thoi khi dpng dong vai trd quan trong trong viéc
tim hiéu ban chat cia cac hién tuong khi dong hoc tac dung 1én két cau dudi
tac dung cua gio. Dua theo phuong phdp dao dong tu do, Scanlan va Tomko
[92] d4 dua ra mot phuong phép tim cac hé s6 khi dong trong thi nghiém 6ng
thoi khi dong theo 1i thuyét ciia Theodorsen, dan dén sy phat trién nhanh chong
ctia viéc str dung 6ng thoi khi dong trong phan tich khi dong hoc cau. Muc dich
chinh ctia cac thir nghiém vai dng thdi khi dong 13 cung cap cho cac nha nghién
ctru thong tin vé& cac dong chay va tai trong khi dong quanh céc két cau phurc
tap dé du doan dap ung ctia két cau. Theo 1i thuyét dong dang, hinh dang cua
mo hinh, dic diém dia hinh, van téc va phan bd ap luc dong chay gid, cac luc
tac dung 1én két cau trong thi nghiém Ong thoi khi dong cang sat véi két cau
thue té thi d6 chinh xac cta thir nghiém cang cao [69]. Tuy nhién, viéc chuan
bi m6 hinh khi dong dan hdi day du véi kich thude hinh hoc hop i, vat liéu phu
hop thuong mét nhiéu thoi gian véi chi phi 16n. Chinh vi li do ndy ma mé hinh

mo phong mit cit ngang cia két cau cau duogc str dung rong rii nhét [40].
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Phwong phdp gidi tich duoc sit dung dé nghién ctru vé khi dong hoc
cong trinh thong qua viéc xay dung mo hinh gidi tich va khao sat dap ung cua
két cAu dua trén céc kién thuc cia dong luc hoc cong trinh va co hoc chét long
[91], [54]. Phuong phap nay lién quan dén mo hinh phan tir hiru han cia két
cAu, cc dic tinh cua luc khi dong dua trén cac phép do thuc nghiém trén mo
hinh mat cit, va cac phuong trinh khi dong hoc cua két cAu chju tac dung cua
gi6. Cac hé dong nay co thé giai trong mién thoi gian hodc mién tan s6. Uu
diém ctia phuong phap giai tich 1a chi phi thap, dé nhan rong va bao trim nhiéu
truong hop khac nhau. Tuy nhién, mot ) hé sb cla hién tuong khi dong dan
hoi, chéng han nhu céc hé sb cua luc gi6 tinh va cac hé s6 flutter, van phai xac
dinh tir nghién ctru thuc nghiém.

Phuwong phdp déng luc hoc chit léng (Computational Fluid Dynamics
— CFD) 1a mdt cong cu hiéu qua dé khao sat cac dic trung khi dong cia cong
trinh. Theo Rocchi va Zasso [88], so véi cac thir nghiém dng thoi truyén thong,
phuong phap CFD doi héi it thoi gian va tai chinh hon. Phuong phap CFD gap
phai nhitng kho khan nhit dinh lién quan dén dong chay hdn loan quanh cac
canh sic nhon cta cau [31]. Kho khin trong vi¢c mé phong chinh xac su bat
on phuc tap cia dong chay c6 hé sé Reynold cao khi chiéu dai cua cau 16n da
can tré cac ung dung cua CFD trong ki thudt cau — gi6. Co hai phwong phap
tiép can thuong dugc sir dung dé mo hinh héa dong chay rdi trong CFD: md
hinh Navier-Stokes voi hé s6 Reynolds trung binh va mé hinh mé phong xoay
16n. M6 hinh Navier-Stokes voi hé sé Reynolds trung binh 4p dung duoc cho
hau hét cac bai toan ki thuat, tuy nhién mé hinh nay chi cung cip dugc han ché
cac thong tin vé cac dic trung nhidu loan cia dong chay khong 6n dinh. Do
chinh xé4c ctia phuong phap CFD con bi han ché boi cac diéu kién bién trong
mo phong sb. Bing phuong phap CFD, tac gia Nguyén Vian My [12] da xay

dung duoc “bng thoi khi dong s6” dé mo phong sy tuong tac gitra két cau va
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dong gié dbi véi cac tiét dién tron, tAm mong phang va tiét dién ngang cau treo
Thuan Phudc. Tt do tac gia da phan tich, ddnh gid mic @6 anh hudng cua ting
vi phan khi dong dén tong can ctia hé két ciu-dong gio theo 1i thuyét 46 nhay
va cta cic vi phan khi dong dén van téc flutter toi han ddi véi tiét dién ngang
cau dang thoat gid va khong thoat gio.

Str dung cac phuong phap giai tich, phuong phap Bubndp — Galerkin va
phuong phap PTHH, tac gia Vit Qudc Tru [16] di tién hanh khao sat bai toan
6n dinh khi dong ctia dam chiu udn xoén déng thdi nam trong dong khi chuyén
dong. Két qua cho thay, diéu kién can dé hé 6n dinh 1a gia tri tong can (bao
gom can két cAu va can khi dong) phai c6 gia tri dwong; hién tugng gia ting
bién d6 chi xay ra ¢ cac tan s twong tng v6i dao dong xodn cua hé.

Tac gia Tran Ngoc An [2] phat trién ¥ tuéng phuong phap budce lip cua
M. Matsumoto tinh vén tdc gi6 té1 han cia mo hinh mat cit cau co lép bd diéu
chinh rung 4 bac tu do, tinh toan diéu khién thu dong dao dong cua dam chu
cau treo bang phuong phap co hoc (Iip bé TMD) va bang phwong phéap khi
dong hoc (1dp hai canh vay).

Téc gia Phan Dic Huynh [78] lai st dung phuong phap chdng mode dé
minh hoa diéu khién hiéu tng dao dong udn xodn (flutter) va dao dong do tinh
roi ciia dong khi (buffeting) cua cau treo nhip dai véi lyc khi dong theo m6 hinh
tua binh on.

Céc phan tich dao dong rung lac cua két cau lién hop mo phong cau nhip
dai manh theo phuong phép giai tich va phuong phap 6ng thoi khi dong thuong
khong xét dén tai trong di dong [95],[62]. Cac phan tich nay thuong dua trén quy
dinh cdy cau s& cAm luwu thong khi tbe d6 gié twong di cao hoidc gia thiét cac
kich thich tir tai trong di dong 1a khéng dang ké. Trong thuc té, cau nhip dai hiém
khi cdm luwu thong ngay ca khi tbe do gié vuot qua tiéu chuin thudng quy dinh
dé tam dimg giao thong, vi du trong tiéu chudn AASHTO [21] 14 55ms.
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1.3.4. Phan tich hé lién hop chiu tic dung dong thoi tdi trong di dpng va luc
khi dong

Mii cho dén nim 2003 hiéu ung két ndi giira cau, gié va xe méi duoc
xem xét bang cach sir dung cac phan tich theo mién thoi gian ctia phuong phap
phan ttr hiru han [35, 38, 114]. Cau va tai trong di dong dugc mo hinh hoa thanh
hé dong gém hé cac ma tran khéi luong, ma tran d cirng va ma tran can. Véi
gia thiét tai trong di dong khong tach khoi san cau trong qua trinh di chuyén,
hé 1ién hop cau —xe — gi6 tao thanh hé dong, co xét dén tac dung tinh, khi dong
dan hoi va hiéu tmg dong cua gi6. Xu va Guo [114] da ghép ndi cac phuong
trinh cta hé tai trong di dong va cau day vang chiu tac dung cia gié hon loan
theo cach tiép can tinh toan s6 hoan toan, két qua ciing dugc kiém ching bang
mot mo hinh cdu day vang nhip dai trong thyuc té. Cai va Chen [35] sir dung
nguyén li céng 4o dé rat ra hé phuong trinh chuyén dong ctia hé cau — xe chiu

tac dung cua gio thoi, c6 dang:

|:Mv O }{’YV}+|:CV va }{’YV}+|: I<v Kvb :|{’YV}=
0 M, |V Cov GHCy (T Ky, Ky+Ky [ (7
{F}, +{F},
b b b
{F}r +{F}w {F}G

voi M, C;, K;1a ma tran khoi lugng, ma tran can, ma tran d§ cting cua ket

(1.21)

caucau; M, C,, K, 1a cdc ma tran cua tai trong di dong; C;, K, 1a cac ma

trdn cua cau phu thudc vao tai trong di dong; C, , K, , K 1a cic ma trin cua

bv? bv

hé cau — xe; {F}rv , {F}; , {F}f , {F}i , {F}z 1a cac véc to cua do nham mat
duong, luc gi6 va trong lyc tac dung 1én xe va cau.
H¢ phuong trinh nhu trén c6 thé dung dé phan tich dong luc hoc hé ciu

— xe — gi6 v6i nhiéu dang tai trong di dong khac nhau hodc doan tai trong di
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dong bang cach diéu chinh sd luong khdi lugng, 10 xo va giam chan. M6 hinh
nay c6 diéu kién 1a khong xét chuyén dong twong ddi theo phuong ngang cua
tai trong di dong trén cau. Khi tc do gi6 cao, dap tmg cia xe bi chi phdi boi
dao dong ctia cau. Khi toc do gié cham, dap tng cua xe bi chi phdi boi cac kich
thich tir 4 nham mat cau [35]. Han va cong sy [58] da nghién ciru anh huong
ctia cac hé s6 khi dong dén dap tmg dong cia cau va xe chiu tac dung cua gio
chéo, trong d6 tac dung tinh cta gio 1én hé dua trén cac két qua thir nghiém
trong dng thoi khi dong.

béi voi phuong tién duong bd, Bettel va cong su [28] da khao sat luc
khi dong ctia cac xe tai Bic Mi di chuyén trén cau vé6i nhiéu toc do khac nhau.
Suzuki va cac cong su [100] da nghién ctru cac dac trung khi dong cua doan
tau chiu tadc dung ctia gi6 chéo trong mot loat cac thi nghiém 6ng thdi khi dong,
tir d6 chi ra rang cac lyc khi dong nay phu thudc vao hinh dang cua tau ciing
nhu ctia cdy cu. Li va cac cong su [66], [67] di phat trién hé thong do cac dic
trung khi dong ctia hé cau-tau hoa. Dorigatti va cac cong sy di do tai trong khi
dong tac dung 1én ba loai phwong tién duong bd trén mit cu dién hinh ciing
nhu mat cau da duge mé hinh hoa trong 6ng thdi khi dong dé cai thién hiéu suit
clia cau nhip dai chiu tdc dung cua gi6 manh. Dé kiém tra cac hé sb khi dong
ctia phuong tién dudng bo trén san cau, Zhu va cac cong su [123], Han va cong
su [57] tién hanh thi nghiém véi nhiéu loai phuong tién duong bo, hudng gio
va vi tri cua xe khac nhau. M6 phong s6 duoc Wang va céac cong su [109] thuc
hién dé xac dinh céac luc khi dong trén xe va cau trong cac trang thai chuyén
dong khac nhau cua xe.

Cac nghién ciru ctia Xu va cong su di dua ra mot giai phap dé du doan
dap ung dong cua cau Tsing Ma chiu tac dung ciia doan tau dang chay va gi6

manh, trong do tau chay trén mit ciu c6 mat cit ngang khép kin va khong bi
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gi6 anh huong truc tiép. Sau d6 mot bai bao khac cua Xu va Zhang da phan
tich dap tng dong cua cau ddy vang va tau chiu tac dung cua gio, tuy nhién
nghién ctru chi tap trung so sanh dap ung dong khi khong c6 hoac c6 tai trong
khi dong, véi van tdc tai trong di dong khong doi. Sir dung phuong phap chdng
mode, Xia va cong sy [113] da thiét 1ap mo hinh dong luc hoc cua hé ciu — xe
— gi6, md phong phan timg dong ciia cau Tianxingzhou bic qua song Duong Tir
chiu tac dung cua gid, danh gia duoc su an toan va on dinh cua tai trong di
dong. Tuy nhién d6 chi 1a nhimg phan tich tuyén tinh, bé qua tinh phi tuyén
hinh hoc cta cau nhip dai.

Bang phuong phép tich phan s6 Newmark va phuwong phap twong tac
truc tiép, Wang va cong su [98] da giai hé phuong trinh vi phan mé ta chuyén
dong cta hé cau-xe-gio, trong d6 xét dén tinh phi tuyén hinh hoc cia két cdu
cau. Két qua cho thay tinh phi tuyén hinh hoc khéng anh hudng t&i toan bd qua
trinh chuyén vi ciia cau, chi lam anh hudng dén chuyén vi lén nhét, dich chuyén
ngang clia cau nhay cam voi tic dung cta gioé nhiéu hon chuyén vi doc; so véi
van tc gio, toc do ciia tau anh hudng it hon téi dap tng doc 10n nhat [97],[26].

Dbi v6i van tai dudng sit, Li va cong su [66] di xay dung mé hinh giai
tich dé phan tich dong luc hoc hé¢ cAu — tai trong di dong — luc khi dong trong
mién thoi gian. Tuong ty nhur md hinh xe, mé hinh tau hoa ciing 1a sy két hop
ctia cac khdi lugng, 10 xo va giam chan, cau ciing dugc md hinh hoa theo
phuong phap phan tir hiru han. Dua theo mé hinh nay, Xia va cong sy [112]
sau d6 d3 co nhitng cai tién voi luc gié ngoai tac dung truc tiép 1én xe.

Nguoc lai voi dao dong buffeting ton tai trong mQt pham vi rong cla tdc
do gio, hién tugng flutter co thé xdy ra @ mot van tde gi6 cao nhét dinh. Cau
day vang nhip dai c6 dap ung dong luc hoc phirc tap khi chiu tac dung ddng

thoi ciia lyc khi dong va tai trong di dong, c6 thé dan dén nguy hiém cho phuong
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tién luu thong qua cau va giam tudi tho ctia cau. Vi vay can c6 cac thiét bi giam
dao dong bét 1¢i cho cau chiu tac dung cua gi6 va xe. Cac nha khoa hoc da co
nhiéu nd lyc nghién ctru dé giam thiéu dao dong rung lic va cai thién 6n dinh
flutter cho cau day vang nhip dai trong qué trinh xay dung ciing nhu khi khai
thac st dung [41], [43].

V6i cac két cau lién hop nhu hé dam — day — cot chiu tac dung dong thoi
cua tai trong di dong va luc khi dong, tac gia Phan Thanh Tuén [17] d3 st dung
phuong phép giai tich gan dung va phuong phap PTHH dé phan tich dao dong
va xdy dung mién 6n dinh véi hai bién sb: van téc xe va van toc gio thay doi.
Tuy nhién mo hinh bai toan cta tac gia méi chi xét truong hgp mat tai trong di
dong tac dung 1én hé, chua xét tdc dung cia doan tai trong di dong, anh huong
cua tai trong di dong d6i v6i hién twong flutter hay anh huong cua luc khi dong
1én tai trong di dong.

1.3.5. Cidc két qua dat dwoc tir cdc cong trinh di cong bo

Tir tong quan tinh hinh nghién ctru, c6 thé thdy rang cac két qua chinh
ma cac cong trinh da cong b dat duogc la:

- Xay dyng mé hinh, thiét 14p phuong trinh va dé xuit phwong 4n tinh
toan cac két cau dam, thanh, tim, khung don gian chiu tac dung cua tai trong
di dong dugc cac tac gia trong va ngoai nudc quan tim nghién ciru. Cac két qua
dat duoc kha phong phu, day du.

- Bai toan két cdu ciu chiu tac dung cua luc khi dong thuong str dung
céc gia thiét cua 1i thuyét tuyén tinh dé xay dung dang nghiém va giai quyét bai
toan. Viéc mo ta tac dung cua luc khi dong str dung cong thire 1i thuyét van can
xé4c dinh hé s6 khi dong théng qua thue nghiém hodc mé phong sb voi thoi gian
tinh todn dai.

- Tinh toan d6i v6i hé lién hop dam — day — cot, tim — day — cot dudi

tac dung cua tai trong di dong da dugc tdp trung nghién ctru va dat dugc cac
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két qua dang ké. Con ddi véi doan tai trong tic dung 1én hé thi cac nghién ciru
con han ché.

- Déi v6i két cdu lién hop chiu tac dung ddng thdi cua nhidu dang tai
trong: di dong, khi dong, dong dit. .. co rat it cong trinh dé cap dén.
1.4. Nhirng n¢i dung luan an tap trung nghién ciru

- Xay dyng mo hinh bai toan hé lién hop dam d6i — day — cot — thanh dan
hdi chiu tac dung cua tai trong di dong va luc khi dong, thiét lap hé phuong
trinh vi phan dao dong cta hé bang phwong phap PTHH.

- Thiét 1ap thuat toan giai cac bai toan dong luc hoc hé lién hop dam do6i —
day — cét - thanh chiu tac dung cua tai trong di dong va luc khi dong.

- Lap chuong trinh gidi céc bai toan trén trong moi truong Matlab. Xac
dinh dap tng dong luc hoc cua két cau nhu chuyén vi, md men udn, luc doc
trong thanh dan hoi, luc cing day cap.

- Khao sat anh hudng cua cac yéu td: toe do, sd lwong tai trong di dong,
van tc gid trung binh, dd ctimg cac thanh dan hoi lién két dam trén va dam
duéi, khoang cach gitta 2 dam chinh, vat liéu két cdu, thiét bi tiéu tan ning
lugng TMD, ... dén kha ning lam viéc ctia hé lién hop. Dé xuét cac phuong an
hop 1y trong thiét ké, ché tao ddi véi két ciu dang dam do6i — day — cot — thanh
dan hdi chiu tac dung déng thoi cua tai trong di dong, cua luc khi dong va tac
dung dong thoi ciia ca hai dang tai trong nay.

- Tién hanh nghién ctru thuc nghiém, xac dinh phan tng dong cua két
cAu dam doi lién hop chiu tac dung cua mot tai trong di dong, doan tai trong di
dong di chuyén véi van tdc khac nhau.
1.5. Két luan chwong 1

Két cau lién hop voi nhiéu wu diém noi bat, kha nang g dung linh hoat
ngay cang duoc tmg dung trong nhiéu linh vuc quan trong nhu giao thong van

tai, xay dung dan dung va an ninh qudc phong, trong d6 cac két cau lién hop
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dam — day — cot — thanh duoc sir dung rat phé bién. Viéc nghién ctru dép tmg
dong luc hoc d6i véi cac két cAu lién hop da co nhiéu cong trinh nghién ciru va
dat dugc nhiéu két qua quan trong. Tuy nhién, cac nghién ctru tinh toan cho két
cau lién hop chiu tac dung dong thoi cta nhiéu dang tai trong khac nhau nhu
tai trong di dong, luc khi dong, tai trong dong d4t,...van con han ché. Do d6 van
dé “Phan tich dong luc hoc hé lién hop dim ddi — diy — ¢4t — thanh chiu
tac dung cua tai trong di dong va luc khi dong” ma ludn an dat ra la co tinh
ké thira, phat trién, c6 y nghia khoa hoc va thuc tién. Phan tich téng quan trong
chuong nay da xac dinh rd ndi dung chinh, phwong phap nghién ciru va cac két
qua can dat duoc cta luan an. Két qua nghién ctru ¢6 kha nang dinh hudéng tng

dung vao mdt s6 linh vuc ki thuat hién nay.
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CHUONG 2
NGHIEN CUU PONG LUC HQC HE LIEN HQP DAM POI - DAY —
COT - THANH CHIU TAC DUNG CUA TAI TRONG DI PONG VA
LUC KHi PONG
2.1. Mé& dau
Mo phong sb cac dap ting dong cua co hé mo hinh hoa cho cac két cau

lién hop dang cau day vang mot ting hodc hai tang chiu tic dung ctia nhiéu loai
tai trong khac nhau 1a bai toan kho, can c¢6 nhirng mé hinh PTHH cho két ciu,
cling nhu mo hinh cac dang tai trong khac nhau nhu tau dang chay, phuong tién
duong b, gid... Trong chuong ndy, phuong phap PTHH duoc st dung dé
nghién ctru thiét 1ap cac phuong trinh cha dao , 1ap thuat toan, viét chuong trinh
mAy tinh nham phén tich dong luc hoc hé lién hop dam doi — day — cot — thanh
dan hoi chiju tac dung cua tai trong di dong va luc khi dong.

2.2. Pit bai toan va céc gia thiét

A Y
Dam tang 2 X Déy cap
V. z

+
d* NN AN AN NN
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Thanh dan héi Dam tang 1 TMD cot
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1
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Hinh 2.1. M6 hinh tinh hé ddm d6i — day — c6t — thanh
chiu tac dung cua tai trong di dong va luc khi dong
Xét so d6 tinh gdm hai ddm b tri song song, thudc mit phing dung, dugc
lién két v6i nhau boi cac thanh dan héi, cOt va hé théng day cap, lién két bam
dinh tuyét ddi v6i ddm (Hinh 2.1). Hé mé hinh héa cho két ciu cau day vang 2
tﬁng. Do nhu cAu tinh toan cta luan 4n, mo hinh dugc dua vé hé két cau trong
mit phang thang ding Oxy. Thiét bi tiéu tan nang lwong c6 dang khdi luong —
10 X0 — can nhét (Tuned Mass Damper -TMD) duoc gan vao chinh gitra dam
duéi [1], [83]. Hé chiu tac dung nhiéu tai trong di dong dong thdi véi luc khi

dong. Tai trong di dong duogc xét dén trong luan an c6 dang khéi luong di dong
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hodc h¢ dao dong di dong, di chuyén trén hai dam chinh cta két cAu. M6 hinh
luc khi dong hai bac tu do ctia Scanlan [90] dugc lua chon stir dung.

Mo hinh bai toan dugc x4y dung trén co s¢ cac gia thiét sau

Vit liéu két cdu dong nhat, dan hdi tuyén tinh, chuyén vi va bién dang cua
hé 1a bé. Chi xét truong hop tiét dién ngang cua cOt va dam théa mén diéu kién
mit phang trung hoa cua chiing ciing chinh 13 mit phang trung binh. Téi trong
di dong khong tach khoi két cau trong qua trinh di chuyén. Luc khi dong tac
dung vudng gdc v6i mit phing dam-day, c6 anh hudng khong dang ké ddi véi
day cap, cot va céac tai trong di dong. Két ciu dam d6i khong anh hudng t6i cac
hé s6 khi dong.
2.3. Quan hé ing xir co hoc ciia két cAu dAm ddi — dy — cdt — thanh

Céc phan tir sir dung trong bai toan gdm: Phan tir TMD, phan tir ddy cap
khong gian c6 khéi lwong va phan tir thanh khong gian (3D) ding dé mé hinh
hoa hai dam chinh, c6t, cac thanh nbi. Phuong trinh tong thé mo ta dap tmg dong
ctia hé dugc thiét 1ap dua trén co sé quan hé g xir va phuong trinh mé ta dao
dong cua cac phﬁn tir thudc hé.
2.3.1. Phan tir thanh khéng gian

z

Hinh 2.2. Phan tir thanh khong gian
Go1 O’XYZ la hé truc toa do téng thé; Oxyz 1a h¢ truc toa do dia phuong

gan véi phan tu. Hai dam chinh, c6t va cac thanh dan hoi dugc roi rac hda thanh



33

hiru han cac phan tir thanh khong gian hai diém nat, mdi nat c6 6 bac tu do
(Hinh 2.2).Véc to chuyén vi nat ciia phén tu:

{q}e :{ul,vl,wl,exl,Gyl,ezl,uz,vz,wz,exz,eyz,e } 2.1)
trong do: u,,v,,w, 1an Iuot 14 chuyén vi theo cac phuong x, y, x cua nit th i, va
0,,9,.,0, lan luot 1a cac goc xoay quanh cac truc X, y, z tai nut thir 1 (i =1, 2) .
2.3.1.1. Truong chuyén vi, truong bién dang, truong vmg sudt [27], [35], [99]

Chuyén vi cua diém M(x,y,z,t) thudc phan tir thanh theo céc phuong
truc Ox, Oy va Oz dugc xac dinh theo cong thirc sau:

(x,y,z t) u, (X t) + 70 ( ) -0, (x,t)

V=V(x,y,z t) VO(X t) 70 (x ) (2.2)
w=w(X,y,z,t)=w,(x,t) + y0, (x,t)

trong do: u,, v,,w, la cic thanh phan chuyén vi cia diém giao giita mit cat

ngang qua diém tinh va truc thanh twong tmg theo phuong truc Ox, Oy va Oz;

0,,0,, 6, tuong ung la goc xoay mat cat ngang ctia thanh quanh truc Ox, truc Oy

va truc Oz.

Khi d6 truong bién dang tai mot diém thuoc phén tor duoc xac dinh nhu sau:
du _ du, a0, 00,

g, = +z -y

X Ox OX OX

ou aw _ 0w, 00

=— + =~+0 2.3
Vo= T o T o Vo T (2.3)

ou ov Ov, 00,
ny=—+—=——z——9

dy oéx ox  ox -
Viét (2.2), (2.3) dudi dang ma tran:

u €

X

(@) =1 v t=[2l{d,}: e} =11 =[0]{c) @4

W Viy
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voi [Q]- ma trén chuyén vi, [8]- ma tran dao ham, {d, } - véc to chuyén vi cua

diém thudc truc phén tr thanh:

1 00 u, (x,t)
0 10 Vo (x,t)
0 0 1 W (X,t)
Q] = =J 0
1= Ly ) =0 (0
z 00 Gy(x,t)
-y 0 0 LGZ(x,t)
% 0 O 0 z% —y%
[0]=] 0 © % y% 1 0 (2.5)
0 % 0 —z% 0 -1

Theo li thuyét dam Euler-Bernouli, cic goc xoay Gy (X,t), 0, (X,t) co

quan hé véi chuyén vi theo cong thuc:

ov ow
0 =—; 0 =— 2.6
“oox Y ox (2.6)

Lic nay {do}du:()’c xac dinh thong qua ma trdn ham dang va véc to

chuyén vi nat {q}e ctia phan tr nhu sau:

{do} = N(x) [{a}, 2.7)

vO1 ma tran ham dang [N(X)] duoc xac dinh theo cong thuc:

[N(x)]{NX N, N, N, (2.8)

N, N,
x  ox

hay:
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N, O 0 0 0 0 N, O 0 0O O 0
0 N, 0 O 0 N, 0 N, 0 0 0 N
0 0 N, 0 -N, 0 O O -N;, 0 N, O
[N(x)]= 0 0 0 N, 0 O o0 O 0 N, 0 0
0 0 N, 0 - N, O 0 0 - ON; 0 N 0
OX OX OX Ox
0 ON, 0 0 0 ON, 0 ON; 0 0 ON,
i O0X 19).4 Ox Ox |
(2.9)

¢ day N,, N, la cac ham dang Lagrange tuyén tinh, N,, N,, N,, N, la cac ham

dang Hermit bac ba ctia phan tir thanh khong gian, duoc tinh theo cac cong thirc:

N1=N1(x)=1—%; N2=N2(x)=%
X2 X3 X X2
N, =N, (x)=1-3"5+2=; N4:N4(X):X£1—2—+—2j (2.10)
1 1 ‘0
N.=N (X):3X_2_2X_3- N. =N (X):X _§+X_2
>0 ~e © 7

Thay (2.5), (2.7) vao (2.4) ta c6 thé biéu dién bién dang theo chuyén vi
nut nhu sau:
{e} =[0]{d, | =[2][N[{a}, =[B]{a}, (2.11)
trong d6 [B]=[8][N] 14 ma tran vi phan ham dang.
Quan hé giita ing suat va bién dang tai mot diém trén thanh duoc xac

dinh theo cong thuc:

- l-p 0 0 |,
i E 1-2u i
= = 0 —= 0 : 2.12
o=\ : Vo (2.12)
Txy O O 1_2l"t YXy
i 2
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S A N A N LA A Do L :
voi Ela mo dun dan hoi, p 14 hé s6 Poisson, {o} = {GX T, rxy} — véc to img

sudt tai diém tinh, két hop voi (2.11), biéu thire (2.12) dugc viét lai dudi dang:

to} =[D]{e} =[D][B]{a}, (2.13)

Chu ¥ rang: Trong trudng hop thanh kéo, nén dung tim, cac gia tri w, Oy,
6, va 0, trong biéu thte (2.2) nhan gia tri 0, lic nay cac biéu thirc twong Ung
(ké ca cac ma tran phan tir, véc to tai trong) trd thanh cac tng xtr co hoc cla
thanh kéo, nén diing tam, do d6 ma tran khéi luong, d6 cung cua phén tir la ma
tran cap 2 x 2. Do vay, nghién ctru cua ludn an co thé giai quyét duoc ca truong
hop céc thanh lién két giira 2 dam 14 lién két khop.
2.3.1.2. Cdc ma trén phan tir va phwong trinh vi phdn chuyén dong ciia phan
twr trong hé toa do dia phwong

Dé xay dung cac ma trin phan tir va thiét 1p phuong trinh mé ta dao

dong khong can ctia phan tir thanh, tac gia st dung nguyén li di chuyén kha di
[3]. Theo d6, didu kién can va du dé co hé can bang tai vi tri nao do 1a tong
cong kha di cua ndi lyc, ngoai luc va luc quan tinh (bo qua lyc can) tur vi tri
dang xét phai bang khong, tirc 1a:

OW, +3W, +3W, =0 (2.14)
trong do: OW,, oW, va OWg tuong ung 1a cong kha di cua ndi luc, luc quan
tinh va ngoai luc do di chuyén kha di gy ra.

Cong kha di cua ndi luc do bién dang [3]:

ow < ot e v <ot | {1 [0l ),

Ve

=—({8a},) [K J{al,

Voi: [Kg] = J [B]T [D][B]dV = HEH {EZ ﬂ - ma tran do ctg phan tu.

(2.15)
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Cong kha di cua lyc quén tinh dugce xac dinh nhu sau:
8W,, =—[8{u} p{li}dv=-]p{sq} [N] [Q] [Q][N]{d} dV
\A \A
(2.16)

=—{aq}i[fp[N]T gl [Q][N]dvj{q}e=—{6q}Z[M2J{'q}e

[Mn

M= [oINT' [0 [Q][N]‘W:[[sz

M12]

[
[M. ]

} - ma tran khdi luong phan tt.

Cong kha di cua ngoai luc cé dang:

W, = [(d,]" {p,}av = [ slal! [N] {p,Jav=s{a)l (F),  @17)

Ve

voi {F} = _[ [N]T {p, }dV - véc to luc niit phan tir, {p, } - véc to ngoai luc, cac

VC
ma tran [Kj], [Mj], voii, j =1, 2 dugc thé hién nhu trong Phu luc.
Thay (2.15), (2.16) va (2.17) vao (2.14), ta c6 phuong trinh mo ta dao

dong khong can cua phan tir:

M J{a}, + [ K¢ Jla), ={F), (2.18)

Véi gia thiét lyc can ty 1é véi van tée dich chuyén, phuong trinh mé ta
dao dong c6 can cta phan tir luc nay duoc xac dinh bai:
(M), + [ Jta), +[KC e, = {F), (2.19)
trong d6 ma tran can [Cg] ctia phan tir thanh.
2.3.1.3. Phuwrong trinh mé ta dao ddng cia phan tir trong hé toa do tong thé
Xét h¢ trong hé toa do téng thé O’XYZ, st dung ma tran Chuyén hé toa

d6, theo d6 cac ma tran, véc to phan tir trong (2.19) dugc bién d6i phu hop véi

hé toa do tong thé, cu thé [3], [15],[27]:
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[k, =[TL[KE](T],

[C], =[T] [T, (2.20)
(M7, =[T]; [M¢][T],
WO o0 oo
vai [1], = {g} FS} EH {g} _[0]=[0 0 0|,[n]=1, m, n, |, 2.21)
e E)  C0Y temen

[T]e - ma tran chuyén hé truc toa do véi 1 ,m_,n_lacosin chi phuong cua truc

X, ly,my

;1 la cosin chi phuong cua trucy va 1,,m,,n, la cosin chi phuong cua
truc z 1y dbi voi céc truc X, Y va Z trong hé toa do OXYZ.
Luc nay phuong trinh mé ta dao dong cuia phan tir trong hé toa do tong

thé duoc viét lai nhu sau:

[M']e {q,}e + [C,]e {q'}e + [K,]e {q,}e
2.3.2. Phan tir TMD [1]
Thiét bi TMD 1a mot thiét bi lip ngoai, dung dé giam dao dong cho két

(2.22)

{F,

cAu chinh bang cach tiéu tan nang luong qua chuyén dong twong ddi gitra két cau
v6i mot khoi lugng phy. Phan tir TMD duoc mod ta boi td hop gdm phan tir dan
hdi va can nhét méic song song véi nhau (Hinh 2.3). Luén an khong nghién ciru
tim cac thong s6 t6i vu cho TMD ma chi xem xét anh huéng ctia TMD dén dao
dong cua hé lién hop. TMD dugce gia thiét chi thay doi dao dong theo phuong
thang ding, bé qua anh huong ciia TMD dén dao dong xoan ciia két cau.

Phan tr TMD gbm 2 nut L, J ¢6 toa do (x1,¥1,2,)s (X5, ¥,.2,) ding dé
va can nhdt

mo ta cac phan tir 10 xo dan hoi tuyén tinh voi1 hé s6 cimg k.,

tuyén tinh v&1 hé s6 can ¢, , ¢ phuong doc theo phan tir. Phuong cua cac lyc

dan hoi va lyc can nhét dugce xac dinh theo toa d6 2 nit trong khong gian.
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ktmd
W tmd
O—
Nuat | thuée S iy
két cau —4 Nut J ngoai két
Cimd cau

Hinh 2.3. M6 hinh phan tod TMD
Khi 2 nat I, J gan vao 2 diém thudc két ciu, phan tir ndy tré thanh lién
két trong. Khi mot trong 2 nit (chang han nat I) gan vao két cau, nat con lai (nit
J) tu do, va tai nut J ¢6 gin khdi luong tap trung m, thi tré thanh phan tr giam
chan TMD thuong dung trong thuc té, thong thuong phuong cua phan tir ndy
chinh 1a phuong can giam dao dong.

Ma tran do ctrng, ma tran can phﬁn tur trong hé toa do téng thé dugc tinh

nhu sau:
(K™ =[] [K]™[T][C]™ =[] [c]™[T] (2.23)
trong do: [K]Zmd =k, 4 {_11 zl};[C]Zmd =Cyg {_11 _11} (2.24)
[n] [23] [3] [23]| [n]=[l, m, n.}
1= () (4] o] (ol Bl 0 =2
lzu' mzYz_Y1. n:u
oL Lt L (2.26)

L:\/(Xz _Xl)2 +(y2 _y1)2 +(Z2 _21)2

2.3.3. Phén tir ddy cdp

Phan tir day cap dan hdi khong gian bi kéo trong mit phang thing dung
Oxy duoc biéu thi nhu trén Hinh 2.4, véi chiéu dai trudce khi bi kéo L, md dun
dan hoi vat liéu E ., dién tich mat cat A, trong luong trén mot don vi chiéu dai

trude khi bi kéo 14 p_ . Gia thiét ludn ton tai lyc kéo trong phan tir day cap.
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\ A

Hinh 2.4. Phan tir day cap trong mit phing Oxy
Dbi voi day dan hoi, quan hé giira cac hinh chiéu cua day va cac thanh
phan lyc tai cac diu mat phan tir 1a [20], [83]:

L P, +T.
L =-P|— PN B (2.27)
E A pc Ti _P2

C C

T,-T,
Pe
trong do T;, T; la cac luc kéo tai 2 nat phﬁn tur.

! (17 -17)+

L =—— (T 2.28
g 2ECACpC J ( )

Trong cac biéu thirc trén gia thiét vat liéu day cép tuan theo dinh luit

Hooke, v6i cac quan hé¢:

P,=p.L, —P;P,=—P;T, =P} +P};T,=P; +P;  (2.29)

Vi phan bicu thirc L, L, :
dL,, = aL—XZdPl 4L dp,
P, P,

(2.30)

oL oL
dL, =—>dP, + —=dP,
Y~ 6P, oP,

2
vois Lo L —iln[uj—f)—l L1 2.31)
OP, EA, p, \T,-P, ) p, TJ(TJ+P4) T,(T, - P,)

C C
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oL
o, 2 B(1 1 e
op, ok p AT, T,
oL L
__ L 1(R_ B (2.33)
op, EA, p AT, T
oL, oL,
Viét dudi d tran: Lo |_| Oh 0P |]dR, =[F] ab 2.34
1et dudi dang ma tran: dL, = oL, oL, ||ap, =|F|. ap, (2.34)
| OP, 0P, |

trong do [F]C goi 12 ma tran d6 mém cla phan tir day cap.

- k, k
Ma tran d¢ cing: [K]C :<[F]C) 1 =L{l kz} (2.35)
3 By
trongdé: k=t | Lo [ T[P P (2.36)
det[F] | E,A, p (T, T,
1 P(1 1
k. =k, =— S ) 2.37
2 det[F]C{pc(Tj T, J] (237)
k,=- ! £+L P—4+& (2.38)
det[F] | B, p. \ T, T,

2
det[F] = e PR R ANL, TIPS R PR T T ) 39
¢ EA. p. Tj T, P p, Tj T O Tj T;

Ma tran do ctiing [K]C ctia phan tir day cap c6 kich thudc 2 x 2, trong khi

ma tran do cung cia phﬁn ttr thanh lai ¢6 kich thudc 12 x12, do d6 dé ghép ndi
duoc cac thanh phan trong ma tran do cimg cua phan tir day cap vao ma tran
tong thé, ta can tién hanh gidn ma tran phan tir day cap kich thudc 2 x 2 thanh

ma tran kich thudc 12 x 12 nhu sau:
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-[Ko] [0] [K,] [o]]
«_| [o] [o] [o] [o]
[K], = ,] [o] -[K.] [o] (2.40)
| [0] [o] [o] fo]
[K]z 13 ma tran d6 ctmg tiép tuyén cua phan tir diy cap véi:
k 0k, 000
[K,]=| 0 0 0 |;[0]=[000 (2.41)
k, 0k, 000

Ma tran [K]z 1a hé thire lién hé gitra vécto sb gia luc niit va vécto s gia
chuyén vi nat ctia phan tir day cap véi:

Vécto s6 gia luc nat: {AP, 0 AP, 0 0 0 AP, 0 AP, 0 0 0}'

Vécto s gia chuyén vi nit:{Au, 0 Au, 0 0 0 Au, 0 Au, 0 0 0}

Dé tinh ma tran [K]Z, cac luc nit Py, P, can duge tinh dau tién. Cac luc

nay xem nhu da biét tuy theo vi tri ban dau cua cac nit phan tr day cap, duoc
str dung cho qua trinh lip d6 cimg. Qua trinh nay doi hoi phai biét cac gia tri
ban dAu cua céc luc. Dya trén quan hé cta phan tir day xich, biéu thirc dudi day

duoc sir dung lam gia tri xuét phat [20]:

L
p—_Pely p :&(_L coshh | Lcj (2.42)
2\ 2 ¥ sinh A
L -1
trong do: A= 3[ CLZ z —IJ (2.43)

Trong trudng hop biéu thirc (2.43) khong thé tinh duoc do chiéu dai day
cap trude khi bién dang 1a nho so véi chidu dai cung, khién cho biéu thirc trong
cin c6 gia tri am, thi sir dung gia tri A =0,2. Truong hop day cap thang dimg

thi sir dung gié tri twong ddi 16n 13 A =10°. Sir dung phuong trinh (2.29), hinh
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chiéu méi cua day cap tuong ng véi cac luyc nat P, P, duogc xac dinh theo
T \
(2.42) vavécto {AL,, AL, | la gid tri mé ta vi tri ban dau ctia céc nt. Céc lyc

nut dugc hiéu chinh theo cac cong thirc sau:

AP, AL,
{APz} =[K]. AL, (2.44)

P10 (p10 (AP
= + (2.45)
P, P, AP,

trong do [K]c la ma tran d6 cumg (nghich ddo cua ma tran [F]c trong (2.34)), con 1
14 6 hiéu bude 1dp. Hién tai, qua trinh 13p ndy két thiic khi AL,,, AL, c6 gid tri nho
hon 107 gi4 trj ban dau, thuc t& chimg minh qué trinh nay hoi tu kha nhanh.
Ma tran khéi luong phan tu:
0] [m] [0] [0]
[M] = Pefele (0] [m, v6i [m,]=[0 1 0 (2.46)

[o] [o] [o] [m]]

Tinh ma trin do cirmg va ma tran khdi lwgng cua phan tir day cap trong hé

toa do téng thé theo cong thuec:
K], =[T]. [K][T],
[M,], =[] [M][T],

2.4. Xay dung phwong trinh vi phian dao dong cia hé lién hop chiu tac

(2.47)

dung cua tai trong di dong va luc khi dong
2.4.1. H¢ lién hop chiu tic dung cua tdi trong di dong

Tai trong di dong thuong dugc mo phong theo cac md hinh khac nhau
tiy thudc vao muc dich nghién ciru. Dé nghién clru su twong tic cta két cau
chiu tai trong di dong, mé hinh tai trong thudng duoc don gian héa t6i da nhung

van giit duge cac thong tin quan trong phu hgp véi bai toan,
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V61 mo hinh bai toan dat ra, phﬁn tr thanh s€ nhan truc tiép luc tac dung
do tai trong di dong di chuyén trén hai dam chinh. Do d6 phan nay s& trinh bay
luc tac dung 1én phan tir thanh va cac ma tran bd sung do céc tai trong di dong
di chuyén trén hai dam chinh cta két cau, trong d6 tap trung vao 2 dang tai
trong thuong gap 1a khéi luong di dong c6 mang theo luc P(t), va hé dao dong
di dong duoc md hinh hoa gdm khdi lwong mang theo Iyc Q(t) tiép xuc voi dam
thong qua 16 xo dan hdi c6 d6 cing k va phan tir giam chan c¢6 hé s6 can c.

Gia sir thoi diém t bat ki, c6 N tai trong di dong trén dam chinh theo
huéng tir trai sang phai. Tai trong di dong thr i (i=1, N) di chuyén véi van toc
v., gia toc a_, tiép xtc véi hé lién hop tai phan tir s, thudc dam trén hodc dudi.
2.4.1.1. Phan tir thanh chiu tdc dung cua khoi luwong di dong

Goi khoéang cach tir dau tréi dam t6i khoi luong di dong thiri (i=1, N) 1a

x,..» chuyén vi cua diém tiép xtc gitta dam va khoi luong m, (i =1, N) theo

mi ?

phuong doc truc ddm (Ox) va phuong ding (Oy) 1an luot 1a U,V

Hinh 2.5. Phan tir thanh chiju tac dung cta khéi luong di dong thir i

Vay dich chuyén tuyét dbi cia m, theo 2 phuong nay la:

X; =X TUy
{ (2.48)

Yi = Vyi
Luyc tic dung ctia khéi lugng di dong thir i 1én dam tai toa do x, gém hai
thanh phan theo phuong doc truc dam va phuong vudng goc véi truc dam, dugc

xac dinh theo cong thuc [52]:
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(2.49)

P, (t)=-m,; (X, +ii)
{Pyi (t)= -m,V,; —mg
trong 46 —m % . 13 luc quan tinh twong ddi ctia khdi lwong di dong m, khi né
dich chuyén quang duong X, SO VO1 V1 tri dau trai ciia dAm trén hodc dam dudi.
Chuyén vi cua diém tiép xuc gitra khéi luong di dong tha i va phan tu
thanh dugc biéu dién qua véc to chuyén vi niit ciia phan tir {q}edu’(’yi dang:
u (x;) =[Ny [{a}, (2.50)
vy (x)=[ Ny [{a}, (2.51)
trong d6 [N ], [Nyi] 1a cac ma trin ham dang ctia phan tir thanh chiu ubn va
kéo (nén), dugc xac dinh nhu sau:

{ [N OOOOON()OOOOO]
[N, )=

[0 N,(x,) 000 N,(x;) 0 Ny(x;) 000 N(x,)] 222

DPao ham biéu thirc (2.50) theo thoi gian :

U d in d{ }e
g ATy 20

LI o DNl [ L e g
N
o4 dt
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Tu:o’ng tu, tir (2.51) ta co:

=[Ny v {ab, +[ N Jagfal, + 2 NG vda), [N Jd), @59)

. dx . dXx . o
trong do: v, =X, = & a, =X, = dtzl twong ing 1a van tdc va gia toc tai trong

di dong m, theo phuong doc truc dam (phuong x). Thay cac biéu thuc (2.54),
(2.55) vao (2.49) ta c6 biéu thirc luc tac dung cua tai trong di dong m, 1én dam:
P =-m - (NG o, DN ), 20N DN DEL)
P (t)=-mg—m, ([N;]Xi {q} [ ]Xl {q} + 2[ ] . {q}e +|:Nyi:|{q}e)

Hai thanh phén lyc tac dung P, (t), P, (t) trong (2.56) c6 thé mo ta bdi

lyc phan bd p,;(x,t), p,;(x,t) dudi dang [52]:
pxi(Xst):Pxi(t)'S(X_rli)
Py (x.8) =Py (1) -8(x = ;)

trong do, n,1a toa do trong hé toa do dia phuong cua tai trong, 5(x —n;) 1a ham

(2.57)

Delta-Dirac [52], v6i cac tinh chit sau:

fS(X)dX =1

IS(X—ni)f(x)dx:f(ni) (2.58)
, 0 khi n, <0</
[8(x—m;)f(x)dx=4f(n,) khi 0<m, </

' 0 khi 0<f<n,

Theo phuong phap phan tir hitu han, véc to lyc niit ciia phan tir gdy ra
boi tai trong m, dugc xac dinh tir luc phan bo p, (x;,t), p, (x;,t) tac dung

1én phén tir nhu sau:



47

(F () :i[in]T b (x,,)dx +E[NJ b, (x,.1)dx 2.59)

4

Hay: {F* (1)} = [N, ] Py (£)8(x =1, )dx +E[NYJT P, (1)5(x, -, )dx (2.60)

0

Thay (2.56) vao (2.60), vi N”. =0, ta ¢6 véc to tai trong niit cia phan tir

do khéi luong di dong m, gy nén:

{E, (0} =—{P, ()} = M {a}, [ € {a), - [ K {al, 2.61)

trong dé: {P; (t)} = mi_/[(ii N ] + g[Nyi ]T )8(X —1;)dx (2.62)
:Mfi] = mij.([in ]T [in ] + [Nyi }T [Nyi })S(x -n )dx (2.63)
I ]=2m, %, ([in ' [NL]+ [Nyi]T [NH)S(X —m, )dx (2.64)
K= m (NG NG+ NG NG T+

0 (2.65)
[N, ][ ] Ja(x =, e
cht y dén tinh chat cia ham Delta-Dirac, ta c6:
(P, ()} =m% [N, ] +mg[N, ] (2.66)
:Me"i]zmi([in]T [in]+[Nyi]T[Nyi]) (2.67)
:Cgi] =2%X.m, ([in ]T [N;i ] + [NyiT [N'yi ]) (2.68)
KP']=m, ([in NG Ts + (NG ] ING T+ [N TN ] xf) (2.69)

Cac ma tran [M:i}, [Cfi}, [K:i] va véc to {P(t)} chinh 1a céac dai

€1

luong bd sung do khdi luong di dong thir i gay ra.
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Thay (2.61) vao (2.19), ta c6 phuong trinh vi phan mé ta dao dong cua
phan tir thanh va khoi luong di dong thi i 1a:
[ Ja, + [ Ja), +[KC Ha), = (R (o)) [ M7 [{d), -
- ¢ [ab, - [ K J{al,

(2.70)

Hay:

(] [ J)fa o+ ([ee T+ [e fat + (ke J+ [k fak ={Pa (0} @7D
Truong hop két cdu chiu tac dung cia N khéi luong di dong, tai thoi

diém t, phan tir bat ki trén dam chinh s& c6 n khoi lugng di dong (0<n <N)di

chuyén qua. Khi d6, phwong trinh vi phan mé ta dao dong ctia phan tir thanh —

n khéi luong di dong (0 <n < N) dugce viét dudi dang:

(e JeLme)tal, (e Lertar (ke [k lak = R (0] @72

woi =S ) [erJ=$er [k -$Ke (o) =S 0)

i=1 i=l1 i=1 i=1
2.4.1.2. Phan tir thanh chiu tdc dung ciia hé dao déng di dong [68],[87]
Truong hop hé chiu tic dung cua cac hé dao dong di dong, xét phan tir
thanh chiu tac dung ctuia hé dao dong di dong thir i1, bao gém khéi luong m,
mang theo lyc Q, (t) , lién két voi dam thong qua 16 xo dan hdi co d6 climg k,
va phan tir giam chén c6 hé s6 can ¢, nhu hinh 2.7.

A

y

Q (1)

Y —
Vi
m;

Hinh 2.6. Phan tir thanh chiu tic dung ctia hé dao dong di dong thir i
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Goi y,; =y, (t) 1a dich chuyén tuyét di theo phuong thiang dimg cia
khéi luong m, SO V01 V1 tri can bang tinh cta nd. Ap dung nguyén li Palambe,
ta c6 phuong trinh vi phan dao dong cua hé dao dong di dong thir i 1a:

M + € (T = V) + K (Vi = Vs = Yo ) +mig = Q, =0 (2.73)
trong do: v,; la dich chuyén thang dtmg ctia dam tai vi tri tiép xtic Vi tai trong
thit i, y,, 1a bién dang tinh cta 16 xo dan hdi i.

Theo phuong phap PTHH, chuyén vi va van toc theo phwong thang dung
clia dam tai vi tri X, €O thé bicu dién qua vécto chuyén vi nat va ham dang
phan ttr dudi dang:

Vyi T [NJ{q}e

Vi =X [N;]{Q}e + [Ny]{q}e
Thay (2.74) vao (2.73), phuong trinh vi phan dao dong cta khdi lwong m, la:
M+ 0+ KoY — [ Ny (), = (e [N Jv + k[N [{a}, =Q (279)

Goti lyc tac dung cia hé dao dong di dong 1én dam tai vj tri X, =vt la

(2.74)

P, (t), P, (t), dugc xac dinh theo cong thic:

x )i
P (t)=-m, (X +i,
{pyi ((t))= (yn(ﬁ 4,) +)ki P (270
Két hop (2.73) va (2.76), lyc tac dung P, (t), P, (t)cta hé dao dong di
dong thtr i 1én dam duoc xac dinh:
{Pxi (t)=-m, (%, +V,)

Pyi (t)=-my,, —mg+Q,

(2.77)

Luc tap trung (2.77) c6 thé duoc mé ta boi lue phan bd théng qua ham

Delta-Dirac §(x —n) nhu sau:
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(2.78)

{px (x;,t)=P;(t)-8(x-m,)
py (x;,t) =P () 8(x —m;)
Twong ty nhu d3 trinh bay & muyc 2.4.1.1, v&i tinh chit cta ham Delta-
Dirac, véc to lyc nut ctia phén tir e nay duoc xéc dinh tir lue phan bo p, (x;,t)
p, (x;,t) theo cong thirc:
Le

(F, ()= [[NG] Py (1)8(x —n, )dx + T[NJ P, (t)3(x —n,)dx (2.79)

0

Thay (2.50), (2.51) va (2.77) vao (2.79):

{Fei (t)} = Lf[in]T (_mixmi —mu )6(X N )dx +

Lo (2.80)
# [N (-m ~meg +Q)3(x—n,)ox
Hay :
(F, () =—m, [N T (3, + [N Ja fa), + 2[N2 v, a), + [N 1(d), ) - s
-[N, ] (m,, +mg-Q)
Ki hiéu:
(P, (1)} =ma[N,] ~(m, +mg-Q)[N, | (2.82)
(M =m [NGT [N ] (2.83)
€' ]=2am [N T [N] (2.84)
(K| =ma, [N ][N ] (2.85)

Véc to {Pei (t)} va cac ma tran [Mi’i], [CePi]’ [Kzi] 14 c4c thanh phan
bd sung do hé dao dong di dong thir i (i=1,N) gdy ra cho két cau. Khi d6 véc to

tai trong nat ctia phan tir trong cong thire (2.81) ¢6 thé viét gon lai dudi dang:
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(R (Of =—{Pa(0} - [M2 g} [ Ja) -[KI J{a),  @86)

Trong trudng hop tong quat, két cau lién hop chiu tac dung cua N tai
trong di dong. Khi d6, tai thoi diém t, phan ti bat ki trén dam chinh s& chju tac
dung cua n hé dao dong di dong (O <n< N). Thay (2.86) vao (2.19) véi i = I,_n
, ta c6 phuong trinh vi phan mé ta dao dong cua phan tir thanh chiu tac dung
cta n hé dao dong di dong (0<n < N) duoc viét dudi dang:

[M], {a}, +[C]. {a}, +[K], {a}, = 2{E (1)} (2.87)

i=1

(T ST T+ SN, T s

= (2.88)

T SlerTJfar}+([xe]+ S o, - Se ()

i=1

Hay:

Tu (2.88) va (2.75) ta c6 hé phuong trinh vi phan moé ta dao dong cua
phan tir thanh va n — hé dao dong di dong nhu sau:

(2] 00T+ Son [, 5+ [e] e Ser

([KsJé[Kz’i]j{q}ei{mt)}

mlyml + Clyml + klyml -¢ |:Ny1:|{q}e - (Cl [N;l:lxl + kl [Nyl]){q}e - Q1

M, 50 + €y Vo + Ky Y — €0 [ Ny J{@), = (ca[ NG, %, +K, [N, ]){a), =0,

(2.89)

Ki hieu:[Mﬁ] = Z[Mi’i], [Ci’ ] = i[Cfi]a [KP} =

n
i=1 i=1 i=1

&

M, =m [N, K, =k [N, e [N v ¢ =—c[N, ] (i=Ln)

yi i Vi
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Khi @6, cong thirc (2.89) c6 thé viét lai dudi dang ma tran nhu sau:

(MO ]+[M2] M, oM | [, [ce]+[ct] o ... o[ {d},

0 m, ... 0 rml} ) C, ¢ .. 0 {yml}
0 0 ...m, || (Ym C, 0 ...c, |l ¥

(KO J+[KE] o .o ][ fd), (p)

JoK K ... 0 {yw 1@
K, 0 ...k |V Q,

(2.90)
Hay:
o e L oot rern 9 L o e (@ 1 [R
([Me]+[Me]){{ym}}+([ce]+[ce]){{;m}}+([KeJ+[Ke]){{jm}}‘{{()}}
(2.91)
trong do:
[ M |= [ﬂ m,[Ke]: U U €= [&] [ﬂ (2.92)

1a cdc ma tran khong lién quan dén tai trong di dong.

MY M, ... M K'] 0 ... 0]

(MI]=| 0 m ... 0| [KI]=] K Kk .0
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[cf] o ... 0]
12x12

[C]=| & ¢ ... 0 (2.93)
C 0.

la cac ma tran phu thudc vao tai trong di dong — goi la cac ma tran bd sung. Cac
ma tran ndy dugc tinh lai theo moi bude thoi gian.

Véc to tai trong nit tic dung 1én phan tir thanh gy ra do n — hé dao dong
di dong:

{P.}

Nhan xét: Ta thdy rang, phuong trinh vi phan dao dong ctia phan tir ddm

g{pﬂ(t)} :i(miai (N, ] = (m,, + mig—Qi)[NyiT) (2.94)

i=1 i=1

(2.90) va vécto tai trong nit (2.94) chira thanh phan §,, (i=1n), mat khac,

phuong trinh vi phan dao dong ctua cac hé dao dong di dong trong (2.90) lai
chtra {qe } ,{qe}. Piéu d6 thé hién tinh chit twong tac ctia phan tir thanh — cac
hé dao dong di dong. Pay 1a hé phuong trinh vi phan tuyén tinh ¢ hé s6 phu
thudc thoi gian.
2.4.2. H¢ lién hop chiu tac dung cua lyc khi dong

Xét hé lién hop dam d6i — day — cot — thanh dan hoi nam trong dong khi
chuyén dong vé6i van tde trung binh U (Hinh 2.7), theo phuwong nim ngang va

vudng goc voi mit phang dim day.

Y
D3am tang 2 X Déy cap
z

I D 1 N SN P I N N N N Bt I I 1t N I 2 It Nt 2 g g I g I g SN I B e N e N g N g N |
- - -

— — = = — — - = — — - — — — . -

| U
| Dam tang 1 Thanh dan hoi cot |
L

L

Hinh 2.7. M6 hinh két ciu chju tac dung cua luc khi dong

Van toc gié U duoc gia thiét khong d6i doc chiéu dai cua dAm cau. Chuyén
dong ciia mat cat dam cau gom hai thanh phan: di chuyén udn theo phuong

dtng, va di chuyén xodn ki hiéu bai 4 va o nhu Hinh 2.8.
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Hinh 2.8. Luc khi dong tac dung 1én mat cit dam
Luc khi dong tac dung 1én ddm gom hai thanh phan: Luc nang khi dong
L, tac dung theo phuong thang dimg va moémen xoan khi dong M, phén b

doc theo chiéu dai dam (Hinh 2.8) [90], [91], [95]:

Lh:%anzB(IiI_JII h(Xat)’“ng "‘(X,t)+K2H§a(x»t)+K2H:h(X’t)}

* * (2.95)
M 00 K K A0 A 1)

Phuong trinh vi phan dao dong cua phﬁn tur thanh chiu tac dung cua luc
khi dong c6 dang:

[ M2 ]{d), +[ C J{a}, +| K {a},={F] (2.96)
¢ § ring luc dao dong tu kich {F:*} 1a ham cta ca thoi gian t va tin s6

thu gon K=Bw/U,v61 ® la tan sd dao dong chua xac dinh. Déi véi bai toan
flutter, tAn s ® dugc xéac dinh theo céc tan sd dao dong riéng cua két cau dbi
voi moi dang dao dong riéng [34]. Khi d6 phuong trinh dao dong (2.96) phu
thudc vao ca t va ® duoc thu gon vé phuong trinh thuan tily trong mién thoi
gian [34].

Ap dung nguyén 1i di chuyén kha di, vécto lyc niit phan tir duoc xac dinh

qua cac ma tran ham dang cua phan tir thanh chiu u6n - xoan va véc to luc khi
dong theo cong thuc:
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O e

(R f= ([NJT [No]' ){BL,[}] }dx (2.97)

trong do:

[N, |=[0 N;(x) 00 0 N,(x) 0 Ny(x) 000 Ng(x)] 2.98)
[Ny]=[0 00 N;(x) 00000 N,(x) 00] '
voi N, (x) i=1,...,6 1a cic ham dang cia phan tir thanh, dugc xac dinh theo
cong thirc (2.10).

Mit khac dich chuyén h(x,t) va goc xoay a(x,t) c6 thé bicu dién qua
cac ham dang va véc to chuyén vi niit ctia phan tir dudi dang:

{h<x,t>—[NY]{q}e [ [ -
a(x,t)=[N, {a}, 6=[N, J{aj,

Thay (2.95), (2.99) vao (2.97), sau khi bién d6i ta c6 :

{Fed=[K* ]{q}, +{ = [{a}. (2.100)
trong do: [K'ﬁf] = [Kfe l + [ng l + [ng l + [Kff l (2.101)
[cr]=[cr] +[cr] +[er] +[ev], (2.102)

vO1 cdc ma tran do cing khi dong [K?el,[K";‘l ,[K;‘el ,[Kje]ecéc ma tran
can khi dong [Cfe l , [C;e l , [cge l , [CT l dugc tinh nhu sau:
e Cac ma tran do cung khi dong:
- Ma tran do cting khi dong [Kfel thé hién sy tuong tac giita gbc xoan

va lyc nang:
ae _ 1 2 2 * Le T
(K], =P U'BKH, [N T[N Jdx (2.103)
- Ma tran d6 cing [ng] thé hién sy twong tac giira goc xoan va momen

xoan khi dong:
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1 E
(K5 ] =5an2B2K2A3 NG [N, ]dx (2.104)
0
- Ma tran dg cing [K;‘e ] thé hién su twong tac cta chuyén vi theo phuong
ding va luc nang:
ae _ 1 2 2171* e T
ksl =P, U'BKH, { [N, ][N, Jdx (2.105)
- Ma tran dg cung [Kj"‘ ] thé hién su twong tac cta chuyén vi theo phuong
dtng va mé men xoan khi dong:
ae | _ 1 2772172 A * ke T
K l—EpaB UK?A, { [N, ] [N, Jdx (2.106)
e Cac ma tran can khi dong:

-Ma tran can [Cj‘e] thé hién tuong tac gitra van toc nang h voi lyc nang:

€

Le
[, =% UBKH; [[N, ] [N, Jdx (2.107)
0
-Ma tran can [C ¢ ] thé hién tuong tac giita van toc xoan 6 voi luc nang:
[Cae] =% UB’KH; j [N ] [N, ]dx (2.108)

- Ma trdn can [Cge] thé hién su tuong tac gifra van toc nang h v41i mémen
(S
xoan khi dong, dugc xac dinh:

Jdx (2.109)

y

. 1 . Le
(=) =§an]_%21<A1 [N, ][N
0
- Ma tran can [Cj‘f} thé hién su tuong tac gitra van tdc xodn OvGi mémen

xoan khi dong, bi€u dién qua bicu thirc

o 1 . Le
e l=5anB2KA2 NG [N, ]dx (2.110)
0
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Biéu thirc cu thé ctia cac ma tran khi dong duogc trinh bay trong phu luc
2. Thay (2.100) vao (2.96), vay phuong trinh vi phan chuyén dong ctia phan tir

thanh chiu tac dung cua luc khi dong Scanlan c6 dang nhu sau:

eJta, +([ed]-[ex ial + ([Ke] =[x Dal =to) @1

Nhan xét:

Cac dap ung cta phuong trinh dao dong tu kich thich (2.111) ¢6 thé chi
ra trang thai 6n dinh, trang thai té1 han va trang thai mét on dinh khi dong cua
két cau. Theo d6, két qua giai phuong trinh dao dong (2.111) tng véi cac van
tdc gio khac nhau cho ta cac dap (mg dong theo thoi gian 1 khac nhau. Trong
mot diéu kién nao do, ddp ing ciia chuyén vi tang lién tuc khong dirng theo
thoi gian thi két chu duoc xem la mét 6n dinh, hé chuyén sang giai doan dao
dong & trang thai can bang khac.

2.4.3. H¢ lién hop chiu tic dung dong thoi ciia tdi trong di dong va luc khi dpng
2.4.3.1. Phwong trinh vi phdn dao dong ciia phan tir

Tir (2.72) va (2.111), phuong trinh dao dong cua phan tir thanh chiu tac
dung dong thoi cua luc khi dong va n khéi lugng di dong (0 <n <N)cé dang:

([ ]+ [ )ay, +([ee]+[cr]-[er)ap, +
(ke[ ]-[Ke T}, ={r(0)}

voi: [M! [= [0, [t ]= [ L [KE )= 2K (B (1)) = 24P (1))

i i=1 i i

2.112)

Tir (2.91) va (2.111), phuong trinh dao dong ctia phan tir thanh chiu tac
dung ddng thoi cua luc khi dong va n hé dao dong di dong (0<n<N)co dang:
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[MO]+[ME] My, oM (G [+l ]-[ex] o Lo ] ({a),
0 m .. 0 y{m N C, ¢ ... 0 y{nl
I 0 0 ... m Yo ) | C,, 6 c.n_ Yinn
[KJ[KIJ-[RE] 0 o0 [fa)) [fp) +{E)
. K, K oo O[] Yo | _ Q,
] ﬁnl 0 ... k, [V Q,
(2.113)

trong do: [Mg],[Cg},[Kg] tuong Ung la cadc ma tran khéi lugng, ma tran can
va ma tran do cing ctia ban than phﬁn tr thanh, da dugc xac dinh trong céc tai
liéu vé phuong phap PTHH,

[Mf][CS},[Kf] twong ung la cic ma tran b6 sung cho ma tran khoi
lugng, ma tran can va ma tran d§ cung li€én quan dén tai trong di dong, trong
do [MSP] lién quan t6i luc quan tinh cta cac hé dao dong di dong tai diém tiép
xtc voi phan tir thanh.

[Cie ] , [Kie] twrong g 14 cac ma trdn bd sung cho ma tran can va ma tran
d6 ctmg lién quan dén lyc khi dong,

{F:e},{Pe} tuong ung la vécto tai trong khi dong va véc to tai trong di
dong tac dung 1én phan tir thanh.
2.4.3.2. Ldp ghép cdc ma trdn phan tir vao ma trdn chung ciia toan hé

Trong truong hop tong quat, cac ma tran va véc to phan tir dugc xdy
dung trong hé toa d6 dia phuong ctia phan tir. Do vy, dé ghép ndi chung vao
ma tran va véc to tong thé thi phai chuyén sang hé toa do tong thé. Gia st két

cau duoc chia thanh n phan tir lién két v6i nhau thong qua m nat. Viée lap ghép



59

céc ma tran phan tir (cac phan tir thanh va phan tir diy, TMD) dé tao thanh ma
tran tong thé cua két cu duoc thyuc hién bang phuong phap do cimg truc tiép.

Dbi v6i bai toan dit ra trong chuong nay, do tinh dic thu cua két cau,
viéc ghép ndi cac ma tran phén tir thanh ma tran téng thé (ma tran khdi lugng
va ma tran d6 ctig) c6 budc ghép ndi giita ma tran phan tir cap kich thudc 2x2,
phan tir TMD kich thudc 2x2 voi ma tran phan tir thanh kich thuée 12x12. Diéu
nay dugc thuc hién kha thuan lg1 khi ghép ndi, ddi véi cac nht chung gitra phﬁn
tir cap, TMD va phan tir thanh thi s6 hang trong ma tran do ctng (can, khi
lugng) cuia chung duge cong vao sd hang co cung tac dung theo phuong chuyén
vi (vi du chuyén vi dung, chuyén vi doc truc dam, gbc xoay, Xoén) cua ph?ln
dam chung nit.

Theo do, cach thuc ghép ndi dugc minh hoa cu thé véi ma tran do cung
va véc to tai trong nut téng thé nhu sau:

o Tdp hop ma trdn tong thé
Ma tran téng thé duoc tap hop tir cac ma tran theo so dd nhu sau:

i i

_kll k12 |
. k,, ; .
ki ki (i o .k +k o ko+k; .|l
G A . (2.114)
k5 ki () S S VT TR S
f
(K], K

Y
[K]
Dé cu thé hoa viéc ghép ndi theo (2.114), tac gia luan 4n sir dung ham
assem () trong chuong trinh Matlab. C4u trac ciia ham: K=assem(edof,K,K.),
v&1 ma tran bac tu do phﬁn ttr ¢6 cAu tric nhu sau:

edof =[el dof, dof, ... dof ] (2.115)
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trong do: cot dau tién chira sd thi tu cua phén tir, tir ¢ot thar 2 dén cot tha (ned
+ 1) chira bac tu do cta phan ttr twong tmg (ned 1a s6 bac tu do).
o Véc to tdi trong tong thé:

Véc to tai trong tong thé cta két cau duoc xac dinh theo so d6 (2.116).

f1
f2
g
Le} —>|f +1 (2.116)
S £ +1]
fe
i=dof; | f. |
J=dof j T

Dé thuc hién duge diéu nay, tac gia thiét 12p ham insert () trong chuong
trinh Matlab, c6 tén force vecto.m nham thyc hién chirc ning xay dung véc to

tai {F} cua toan h¢ (luu trong ma trén f) tir véc to tai {f"‘} clia cac phan tir (luu

trong ma tran ef).
2.4.3.3. Phuong trinh vi phdn dao dong toan hé

Xuat phat tir phwong trinh vi phan dao dong cua phan tir chiu tac dung
ddng thoi cua luc khi dong va céc tai trong di dong (2.113), phuong trinh vi
phan dao dong cta phan tir gin truc tiép véi TMD, sau khi ghép ndi cac ma
tran téng thé, véc to tai trong téng thé va thuc hién diéu kién bién, phuong trinh

vi phan dao dong cua toan h¢ c6 dang sau:
[ M]{a}+[CJ{a+[K J{a}={R] (2.117)

trong do: {q} = { a }12‘1 vécto chuyén vi niit toan hé, {q} 1a vécto chuyén vi

Y}

nut cia ban than két cau, {ym} 1a vécto chuyén vi cua cac tai trong di dong,
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[M]=3 ([ M2 ]+[ M ]) 1a ma trén khdi lugng tong thé,

[C}=(ocrze:[Mg]+Br§[K2])+EZ[CE]— z[cge]j 1o ma trdn can

tong thé, e - chi s6 phan tir, ey, - chi s6 phan tir do tai di dong tac dung.

[K] = Z([Kg ] + [K:] — [Kze ]) 12 ma trn do cing tong thé,

{ﬁ} = Z{{Fj} " {F:e}} 1a véc to tai trong nit tong thé do lyc khi dong

Q)

va cdc tai trong di dong tac dung 1én hé.
Céc hang s6 can Rayleigh o, va B, duoc xac dinh theo ty s6 can va tan sb

dao dong riéng két cau [86]:

2(‘21‘91 — j(nj)a)io)j
{O‘f}z o = o (2.118)
B 2(g0, ~g0))
o — o}

VOl o, o; la cac tan s6 dao dong riéng cua hé, &, laty sd can tuong Umg.
Thong thudng, anh huéng cia cac tin sb cao dén gia tri ciia hang s can 1a

khong dang ké, nén dé don gian trong tinh toan, ngudi ta thuong xem xét téi 2 tan

s6 dao dong riéng dau tién ®,, ®, vaxem rang ty s6 can 1a hang s £, =€,=¢€.

Va do do, cac hang s6 can duoc xac dinh theo céc biéu thirc sau:

B, = 25 ;oL = 25 0,0, =B,0,0, (2.119)
®, + ©, ®, + ©,

Nhan xét:

- C4c ma tran: [MO} = Z([Mg] + [Mimd]), [CO} = Z([Cg] + [C;md]) ,

c &
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(K= z([Kg] + [K;md]) ctia ban than hé lién hop va TMD, khéng phu

thudc vao luc khi dong va tai trong di dong, chi can tinh mot 1an.

- Ma tran ZJ([ME]),Z([C?] — [C:e]),Z([KS] - [K:e]) va vécto tai

trong nut {R} 1a cac dai lugng phu thudc thoi gian, can dugc xac dinh trong
tung budc thoi gian.

Do d6, (2.117) 1a phuong trinh vi phéan tuyén tinh cap hai, c6 cac hé sd
phu thudc vao thoi gian.
2.4.4. Diéu kién bién

- Lién két gbi co dinh tai bién trai cua 2 dam chinh:

=(0,0,0
Tai) (%92)=(0,0.0), u,=0,v, =0,w, =0,0_=0,0_ =0
(x,y,z)z((),d,()) Y

- Lién két gbi di dong tai bién phai ctia 2 dam chinh:

~(L
Taid (09:2)=(1,0,0), vo=0,w,=0,0 =0,0_ =0
(x,y,z)=(L,d,0) Y

- Lién két ngam tai 2 chan cot:

‘ (X,y,z) = (Ll,—Ly,O)
Tai
(x,y,z):(LZ,—Ly,O)

v6i L la chiéu dai 2 dam chinh, L,, L, 1a khodng céch tir dau trai dam t6i hai

', =0,v,=0,w,=0,0,=0,6,=0,6,=0

cot, L, 1a khoang cach tir chén c6t t6i dam dudi, d 1a khoang cach giita hai
dam.

Viée xu ly diéu kién bién duoc thuc hién trén co sd tin hiéu bac tu do
trén bién, tuy theo cac loai lién két s& biét duoc tinh chét cua cac bac tu do tai
do va theo do thu tu cac hang, cdt trong hé phuong trinh (2.117) duoc xur Iy

thich hop, viéc lam nay duoc goi 1a khir bién. S6 phuong trinh va s6 an s6 trong
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h¢ phuong trinh (2.117) sau khi khir bién 1a bé hon khi chua khir bién. Gia st
hé phuong trinh (2.117) trudce khi khir bién c¢6 n phuong trinh, n an sb, hé két
ciu c6 bién ngam chira tAt c& m nat, mdi nat ¢6 ng bac tu do, dan dén c6 mxng
bac tu do bang 0 (dd biét), vi vay hé (2.117) sau khi khtr bién con (n - mxng)
phuong trinh va (n - mxnd) an s6 [27].

2.5. Thuit toan PTHH giai phwong trinh vi phin dao dong ciia h¢ hén hep
chiu tac dung dong thoi cia tai trong di dong va lwc khi dong

Gia st biét trudc chuyén vi va van toc cta (2.117) tai thoi diém t=0
tuong Umg la g, va o> can x4c dinh nghiém ctia bai toan tir thoi diém t =0 dén
t = T . Chia khoang thoi gian T thanh n phan bang nhau: At=T/n, ta s& tim
nghiém tai t, = i.At theo nghiém da biét tai t_, =(i—1)At.

Nghiém cua hé (2.117) trong mién thoi gian duoc xac dinh bang phuong
phap tich phan truc tiép Newmark, trong d6 cac ma tran can khi dong, ma tran
d6 cimg khi dong dugc bd sung vao ma tran tong thé trong qua trinh tinh. Khi
d6, biéu thirc cta véc to chuyén vi va vée to van tde duoc tim duéi dang [96]:

Gy =8 +[(1-P), + PG, |At

~ B . 1 . , (2.120)
4, =q; +Atq; + KE - Y]qi + Yqi+1:|(At)

trong d6 y va B 1a cac tham sé duoc xac dinh trude. Dé dam bao tinh chinh
xac va hdi tu cua 1oi giai, y va B dugc chon théa man diéu kién sau [96]:

¥>025(B+0.5)";$>0.5 (2.121)

Dé tinh gia tri q,,,, phuong trinh vi phan (2.117) ctia hé 1ap tai thoi diém

t=t., codang:

I:M]am + [(_:]am + I:KJ@H = {E}m (2.122)

i+l

T (2.120) c6 thé biéu dién q,,, va q,,, lahamcua q,:
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(@, -T) 7 —[i—lja

y(ae) T At 2y ) (2.123)
ﬁm = C;li + (1 - B)Atﬁi + BAt-&_ii+1

Thay (2.123) vao (2.122) ta c6 biéu thirc xac dinh Q. nhu sau:

diy [y(Alt)z [1\_/[ +%[(_j] + [K]] X

= — | I - 1 -
X {{R}H—l +|:M][y(At)2 q; + e q; —I—(z—yqui] + (2.124)

qi+1 =

Thuat toan gdm céac bude chinh sau:
1. Lap cac ma tran [1\_/[},[(_3],[1_(].
2. Cho tong thoi gian T, x4c dinh budc thoi gian At, cac tham sd y,p. Tur
gia tri dau qQ» q, tai t, =0, tim q, theo cong thic:
4, =[M]({R}, -[C]a, -[K]a) (2.125)
3. Thuc hién vong l3p theo thoi gian, tinh toan véc to chuyén vi q,,, trgia
tri 1=0 theo cong thuc (2.124).
4. Tim véc to gia tbc va véc to van toc tai thoi diém ¢, theo (2.123).
Chuong trinh do tac gia xdy dung nhdm mé hinh hoa hé két ciu theo
phuong phap phan tir hitu han va thyc hién thudt toan néu trén, dugc viét bang
ngon ngir 14p trinh MATLAB.

So d6 khdi cua thuat toan duge thé hién nhu Hinh 2.9.
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Bat dau

A 4

Nhap dit liéu két cau, tai trong di
dong, khi dong H, A, (i=1;4)

A 4

Xay duwng mé hinh két cau; Roi rac hda;
Tinh cdc ma tran phan tlr [MOJ, [Co], [KOJ
va giai bai toan dao dong riéng;

Xécdinhqoﬂ.l_mq_.ow{io}

\ 4

Budctich phanthi: t;=t_ +t

A\

A 4

Tinh toan va tap hop cdc ma trdn b6 sung :

(M2 ][ e2 J[)E Y Ge=LN):[ €2 | [KE | {E)

Tinh: (@}, {a}. (]
v
Tinh: {&}, {c.}, {p;}

Tich phan Newmark

Co

i<n

Khong

Két qua:{a}.{a}.{d}.{e}.{c}

Hinh 2.9. So d6 khdi thuét toan giai bai toan két cau chiu tac dung dong thoi

cua tai trong di dong va lyc khi dong
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2.6. Chuong trinh tinh va kiém tra dd tin ciy ciia chwong trinh tinh
2.6.1. Gioi thiéu chwong trinh tinh

BAT PAU

!

Nhap dit liéu dau vao cla két cau

A 4

Thiét 1ap md hinh két ciu, giai bai todn
dao doéngriéng

Lwa chon
phuong an giai bai toan
dong lyc hoc

(1) (3)

\ 4 \ 4

Phuong dn 1: Phuong én 2: Phuong én 3:
Tuong tac két cau- Tuong tac két Tuong tac két cau-tai trong
tai trong di dong cau-luc khi déng di dong-luc khi dong

A 4

Nhap thong sb taitrong
> twong ing véi phuong an <
duoc lua chon

v

Tinh todn cdc dap tng déng luc hoc clia co hé

A 4

Xuat két qua tinh

Y

( Kétthuc )

Hinh 2.10. So do khéi b chuong trinh tinh COMLAF 2017
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B0 chuong trinh tinh cua luan an dugc tac gia xay dung trong moi truong
Matlab c6 tén COMLAF 2017 (COMPLEX - MOVING LOAD
AERODYNAMIC FORCE), gém cac modul chinh sau:

Modul nhéap s6 liéu, chia phﬁn tu;

Modul giai bai toan dao dong riéng;

Modul giéi bai toan dao dong két cdu chiu luc khi dong va tai trong di

dong;

Modul xuat két qua.
B6 chuong trinh tinh COMLAF 2017 c6 kha nang giai dugc céac bai toan
dao dong cuia két cau lién hop chiu tac dung dong thoi ciia tai trong di dong va
lue khi dong. Bo chwong trinh nay cho phép xéac dinh duoc tan sé dao dong
riéng, tinh toan dap tmg chuyén vi, tng suit, tan sd dao dong cua két ciu chiu
tac dung cua luc khi dong va tai trong di dong; dong thoi nod ciing cho phép
khao sat dugc anh huong ciia mot sé yéu td dén kha nang lam viée cua két cau.
2.6.2. Kiém tra d tin cdy ciia chwong trinh tinh

Tac gia di str dung chuong trinh COMLAF 2017 dé tinh toan va so sanh
tan s6 dao dong riéng cua hé lién hop dam day mé phong cau day ving Meiko-
Nishi (Nhat Ban) trong cong trinh cua Abdel-Ghaffar AM [20] va Raid
Karoumi [83], kiém tra dép tng chuyén vi dung tai mat cit chinh gitra dam 3
nhip chiu tac dung nhiéu tai trong di dong trong cong trinh cua Vera de Salvo
[106] va kiém tra dap tng cua két cau cau Hardanger (Na Uy) chiu tac dung
cua tai trong gid U véi két qua duge cong bo cua tac gia Ole Qiseth [77].
2.6.2.1. Kiém tra tan sé dao déng riéng ciia két cau mé phéng cau Meiko-Nishi

Xét hé lién hop dam — day mo phong cho két cAu cau Meiko-Nishi voi
mo hinh nhu Hinh 2.11 va cac dac trung hinh hoc dugc trinh bay trong [83].
Gia thiét dam chu c6 dinh hai dau, chi cho phép chuyén dong quay. Hai

cot dugc gia thict 1a cac vat ran tuyét doi, cac day cap duoc gan l1én cdt va dam
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tai hai dau day. Két qua tinh cac tan s6 dao dong mg véi cac dang dao dong
udn theo phuong ding riéng dau tién dugc so sanh véi két qua ciia Abdel-

Ghaffar AM [20] va Raid Karoumi [83] nhu trong Bang 2.1.

1463m 'y

Hinh 2.11. M6 hinh hinh hoc cta cau diy vang Meiko-Nishi [83]

Bang 2.1. So sanh tan s6 dao dong udn riéng cua cau Meiko-Nishi

Tan s6 dao dong (Hz) | [20] [83] Luan 4n Sai 56 (%)
1 0311 | 0,334 0,339 8,04 — 1,05
2 0,411 | 0,437 0,440 7,06 — 0,69
3 0,650 | 0,702 0,706 8,62 — 0,57

Nhan xét: Tur bang so sanh ta thdy 3 tin s6 dao dong riéng Gmg véi ba
dang dao dong udn dau tién cua hé dim — day mo phong cau diy ving Meiko -
Nishi tinh theo chwong trinh COMLAF 2017 rat sat v6i két qua trong [83]. So
v6i két qua trong [20] sai s c6 16n hon 1a do phan tir day cap sir dung trong
chuong trinh tinh ¢6 d6 ctrng 16n hon khi so sanh vi phan tir thanh v6i mé dun
dan hoi twong duong duoc tac gia Abdel-Ghaffar AM sir dung [83].
2.6.2.2. Kiém tra dap iing dam 3 nhip chiu tdc dung ciia doan tdi trong di dong

6m
i~

6m
B e

£,=85m/s

| L i ] ] ! ] 1
Hinh 2.12. Dam 3 nhip chju nhiéu khéi lwong di dong [106]
Xét dam lién tyc 3 nhip c6 chiéu day thay doi nhu Hinh 2.12. Dam c¢6
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khéi luong riéng p = 2400kg / m*, md dun dan hdi E =30GPa ,mit ct ngang
hinh chit nhat véi chiéu rong b = 0,5m, chiéu day thay doi tuyén tinh tir 1,00m
dén 1,60m, theo do, do cling chéng udn K(Z) bién thién tir Koy = 1250MNm?
dén . =5120MNm’; chiéu dai 2 nhip bén 14 ¢, = ¢, =18m, chiéu dai nhip
gitta /, =24m gia thiét hé s6 can £=0,01. DAam chiu tac dung ctua 3 khdi luong
di dong, di chuyén voi vén tée 85mv/s, khoang cach twong ddi gitta cac tai trong
14 6m. Bai toan xét ba truong hop voi tai trong cia mdi khéi luong lan luot 1a
331,2kg, 1656kg va 3312kg, trong dwong véi ti sb gitta mot tai trong va khoi

luong nhip gitta dim lan lugt 14 1, =1%, 1, =5% va r,, =10% [106].

1.6

Moving Forces

1.2 A e  Moving Masses r; = 1% Ciaa g~

08 4 - - - - Moving Masses ry = 5%

--------- Moving Masses n,y = 10%

=
&

(a) o

— rM=1%
Ll [ r,=5%

- = =r,=10%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
(b) tIs]

Hinh 2.13. D6 vdng tuong dbi tai chinh giita dam theo thoi gian
(a) tac gia Vera de Salvo [106], (b) chuong trinh COMLAF 2017
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St dung chuong trinh tinh COMLAF 2017 dé xac dinh d6 vong tuong
d6i d” =48dx, . / (Mlg@) tai mdt cat giita dam theo thoi gian bang phwong

phap phan tir hitu han. Két qua khao sat duoc so sanh véi nghiém xac dinh theo
phuong phap chdng mode (the component mode synthesis method) cta tac gia
Vera de Salvo va cong su [106] nhu trén Hinh 2.13.
Nhan xét: Tir Hinh 2.13, c6 thé thay két qua tinh do vong twong ddi tai
diém chinh gitta ddm khi ddm chiu 3 khi lwong di dong theo chuong trinh
COMLAF 2017 rét sat v6i két qua da cong bd cia tac gia Vera de Salvo.
2.6.2.3. Kiém tra ddp iing cua két cau cau Hardanger chiu tic dung cia tdi

trong gio

AEEEEE —

Hinh 2.14. M5 hinh li tuéng hoa cia cau Hardanger [77]

Mot dam dai 1310m nhu trén Hinh 2.14 dugc st dung dé mé hinh héa
cho két cau cau Hardanger. Cac tinh chét cia dam duoc gia thiét dé dam bao
tinh dai dién cho cau Hardanger: bé rong dam B=18,3m, khdi lugng riéng trén
don vi chiéu dai m=12,820 kg/m, m6 men quén tinh doc chiéu dai dAm ;=426
kgm?/m, EA=10"'N, EI,=3,9.10"“Nm?, EI, =6,2.10"*°Nm? va GI,=3,6.10'"Nm?.
Ma tran d ctrng va ma tran khéi lugng phan tir st dung 1y thuyét dam Euler —
Bernoulli. Cac ham dang phan tir st dung da thirc Hermittian bac ba [77].

Tac gia tinh todn dap tmg chuyén vi dung tai giita nhip ciu Hardanger
theo thdi gian véi van téc gié téi han tinh theo chuong trinh COMLAF 1a
U=76,7 mv/s. So sanh véi két qua di cong bd cua tac gia Ole Biseth [77] thé
hién nhu trén Hinh 2.15, ¢6 thé két luan thuit toan va chuong trinh COMLAF

dam bao do tin cay.
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rz(m)

V=78.32 (ms) V=80 (mis)
(a)
2
’E‘l N olp A oD ‘\-\‘n,"\ﬁ"nln‘n|fﬂ\-r“'dlalﬂ.:‘=llé’ﬁ-‘
EMNAAAAANAARAANAANAARARANNARNANKNNANNN
ESARNAANANNANAANAAAA AN A RNA NN
1 U=76.7m/s| AR I 4
2 H == U=79 m/s
0 10 20 30 40 50 60 70 80 90 100
Timac lc)
(b)

Hinh 2.15. Dép Gmg chuyén vi theo phuong dimg tai gitta nhip ciu Hardanger
(a) tac gia Ole Qiseth [77] (b) chuong trinh COMLAF 2017
Két luan: Tir cac két qua so sanh trén, ¢ thé két luan chuong trinh tinh
COMLAF cua luan an c6 du dg tin cay dé thuc hién cac tinh toan cho dé tai
luan 4an trong cac chuong tiép theo.
2.7. Két luan chwong 2
Chuong nay da dat duogc mdt s6 két qué chinh nhu sau:

- Duya trén thuat todn PTHH, tac gia xay dung h¢ phuong trinh vi phan
dao dong cudng burc cia két cdu dam doi — ddy — cot — thanh chiu tac dung
cua tai trong di dong va luc khi dong, trong do6 cé ké dén tuong tac cua két
cAu véi thiét bi tiéu tan nang luong TMD.

- Dua trén phan ttr diy dan hoi, tac gia xay dung phan tir day cap khong
gian don gian hon vé mit toan hoc, nhung lai phu hop hon dé mé hinh héa
cac két cau day vang so voi phan tir thanh thang. Mt khéc, viée tinh toan
cac dam chinh, thanh ndi va cot 1a doc 1ap so voi cac day cap, tuy nhién van
dam bao duogc su tuong thich vé chuyén vi gilta dam — cot va day cép tai vi

tri cac nut chung, do d6 co thé bd tri sé lwgng diy cap tuy ¥ trén két cdu ma
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khong lam gidm d¢ chinh xac cua thudt toan. Theo tac gid, day la m{t vu
diém 16n cta luan an.

- Xay dung chuong trinh COMLAF 2017 trong méi truong Matlab dé giai
phuong trinh dao dong, phén tich dong luc hoc két cAu hé dam ddi — day — cot —
thanh chiu tac dung cua lyc khi dong va céc tai trong di dong. Chuong trinh tinh
da 1ap dugc so sanh véi cac két qua duge cong bd bai cac tac gia khac trén cac
tap chi uy tin, cho thiy dam bao d9 tin cay.

- Thuat toan va chuong trinh tinh da 1ap trong chuong 2 1a co s& cho viéc
nghién ctru, khao sat sb trong chuong 3 dé lua chon cac thong sb hop 1y cho hé.
Pong thoi day ciing 1& co sd 1i thuyét dé so sanh véi cac thi nghiém kiém chimg
trong chuong 4 cta luan an.

- Thuat toan PTHH tinh toan cho hé lién hop chiu tac dung cua tai trong di
dong va luc khi dong duogc tac gia thé hién trong cac bai bao 1, 3,4, 5, 6, 7,9 (Danh

muc cong trinh cta tac gia).
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CHUONG 3
KHAO SAT ANH HUONG CUA MOT SO YEU TO PEN PAP UNG
PONG CUA KET CAU DAM POI - DAY - COT - THANH
CHIU TAC DUNG CUA TAI TRQNG DI PONG VA LU'C KHi PONG

3.1. Pit van dé

Trén co s thuat todn va bo chuong trinh tinh da 14p ¢ chuong 2, trong
chuong nay tac gia tién hanh tinh toan, khao sat s6 xac dinh dap ing dong cia
két cdu dam d6i — day — ¢4t — thanh dan hdi chiu tac dung cua tai trong di dong
va luc khi dong. Anh huong ciia mot $6 yéu td nhu: dic trung vat li€u cua két
Céu, ) lugng tai trong, loai tai trong, van tdc tai trong, van tdc gi6, anh hudng
ciia TMD... dén dap ung dong cua hé duoc tac gia thuc hién trén co s giai
nhiéu 16p bai toan khac nhau véi su thay doi cua cac thong sb trén. Két qua
nghién ctru dap tng dong cua két cdu chiu tac dung cua tai trong di dong, cua
luc khi dong, cia TMD va tong hop cac yéu t trén cho phép tac gia dua ra cac
nhan xét, danh gia vé mac do anh hudng va khuyén céo cu thé dbi véi timg
truong hop.
3.2. Bai toan xuit phat
3.2.1. Néi dung bai todan

— A Y
212 pam £3 X 25 26 47
Dam tang 2 2 3 - Z); 28
i V.
1

—
36.0
c @

6.0:: IS AN AN IS N |2 N P Dt N D N N S g N 2 N e N 2 a2 N 2 N e N | 2 N AN AN e AN e AN |

- D~ o E

. U .

30.0 Dam tang 1 Thanh dan hdi cot

B

l 120 m * 360 m T 120m

Hinh 3.1. M6 hinh cua bai toan
Xét hé lién hop dam ddi — day — cot — thanh c6 kich thuée hinh hoc nhur
Hinh 3.1, v6i cac thong s6 cho boi Bang 3.1. Két cau chiu tac dung cua N tai
trong di dong doc theo chiéu dai dam trén va luc khi dong vai van tbe dong khi

U theo phuong vudng géc voi dam chinh
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Bang 3.1. Thong s6 két ciu

. E G A L I, I, A\
Keét cau 5 5 5 A .
(N/m%)  (N/m%) (m°) (m* (m*) (m*) (kg/m)
Dam chu
X 2,0.10" 7,7.10"° 093 43,33 026 0,17 19640
(2 bén)
DAm chu . 0
_ 2,0.10" 7,7.10" 1,11 4333 1,29 0,17 19640
(giira)
Thanhndi  2,0.10" 7,7.10° 0,15 526 126 0,17 19640
Cot
2,810 1,1.10" 18,58 120 86,31 120 43780
(phia dudi)
Cét 10 10
T 2,8.10" 1,1.10"° 13,01 69,33 34,52 69,33 30650
(phia trén)
Day cap EC(N/mz) Ac(mz) L, (m) p.(kg/m)
1,2, 24,2526, .
2,0.10 0,0362  134,16; 124,35 0,398
27,47, 48
3,4,21,22,27, .
2,0.10 0,0232  114,61; 104,95 0,255
28, 45,46
5,6, 19,20, 29, .
2,0.10 0,0204 95,41; 86,02 0,225
30, 43, 44
7,8,17,18, 31, .
2,0.10 0,0176 76,84; 67,94 0,194
32, 41,42
9,10, 15, 16, 33, .
2,0.10 0,0139 59,46; 51,61 0,153
34, 39, 40
11,12, 13, 14, 35, .
2,0.10 0,0113 44,72; 39,29 0,125
36, 37, 38

Théng so két cau : Két cau gom hai dam chinh song song véi nhau, c6
chiéu dai L=600m véi bé rong twong duong B 4 =20m, chiéu cao twrong duong

h=0.8m, lién két goi co dinh & bién trai va bién phai, dugc noi véi nhau boi 59
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thanh dan hoi doc, 60 thanh dan hoi chéo, hai cOt tru va hé théng 48 day cap.
Cac cot tru dugc ngam chat ¢ phﬁn chan cdt, lién két han véi hai ddm chinh va
cac thanh chéo. Hé théng day cap duoc ndi véi dinh cot va dim trén tai cac dau
day. Kich thudc hinh hoc cta két ciu nhu hinh 3.1 vdi cac ddc trung co tinh
cho boi bang 3.1. Két cau dugc roi rac hoa thanh 335 phan tir, twong tng voi
168 nut, bao gdbm 120 phan ttr thanh, 48 phan tir ddy diy cap, 59 phan tir thanh
doc, 60 phan tir thanh chéo, 48 phan tir cot.

Diém xuat két qua chuyén vi: Mit cit chinh giita dim trén (diém C) va
dam dudi (diém D), dinh cot trai (diém A).

Piém xuit két qua lyc: M6 men udn tai chan cot trai (diém B), luc doc
trong thanh dan hoi chinh gitra va luc cing mot s6 day cap (cac day cap co thir
tu tur trai sang phai).

Théng s6 tai trong:

Tai trong di dong: Gom khoi luong di dong hoac hé dao dong di dong.
Céc khéi luong di dong c6 m = 44000kg, cac hé dao dong di dong gom khoi
lugng m = 44000kg, 10 xo dan hoi ¢o do cung ks =9,12.10°N/m va phﬁn tr can
v6i hé sb can ¢, = 8,6.10*Ns/m mdc song song.

Nam tai trong di dong di chuyén doc chiéu dai dam trén tir phia trai két
cAu v6i van tde v, =20 m/s, ting tde véi gia tbc a, =2 m/s? dén khi dat duoc
vén toc chuyén dong 6n dinh v, =25 m/s thi chay déu, sau d6 giam toc véi
a, =—2 m/s?, va dat van tdc v, =20 m/s ngay trude khi roi khéi két cau. Sau
khoang 5s thi tai trong ké tiép di chuyén vao két cau.

Luc khi dong: Luc gi6 véi van tbc trung binh U=15m /s tac dung lén
dam theo phuong Oz. Céc hé sb khi dong H;, A} (i=1,2,3,4) dugc ndi suy
tuong tmg vé6i van tée U bat ki, theo s6 liéu trong ham thdi gi6 cua Scanlan [95].

Str dung chuong trinh COMLAF 2017 di lap & chuong 2, tién hanh giai
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bai toan dao dong riéng va bai toan dao dong cudng birc khi két cau chiu tac

dung dong thoi cua tai trong di dong va luc khi dong.

ZI ’

o & & N o

-10

-12 |
-14 1

-16 H

-18

N

0 2 4

Hinh 3.2. Céc hé s0 khi dong H;, A (i=1,2,3,4)[95]

3.2.2. Két qua

3.2.2.1. Bai toan dao dong riéng

8 10

u/fB

12 U

5

4 H

I

—=A,

—o—n,

-

—a—A

'

.

oh4

-1

e
///M

ﬁ%%
R =

0

2

4 6 8

u/f8

1

Gidi bai toan dao dong riéng, tic gia nhin dugc cac tan soO ri€éng va cac

dang dao dong riéng cua hé lién hop dam doi — day — cot - thanh, trong d6 10

tan sb riéng dau tién cho bai bang 3.2.

Ba dang dao dong ri€éng dau tién cua két cau twong tmg véi ba tan so

f, =0,1691 Hz, f, =0,2585Hz, f, = 0.4479 Hz thé hién nhu trén Hinh 3.3. C4c

dang dao dong riéng khac thé hién trong Phu luc 1.

Bang 3.2. 10 tan s dao dong riéng cua két cau

Dang DDR 1 2 3 4 5
Tan s (Hz) 0,1691 | 0,2585 | 0,4479 | 0,5134 | 0,5665
Dang DDR 6 7 8 9 10
Tan s6 (Hz) 0,6199 | 0,6299 | 0,8200 | 0,9082 | 1,1878
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Hinh 3.3. Ba dang dao dong riéng dau tién cia két cdu

(f, = 0,1691Hz, £> = 0,2585Hz, f; = 0,4479Hz)
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3.2.2.2. Bai toan dao dong cuong birc

Giai bai toan két c4u lién hop dam d6i — day — cot — thanh véi mé hinh
va cac thong s6 da cho, chiu tac dung cua 5 hé dao dong di dong chuyén dong
doc theo chiéu dai dam trén tur phia trai, lyc khi dong vo1 van tbe dong khi
U=15 /s thdi theo phuong vudng goc vai cac dam chinh (phuong Oz).

Ban dau, chi c¢6 luc khi dong tac dung 1én két ciu, véi gia thiét dich
chuyén theo phuong dimg va goc xodn tai t=0 13 0,01m va 0,01°.

Puong gach soc thang dung trén cac do thi thé hién thoi diém tai trong
dau tién bat dau di chuyén trén két ciu va thoi diém tai trong cudi cung ra khoi

két cau.

CHUYEN VI DUNG THEO PHUONG Y
| ' | '

|
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- -0.01
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© -0.02
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u &U
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diem C ||
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Hinh 3.4. Chuyén vi dmg diém giita dam trén va dudi theo thoi gian
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VAN TOC DUNG THEO PHUONG Y
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CHUYEN VI DINH COT TRAI THEO PHUONG X
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x10* LUCDOC TRONG THANH DAN HOI CHINH GIUA
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LUC CANG DAY CAP SO 9

T

50

Thoi gian (s)

100

Hinh 3.13. Lyc cing day cap sb 9 theo thoi gian

150

Két qua, tir Hinh 3.4 d&én Hinh 3.13 tuong Gmg 1a dap tung chuyén vi, van

tdc, gia tdc tai diém gifra dam, dinh cot trai, luc doc trong thanh dan hdi chinh

gitta, m6 men udn chan cot trai va luc cang mot so day cap trén h¢ lién hop

theo thoi gian. Gia tri 16n nhit cua cc dai lugng nay dugc cho trong Bang 3.3.

Bang 3.3. Gia tri 16n nhét cila cac dai luong dugc khao sat

T h a'm ng (Pgax U:qu U;réix Ur;:x U;r/l;ix ernax M anaX
so [cm] | [rad] | [cm] [cm] | [cm] | [cm] [N] [MNm]
?rlia 4,617 [3,5.10™(3,3.102 [4,6.10°| 0,471 | 0,031 |47777 |5.8164

Nhan xét: Véi cac thong sb cua tai trong di dong va luc khi dong nhu da

xét, trong khoang thoi gian cac tai trong di dong di chuyén trén két cau, dap

ung chuyén vi, van toc, gia toc va luc tai cac diém khao sat déu co thay doi

dang ké. Khi cac tai trong di dong chua di chuyén trén két cau hodc da di qua

diém tinh, dap tng dong c6 dang dao dong tudn hoan tit dan do tac dong cua
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gid. S& di ¢6 hién twong nay 1a do véi gia tri van toc gid U va van tde tai trong
di dong dugc khao sat, tai trong tac dong 1én két cu chua du 16n dé dan t6i su
thay d6i bién do dao dong cta két cau tang theo thoi gian.

Chuyén vi dimg 16n nhat tai diém thudc dam trén va dudi chénh léch
khong dang ké (2,07%). Luc doc trong thanh dan hoi chinh gitra xuat hién trong
thoi gian kha ngén, trong tng véi thoi diém céc tai trong di chuyén qua vi tri
cua thanh.

3.3. Khao sat anh huéng ctia mot so yéu té dén dap Gng dong cia hé dam
doi — day — cot — thanh chiu tac dung cua tai trong di dong va lwc khi dong
3.3.1. Anh huéng ciia cin két ciu

Dé xem xét anh hudng cua can két ciu dén dap ung dong cua hé lién
hop, tac gia tién hanh tinh toan khi cho & bién ddi tir 0 dén 0.03, thu dugc
chuyén vi theo phuong ding tai diém C, chuyén vi theo phuwong ngang tai diém
A, md men udn chan cot trai va quan h¢ gitra cac gia tri 16n nhét cua cac dai
luong nay véi hé sé can cua két cu thé hién tir Hinh 3.14 dén Hinh 3.19va
Bang 3.4.

Bang 3.4. Dap tung dong luc 16n nhat phu thudc hé sé can két cau

Can két ciu Uryncax Per Meod

(cm) (10~ Rad) (MNm)

0 5,5728 2,1210 53,6876
0,005 4,6169 0,3500 5,8164
0,010 4,4477 0,1250 3,6795
0,015 4,3324 0,0770 2,5067
0,020 4,2475 0,0580 1,8127
0,025 4,2475 0,0580 1,8127
0,030 4,2475 0,0580 1,8127




yCmax (m)
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x 107 GOC XOAN QUANH TRUC DAM
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MOMEN UON CHAN COT TRAI
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Nhén xét: Co thé thay anh hudng cta can két cau tdi dap ung dong cia
hé 1a kha dang ké. Khi xét dén can két ciu, hé sb can két cdu cang cao, do 16n
cac dai lugng duogc khao sat cang giam xudng. Tai cac phan tir va cac nat duoc
khao sat, khi can két cau tang tir 0 dén 0,03 chuyén vi doc tryc tai C giam 87
lan, m6 men udn chan cot trai giam 29 lan, va goc xoan mit cit ddm qua C
giam 36 lan. Piéu nay la hop véi quy luét co hoc, cho théy kha nang giam nang
lugng dao dong va kha nang dap tat dao dong cua chinh ban than can két cu
trong hé dong vai tro quan trong.

3.3.2. Anh hwéng ciia khodng cdch giita dam trén va dim dwdi

Khoang cach giita 2 dim chu ciing chinh 1a chiéu dai D cta cac thanh
lién két thang ndi hai dam. Tién hanh khao sat bai toan voi D thay doi tir 5 mét
dén 11 mét (day la khoang cach thong tang trung binh giita 2 tang ctia cau day
vang). Két qua dap umg chuyén vi, luc doc, luc cing cap va mémen udn tai cac
diém tinh va gia tri 16n nhit cia ching thé hién tir Hinh 3.20 d¢én Hinh 3.29 va
Bang 3.5.

Bang 3.5. Cac gia tri 16n nhat tai diém tinh theo khoang cach giita 2 dam

Dthanh UYC UyD (P?ax NLH;X M ;I]l;lx Ncap6

(m) (cm) (ecm) | (107 rad) N) (MNm) (N)

5,5059 5,1108 0,2980 42865 5,2322 13890

4,6170 4,4272 0,3500 47777 5,8164 14080

3,4266 3,2346 0,4360 52479 6,0702 14387

3,3576 3,1652 0,4530 57167 5,8763 14496

O| o0 | O] W

2,9758 2,8300 0,4940 61643 6,2215 14558

10 2,8407 2,7468 0,5230 66380 6,5397 14680

11 2,7121 2,6170 0,5850 70856 6,6628 14725
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CHUYEN VI DUNG THEO PHUONG Y
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%107 GOC XOAN QUANH TRUC X
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x10% LUC DOC TRONG THANH DAN HOI GIUA
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MOMEN UON CHAN COT TRAI
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LUC CANG DAY CAP SO 6
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Nhan xét: Khoang cach L, gitra hai dam chinh c6 anh huong déng ké
dén dap tng dong cia hé tai cac diém duogc khao sat. Khi thay doi L . tr5Sm
dén 11m, chuyén vi theo phuong dung tai C giam 2,05 1an, trong khi d6 goc
xoan mat cat dam tai C ting 1,65 1an, chuyén vi ngang dinh cot trai ting 7 lan,
luc doc trong thanh dan hoi giita dam tang 1,61 1an va md men udn chan cot
trai tang 1.2 1an. Pay 1a co sé quan trong trong tinh toan thiét ké, lya chon
khoang cach thich hop gitta 2 dim cua két cdu dang cau hai ting nham dam bao
an toan cho cac phuong tién luu théng trén cau, cling nhu an toan cta chinh
ban than két cau.

3.3.3. Anh hwéng ciia vit liéu dam

Khao sit bai todn véi md dun dan hoi cua vat liéu dam bién thién tir
1x10" (N/m?) dén 7 x10" (N/m?). Két qua dap ing va gia tri 10n nhat tai cac
diém tinh mg v6i mdi gia tri md dun dan hoéi khac nhau nhu sau:

Bang 3.6. Céc gié tri 16n nhét tai diém tinh theo d6 cting cta dam

vy | U] UE NI MR NG
(cm) (cm) (N) (MNm) (N)
1x10" 0,0459 | 7,4303 | 60037 47850 15270
2x10" 0,0265 | 46169 | 47777 58164 14080
3x10" 0,0162 | 3,0099 | 42564 61856 13925
4%10" 0,0118 | 28528 | 39552 64525 13010
5x10" 0,0113 | 2,6213 | 37367 64955 12820
6x10" 0,0089 | 22783 | 35718 67584 12514
7x10 | 0,0083 | 2,0349 | 34410 68482 12031
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CHUYEN VI DUNG THEO PHUONG Y
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% 10* LUC DOC TRONG THANH DAN HOI GIUA
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MOMEN UON CHAN COT TRAI
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Nhan xét: Vai bai toan dang xét, khi moé dun dan hdi cua vat liéu ddm
chinh tang tir 1.10""N/m? dén 7.10"'"N/m?, chuyén vi ding tai C giam 2,8 lan,
chuyén vi ngang tai A giam 4 14n, mé men udn tai chan cot trai ting 1,3 lan,
ndi luc trong day cap chu trai cling giam kha 16n. Diéu nay cho thay tac dung
quan trong cua hé théng dam chinh trong cc két cdu cau day ving ciing nhu
tinh chat quan trong ctia viéc kiém soat chat lugng vat liéu khi thi cong cong
trinh.

3.3.4. Anh huwéng ciia vit liéu thanh néi

Khao st bai todn véi md dun dan hoi cla vat lidu thanh bién thién tir
1x10" (N/m?) dén 6 x 10" (N/m?). Két qua gia tri 16n nhat cta chuyén vi theo
phuong dung tai diém chinh gitta dAm trén va dam dudi ang véi cac gia tri md
dun dan hoi cua vt liéu thanh ting dan dugc thé hién nhu Hinh 3.40 va Bang

3.7.
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Bang 3.7. Gia tri 16n nhét tai diém tinh theo vat liéu thanh

Ethanh
1.10" 1.10" | 2.10" | 3.10" | 4.10" | 5.10" 6.10"
(N/m?)
U“yg" (cm) 8,65 6,62 4,62 3,36 2,98 2,54 1,71
U (ecm) | 571 | 472 | 3,83 | 2,57 | 2,28 | 1,94 1,31

Nhan xét: Vo1 bai toan dang xét, khi mo dun dan hdi cuia vat liéu thanh
ndi tang tir 1.10'"°N/m? dén 6.10"'N/m?, chuyén vi dung tai diém chinh giira hai
dam déu giam. Cu thé, chuyén vi dimg tai C giam 5,1 1an, chuyén vi dimg tai
D giam 4,4 1an. Mt khac su chénh 1éch gia tri chuyén vi dung tai 2 diém nay
cling giam déan khi ting mé dun dan hoi, tirc 1 ting d6 cing cua cac thanh ndi.
Diéu nay phan anh ding ban chét co hoc cua hé, dong thoi thém khang dinh d6
tin cdy cua chuong trinh tinh da 1ap & chuong trude.

3.3.5. Anh hwéng ciia thiét bi tiéu tin ning lwong TMD

Thiét bi TMD c6 khéi lwong 10 tan (x4p xi 0,3% khdi luong toan bo két
cau), duoc treo & chinh gitra ddm dudi (nat 61). So sanh dap ting dong cua két
cAu trong trudng hop khong c6 TMD va c6 TMD duoc cho trong Bang 3.8 va
cac d0 thi tir Hinh 3.41 dén Hinh 3.44.

Bang 3.8. Gia tr1 cuc tri cac dap ung tai diém tinh theo TMD

- U Ve aje U NG
(cm) (cm/s) (cm/s?) (cm) (N)

Khéng TMD | 2.9600 | 0,4506 0,4812 0,2980 13412

Co TMD 2.8824 | 10,3870 0,3184 0,2608 13356
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Nhin xét: C6 thé thady TMD rat hiéu qua trong viéc giam dao dong theo
phuong ding tai diém gitra dim, phuong ngang cua dinh cot ciing nhu mé men
udn tai chan cot khi két cAu chiu tac dung déng thoi cua tai trong di dong va
luc khi dong. Gia tri 16n nhat ctia dap (g dong trén két ciu tai nhiing diém nay
khong thay doi nhiéu, tuy nhién bién d6 dao dong lai giam di dang ké. Diéu nay
1a vi ldp thém TMD lam ting thém hé sb can cia két ciu. Doi v6i hé thong day
cap, TMD to ra hiéu qua trong viéc giam luc cing day s 1, 24, 25 va 48 (tinh
tir trai sang phai). Trong thyc té, do su tuong tac gitta két cdu, TMD va cic tai
trong tac dung, luc cing trong mot vai diy cap nhu day sb 23, 26, 46 ting nhe
khi xét dén TMD, tuy nhién xét vé tong thé viéc ldp thém TMD c6 tac dung
giam dao dong kha 6 rét, tir d6 ting d6 bén cho két ciu ciing nhu cam giac
thoai mai khi cac phwong tién luu thong trén cau.

Pé xem xét anh huong ciia cac dang tai trong khac nhau dén dap tng
dong cua hé lién hop, tac gia luan an khdo sat két cau chiu tac dung cua tai
trong di dong véi van tdc gié bang khong, trudng hop chi xét dén lyc khi dong
va trudng hop téng quat khi két cau chiu tac dung dong thoi cuia ca hai dang tai
trong nay.

3.3.6. Anh hwong ciia tdi trong di dpng
3.3.6.1. Anh huéng ciia logi tdi trong di dong

Dé xem xét anh hudng cia loai tai trong tac dung dén phan tng dong cia
hé, tac gia tién hanh giai bai todn v&i 2 loai tai trong tac dung: Tai trong tac
dung 13 hé dao dong di dong nhu bai toan xudt phat di xét (md hinh xe banh
16p di chuyén trén cau) va tai trong tic dung 1a khdi luong di dong (md hinh xe
banh xich di chuyén trén cﬁu), voi toe do déu cua 2 loai tai trong 1a 30m/s. Két
qua su bién thién chuyén vi ding tai mat cit gilra dam trén, dAm dudi, dinh cot
trai va luc doc trong thanh dan hoi cho hai truong hop duge thé hién nhu trén
db thi Hinh 3.45 dén Hinh 3.49 va Bang 3.9.
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%1073 GIA TOC DUNG DIEM GIUA DAM TREN
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4 LUCDOCTRONG THANH DAN HOI CHINH GIUA
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Hinh 3.49. Pap tng luc doc trong thanh dan hdi chinh giita theo thoi gian

Bang 3.9. Quan h¢ gia tri 16n nhét céac dai luong tinh va loai tai trong

LOi.li tai UyCmax VyCmax a yCmax U xAmax N ThanhMax
trong (cm) (cm/s) (cm/s?) (cm) ™)
Hé DPDD | 2.4500 0.3870 0.3184 0.2608 38186
KLDD 2.8824 0.4506 0.4812 0.2980 42505

Nhan xét: Quy luat cia dap irng dong tai cac mat cat va chi tiét thudc

két cau nhu da xét kha twong dong khi hé chiu tac dung cua hai dang tai trong

khac nhau: khéi luong di dong va hé dao dong di dong (c6 téng khéi luong nhu

nhau). Vé gia tri: khi hé chiu tdc dung cia khoi luong di dong thi ca chuyén vi

vandi luc 16n hon so véi khi hé chiu tdc dung cua h¢ dao dong di dong (1,2 lan

— ddi voi chuyén vi ding tai C, 26% - ddi voi ndi luc). S¢ di co diéu nay, theo

tac gia 1a c6 hién tuong 1éch pha giita dao dong ctia dam va cua khdi lugng m

cua h¢ dao dong di dong.
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3.3.6.2. Anh huéng ciia vin toc tdi trong di dong
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Thay doi van tdc tai trong di dong bién thién tir 30km/h (8.33m/s) dén
120kmv/h (30.55m/s) (khoang cach giira cac xe khong doi D=50m), tién hanh
khao sat dbi véi chuyén vi dimg diém C, chuyén vi ngang diém A, luc doc trong
thanh dan hoi chinh gifra. Két qua khao sat duoc thé hién trong cac dd thj tur
Hinh 3.50 dén Hinh 3.55 va Bang 3.10.

Bang 3.10. Su bién thién cac gia tri 16n nhit theo toc do tai trong di dong

Van toc

(Km/h)

30 50 70 90 100 110 120

Uryncax(cm) 3,4850 | 3,5217 | 3,5732 | 3,7064 | 3,7187 |3,7356 |3,7484

UL (cm) | 0.3438 | 0.3458 | 0.3547 | 0.3590 | 0.3610 [0.3744 |0.3975

N (N) 49565 | 496515 | 49695 | 49819 | 49878 49885 (49988

Nhan xét: Vi cac thong sb tai trong duge khao sat, khi van tde tai trong
tang 1én, d6 vong 16n nhit tai mit cit gitra nhip dim trén va dam duéi ting nhe
(7,6%), dich chuyén ngang dinh cdt trai tang 15,6%. Luc doc trong thanh dan
hoi tang giam khong déng ké khi véan tdc tai trong tang tir 30km/h dén 120km/h.
Nhu vay c6 thé thay gia tri 16n nhit cua cac dai lugng duge khao sat khong chi
phu thudc vao tbe do di chuyén cua tai trong ma con phu thudc vao khoang
cach gifta cac xe va trong luong cua xe va ¢ do 1on khac nhau véi mdi van tdc.
Tuy nhién céc gia tri 16n nhat ndy xut hién tai thoi diém cac tai trong di chuyén

qua vi tri gitra dam.

3.3.6.3. Anh huéng ciia khoi heong tdi trong di ddng

Pé khao sat anh huong cta khdi luong tai trong véi phan tng cua két
cau, hé duoc tinh véi dai khdi luong thay d6i tir 10000kg dén 40000kg véi cling
vén tbc 80km/h. Két qua:
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Bang 3.11. Gia tri cuc tri cac dap ung tai diém tinh theo dd 16n tai trong

Do 16n tai
, 5 15 25 35 40 45 50
trong (tan)

Uryncax(cm) 0,4621 | 1,3864 | 2,3107 | 3,2350 | 3,6972 | 4,1594 | 4,6216

U (em) 0,0517 | 0,1551 | 0,2586 | 0,3620 | 0,4138 | 0,4655 | 0,5173

N (N) 5297 | 15091 | 26485 | 36080 | 42377 | 45675 | 52972

bar

Nhan xét: Khi do 16n tai trong di dong tang, cac gia tri dap ung dong
ctia két cau nhu chuyén vi dung giita dam, chuyén vi ngang cta dinh cot va luc
doc trong thanh dan hoi giira déu ting 1én theo quy lut gan tuyén tinh. Didu
nay 1a phu hop v6i quy luat co hoc, thém khang dinh d¢ tin cdy cua chuong
trinh tinh tac gia lap ¢ chuong trudce.
3.3.6.4. Anh huéng ciia khodng cdch giita cdc tdi trong di dong

Tinh toan voi trudong hop khoang céach gitra cac tai trong di dong khac
nhau: L/100 dén 20L/100. Két qua bién thién cua gia tri 16n nhat ctia do vong
giita nhip dam, dich chuyén theo phuwong ngang cua dinh cot va luc doc trong
thanh dan hoi chinh giita dugc thé hién nhu trong Bang 3.12 va cac do thi tir
Hinh 3.62 dén Hinh 3.67.

Bang 3.12. Gia trj cuc tri cac dap Gng tai diém tinh theo khoang cach

gitra céc tai trong di dong

Khoang
24 48 72 84 96 108 120
cach (m)

Unygx(cm) 6,5520 |5,2206 | 3,6825 | 3,1782|2,9202 | 2,7228 | 2,3474

UL (cm) | 0,6329 |0,5080|0,3611 | 0,3204 | 0,2872 | 0,2749 | 0,2466

N (N) 36711 | 35641 | 34526 | 34548 | 33492 | 32805 | 32459

bar
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Nhin xét: Khoang cach giita cac tai trong c6 anh hudng dang ké t6i dap
ung dong cua h¢. Voi van tdc va do 16m cua cac tai trong di dong duoc khao
sat, khi khoang cach giita céac tai trong cang xa thi cang it anh huong t6i két
cAu. Cu thé khi cac tai trong cach nhau tor 12m t&1 120m thi chuyén vi dung
giita nhip cau giam 2.8 1an, chuyén vi ngang cua dinh ¢t giam 2.6 1an con luc
doc trong thanh dan hdi chinh gitra gidm khong dang ké (4%). Theo tac gia luan
an, diéu nay phu hop véi quy luat co hoc, vi khi khoang cach cang gan thi murc
do tap trung tai trong cang cao, dan dén dap g tai cac diém tinh cling 16n hon.
3.3.6.5. Anh huéng ciia s6 lwong cdc tdi trong di dong

Sd lugng céc tai trong di dong 1a mot trong nhirng yéu tb thé hién mat do
phuong tién qua lai trén két cdu. Dé xem xét anh hudng cia yéu td nay dén dap
g dong cta hé, tac gia tién hanh khao sat bai toan khi cho s luong tai trong
thay d6i tir 1 dén 10 xe. Két qua bién thién cac gi tri 16n nhit tai cac diém tinh
duoc thé hién trong Bang 3.13 va cac dd thi tir Hinh 3.68 dén Hinh 3.73.

Bang 3.13. Cac gia tri 16n nhét tai diém tinh theo s6 lugng
tai trong di dong

S6 lwong
1 2 3 5 7 9 10
tai trong

Uryncax(cm) 1.8424 | 3.1220 | 3.9633 | 3.9926 | 4.0292 | 4.0441 | 4.0240

UnY (cm) [0,2803 |0,4557 | 0,5395 |0,5148 | 0,5167 | 0,5182 | 0,5459

N (N) 132036 | 32478 | 32738 | 32805 | 32854 | 32884 | 32889

bar

Nhan xét: Truong hop két cau chiu tac dung cua nhiéu tai trong di dong,
dap Gmg cuia hé ting dang ké so voi truong hop chiu mot tai trong di dong. Tuy
nhién vé6i gia tri van tdc va khoang cach gitra cac tai trong duoc khao sat, khi
c¢6 nhiéu hon 3 tai trong tic dung, anh hudng cia sb lwong tai trong téi dap tmg

ddng tai cac diém khao sat thay d6i khong dang ké.
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3.3.7. Anh hwong ciia lwc khi dong
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Dé danh gia anh hudng cta luc khi dong tac dung 1én két cdu, tac gia tién
hanh khao sat bai toan voi cac van toc gié tang dan tir gia tri U=10 m/s. Két
qua dap Gmg chuyén vi, van tdc, gia toc diém chinh giira nhip dam va goc xoan
quanh truc cua mat cat gilra dam véi mot sb gia tri van tbe gi6 khac nhau dugc
thé hién trén cac do thi tir Hinh 3.74 dén Hinh 3.78.

Nhan xét: Khi van tdc gi6 ting dan, dap g cta két ciu tai mot sb vi tri
quan trong déu tang theo thoi gian. Véi hai dang dap mg quan trong nhat ciia
két cau khi chiu tic dung cua luc gio 1a chuyén vi dimg va dao dong xodn tai
chinh gitta nhip dam, c6 thé thdy chuyén vi ding mit 6n dinh sém hon.

Tir cac @6 thi Hinh 3.74 dén Hinh 3.78, c6 thé khang dinh véi hé lién hop
dam doi-day-cot-thanh dan hoi ma luan an xét dén thi van téc gid t6i han 1a van
tdc gio toi han d6i véi chuyén vi dung diém giira ddm: U=60nvs.

3.3.8. Anh hwéng dong thoi ciia doan tdi trong di dpng va lwc khi dong

Phan nay nghién ctru dép ing dong khi hé lién hop chiu tac dung dong
thot ctia ca hai dang tai trong. Vi van tbe gi6 va van tdc tai trong di dong khac
nhau, két qua khao sat dugc thé hién tir Hinh 3.79 dén Hinh 3.83.

Nhén xét:

Trong mdt sb trudng hop, tai trong di dong co thé lam giam dap tng
dong cua két ciu khi co gio6 tac dung 1én két ciu voi toc d6 cao. Nguyén nhan
l1a do voi trong Iugng ban than, tai trong di dong s€ hoat dong nhu thiét bi tiéu
tan nang luong, co6 tac dung lam giam dao dong cuia h¢. Tuy nhién hi€u itng nay
con phu thude vao nhiéu yéu t6 nhu vi tri tai trong di dong, ) luong tai trong,
van toc tai trong va van tbe gio.

Khi van téc g16 nho, do trong lugng ban than nén tbe do di chuyén khac
nhau cia cac tai trong di dong c6 anh hudng dang ké dén dap Gmg dong cua két
cu. Tuy nhién, két ciu khong nhay cam voi su thay doi van tdc céc tai trong
di dong trong truong hop van tde gié 16n, boi khi d6 dap ung cta két cau chi

phdi boi gié chiém uu thé hon.
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Hinh 3.83. DBép ung luc cang day cap chu trai theo thoi gian
3.4. Két luan chwong 3

Mot sb két qua chinh dat dugc trong chuong nay nhu sau:

- Giai bai toan dao dong riéng ciia hé lién hop dam doi — day — cot —
thanh dan hoi, tinh dugc tan sd dao dong riéng va thé hién céac dang dao dong
riéng ctia két cau.

- Khéo sét sb trén nhiéu 16p bai toan ddi voi két cau lién hop dam doi —
day — cot — thanh dan hoi, trong d6 sy thay d6i cac thong sb dic trung tai trong,
vat liéu, tham sd hinh hoc cua két cau, ... cho théy dap tng dong cua hé theo
thoi gian, dic biét su anh hudng ciia cac dang tai trong dén dap Gmg dong cua
két cAu thé hién kha rd nét.

- Céc két qua tinh todn va nhén xét c6 tdc dung dinh hudng trong vi¢c
tinh toan, lua chon cac tham sé thiét két hop 1i cho céc cong trinh c6 kién trac
lién hop nhu cau day ving, cong chao, thap truyén thong, chiu tac dung cua tai

trong khi dong cling nhur tai trong di dong.
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Bai toan dao dong riéng ciia hé lién hop dam doi — day — cot — thanh
duoc tac gia thé hién trong bai bao 6. Bai toan nghién ctru dap ung dong luc
hoc cua hé lién hop chiu tac dung cua tai trong di dong duoc thé hién trong bai
bdo 1, 2,4, 6, 8, 9, chiu tdc dung cua luc khi dong thé hién trong bai bao 3, 7,
va dong thoi ca hai dang tai trong nay thé hién trong bai bao 5 (Danh muc cong

trinh cuia tac gia).
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CHUONG 4
NGHIEN CUU THU'C NGHIEM PHAN UNG PONG CUA
KET CAU DAM DPOI - DAY - CQT - THANH CHIU TAC DUNG
CUA TAI TRQNG DI PONG

4.1. Muc dich thi nghiém

Chuong 2 va chuong 3 cia luan an da tién hanh phan tich dong
luc hoc cua hé lién hop dam doi — day — cot — thanh dan hdi chiu tac dung cua
tai trong di dong va luc khi dong bang phuong phap phan tir hitu han. Trong
chuong nay, do han ché vé diéu kién thyc nghiém théi khi dong véi mo hinh
toan bo két cau ¢ Viét Nam cling nhu kinh phi thyc hién luan an, tac gia tién
hanh thi nghiém két cau chiu tic dung cua riéng tai trong di dong (luc gi6 tac
dung bang khong). Cu thé, luan 4n nghién ctu thuc nghiém trong phong thi
nghiém d6i v6i mo hinh két cAu lién hop chiu tac dung cua tai trong di dong
du6i dang mot hodc nhiéu khéi lwong di dong. Bo sd liéu thu thap tir két qua
thi nghiém trén mé hinh thyuc s& gop phan kiém tra va danh gia do tin cay cta
thuat toan va bd chuong trinh tinh da 1ap ¢ chuong trudc. Chuong trinh tinh
duoc kiém chimg boi thue nghiém s& c¢6 d6 tin cdy cao, cho phép giai nhiéu 16p
bai toan khac nhau, 1a tai liéu tham khao t6t cho cong tac tinh toan thiét ké cac
cong trinh quan sy, dan su. Muc dich cu thé cua thi nghi¢m nhu sau:

e Danh gia bang thyc nghiém phan tng dong cia md hinh lién hop dam
d6i — day — cot — thanh md phong két cAu cau ddy ving hai ting chiu tic dung
ctia mot hodc nhiéu khéi luong di dong.

e Gop phan kiém tra mirc d6 tin cdy cua thuat toan PTHH va bo chuong
trinh tinh COMLAF 2017 da lap trong chuong 2.

e Nang cao ning lyc cta tac gia luan an vé cach thuc t chirc, thyc hién thi
nghiém cac ndi dung lién quan dén co hoc, gbp phan tich cuc trong cong tac
giang day sau nay.

Qua trinh thi nghiém duogc tién hanh tai Phong thi nghiém Co hoc - Bo

moén Co hoc vat ran — Hoc vién K¥ thudt Quan su.
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4.2. M6 hinh va cac thiét bj thi nghiém

4.2.1. M6 hinh thi nghiém

5*4cm

38cm

A

12cm

30cm

Hinh 4.1. M6 hinh thi nghiém
a) Bdn vé thiét ké két cdu lién hop b) Mé hinh két cau sau khi da hoan thién.

Bang 4.1. Thong s6 két cau thi nghiém

E(N/m?) A(m?) I(m*) W(kg/m)
Déam 2,05.10" | 51,84.10° 1,08.107"° 0.495
Thanh liénkét | 2,05.10" | 51,84.10° 1,08.107" 0.495
Cot 2,05.10" 0,388582 5208,33.107"° 2.284
Day cép 2,05.10" | 0,0372.10* | Lu:51.69+158.13 0.225
(cm)

Mo hinh thi nghiém goém hai dadm chinh dugc lién két voi nhau béi cac

thanh doc va thanh chéo, cac cot va hé théng day cap (Hinh 4.1), véi cac thong

sO cua vat li¢u két cau nhu Bang 4.1. HE gdm co6:
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- Hai hé dam chu song song nam ngang, sir dung thép tiéu chuan, kich
thude 10x10 x 0.6mm , khoang cach giira 2 ting D=10cm. Trén mit hai tang
duoc gén cac thanh nhua thrfmg, nhe dé dinh huong cho cac tai trong di dong di
chuyén thang doc chiéu dai két cau.

- 50 thanh thang, 52 thanh chéo néi hai dam, str dung thép hop véi kich
thudc mat cat ngang 10 x10x 0.6mm .

- 2 hé cot dugc ché tao bé'tng thép hop ti€u chuén, c6 chiéu cao 100cm,
cic chan cot coi nhu bi ngam chit xudng san, mat cit ngang cua cot
60x60x1.1mm.

- Céc day cép c6 duong kinh 1.0mm, dién tich mit cit ngang 0.64mm?.
H¢ 40 day cap co dau trén duoc gén chit véi cac cot; dau dudi cap ge“in voi dAm
trén cua két cdu thong qua dung cu cing cap.

Cac ndi dung thi nghiém dugc thyc hién véi su hd tro ciia cac chuyén
giava cac thiét bi do dac tai Phong thi nghiém Co hoc May - Hoc vién Ky thuat
Quan suy.

4.2.2. Thiét bi thi nghi¢m

Thiét bi thi nghiém gdm 2 nhom: Nhom thiét bi gay tai gdm cic tai trong
di dong, hé¢ théng mo to dé tao van tdc cho céac tai trong; nhém thiét bi do gém
hé thdng may do, cac dau do gia tdc, bién dang va hé théng may tinh xr 1i di
cung.
4.2.2.1. Cdc thiét bi gay tai

Dé dam bao tdc do cua tai trong, tac gia bd tri cac qua can khdi lvgng m
trén cac xe di dong, dugc kéo bﬁng mo to dién (co cac gia tri tdc d6 1an luot la:
0.215mv/s, 0.408my/s, 0.917my/s). Mdi xe gdm mot tim gd hinh chir nhat kich
thudc 8 x 14 cm, duge gin 4 banh. Khdi luong 6t6 13 0,15kg. Tong khéi lugng
cac qua can trén xe c6 cac gia tri 1an luot 1a 2kg (doan tai trong) , 7kg (mot tai

trong). Do d§ ciing cua dam la kha 16n, va bé mat dam coi nhu phang, nén gia
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thiét anh huong cua khéi luong qua ning dén van tdc cia xe 1a khong dang ké,
c¢6 thé bo qua. Khoang cach giita 4 banh cua xe 1a 3cmx5cm, kich thude ny bé
rat nhiéu so véi chiéu dai két ciu, vi vay ¢cb thé xem tai trong tac dung Ién két
cAu 1a tai trong tap trung dat tai trong tam cua 6t6 vai 4 dinh 1a vi tri ciia 4 banh.

Hé théng méto dung dé tao véan tdc cho céac tai trong 1a dong co khong
ddng bo 3 pha 16 to ngan mach kiéu 4K71C4, do cong ty ché tao may dién Viét
Nam — Hungary san suat. Pong co c6 cong suat 0.75 kW, tc do quay dén 1380
vong/phut, st dung dién ap 220-380V (Hinh 4.2)

( -
OONG (;‘nf'r ?m%¥ mtn
bﬁ \Amumnm VIET NAM

mcn KGN 0 5 8 PHA RS TO NOAN mm

Hinh 4.2. Pong co khong dong bd 3 pha rd to ngin mach
4.2.2.2. Cac thiét bi do
a) Thiét bi cam bién gia téc va bién dang
bé xac dinh dap ung gia tdc, van tdc, chuyén vi va bién dang tai mot
diém trén két ciu, trong thi nghiém dung cam bién gia toc va tAm dién tré do
bién dang cing hé théng may do dong LMS.

Cac cam bién gia tdc dung trong thi nghiém 13 loai PCB Piezotronic
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(Hinh 4.3). Céc thong s6 ki thuat ctia loai cam bién nay nhu sau:
- Khéi lwong: 5.8g,
- Chiéu dai: 22.4 mm,
- Do nhay (+10%) 10 mV/g (1.02 mV/(m/s?)
- Dai tan sé do 0.3+15000 (+£10%) Hz,
- Binh cong hudéng 50kHz,
- Sai 56 do 0.05% hodc nho hon,

- Vat liéu ché tao: Titanium, véi phan cdm bién lam bang Ceramic.

PTN Co hoc may

PCB

Hinh 4.3. Cam bién gia tdc (a) va tim dién trd do bién dang (b)

Tam dién tr& do bién dang 14 loai KFG-5-120-C1-11 cta hiang Kyowa -
Nhat Ban (Hinh 4.4b). Cac thong ) k¥ thuat cua tdm dién tro: chiéu dai 5mm,
chuan do 2mm, dién tr& 120.240,20, hé s6 gauge k = 2,10 £1.0%. Theo d6, dé
xé4c dinh dap tung bién dang ctia mot diém thudc két cu, cAn mai nhin va lam
sach diém can do bang dung mdi chuyén dung, sau d6 gin chit cac tim dién
trd vGi bé mat cua két cau tai vi tri do, theo can phuong do béng keo dan chuyén
dung.

b) Thiét bi do dao dong:
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Thiét bi do dao dong dung trong thi nghiém 12 may do dong da ning
LMS kém phan mém phan tich FET, do hing LMS (M¥) san xuit (Hinh 4.4).
May c6 kién trac mo theo chuan cong nghiép. Trén may c6 16 khe cim tuong
duong vai 16 kénh do hoat dong ddce lap, cod thé do va phan tich sb liéu vai tde
d6 14y mau t6i da 102.4 kHz, ghi sb liéu thanh file dé xur 1y s6 liéu bang phan
mém tich hop trén may tinh. Ngoai ra may c6 thé chiu dugc diéu kién lam
viéc khac nhau nhu rung x6c, nhiét d cao (dén 55°C), nén phu hop véi diéu
kién do dac tai phong thi nghiém ciing nhu ngoai hién truong. Dir liéu cua tat
ca cac kénh do déu dugce phan mém LMS Testlab ghi lai ddng thoi ngay tai thoi
diém do. Viéc to hop cac modun can thiét cho mdi 1an do khién viée do luong
trong céac thi nghiém tré nén don gian va linh hoat. Cac médun va dau do gia

tdc hién co tai Phong thi nghiém Co hoc may co thé do duoc d?ly du cac dac

trung phan tng dong cua két cdu thi nghiém.

Hinh 4.4. May do dong da ning LMS va man hinh hién thi két qua do
Céc thong sb co ban ciia may do dong LMS:
- S6 luong kénh do tdi da: 16 kénh,
- Cép chinh xac: 0,0025%,
- Bo phan dai ADC: 16bit,
- Téc dd trich mau: 19,2kHz,
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4.3. Phwong phap xac dinh gia toc, chuyén vi va bién dang cia két cau

Pé xac dinh dap tng dao dong tai vi tri nao d6 thudc két ciu, can tién
hanh gin dau do gia tc cb dinh tai diém can do. Tuy theo phuwong can xac dinh
gia toc, dau do gia tdc hinh try duoc gin vao két cAu sao cho phuong truc dau
do tring v6i phuong can do gia toc. Cu thé trong ndi dung thi nghiém cua
chuong nay, dau do gia tbc gan vao vi tri chinh gitra dam trén, dam dudi va
dinh cOt trai, sao cho truc dau do vudng goc voi mat trung binh cua két cAu tai

cac vi tri d6. (Hinh 4.5).

Hinh 4.5. Gin dau do gia tdc tai mot s vi tri trén két cAu

Duéi tac dung cia tai trong, dau do gia toc s& dao dong theo cing vai
két cau. Khi do, tin hiéu dap tng gia téc theo thoi gian tir dau do duoc truyén
vé may tinh ctia thiét bi do va hién thi trén man hinh. Mi lan do s& cung cip
mot bo s6 liéu thé hién dap tmg gia tdc theo thoi gian cla cac vi tri duge gan
dau do. Tl bd sb liéu nay, phan mém LMS Testlab dugc tich hop trong may

tinh tién hanh phén tich va két qua cho ta dap tng vén tdc va chuyén vi theo
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thoi gian tai cac diém do, theo phuong duoc do.
DPdi véi dap tng bién dang cua két cau tai mot diém bat ki, tién hanh
gin tam dién tro 16n bé mat cua két cau, phuong cua tdm bién dang chinh 1a

phuong bién dang can do (Hinh 4.6).

Hinh 4.6. Quy trinh gin tam dién tro do bién dang theo phuong
doc truc ¢t trai

Dé so sanh véi bo sb lidu c6 dugce tir thuc nghiém, tic gia da su dung
chuong trinh COMLAF 2017 1ap trong chuong 2, v6i do 16n va van tdc cia tai
trong di dong tuong trng nhu trong thi nghié¢m.
4.4. Phan tich va xir Iy két qua thi nghiém

Viéc thu thap, tich hop s6 liéu (dap ting gia tbc, van toc, chuyén Vi va
bién dang tai nhiing diém can do theo thoi gian) ctia moi lan thi nghi¢m duoc
may tinh chuyén dung cua bd thiét bi do LMS thuc hién. Bé c¢6 duoc két qua
do trung binh, tic gia phai tién hanh do dac nhiéu lan rdi xir Iy théng ké, trinh
tu cac budc nhu sau:

Gia str, tién hanh do n 1an cac gia tri gia tdc hodc bién dang tai mdi vi tri
can x4c dinh, mdi 1an do c6 duge bd s6 licu [t;, N, ], véiila s6 bude thoi gian

trich mau thi nghiém ctia may do, N; - dai luong do tai budc thoi gian thit i (gia
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tc, bién dang).
Budc 1: Xuét bo s6 liéu cia n 1an do tir phin mém mady tinh.

Budc 2: Xéc dinh trung binh N, ctia mdi gié tri diém do trén ddy s liéu

(Ni)j v6i j=1,n :
N =13(N,),
| J
Budc 3: Tap hop bo s6 lidu [ti,ﬁi] , v& dap tng theo thoi gian ctua b
s liéu do sau khi xur 1y thong ké.
Budc 4: V& dap tmg theo thdi gian, xac dinh gia tri 10n nhat va gia tri
nh6 nh4t N, Nmin ctia b s6 liéu sau khi da xu 1y:
Nmax = maX‘Ni ‘

Numin = min‘Ni

Budc 5: Lam tuwong ti d6i véi d6 thi dap tng van tdc, chuyén vi tai diém
do theo thoi gian.

Budc 6: Danh gia, nhan xét két qua.
4.5. Thi nghiém va két qua dat dwoc
4.5.1. Mo ta thi nghiém

Tai phia dudi ctia dim trén (vi tri E gan sat cot) va chan cot trai (diém
B) tién hanh gan tAm dién tré do dap tmg bién dang (Hinh 4.6). Pau do gia toc
duoc gin tai vi tri gitta dam trén (diém C), dim dudi (diém D) va dinh cot trai
(diém A) (Hinh 4.5). Viéc lién két cac dau do v6i bo may do thong qua bd cap
tin hiéu tiéu chuan ddng bd v4i may.

Thuc hién thi nghi€ém véi cac truong hop khac nhau:

e Truong hop 1: Mot xe ¢6 khdi lugng m=7kg chuyén dong doc theo tang

trén hoac tang dudi cua két cau.
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e Truong hop 2: Poan tai trong gdm ba xe, mdi xe c6 khdi lwong m=2kg,

chuyén dong doc theo tang trén hodc ting dudi caa két cau.

Gia tri van tc cla cac tai trong tao nén boi dong co khong dong bo 3
phala 1,12m/s.
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Hinh 4.7. Tién hanh thi nghiém
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4.5.2. Thi nghiém trén két cdu lién hop chiu mét khéi lwong di dong
Tién hanh thi nghiém véi mot xe c6 khéi luong m=7kg chuyén dong doc

theo téng trén hoac tﬁng dudi ctia két cAu vai gia tri van tdc 1,12my/s.

Hinh 4.8. Quan sat két qua hién thi trén man hinh (mot 1an do)

Tai mot diém do dé xac dinh bo sb liéu dap tng gia téc hodc bién dang
theo thoi gian, tac gia tién hanh do 15 1an (n=15). Bo s liéu do dugc thu thép,
phan tich va xt 1y théng ké, c6 dugc dap tng bién dang hoac gia tde, van toe
va chuyén vi theo thoi gian tai cac diém do.

e i i e e R, Y T
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Hinh 4.9. Két qua dit liéu tir mot 1an do
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Két qua bo sb liéu thi nghiém sau khi duoc tac gia xir Iy théng ké trén

phan mém Matlab va so sanh v6i két qua tinh toan bang chuong trinh

COMLAF 2017 da lap. Hinh 4.10 1a dap tng gia toc - thoi gian tai dinh cot

trai, Hinh 4.11 1a dap ung bién dang doc tryc tai mat dudi dam (diém do E) cho

hai phuong phép: Iy thuyét va thuc nghiém. Bang 4.2 tom tit két qua gia tri 16n

nhat va sai sd giira hai phuong phap trén.

Bang 4.2. Gi4 tri dap (mg 16n nhét ciia két cau lién hop

(Truong hop hé chiu mot khéi luong di dong)

Pau do Ly thuyét Thuwe nghiém | Sai s6 [%]
A (m/s?) 3,75 3,24 15,7
Gia toc C (m/s?) 12,12 10,97 10,5
D (m/s?) 12,50 10,58 15,2
, B 1,42.107 1,28.1077 10,9
Bién dang
E 1,50.10°° 1,28.10°° 17,2
4 GIA TOC NGANG THEO PHUONG X
————— Ly thuyet
3 i Thuc nghiem |
2
T
E
o 0
8
(1]
& -1

0.2

t/T

Hinh 4.10. Pap tng gia tc phuong ngang tai diém do A theo thoi gian
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1.5 T T T T

————— Ly thuyet
Thuc nghiem

Bien dang

0 0.2 0.4 0.6 0.8 1
t/T

Hinh 4.11. Pap tng bién dang doc truc tai diém do E theo thoi gian
Nhan xét: Dap ung gia tdc va bién dang theo thoi gian cua hai phuong
phap (ly thuyét va thuc nghiém) 14 kha dong dang, sai s6 cac gia tri 16n nhat vé

chuyén vi déu nho hon 17,2% - 1a gia tri sai ) chép nhan duoc.

4.5.3. Thi nghiém hé lién hop chiu tac dung ciuia doan tdi trong di dong

‘l,}_ﬁl'
|

™ —
;
1

Hinh 4.12. Tién hanh thi nghiém két cAu chiu doan tai trong di dong
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Tién hanh thi nghiém vdi truong hop 3 khéi lugng chuyén dong doc theo
dam trén hodc dam dudi cua két cdu. Khoang cach giita cac tai trong la
D=10cm, véi trong luong mdi tai trong m=2kg.

MGdi chi tiéu thi nghiém ciing duoc thyc hién 15 lan. B s6 liéu do dugc
xtr Iy théng ké va c6 duoc gia trj gia tbe va bién dang 16n nhat, dd thi dap tng
gia tbc, bién dang theo tho1 gian dai dién cho cac lan do. Két qua bd s6 liéu thi
nghiém duoc tac gia xtr 1y thong ké trén phan mém Matlab va so sanh véi két
qua tinh todn bang chuong trinh COMLAF 2017 da lap. Hinh 4.13 1a dap tng
gia toc phuong dung tai diém gitta nhip dam trén (diém C) theo thoi gian; Hinh
4.14 1a d4p tmg bién dang doc truc tai chan cot trai (diém B) theo thoi gian cho
hai phwong phép: 1y thuyét va thuc nghiém. Bang 4.3 tom tit két qua gia tri
dap tmg 16n nhat tai cac diém do va sai s6 giita hai phuong phap trén.

GIA TOC DIEM GIUA DAM THEO PHUONG DUNG

10
————— Ly thuyet
Thuc nghiem
5r i
& ool dd !
< Oy
£ " :
Q
(=]
hd
S 5 .
O
-10 + i
_15 1 1 1 1
0 0.2 0.4 0.6 0.8 1

t/T
Hinh 4.13. Pap tng gia toc ding tai diém do C theo thoi gian
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Bien dang

w
i
7

Lk

————— Ly thuyet
Thuc nghiem

Lkdid,

0.4

0.6 0.8
t/T

Hinh 4.14. B4p ting bién dang doc truc tai diém do B theo thoi gian

Bang 4.3. Gia tri dap ung 16n nhét ctia két cdu

(Truong hop hé chiu tac dung cta doan tai trong di dong)

Pau do Ly thuyét Thuwe nghiém | Sai s6 [%]
A (m/s?) 4,34 3,65 18,9
Gia tbc C (m/s?) 13,86 12,75 8,7
D (m/s?) 14,32 12,95 10,6
, B 1,79.107 1,52.107 17,8
Bién dang
E 1,47.10° 1,23.10° 19,9

Nhan xét: Trong trudng hop nay, dap tmg gia téc va bién dang theo thoi

gian tai cac diém do trong thi nghiém va 1i thuyét 1a phu hop vé mit quy lut.

Sai s6 v6i bai toan doan tai trong di dong 16n hon truong hop mot tai trong di

dong tac dung 1én két cAu, tuy nhién gia trji 16n nhat tmg véi hai phuong phap

déu nho hon 20%, theo tac gia gid tri sai s6 nay 1 chap nhan duoc.
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4.6. Két luan chwong 4

- Két qua thyc nghiém va tinh toan 1y thuyét bang chuong trinh tinh
COMLAF 2017 trén m hinh thue nghiém twong tu 1a kha dong dang vé quy
luat, sai s6 trong pham vi chap nhan dugc, diéu nay cho phép gbp phan khang
dinh d¢ tin cay cta chuong trinh tinh COMLAF 2017 da lap ¢ chuong 2.

- B6 s liéu thi nghiém lam phong phii, bo sung thém tai liéu nghién ctru
vé dap tng dong cua két cau lién hop md phong cau day vang chiu tac dung
cua tai trong di dong.

- Céac n6i dung thi nghiém trinh bay d gép phan nang cao kha ning t6
chuc, thuc hién cac ndi dung trong linh vuc thi nghi€ém co hoc cho tac gia luan
an.

Mot phan ndi dung thi nghiém duoc thé hién trong bai bao 8 cta luan an

(Danh muc cong trinh cua tac gia).
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KET LUAN VA KIEN NGHI

1. Nhirng dong gop méi cia luan an

1. Trén co so ké thira va van dung 1i thuyét phan tir hiru han vé cac loai
phﬁn tor va cac mo hinh tai trong, ludn an da thiét lap thuat toan phan tich
dong luc hoc tuyén tinh ctia hé lién hop dam d6i — day — cot — thanh mo
phong két cdu cau day vang hai tang chiu tac dung cta tai trong di dong va
luc khi dong, trong do6 co xét dén thiét bi tiéu tan nang luong TMD.

2. Tu thuat todn da lap, tac gia da xay dung dugc bo chuong trinh tinh
COMLAF 2017 trong moi trudng Matlab, lam cong cu phan tich dong luc hoc
tuyén tinh ctia hé lién hop chiu tai trong di dong, Iyc khi dong va dong thoi
ca hai tai trong trén. Chuong trinh tinh di dugc kiém chimg cho thay bao
dam do tin cay.

3. Khéo sat s phong pht trén nhiéu thi du sat véi thuc té, véi su thay
doi vé thong s tai trong, vat liéu, kich thudc hinh hoc, c6 va khong co thiét
bi TMD, dé nghién ciru anh hudng ciia cac yéu to d6 dén cac thong sbé dong
luc hoc cua hé. Tur d6 rat ra cac nhan xét ¢ y nghia khoa hoc va thuc tién.

4. Tién hanh thiét ké mo hinh dam déi — day — ¢t — thanh bang vat
liéu thép tiéu chuan. Sau d6 thuc hién thi nghiém mé hinh trong phong dé
xem x¢ét dap ung dong cua h¢ chiu mdt hodc doan tai trong di dong. Két qua
nghién ctru thyc nghiém gdp phan kiém chimg két qua tinh toan 1y thuyét
bang chuong trinh tinh COMLAF 2017, sai s6 trong pham vi chap nhan
duge, mot 1an nira cho théy dod tin cay cua thuat toan va chuong trinh tinh do
tac gia da 1ap & Chuong 2. Ngoai ra, bo s6 lidu thi nghiém da gop phan lam
phong pht két qua nghién ctru thuc nghiém trong linh vuc nay.

2. Nhan xét va Kkién nghi

Qua nghién ctru va cac két qua dat dugc trong luan an, tac gia rat ra mot
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sb nhan xét va kién nghi nhu sau:

1. Phéan tich dong luc hoc cta hé lién hop dam — day — cot chiu tac dung
cua cac dang tai trong khéac nhau 1a bai toan kho va phuc tap. Tuy nhién, luan
an da giai quyét dugc bai toan két cau dam d6i — day — cot — thanh chiu tac
dung déng thoi ca tai trong di dong va luc khi dong. Pay 1a mdt co s¢ khoa hoc
cho cac nghién ciru tiép theo dbi véi cac hé lién hop phire tap khac nhu tim —
day — cdt, vo - day — c0t, ... chiu tac dung déng thoi cta nhiéu dang tai trong:
luc khi dong, tai trong di dong, tai trong dong dat, tai trong song xung kich,...
phuc vu cho linh vuc xay dung dan dung, giao thong van tai, an ninh quéc
phong,...

2. Tuong tac qua lai gitra két cdu vai tai trong di dong va luc khi dong
c6 anh huong rit 16n dén dap ung dong cua hé, dic biét trong truong hop van
tdc cac dang tai trong nay 16n. Vi vay, véi mdi két cau lién hop cu thé can xac
dinh duoc gia tri van tdc téi han dé khuyén céo trong qué trinh thiét ké, xay
dung va sur dung.

3. Nhitng nhéan x¢&t rit ra tur luén an vé su phu thudc cua céac kich thuée
va tinh chat vat liéu két cau dén cac dic trung dong luc hoc cua hé giap cho
nguoi thiét ké c6 co s& dé lya chon hop li cac chi tiét va vat liéu két cau.

4. Hudng phat trién tiép theo cta luan an:

- Vi bai toan tuong tac dong luc hoc gitra h¢ lién hop va tai trong di
dong, co thé xét dén do mép mo cuia mat duong, cac md hinh tai trong di dong
phtc tap hon véi su phan bé tai trong ngu nhién, xét dén dap tng dong cua
ban than tai trong di dong khi di chuyén trén két cau.

- Vi bai toan twong tac dong luc hoc gitra hé lién hop va luc khi dong,
c6 thé nghién ctru cac hiéu ting khac gay ra boi luc khi dong nhu trong Bang
1.2. Phan loai tic dung ciia lwe khi ddng trén két cdu cau), hodc nghién ciru

tuong tac gitra luc khi dong va tai trong di dong.
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PHU LUC

Phu luc 1. Muoi dang dao dong riéng dau tién ciia két cAu
Mode 1, f= 0.1691 Hz
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Mode 4, f=0.5134 Hz
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Mode 7, f=0.6299 Hz

Mode 8, =0.8200 Hz
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Mode 10, f=1.1878 Hz
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Phu luc 2: Ma trin thanh phin ciia ma trin d9 cing phin tir thanh khéng gian:
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trong d0: [ - chiéu dai phan tur, F - dién tich mit cit ngang phan tir, p - khdi luong riéng phan
tar, Jz - md men quan tinh mit cit ngang phan tir d6i véi truc z, Jy - mé men quén tinh mat
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Phu luc 3: Vin ban chwong trinh bai toin xuat phat bang Matlab

%$BRIDGE : HE LIEN HOP DAM DOI - COT - THANH - CABLE

% ________________________________________________________________

% PURPOSE

% CAU chiu Luc khi dong 8 he so flutter va nhieu tai trong di dong
% Tai trong di dong la he dao dong di dong co gia toc

% for a simple frame structure.

% Last modified: 2017/28/7

% ________________________________________________________________
clc;

clear all;
% XDungMohinh3D;

% PURPOSE

% 1. NHAP DU LIEU DAU VAO CHO CAU,
% 2. XAY DUNG MO HINH CAU

% for a simple frame structure.

%$120 PT DAM, 60 PT THANH DUNG, 60 PT THANH CHEO, 48 PT CABLE

%$DAM, COT, THANH deu su dung phan tu BEAM 3D 12*12 bac tu do,

% cé 6 BTD moi nut.

%$CABLE su dung phan tu cable 4*4 phi tuyen chiu keo, co 2 BTD moi nut.

clear all;

clc;

L=600;L1=120;L2=L1;L3=L1l;L4=L1;L5=L1;

d=6;

Lz1=30;Lz2=36;Lz3=24;Lz=Lz1+Lz2+Lz3+d;

B=20;

$ ———--- Generate the model ------------------————————— -
% -——-———- material data ---------——— -

% ep = [E G A Iy Iz Kv m (alpha beta)]; element properties
% E: Young's modulus

% G: Shear modulus, G=E/2.6

% A: Cross section area

% Iy: moment of inertia,local y-axis
% Iz: moment of inertia,local z-axis
% Kv: Saint-Venant's torsion constant
% m: mass per unit of length

% alpha,beta: C = alpha*K + beta*M
epGirder= [2.0ell 2.0ell/2.6 0.93 43.33 0.26 0.17 19640];
epGirderCent=[2.0ell 2.0ell/2.6 1.11 43.33 1.29 0.17 19640];
epBar= [2.0ell 2.0ell/2.6 0.15 5.26 1.26 0.17 19640];
epPylonAbove=[2.8el0 2.8e10/2.6 13.01 69.33 34.52 69.33 30650];
epPylonBelow=[2.8el0 2.8e10/2.6 18.58 130 86.31 130 43780];
epLink= [2.0ell 2.0ell/2.6 0.56 0.1 0.1 0.01 4380

%

epCablel= [2.0ell
epCable2= [2.0ell
epCable3= [2.0ell
epCabled4= [2.0ell
epCable5= [2.0ell

.0362 158.13 398 .3980]; % So lieu Cable
.0232 134.66 255 .2550];
.0204 111.64 225 .2250];
.0176 89.43 194 .1940];
.0139 68.8 153 .1530];

[eNolNoNoNol
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epCable6= [2.0ell 0.0113 51.69 125 .1250];
epCablel2=[2.0ell 0.0372 158.12 409 .4090];

epTMD=[10000 10000] ;

mTMD=15600 ;

xTMD=300; %$toa do treo TMD tren dam duoi

etaD=0.02;

Fmmmm e —————— GENERATION OF COORDINATES and CONNECTIVITIES------—-—-—---—
nd=120; %$So phan tu 2 dam chu

nte=nd/2; %$So thanh cheo noi 2 dam chu

ntd=ntc-1; %$So thanh doc noi 2 dam chu

Led=2*L/nd; %$Chieu dai phan tu dam

Lez2=2; %$Khoang cach len cot cua cable

Lezl=6;

nc=48; %$So phan tu day cable

nz2=nc/4;

nzl=12;

nz=2* (nzl+nz2) ; %$So phan tu 2 cot tru

n=nd+ntd+ntc+nz+nc; %$Tong so phan tu cua ket cau

nNodex=nd+2; %$Tong so nut tren 2 dam chinh

nNodez=(nz+2)-4; %$Tong so nut tren 2 cot (ko tinh 4 nut giao voi 2
dam)

nNode=nNodex+nNodez;$Tong so nut phan tu toan he

nzAbove=6+12; %$so nut, so phan tu cot trai (phai) phia tren

R MA TRAN CHUA SO HIEU NUT 2 DAU PHAN TU---—-—-—-=--————————————
$%-—————- Phan tu DAM, THANH, COT

%$DAM duoi

ENodes (1:nd/2,:)=[[1:nd/2]"',[1:2:nNodex-2]"',[3:2:nNodex]"'];

%$DAM tren
ENodes (nd/2+1:nd, :)=[[nd/2+1:nd] ' ,ENodes (1:nd/2,2:3)+ones (nd/2,2)];

%$Cac THANH doc
%$TD: mt chua so hieu nut 2 dau phan tu cac thanh doc
TD=[[1:2:nNodex] ', [2:2:nNodex] ']’

%$Loai bo 2 phan tu thanh trung voi 2 phan tu cot
ntdl=L1l/Led; %$so phan tu thanh doc (cheo) tren L1
ntd2=(L-L5) /Led; %so phan tu thanh doc (cheo) tren L1+L2+L3+L4
TD (ntd1l+1,:)=[];
TD (ntd2, :)=[];

ENodes (nd+1:nd+ntd, : ) =[ [nd+1:nd+ntd] ', TD] ;

%$Cac THANH cheo \\\
ENodes (nd+ntd+1:nd+ntd+ntc/2, :)=. ..
[ [nd+ntd+1l:nd+ntd+ntc/2]"',[2:4:nNodex-4]"',[3:4:nNodex-3]"'];

%$Cac THANH cheo ///
ENodes (nd+ntd+ntc/2+1:nd+ntd+ntc, :)=...
[ [nd+ntd+ntc/2+1:nd+ntd+ntc] ', [3:4:nNodex-3] "', [6:4:nNodex] '] ;

%COT ben trai
%$Phan COT phia duoi
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nzUnder=Lzl/d; %$so nut, so phan tu cot trai (phai) phia duoi
nnl=nd+ntd+ntc; %$So phan tu dam, thanh
bbl=nNodex+nzUnder; %Bien trung gian

ENodes (nnl+l:nnl+nzUnder+l, :)=[[nnl+l:nnl+nzUnder+1l] "', [nNodex+1:bbl,nd/5+
11', ...
[nNodex+2 :bbl,nd/5+1,nd/54+2]'];
%Phan COT phia tren
ENodes (nnl+nzUnder+2:nnl+nzUnder+l+nzAbove, :)=...
[[nnl+nzUnder+2:nnl+nzUnder+l+nzAbove] ', ...
[nd/5+2,bbl+l:bbl+nzAbove-1]"', [bbl+l:bbl+nzAbove] '];

%COT ben phai
%Phan COT phia duoi
nn2=nnl+nzUnder+l+nzAbove; %$Bien trung gian
bb2=bbl+nzAbove; %$Bien trung gian
ENodes (nn2+1:nn2+nzUnder+1, :)=[ [nn2+1 :nn2+nzUnder+1] "', ...
[bb2+1 :bb2+nzUnder,4*nd/5+1]1"', ...
[bb2+2 :bb2+nzUnder,4*nd/5+1,4*nd/5+2]"'];
%Phan COT phia tren
bb3=bb2+nzUnder;
ENodes (nn2+nzUnder+2:nn2+nz/2, :)=[ [nn2+nzUnder+2:nn2+nz/2]"', ...
[4*nd/5+2,bb3+1:bb3+nzAbove-1] "', [bb3+1:bb3+nzAbove] '] ;

$Phan tu CABLE---—-—-—————————————————————

bb4=nn2+nz/2;

ENodes (bb4+1:bb4+nc/4, :)=[[nn2+nz/2+1:nn2+nz/2+nc/4]1"', ...
[2:2:nd/5] "', [bbl+nzAbove:-1:bbl+nzAbove-nc/4+1]'];

$bb4=nn2+nz/2+nc/4;

ENodes (bb4+nc/4+1:bb4+nc/2, :)=[ [bb4d+nc/4+1:bb4d+nc/2]"', ...
[nd/5+4:2:2*nd/5+2] ', [bbl+nzAbove-nc/4+1:bbl+nzAbove] '] ;

ENodes (bb4+nc/2+1:bb4+3*nc/4, :)=[ [bb4+nc/2+1:bb4+3*nc/4]1"', ...
[3*nd/542:2:4*nd/5] ', [bb3+nzAbove:-1:bb3+nzAbove-nc/4+1]'];

ENodes (bb4+3*nc/4+1:bb4+nc, :)=[ [bb4+3*nc/4+1:bbd+nc] ', ...
[4*nd/5+4:2:nd+2] ', [bb3+nzAbove-nc/4+1 :bb3+nzAbove] '] ;

F=—————- MA TRAN CHUA BAC TU DO CAC NUT-----—-————mmmm e mmmmmm—
GDof=6*nNode; %$so bac tu do tong the
F————- Ma tran chua bac tu do cua cac nut PHAN TU DAM, THANH, COT, CABLE--

NodeDof=[[1:6:GDof] "', [2:6:GDof]"',[3:6:GDof]"', ...
[4:6:GDof]"',[5:6:GDof]"',[6:6:GDof]"'];

% % NodeDofll(:,1l)=[1l:nNode];

% % NodeDofll(:,2:7)=NodeDof

$NodeDofl=NodeDof (:,[1,2]) ;

Edof=zeros(n,13) ;

Edof (:,1)=[1:n];

Edof (:,2:7)=NodeDof (ENodes (:,2),:);
Edof (:,8:13)=NodeDof (ENodes (:,3),:);

Fmmmmm e MA TRAN CHUA TOA DO CAC NUT-------=-——————mmm oo
nodeCoord=zeros (nNode,4); %168*2
$DAM duoi
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nodeCoord(l:2:nNodex, :)=[[1:2:nNodex]',[0:Led:L] "', zeros (nNodex/2,2)];
$DAM tren
nodeCoord(2:2:nNodex, :)=[[2:2:nNodex] "', ...
nodeCoord (l:2:nNodex,2:4)+[zeros (nNodex/2,1), ...
ones (nNodex/2,1) *d, zeros (nNodex/2,1) 11 ;
%COT ben trai, phia duoi
nzUnder=Lzl1l/4d; %$so nut, so phan tu cot trai (phai) phia duoi
nodeCoord (nNodex+1 : nNodex+nzUnder, : ) =[ [nNodex+1 : nNodex+nzUnder] ', ...
ones (nzUnder,1) *L1, [-Lzl:Lezl:-d]',6 zeros (nzUnder,1)];

%COT ben trai, phia tren

nzAbove=6+12; %$so nut, so phan tu cot trai (phai) phia tren
NUl=nNodex+nzUnder; %$bien trung gian
nodeCoord (NU1l+1:NUl+nzAbove, :)=[ [NU1l+1l:NUl+nzAbovel] ', ...

ones (nzAbove, 1) *L1, [d+d:Lezl:d+Lz2,d+Lz2+Lez2:Lez2:d+Lz2+Lz3]"', ...
zeros (nzAbove,1l)];

%COT ben phai, phia duoi
NU2=NUl+nzAbove; $bien trung gian
nodeCoord (NU2+1:NU2+nzUnder, :)=[ [NU2+1 :NU2+nzUnder] "', ...
ones (nzUnder,1) * (L-L1) ,[-Lzl:Lezl:-d] ', zeros (nzUnder,1)];

%COT ben phai, phia tren

NU3=NU2+nzUnder; $bien trung gian

nodeCoord (NU3+1:nNode, :)=[ [NU3+1:nNode] ', ...
ones (nzAbove, 1) * (L-

Ll), [d+d:Lezl:d+Lz2,d+Lz2+Lez2:Lez2:d+Lz2+Lz3]"', ...
zeros (nzAbove, 1) ] ;

Coord=nodeCoord(:,2:4) ;

s --——- Draw a plot of the element mesh -----—------------------—---
[Ex,Ey,Ez]=coordxtr (Edof,Coord, NodeDof, 2) ;

% % figure(l);

% % view(3);

% % eldraw3d(Ex,Ey,Ez);

% % grid on;

$ % title('So do ket cau');

%$TinhKMC3D;

% PURPOSE

% GHEP NOI MA TRAN DO CUNG TONG THE

% for a simple frame structure.

% ________________________________________________________________

K=zeros (GDof) ;

C=zeros (GDof) ;

M=zeros (GDof) ;

for i=1:nd/10 % Dam bien trai, phia duoi
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirder) ;
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:),M,m);

end

for i=nd/10+1:4*nd/10 % Dam giua, phia duoi
[k,m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirderCent) ;
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);

end
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for i=4*nd/10+1:nd/2 % Dam bien phai, phia duoi
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirder) ;
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nd/2+1:6*nd/10 % Dam bien trai, phia tren
[k,m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirder) ;
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=6*nd/10+1:9*nd/10 % Dam giua, phia tren
[k, m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirderCent) ;
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=9*nd/10+1:nd % Dam bien phai, phia tren
eo(i,:) = [0 1 0];
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epGirder) ;
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:), M,m);
end
for i=nd+1l:nd+ntd+ntc % Thanh noi dam tren-dam duoi
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:),6 epBar);
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nnl+l:nnl+nzUnder+l % Cot day trai
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epPylonBelow) ;
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:), M,m);
end
for i=nnl+nzUnder+2:nnl+nzUnder+1+6 % Cot giua trai
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epPylonAbove) ;
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nnl+nzUnder+8:nnl+nzUnder+l+nzAbove % Cot dinh trai
[k,m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez (i, :) ,epPylonAbove) ;
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nn2+1:nn2+nzUnder+l % Cot day phai
[k,m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epPylonBelow) ;
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof (i,:) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nn2+nzUnder+2:nn2+nzUnder+7% Cot giua phai
[k,m]=beam3N(Ex(i,:) ,Ey(i,:) ,Ez (i, :) ,epPylonAbove) ;
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
end
for i=nn2+nzUnder+8:nn2+nz/2 % Cot dinh phai
[k, m]=beam3N (Ex(i,:) ,Ey(i,:) ,Ez(i,:) ,epPylonAbove) ;
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);
end
for ie=l:nc %$cable
switch ie
case {1,2,47,48}
ep=epCablel;
case {3,4,21,22,27,28,45,46}
ep=epCable2;
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case {5,6,19,20,29,30,43,44}

ep=epCable3;

case {7,8,17,18,31,32,41,42}

ep=epCable4;

case {9,10,15,16,33,34,39,40}

ep=epCable5;

case {11,12,13,14,35,36,37,38}

ep=epCableb;

otherwise

ep=epCablel2;

end

[k,m]=Cable3d (Ex(i,:) ,Ey(i,:) ,Ez(i,:),ep);
K=assem(Edof(i,:) ,K,k); M=assem(Edof(i,:), M,m);
K=assem(Edof (i, :) ,K,k); M=assem(Edof(i,:),M,m);

end

$Tap hop TMD

cotl=6* (nNodex+1) ;
cot2=6* (nNodex+1+nz/2-1) ;

[k,c]=TMD3 (Ex(n, :) ,Ey(n,:) ,Ez(n,:) ,epTMD) ;
K=assem(Edof (n,:) ,K,k);
C=assem(Edof(n,:),C,c);
M=assem (Edof (n,:) ,M,mTMD) ;

$ M(1010,1010)=M(1010,1010) +mTMD;

Eigenvalue analysis ----------—-------—-—-—-—--
$bac tu do cua nut dau tien cot 1
$bac tu do cua nut dau tien cot 2

prescribedDof=[1 2 3 4 5 ... %nut 1

78 910 11 ... S%nut 2

6* (nNodex-1) -4 6* (nNodex-1)-3 6* (nNodex-1)-2

6*nNodex-4 6*nNodex-3 6*nNodex-2
cotl-5 cotl-4 cotl-3 cotl-2 cotl-1 cotl
cot2-5 cot2-4 cot2-3 cot2-2 cot2-1 cot2];

[La,Egv]=eigen (K,M,prescribedDof) ;
Freg=sqrt(La)/ (2*pi) ;

Freq(1:10)

Dl=sqrt(La) ;

Q

F————- computation of the system vicious-damping

betaR=2*etaD/ (D1 (1) +D1(2)) ;
alphaR=betaR*D1 (1) *D1(2) ;
C=alphaR*M+betaR*K;

Fm————

———————————— Aerodynamic Force------—-------——--

rho=1.25; $kg/m3 mat do khoi luong khong khi
U=15; $m/s van toc trung binh cua gio
alpha0=2*pi/180;

w0=0.82;

mss=[44e3 44e3 44e3 44e3 44e3]; skg
$w0=0.168

P=zeros (GDof+length (mss) ,1) ;
[Kael,Kae2,Kae3,Kae4,Cael,Cae2,Cae3,Caed, Fael, Fae2]=...
matrankhidong4HA3D (B,U,w0,Led, rho,alphal) ;

for e=1:nd
Edofl=Edof (e,2:13) ;
KO (Edofl,Edofl)=KO0 (Edofl,Edofl) +Kael+Kae2-Kae3-Kae4;

CO (Edofl,Edofl)=CO0 (Edofl,Edofl) -Cael+Cae2-Cae3+Cae4;

P(Edofl,1)=P(Edofl,1l)+Fael+Fae2;

6* (nNodex-1) -1
6*nNodex-1
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end

F-—mmm e Moving Load---------—--——-———-—-————————————

g=9.81;

% mss=[58e3/3 58e3/3 58e3/3]; $kg

k=[9.12e6 9.12e6 9.12e6 9.12e6 9.12e6]; 3%N/m

c=[8.6e4 8.6e4 8.6e4 8.6e4 8.6e4]; $Ns/m

v0=[15 15 15 15 15]; $m/s dau thoi diem bat dau tang toc,
% va cuoi thoi diem giam toc

vmax=[25 25 25 25 25]; $m/s, chay deu sau khi tang toc

% v0=[15 15 15 15 15]; $m/s dau thoi diem bat dau tang toc,

% % va cuoi thoi diem giam toc

% vmax=[25 25 25 25 25]; $m/s, chay deu sau khi tang toc

t0=[50,55, 60, 65, 70]; %s thoi diem xuat phat cua cac xe

ad=[2 2 2 2 2]; $m/s2, gia toc cac xe

dt=0.1; $buoc lap

Tmax=L/vO0 (1) +2*t0 (length(m %thoi gian cac he dao dong di chuyen tren dam

p=round (Tmax/dt) ; %$so buoc lap

for j=1:length (mss)
T1(j)=(vmax(j)-v0(j))/a0(j) %$time acceleration=time deceleration
T2 (j)=(L-2*(v0 (j) *T1(j)+0.5*%a0(j) *T1 (j) ~2)) /vmax (j) ;

Gmmmmm - GAN DIEU KIEN DAU--—-——-————————m—m o m oo
activeDof=setdiff ([1:GDof] ,prescribedDof) ;

nDof=GDof+length (mss) ; % number of Dof
btddidong=[1:1length (mss) ]+GDof;

t=zeros (p+1,1) ;
u=zeros (nDof,p+1) ;
du=zeros (nDof ,p+1) ;
ddu=zeros (nDof ,p+1) ;

t(1)=0;

u(:,l)=zeros(nDof,1);

u (NodeDofl(:),1)=0.01*ones (length (NodeDofl(:)),1);
du(:,1l)=zeros (nDof,1l);

ddu(:,1l)=zeros (nDof,1) ;

R NEWMARK — = = = = = = = = = = = o e e e e e e e e
alpha=1/4;

beta=1/2;

i=1;

while t(i)<Tmax
t(i+l)=dt*i;
Ms=[MO, zeros (GDof, length (mss)) ;
zeros (length (mss) ,GDof) , zeros(length(mss))];
Cs=[CO0, zeros (GDof,length(mss)) ;
zeros (length (mss) ,GDof) , zeros(length(mss))];
Ks=[KO0, zeros (GDof,length (mss)) ;
zeros (length (mss) ,GDof) , zeros(length(mss))];
Ps=[P;zeros (length(mss) ,1)];
for j=1:length (mss)
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if t(i+1l)<t0(3)
a=0;
v=0;
xm=0 ;
elseif t(i+1)>=t0(j) &&t(i+1)<=T1(j)+t0(j)
tt=t (i+1)-t0(j)
a=al(3j);
v=a0 (j) *tt+vO0 (3) ;
xm=0.5%a0 (j) *tt*2+v0 (j) *tt;
pause
elseif t(i+1)>T1(j)+t0(j)&&t(i+1)<=(T1(J)+T2(j)+t0(3)):
tt=t (i+1) -t0(j)
a=0;
v=vmax (Jj) ;
xm=0.5%a0 (j) *T1(j) *2+vO0 (J) *T1(Jj) +v* (tt-T1(3));
elseif
t(i+1)>(T1(J)+T2(J)+t0(j)) &&t (i+1)<=(T1(j)+2*T2(j)+t0(j))
tt=t (i+l)-t0(3)-T1(3)-T2(3);
a=-a0(j);
v=vmax (j) +a*tt;
xm=0.5%a0 (j) *T1(j) *2+vO0 (j) *T1 (j) +vmax (j) *T2(j) +. ..

oe

0.5*%a*tt*2+vmax (j) *tt;
elseif t(i+1l)> (T1(j)+2*T2(j)+t0(3))
a=0;
v=0;
xm=0 ;
end

[Mpll,Mpl2,Mp22,Cpll,Cp21,Cp22,Kpll,Kp21,Kp22,P1,P2,edofS, kt]=...
MTBSa3D (mss (j) ,c(]j) ,k(j) ,a,t0(j) ,L,Led, t(i+1l) ,ENodes, Edof,qg)
[Mm,Cm,Km, Pm,ka (j) ]=TaphopMTBS (Ms,Cs ,Ks,Ps,Mpll,Mpl2 Mp22, ...
Cpll,Cp21,Cp22,Kpll,Kp2l1,Kp22,P1,P2,GDof,edofS, kt,J) ;
Ms=Mm;Cs=Cm;Ks=Km; Ps=Pm;
end
% Newmark
osdof=btddidong;
AA=osdof;
if t(i+1)<t0 (1) %thoi gian cho gio thoi
btdtinh=activeDof;
else
btdtinh=[activeDof, osdof];
end

u(btdtinh,i+l)=(Ms (btdtinh,btdtinh)/ (alpha*dt*2)+beta/ (alpha*dt) *Cs (btdti
nh,btdtinh) +Ks (btdtinh,btdtinh) ) *-1*. ..
Ps (btdtinh) +Ms (btdtinh,btdtinh) * (1/ (alpha*dt*2) *u (btdtinh,i)+1/ (alpha*dt)
*du (btdtinh,i)+(1/ (2*alpha)-1) *ddu (btdtinh,i)) ...
+Cs (btdtinh,btdtinh) * (beta*u (btdtinh,i)/ (alpha*dt) + (beta/alpha-
1) *du (btdtinh,i)+...

(beta/alpha-2) *dt/2*ddu (btdtinh,i))) ;
ddu (btdtinh,i+l)=(u(btdtinh,i+1l)-u(btdtinh,i))/ (alpha*dt*2) -
u(btdtinh,i)/ (alpha*dt)-...

(1/ (2*alpha) -1) *ddu (btdtinh,i) ;
du (btdtinh,i+1l)=du(btdtinh,i)+(1,beta) *dt*ddu (btdtinh, i) +beta*dt*ddu (btdt
inh,i+l1);

%pause;
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i=i+l;

end,
TO=t0(1)-30 ;
Tphai=T1 (length (mss) ) +2*T2 (length (mss) ) +t0 (length (mss) ) -30;
Xtrai=[TO0, TO]; Xphai=[Tphai,Tphai];
%%
figure (11) ;
hold on; box on;grid on;
xXxX=61%6; %$bac tu do nut 62
gttb=(min (u(xx-6+1,1:p))+max (u(xx-6+1,1:p)))/2;
biendoA=max (u(xx-6+1,1:p))-gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Ymin, Ymax] ;
ylim([Ymin, ¥max]) ;
x1im ([0, Tmax-30]) ;
plot(t(30/dt:p+1)-30,u(xx+1,30/dt:p+1), 'k', 'LineWidth',1.5);
plot(t(30/dt:p+1)-30,u(xx-6+1,30/dt:p+1), 'b-."', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points', ...

'FontWeight', 'bold’, ...

'FontSize',12,

'FontName', 'calibri')
title('CHUYEN VI DOC TRUC X', 'Fontsize',12, 'FontName', 'calibri');
xlabel ('Thoi gian (s)', 'Fontsize',12, 'FontName', 'calibri');
ylabel(' U x C&U x D (m)', 'Fontsize',12, 'FontName', 'calibri');
legend('diem C','diem D', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--"') ;plot(Xphai,YLim, 'r--") ;
MuxC=max (abs (u (xx-6+1,30/dt:p+1)))
MuxD=max (abs (u (xx+1,30/dt:p+1)))

[}
i)

figure (12) ;
hold on; box on;grid on;
gttb=(min (u(xx-6+4+2,1:p))+max (u(xx-6+2,1:p)))/2;
biendoA=max (u(xx-6+2,1:p))-gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;
ylim([Ymin, Ymax]) ;
x1im ([0, Tmax-30]) ;
$XxX=61*6; $bac tu do nut 62
plot(t(30/dt:p+1)-30,u(xx+2,30/dt:p+1), 'k', 'LineWidth',1.5);
plot(t(30/dt:p+1)-30,u(xx-3*6+2,30/dt:p+1), 'b-."', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points', ...

'FontWeight', 'bold’, ...

'FontSize',12,

'FontName', 'calibri')
title ('CHUYEN VI DUNG THEO PHUONG Y', 'Fontsize',61l2,
'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' U y C&U y D (m)', 'Fontsize',12, 'FontName', 'calibri');
legend('diem C','diem D', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,¥YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
MuyC=max (abs (u (xx+2,30/dt:p+1)))



184

MuyD=max (abs (u (xx-3*6+2,30/dt:p+1)))

figure (13);
hold on; box on;grid on;
gttb=(min (du (xx-6+2,1:p) ) +max (du(xx-6+2,1:p)))/2;
biendoA=max (du (xx-6+2,1:p) ) -gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Ymin, Ymax] ;
ylim([Ymin, ¥max]) ;
x1im ([0, Tmax-30]) ;
¥xx=61%*6; %$bac tu do nut 62
plot(t(30/dt:p+1)-30,du(xx+2,30/dt:p+1),'k', 'LineWidth',1.5);
plot(t(30/dt:p+1)-30,du(xx-3*6+2,30/dt:p+1), 'b-."', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold', ...

'FontSize',12,

'FontName', 'calibri')
title('VAN TOC DUNG THEO PHUONG Y', 'Fontsize',12, 'FontName', 'calibri');
xlabel ('Thoi gian (s)', 'Fontsize',12, 'FontName', 'calibri');
ylabel(' V_y C&V_y D (m/s)','Fontsize',12, 'FontName', 'calibri');
legend('diem C','diem D', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
MVyC=max (abs (du (xx+2,30/dt:p+1)))
MVyD=max (abs (du (xx-3*6+2,30/dt:p+1)))
%%
figure (14) ;
hold on; box on;grid on;
gttb=(min (ddu (xx-6+2,1:p) ) +max (ddu (xx-6+2,1:p)))/2;
biendoA=max (ddu (xx-6+2,1:p)) -gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;
ylim([Ymin,h ¥max]) ;
x1im ([0, Tmax-30]) ;
plot(t(30/dt:p+1)-30,ddu (xx+2,30/dt:p+1), 'k', 'LineWidth',1.5);
plot(t(30/dt:p+1)-30,ddu (xx-3*6+2,30/dt:p+1l), 'b-.', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold', ...

'FontSize',12,

'FontName', 'calibri')
title('GIA TOC DUNG THEO PHUONG Y', 'Fontsize',12, 'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' A y C&A y D (m/s”2)','Fontsize',12, 'FontName', 'calibri');
legend('diem C','diem D', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--"') ;plot(Xphai,YLim, 'r--") ;
MayC=max (abs (ddu (xx+2,30/dt:p+1)))
MayD=max (abs (ddu (xx-3*6+2,30/dt:p+1)))

figure (15) ;
hold on; box on;grid on;
gttb=(min (u(xx+4,1:p))+max (u(xx+4,1:p)))/2;
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biendoA=max (u(xx+4,1:p)) -gttb;
Ymax=gttb+l.2*biendoA;¥Ymin=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;
ylim([Ymin,h ¥max]) ;
x1im ([0, Tmax-30]) ;
plot(t(30/dt:p+1)-30,u(xx+4,30/dt:p+1l), 'b', 'LineWidth',1.5);
$plot (t(30/dt:p+1)-30,u(xx-3*6+4,30/dt:p+1l),'b-."', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized', ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold’, ...

'FontSize',12,

'FontName', 'calibri')
title ('DAO DONG XOAN QUANH TRUC X', 'Fontsize',12, 'FontName', 'calibri');
xlabel ('Thoi gian (s)', 'Fontsize',12, 'FontName', 'calibri');
ylabel (' Phi C(rad)','Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
PhixC=max (abs (u (xx+4,30/dt:p+1)))
%%

figure (37);
hold on; box on;grid on;
gttb=(min (u(btddidong(3) ,1:p) ) +max (u(btddidong(3) ,1:p)))/2;
biendoA=max (u(btddidong(3) ,1:p)) -gttb;
Ymax=gttb+1l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;
ylim([Ymin,h ¥max]) ;
x1im ([0, Tmax-30]) ;
plot(t(30/dt:p)-30,u(btddidong(3),30/dt:p),'b', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’', ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold', ...

'FontSize',12,

'FontName', 'calibri')
title ('CHUYEN VI DUNG CUA TAI TRONG DI DONG 2', 'Fontsize',Kb1l2,
'FontName', 'calibri') ;
xlabel ('Thoi gian (s)', 'Fontsize',12, 'FontName', 'calibri');
ylabel(' Y x e','Fontsize',12, 'FontName', 'calibri');
%$legend('diem C', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--"') ;plot(Xphai,YLim, 'r--") ;
PhixC=max (abs (u (btddidong (3) ,30/dt:p)))

%%
F————————- dinh cot trai----------
figure (118) ;

hold on; box on;grid on;

gttb=(min (u(144*6+1,1:p))+max(u(144*6+1,1:p)))/2;
biendoA=max (u(144*6+1,1:p))-gttb;
Ymax=gttb+l.2*biendoA;¥Ymin=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;

ylim([Ymin, Ymax]) ;

x1im ([0, Tmax-30]) ;

IxXx=61%*6; $bac tu do nut 62
plot(t(30/dt:p+1)-30,u(144*6+1,30/dt:p+1l),'k', 'LineWidth',1.5);
$plot (t(30/dt:p+1)-30,u(144%6+3,30/dt:p+1), 'b-.', 'LineWidth',1.5);

set(gca, ...
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'Units', 'normalized', ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold’, ...

'FontSize',b12,

'FontName', 'calibri')
title ('CHUYEN VI DINH COT TRAI THEO PHUONG NGANG', 'Fontsize',12,
'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' U x AU z A (m)', 'Fontsize',12, 'FontName', 'calibri');
legend('Phuong X', 'Phuong Z', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
MuxA=max (abs (u(144*6+1,30/dt:p+1)))
MuzA=max (abs (u(144*6+3,30/dt:p+1)))
%%
fm—————— LUC DOC TRONG THANH DAN HOI CHINH GIUA-----—-—----
figure (19) ;
hold on; box on;grid on;
Nygiua=-0.15*2el0* (u(xx+2,1:p)-u(xx-6+2,1:p))/6; %Nz=deltalL*EF/L
gttb=(min (Nygiua (1:p))+max (Nygiua(l:p)))/2;
biendoA=max (Nygiua (1l:p))-gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Ymin, Ymax] ;
ylim([Ymin, Ymax]) ;
x1im ([0, Tmax-30]) ;
$XxX=61*6; $bac tu do nut 62
plot(t(30/dt:p)-30,Nygiua(30/dt:p), 'b', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75]7,...

'FontUnits', 'points’', ...

'FontWeight', 'bold’, ...

'FontSize',12,

'FontName', 'calibri')
title ('LUC DOC TRONG THANH DAN HOI CHINH GIUA', 'Fontsize',kb1l2,
'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' N _y(N)', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
MNy=max (abs (Nygiua (30/dt:p)))

[}
i)

Bcot=6.2; %m

Hcot=3; $m

xcot=0;

Ecot=2.8el0;

Lecot=6; $m
gchancot=u(123*6+[1:12],:) ; $u=zeros (nDof,p+1) ;
Mzchancot=1le-6*Momenuon (Bcot,Hcot,xcot,Lecot,Ecot,gchancot) ;
figure (20) ;

hold on; box on;grid on;

gttb=(min (Mzchancot (30/dt:p) ) +max (Mzchancot (30/dt:p)))/2;
biendoA=max (Mzchancot (30/dt:p))-gttb;
Ymax=gttb+l.2*biendoA;¥Ymin=gttb-1.2*biendoA;
YLim=[Y¥min, Ymax] ;

ylim([Ymin, Ymax]) ;

x1im ([0, Tmax-30]) ;
plot(t(30/dt:p)-30,Mzchancot(30/dt:p), 'b', 'LineWidth',1.5);
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set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold', ...

'FontSize',b12,

'FontName', 'calibri')
title ('MOMEN UON CHAN COT TRAI', 'Fontsize',1l2, 'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' M z(MNm)', 'Fontsize',12, 'FontName', 'calibri');
plot(Xtrai,¥YLim, 'r--") ;plot(Xphai,¥YLim, 'r--");
MMz=max (abs (Mzchancot (30/dt:p)))
%%
[pIJ6]=LucCangCap (6,Edof,Ex,Ey,Ez,epCable3,u) ;
figure(21) ;
hold on; box on;grid on;
gttb=(min (pIJ6)+max (pIJ6))/2;
biendoA=max (pIJ6) -gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Ymin, Ymax] ;
ylim([Ymin, Ymax]) ;
x1im ([0, Tmax-30]) ;
plot(Xtrai,YLim, 'r--"') ;plot(Xphai,YLim, 'r--");
plot(t(30/dt:p+1)-30,pIJ6(30/dt:p+l),'b', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points’', ...

'FontWeight', 'bold', ...

'FontSize',b12,

'FontName', 'calibri')
title('LUC CANG DAY CAP SO 6',6 'Fontsize',1l2, 'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' N _z (N)','Fontsize',12, 'FontName', 'calibri')
Mcapl2=max (abs (pIJ6 (30/dt:p+1)))
%%
[pPIJ9]=LucCangCap (9,Edof,Ex,Ey,Ez,epCable5,u) ;
figure (23);
hold on; box on;grid on;
gttb=(min (pIJ9)+max (pIJ9))/2;
biendoA=max (pIJ9) -gttb;
Ymax=gttb+l.2*biendoA;¥min=gttb-1.2*biendoA;
YLim=[Ymin, Ymax] ;
ylim([Ymin,h ¥max]) ;
x1im ([0, Tmax-30]) ;
plot(Xtrai,YLim, 'r--"') ;plot(Xphai,YLim, 'r--") ;
plot(t(30/dt:p+1)-30,pIJ9(30/dt:p+1l),'b', 'LineWidth',1.5);
set(gca, ...

'Units', 'normalized’, ...

'Position',[0.15 0.2 .75 .75],...

'FontUnits', 'points', ...

'FontWeight', 'bold’, ...

'FontSize',12,

'FontName', 'calibri')
title('LUC CANG DAY CAP SO 9', 'Fontsize',12, 'FontName', 'calibri');
xlabel ('Thoi gian (s)','Fontsize',12, 'FontName', 'calibri');
ylabel(' N _z (N)','Fontsize',12, 'FontName', 'calibri')
Mcapl2=max (abs (pIJ9(30/dt:p+1)))



