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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Nghién ctru 4p dung giai phap cach chan cong trinh xay dyung chiu
tac dong cua dong dat.

- Ma sb: B2016.DNA.03.

- Chu nhiém:  PGS.TS. Hoang Phuong Hoa

- Co quan chu tri: Dai hoc Da Naclng, B0 Gido duc va Pao tao
- Thoi gian thye hién: 2016-2017

2. Muc tiéu:

Muc tiéu tong quat: Panh gia hiéu qua giam chin cho cong trinh xay dung khi
sir dung cac gdi ¢ 1ap truot ma sat (c6 dang con lac va con duoc goi 1a gbi con lic
ma sat) bao gém: Gbi mot mat trugt ma sat-SFP, géi hai mat truot ma sat-DFP va géi
ba mat truot ma sat-TFP; Nghién ctru chi tiét véi cac géi SFP va DFP.

Muc tiéu cu thé: Xay dung mo hinh tinh toan két cAu cach chan bﬁng cac
dang gbi truot ma sat chiu tai trong dong dat. Tir d6, nghién ctru danh gia hiéu qua
clia cac dang gdi nay va ung dung vao cac cong trinh xay dung ¢ Viét Nam.

3. Tinh md¢i va sang tao:

Dé tai co nhitng dong gop méi cho khoa hoc nhu sau:

- X4y dyng mb hinh tinh toan két ciu cach chin bang cac dang gdi truot ma
sat SFP, DFP va TFP.

- Déanh gia chi tiét dugc hiéu qua giam chin cua cac dang gbi SFP, DFP va
TFP st dung trong cong trinh chiu dong dat.

- Thiét ké ciu tao cac loai gbi dam bao k¥ thuat, kinh t& va my quan cong

trinh.
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4. Két qua nghién ctru:
Két qua nghién ctru c6 thé 4p dung trong cic cong trinh x4y dung dan dung
(Nha cao tang) va giao thong (Cong trinh cau) nham lam giam anh huéng cua tai

trong dong dat dén cong trinh.

5. San pham:
Toan bo san pham cua dé tai dd dugce hoan thanh. Trong dé, sd liéu trong ngodc

1a sO li¢u vuot muc so véi dang ky ban dau:

e 01 So dd ban thict ké md hinh;

e (01 MO hinh thi nghiém,;

e 12 Chi tiét cua bd gbi SFP;

e (01 Chuong trinh tinh toan;

e (01 Bai bao dang trong tap chi Scopus;

e (7 Bai bao dang trong tap chi trong nudc (vuot 5 bai);

e 02 Bai bao diang ky yéu Hoi nghi, Hoi thao qudc té (vuot 1 bai);
e 02 Pao tao hoc vién Cao hoc;

e 01 NCS bao v¢ thanh cong luan an Tién si k¥ thuat;

e 01 Sach tham khao (tai Nha xut ban Xay dung)

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha niing ap
dung:

Két qua nghién ctru da danh gia hiéu qua giam chan khi 4p dung gbi con lic
mot, hai va ba mit truot ma sat doi véi cac cong trinh xay dung khi chiu tdc dong
ctiia dong dat. Két qua so sanh khi dung gdi con lac ma sat véi cac trudng hop: két
cu khung nha ngam véi méng (nhu coéng trinh xay dung dan dung) két ciu dung
g6i chau thong thuong (nhu d6i véi cong trinh ciu) cho thay: gia tri noi luc, gia téc,
van toc ctia cong trinh giam dang ke;

Nhom thyce hién dé tai cling xay dung dugce chuong trinh tinh hiéu qua giam
chan sir dung ham odel5s trong ngdn ngir lap trinh Matlap. Nhém ciing da ché tao

(ché tao tai Vién Co khi ché tao Truong Pai hoc Bach khoa, PHPN) mé hinh gbi
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con lic mdt mit truot ma sat SFP va mot mo hinh két chu thép nha 3 tAng dé c6 thé

tién hanh thi nghiém khi Trudng c6 hé théng thi nghiém mo phéng dong dat.

Toan bd két qua nghién ciru c6 thé 1am tai liéu tham khao cho viéc xay dung
tiéu chuén thiét ké cong trinh xiy dung chéng dong dt, 1am tai liéu tham khao cho
nha quan ly khai thac cong trinh trén dia ban thanh phé Pa Néng (nit giao théng
Nga Ba Hué, Pa Ning) va ca nuéc ciing nhu cho hoc vién Pai hoc, Cao hoc va
NCS sir dung sau nay.

Ngay 4J thang® nam 2018

Co quan chii tri Chi nhiém dé tai
/¢ (ky, ho va tén)

PGS. TS. Nguyén L& Hiing

 Harng Fuiong Fotn” |




INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research and apply solutions to damage the construction works
affected by earthquakes.

Code number: B2016.PNA.03.

Coordinator: Hoang Phuong Hoa (Ph.D)

Implementing institution: The Ministry of Education and Training, The
University of Da Nang-University of Science and Technology.

Duration: from 01/2016 to 30/11/2017
2. Objective(s):

Overall objectives: Computational modeling for base isolated structures with the
friction sliding bearings including SFP, DFP and TFP bearings for constructions
subjected to earthquake load. Via this model, we evaluated the effectiveness of reduce
seismic of the base isolation bearings. Detailed research with SFP and DFP bearings.

Specific Objectives: Develop a model for calculating the shock structure by
friction bearings subject to earthquake loads. Since then, the study evaluated the
effectiveness of these pillows and applied to the construction works in Vietnam.

3. Creativeness and innovativeness:

Topics are new contributions for the science as follows:

- Build up the model for calculating the structure of the isolation by the friction
pendulum bearings such as SFP, DFP and TFP.

- Detailed evaluation of the damping effect of SFP and DFP bearings used in
buildings earthquake resistant.

- Designing bearings to ensure technical, economic and aesthetic works.

4. Research results:

Research results can be applied reinforcement calculated construction works
were damaged and calculated plan renovation and upgrading works demand load

capacity in the process of exploitation.
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5. Products:
e 01 Diagram of the model design;
e (1 Experimental model;
e 12 Details of the SFP bearing;
e 01 Calculation program,;
e 01 Article published in Scopus;
e (7 Articles published in the National journal,;
e 02 Articles published in the proceedings of International Conference;
e 02 Training master students;
e 01 PhD student successfully defended his thesis;
e 01 Reference book (at Construction Publishing House).
6. Effects, transfer alternatives of reserach results and applicability:

The results of the study have evaluated the damping effect when Single,
Double and Triple friction pendulum bearings are applied to constructions subjected
to the earthquake. Comparison results of the use of friction pendulum bearings with
the cases of the structure of the house with nails (such as civil engineering works)
and the structure of ordinary bearings (as for the bridge) show that internal strength,
acceleration, velocity of the works decreased significantly;

The team that implemented the project also built a program of damping
efficiency using odelSs in the Matlab programming language. The team also built
(made at the Mechanical Institute, University of Science and Technology, the
University of Danang) model of a single friction pendulum bearings SFP and a
model of steel structure 3-storey house to be able to conduct experiments when the
University of Science and Technology has a simulation system for earthquakes.

All research results can be used as reference material for construction design
standards of earthquake-proof constructions. Furthermore, these results can be
employed as reference materials for construction managers in Da Nang City,
especially in traffic junction at Ngi Ba Hué, Danang as well as for undergraduate

and postgraduate students.



MO DAU
1. Tinh cép thiét ciia dé tai

Dong dat 1a mot trong nhimg tham hoa 16n do thién nhién gay ra d6i véi tinh mang con
ngudi, cong trinh xay dung va nén kinh t& noéi chung. N6 cang nguy hiém hon khi van dé du bao vé
dong dat rat kho khan, gan nhu khong thé du bao chinh xéac thoi diém, vi tri xay ra va tinh chat cac
tran dong dat.

O Viét Nam, mic du khong nam trong “vanh dai ltra” cua cac chén tim dong dat manh trén
thé gidi. Nhung Viét Nam van 1a qubc gia nam trong khu vuc c6 mbi hiém hoa dong dat kha cao.
Do 1a bao cao cua cac nha khoa hoc tai Hoi thao quéc té "Nguy hiém dong dat, song than va cac hé
théng canh bao sém khu vuc Chau A - Thai Binh Duong" do Vién Vat ly dia cau - Vién Khoa hoc
Cong nghé Viét Nam t6 chirc trong hai ngay (5 va 6-9.2011). M6t s6 khu d6 thi 16n hién dang nam
trén cac doi dut giy va co kha ning xay ra nhitng tran dong dat c6 cap do rat manh nhu Ha Noi,
dang nam trén cac d6i dit giy song Hong, song Chay, song Mi, Son La duoc dy bao phai chiu
dung chin dong cp do 8 theo thang do Richter.

Trong lich str, Viét Nam dé ghi nhan mot s6 tran dong dat v6i cp do kha manh (6.7 — 6.8
d6 richter) tai nhitng d6i dut giy dai hang tram kilémét, nhu d6i dut giy: song Hong, song Chay,
Son La, Song Ma, dut gay Lai Chau - Dién Bién. Theo céac chuyén gia, tr nam 1900 t6i nay, cling
c6 hai tran dong dat cap 8 & Pién Bién (1935) va Tuan Giao (1983), 17 tran dong dat cap 7 va 115
tran cap 6 - 7 & khap cac ving mién.

Tir cic phan tich nhur trén cho thdy rang, cic cong trinh xdy dung can dugc thiét ké khang
chén, dic biét 1a thiét ké khang chén theo quan diém hién dai, khai niém nay gén véi thuat ng
“diéu khién dao dong két cau” va tuong ddi con méi mé ¢ Viét Nam. Do do, viéc nghién ciru va
tim hiéu vé chung 1a rat can thiét, c6 ¥ nghia khoa hoc va thuc tién cao va déy ciing 1a 1y do dé
Nhom tac gia nghién ctru dé tai: “Nghién civu dp dung gidi phdp cdch chin céng trinh xdy dung
chiu tic dpng ciia dpng dir’ nhim dua ra mot giai phap lam giam tac hai do dong dét giy ra cho
cong trinh xay dung.

2. Muc tiéu nghién ctru

Muc tiéu tong quat: Panh gia hiéu qua giam chén cho cong trinh xay dung khi sir dung cac
6 ¢6 1ap truot ma sat (co dang con lic va con duoc goi 14 gbi con lic ma sat) bao gdm: Goi mot mit
truot ma sat-SFP, géi hai mat truot ma sat-DFP va géi ba mat trugt ma sat-TFP; Nghién ctru chi tiét
v6i cac gbi SFP va DFP.

Muc tiéu cu thé: Xy dung mé hinh tinh toan két cau cach chan bing cac dang gbi truot ma
st chiu tai trong dong dét. Tir o, nghién ctru dénh gia hidu qua cua cac dang gdi nay va Gmg dung

vao céc cong trinh xay dung ¢ Viét Nam.



3. Pbi twong va pham vi nghién ctru

Déi tuong nghién ciru: DAi tugng nghién clru trong dé tai 1a cac dang gdi truot ma sat bao
gém: géi SFP, géi DFP va géi TFP, dac biét la géi con lic mot va hai mat truot ma sat ung dung
trong cac cong trinh xay dung chiu tai trong dong dt.

Pham vi nghién ctru: Nghién ctru phan ting két cau cho cuc bo timg gdi (khong xét dén su
lam viéc ddng thoi nhidu gbi trong mot cong trinh); Ung xtr két ciu bén trén 1a tuyén tinh, img xur
ctia gdi 1a phi tuyén.

4. Phwong phap nghién ciru

Nghién ctru mé hinh tinh toan 1y thuyét, mé hinh nay duogc giai bang phuong phéap sd
Runge-Kutta bac 4 v6i chuong trinh duoc xdy dung biang ngdn ngir 1ap trinh Matlab. Két qua
nghién ciru s& duoc so sanh kiém ching bang mot mo hinh thi nghiém thuc té cua tac gia khac da
dugc cong bo.

5. B6 cuc dé tai
CHUONG 1
TONG QUAN VE PONG PAT VA THIET KE CONG TRINH CHONG PONG PAT

1.1. Téng quan vé dong dit va thiét ké cong trinh chiu dong dat
1.1.1. Dinh nghia

Pong dét 12 12 hién tuong dao dong rAt manh cta nén dit xay ra khi mot nguén nang lugng
16n duoc giai phong trong thoi gian rat ngan do su ran nit dot ngdt trong phan vo hoic trong phan
4o trén cua trai dat.
1.1.2. Cic thong sé quan trong chuyén dong nén

- Bién dg 16m nhat [9]:

Bién d6 16n nhat thong thuong thé hién dudi cac dang dinh ctia chuyén dong nén, bao gdm:
gia téc dinh (PGA, Peak Ground Acceleration), van toc dinh (PGV, Peak Ground Velocity) va
chuyén vi dinh (PGD, Peak Ground Displacement). Trong d6, dai lugng gia toc dinh thudng co
nghia quan trong hon. Téi trong dong dat tic dung vao cong trinh thudng ti 1& véi gia toc dinh, dic
biét 1a cac cong trinh c6 do ciing 16n. Hai dai lugng van tdc dinh va chuyén vi dinh thi it &nh hudng
hon, n6 thuong chi c6 y nghia véi nhiing két cdu mém, nha cao ting. Nhimng dai lugng nay thu
duoc trén co so cac $6 ghi dia chén.

- Khodng thoi gian kéo dai ciia chuyén ddng manh [9], [59]:

Khoang thoi gian kéo dai cia chuyén dong manh 1a khoang thoi gian can dé giai phong
nang lugng cia tran dong dat, mot thong sb quan trong trong danh gia phan tmg cua két cau, dic
biét 1a két cAu 1am viéc phi tuyén. Nhitng két ciu c6 hién twong sut giam do cimg va cudong do vat
liéu thi rat nhay cam voi tai trong ldp cua dong dat. Co6 nhiéu cach xac dinh khoang thoi gian kéo

dai chuyén dong manh, trong d6 phd bién nhat:



+ Khoang thoi gian quan trong (Ds.7s va Ds.s): duoc xac dinh thong qua gia tri phan trim

gia toc nén binh phwong tich lity H(#) nhu phuong trinh 1.1.

(1.1)

trong do: a(?) 1a gia toc nén, ¢; 12 toan bd thoi gian chuyén dong nén, 7, 13 thoi gian cin xac dinh.
H(t) cb gia tri tir 5% dén 75% khi xac dinh Ds.75 va tir 5% dén 95% khi xac dinh Ds.s. Va theo cach
xac dinh ndy, bing gia toc nén trén hinh 1.1 s& ¢6 Ds.os = 9.6 s va Ds.7s = 3.8 s [80].

+ Khoang thoi gian kéo dai ddng hang (Dyrcker, bracketed duration): khoang thoi gian
duoc xac dinh bt dau véi dinh gia toc bang 0.05g va két thiic khi dinh gia téc nhé hon 0.05g
(ngoai khoang thdi gian Dy thi gia tdc dinh ludn nho hon 0.05g).

- Ngi dung tan sé [9]:

Tai trong dong dat thuong phtrc tap, dan trai trén mot mién tan sd rong. Noi dung tan sd cua mot
bang gia toc thuong duoc cac nha thiét ké thé hién dudi dang phd phan ng. Hinh 1.3 trinh bay pho
phan mg ctia bang gia toc El Centro trén. Trén phd phan tmg, viing chu ky trdi ciia cac tran dong
d4t s& dugc nhin thiy rd rang, diéu nay c6 ¥ nghia rat 16n trong thiét ké.

1.5

1

Sa (g)

0.5

Chu ky (s)

Hinh 1.3. Pho phan tng bang gia téc nén cua tran dong dat Imperial Valley (15/10/1979), do tai tram El
Centro Array
1.1.3. Sikc manh ciia djng dit
Strc manh cua dong dat duge tinh toan théng qua:
- Thang cudng d6 dong dit; va
- Thang d6 16n dong dat (magnitude).
1.1.4. Gidi phdp thiét ké cong trinh chiu dong dit
Theo quan diém thiét ké khang chén truyén thong, ngudi thiét ké chi quan tim dén van dé
luc tac dung, chua quan tam dén van dé nang luong.
Ngay nay, quan diém thiét ké khang chin hién dai thuong gin véi ki thuat didu khién két
céu [33]. K§ thuat nay lam giam cac dao dong co hai cua két cdu théng qua viéc 1ap dat nhirng thiét
bi diéu khién vao két cau. Cac thiét bi nay s& hap thu, tiéu tan hay co thé cach ly ngudn ning lugng

do dong dat truyén vao két ciu.



Trong k¥ thuat diéu khién két cau, ta co thé chia thanh 3 nhém chinh nhu sau: diéu khién bi
dong (passive control), diéu khién chu dong (active control) va diéu khién ban chii dong

(semiactive control).
1.2. K¥ thuit cach chéin day (co 14p méng)

Hinh 1.8 gi6i thiéu cu tao gdi SFP, n6 duoc gidi thidu sém nhét, vao nam 1987 [108]. Cau tao cua
géi gém mot mat cong ban kinh R va mdt con l4c truot trén mat cong co hé¢ s6 ma sat . Kha nang

chuyén vi ngang 16n nhat ctia gbi 1a d.

Hinh 1.8. Gdi con lic ma sat don, gbi SFP (EPS, 2011)

G6i DFP ¢6 céu tao nhu Hinh 1.9. N6 bat ngudn tir sang kién ctia Touaillon nam 1870 [93], st
dung nhitng vién bi tron lan trén nhitng mit cong nhu mot hé ¢6 1ap mong. Goi DFP dugc gidi
thiéu sau gbi SFP véi muc dich cai thién kha nang chuyén vi ngang cua gbi SFP [34], [101]. Cau
tao gom 2 mit cong ban kinh R va R, va 1 con lic trugt trén 2 mit cong c6 hé s6 ma sat y, < s, .

Kha ning chuyén vi ngang ctia gdila d,, =d, +d, .

Rz, 12

ut

Ry, iy

Hinh 1.9. Géi con lic ma sat d6i, gbi DFP (Fenz, 2008¢)
Gb6i TEP chi dugc gidi thidu gan diy nhat [40]. CAu tao gom 4 mat cong c6 ban kinh
R, =R, <<R =R, va 3 con lic trugt trén 4 mit cong c6 hé s6 ma sat s, = s, < g4, < 11, . Kha ning
chuyén vi trén timg mit cong 12 d, va trén toan bo gbi 1a d,, =d, +d, +d, +d, . Uu diém cia gbi
nay 1a ngoai kha ning chuyén vi ngang 1én nhu gdi DFP n6 con thich nghi v6i nhidu cap do dong
d4t khac nhau do c6 cdu tao gdbm nhiéu ban kinh cong va hé sb ma sat. Trong nghién ctru cua
Morgan [74], tac gia dé nghi day 1a mot thiét bi pht hop trong thiét ké da muc tiéu (theo tinh ning

cong trinh).

Hinh 1.10. Gdi con ldc ma sat ba, gbi TFP (Fenz, 2008¢)



1.3. Tong quan tinh hinh nghién ciru gbi ¢ 1ap truot ma sat
1.3.1. Nghién ciru vé goi SFP

Gbi SFP duoc gidi thiéu 1an dau tién vao nam 1987 bodi Zayas va cong su voi tén goi 1a
FPS [108], cdu tao cua gbi nhu Hinh 1.8. Chu ky tu nhién cua gbi SFP dugc xac dinh phu thudce

vao ban kinh mat cong R nhu sau:

T:ZﬁF (1.6)
8

trong d6: g 1a gia tbc trong trudng.
Khi gbi truot tao ra mot chuyén vi u, thanh phan luc ngang F bén trong gbi bang tong luc
phuc hdi F, va lyc ma sat F, nhu phuong trinh:

F=F +F, =ku+ uWsign(ir)

1.3.2. Nghién ciru vé goi DFP
1.3.3. Nghién ciru vé goi TFP
CHUONG 2
MO HINH CAC DANG GOI TRUQT MA SAT
2.1. Co s6' 1y thuyét
2.1.1. M6 hinh tinh todn
Trong phan tich dong luc cong trinh, két ciu xdy dung thudng 14 mot hé phan bd khéi

lugng dao dong va sé c¢6 vo han bac tu do. Tuy nhién, dé viéc tinh toan don gian, ta chép nhan mot
sO gia thiét mang tinh gin ding nhung dam béo tinh an toan trong thiét ké, hé két ciu s& duoc dua
vé hiru han bac tu do (hé nhiéu bac ti do).
2.1.2. Phwong trinh chuyén djng

Phuong trinh vi phan chuyén dong ctia mé hinh két cdu s& duoc thiét 1ap theo phuong phap
chuyén vi (phuong phép ma tran do cing).

Khi chiu dong dat, méng cong trinh xem nhu tuyét dbi ctng chiu mot chuyén vi nén cudng
buc 13 u,, chuyén vi ngang tuong ddi 1a u; va chuyén vi ngang tuyét ddi s& 1a: u .+ Van tde
tuong ddi « , van toc tuyét dbi: i+ i, . Gia toc tuong doi i, va gia toc tuyét ddi cua khoi lugng

ther i 14 i, +ii,

Ting N

Tz;;ng 2

Tang 1
777 . 777
a  —dyie

Hinh 2.1. M5 hinh hé két ciu nhiéu béc ty do chiu dong dat



Céc thanh phan luc tic dung 1én khdi lugng thir i bao gdm: luc quan tinh do gia tdc tuyét
dbi, lyc dan hoi do chuyén vi twong ddi va luc can do van tdc twong ddi. Ap dung nguyén 1y can
bang dong d’Alembert cho mdi khi lugng, ta s& cé cac phuong trinh chuyén dong nhu sau [1],
[11], [32]:

m, (i, +i4'g)+clu1 + ko, +c, (i, —,) + ky (u, —u,) =0

m, (ity +id,) + ¢, (i, — 1) + ky (u, —uy) + ¢ (th, —1ty) + ks (u, —uy) =0

(2.1)
m, (i, +ii,)+c,(, —u, )+k, u,—u, )=0
Sép xép lai hé phuong trinh 2.1, ta c6 thé viét dudi dang ma tran nhu sau:
[MI{ii } + [Cl{a } + [K]{u} = -[M{1} i, (2.2)

trong d6: [M] 1a ma tran khéi lugng, [K] 14 ma tran d6 cimg va [C] 1d ma tran can. {u}, {i} va
{ii } 1an luot 1a cac vec to chuyén, van toc va gia toc tuong ddi.
2.1.3. M6 hinh tinh todn lwc ma sdt trong goi truwot

Lyc ma sat trong chuyén dong co quy lut ty nhién twong dbi phirc tap. N6 phu thudc vao
nhiéu yéu t6 nhu: bé mat vat liéu, ap luc, van tde truot va lich st tai trong,... Co nhiéu mé hinh
dugc thiét lap dé xac dinh lyc ma sat dong. Nhitng mo hinh da st dung trong cac nghién ctru vé gbi
cach chan truot ma sat nhu: mdé hinh Coulomb, mé hinh Coulomb hiéu chinh, M6 hinh déo
(Viscoplasticity model, md hinh Bouc - Wen). Trong d6, mé hinh déo 14 cho két qua chinh xac
nhit, day 1a m hinh sir dung trong nghién ciru nay.
2.2. M hinh gdi con lic ma sat don (gdi SFP)
2.2.1. Quan h¢ giita luc va chuyén vi ngang

Phuong trinh tong quat chuyén dong cta gdi SFP thé hién quan hé giita Iyc va chuyén vi

ngang trong gbi. Puong tng xir tré thé hién trén Hinh 2.5.
F= %u +uWZ +F,

trong d6: thanh phan thtr 1 cta phuong trinh 1a lyc phuc hoi, thanh phan thi 2 1a Iyc ma sat, luc va
cham 14 thanh phan thir 3.

E/W
2u
U W/R

M u
Hinh 2.5. Pudng ung xir tré trong gdi SFP

2.2.2. M6 hinh tinh todn két ciu cdich chén bang goi SFP
M0 hinh tinh toan dugc trinh bay nhu hinh 2.6.




Hinh 2.6. M6 hinh tinh toan két cdu cach chin bang gbi SFP
H¢ phuong trinh vi phan chuyén dong, gom (n+1) phuong trinh, cua két cau cach chan chiu
gia toc nén duge viét nhu phuong trinh 2.26 (theo nguyén 1y d’ Alembert).
2.3. M hinh gbi con lic ma sat déi (géi DFP)

2.3.1. Quan hé giita lywc va chuyén vi ngang trong goi

Goi DFP c6 cdu tao nhu hinh 1.8. Chuyén dong ciia gdi gom 3 giai doan truot khac nhau.
Giai dogn I mat 1 trugt trudc (mdt 2 chua trugt). Giai dogn II: mat 2 s€ trugt cung voi mat 1 (ca
hai mat cung truot). Giai doan I1I: trugt chi con xay ra & mat 2 (mat 1 dung truot).

f=F/W

24
2[12

W um=di+d> ‘

Hinh 2.8. Duong ng xir tré trong gdi DFP (----: giai doan I, II)
2.3.2. Mé hinh tinh todn két cich chin bang goi DFP

Mo hinh tinh todn két cdu cach chin bang gbi DFP chiu dong dét trinh bay nhur hinh 2.9. Hé
phuong trinh vi phan chuyén dong duoc viét nhu phuong trinh 2.42 (theo nguyén 1y d’ Alembert).

U U Un

Hinh 2.9. M5 hinh tinh toan két cdu cach chan bang gbi DFP
2.4. M6 hinh gdi con lic ma sat ba (gbi TFP)
2.4.1. Quan hé giita luc va chuyén vi ngang trong goi
Chuyén dong cua gbi bao gdm 5 giai doan dugc Fenz va Morgan mo ta chi tiét. Giai doan I
truot trén mat 2 va 3; Giai doan II: truot trén mat 1 va 2; Giai doan I1I: truot trén mat 1 va 4; Giai
doan 1V: truot trén mit 2 va 4; Giai doan V: trugt trén mat 2 va 3. Phuong trinh chuyén dong ting
giai doan twong g nhu 2.51, 2.55, 2.59, 2.63 va 2.67. Puong tmg x{r tré nhu hinh 2.11.



Hinh 2.11. Puong tmg xir tré trong gbi TFP (- giai doan I dén IV)
2.4.2. M6 hinh tinh todn két cdu cich chin bang goi TFP

Mo hinh tinh toan két cau cach chan bang gbi TFP chiu dong dat trinh bay nhu Hinh 2.12.

Hé phuong trinh vi phan chuyén dong duoc viét nhu phuong trinh 2.84.
GonTFP

u> Un

kn

m: Cn Mn
}

OO (@)

Hinh 2.12. M5 hinh tinh toan két ciu cach chan bang gbi TFP
2.5. Phan tich vi du so

DPé minh hoa két qua mo hinh ly thuyét, mot vi du sb két cAu nha 5 tﬁng duoc cach chin bé“mg
cac truong hop gbi truot ma sat khac nhau gom: gbi SFP, DFP va TFP chiu cic tran dong dét dugc
phan tich. Vi du s6 s& minh hoa céac gia tri dac trung vat ly cia Kkét céu, géi cach chan va phéan ng
ctia két ciu.

- Két cau nha 5 tang: khoi lugng mdi tang nhu nhau m; = 450/g (kN.s*/mm), do cing cic
tang k; = 80 kN/mm va ti s6 can & = 5%. Chu ky co ban két cau 7, = 0.529 s.

- Théng s6 cua gbi: Kich thudc va cac thong sb ki thuat caa gbi trinh bay nhu hinh 2.13.

- Théng sb gia toc nén: gdm 7 bing gia tdc thuc cua nhing trdn dong dat khac nhau duoc 1dy
tir trung tdm nghién ctru dong dat Thai Binh Duong cia dai hoc Berkeley, dit liéu nhu trong bang
2.1.

- Két qua phan tich:

Két qua phan tich bao gdm dudng tmg xir tré ciia gbi (hinh 2.14 dén 2.20), hiéu qua giam luc cit
tang 1 (Hinh 2.21 dén 2.27) va hiéu qua giam gia toc tuyét ddi ting 5 (Hinh 2.28 dén 2.34). Két qua
chuyén vi gbi pht hop v6i dudng cong phd chuyén vi twong dbi va hiéu qua giam chat cua gbi xap
xi khoang 80% (phii hop v&i nhiéu nghién ctru trudce). So sanh hiéu qua lam viéc cia 3 gbi SFP,

DFP va TFP trinh bay trong cac Hinh 2.35 dén 2.41.



CHUONG 3
THIET KE CAU TAO KiCH THUOC GOI
3.1. Dit vin dé
Trong chuong 3 cia dé tai, chung ta di tinh toan dé chon céac thong s gbi hop 1y cho muc dich
trén ddi voi 2 loai gdi SFP va DFP.
3.2. Thiét ké ciu tao gbi SFP cho céng trinh chiu trin dong dit Northridge-01

Céu tao gbi cach chan mot mat truot ma sat da duge dé cap trong Chuong 1. Cau tao gdi xem
Hinh 3.1.
R u d

gg@,;q

Hinh 3.1. Cau tao gbi SFP

3.2.1. Khdo sdt irng xir goi SFP khi djng dit xdy ra déi vdi cong trinh 1 ting
Két qua tinh toan ta thiy néu chon d=250mm duong Gmg xr tré cua gdi duge gidi thiéu trong
Hinh 3.2.
3.2.2. Khdo sdt ciu tao goi SFP khi dpng dit xiy ra déi véi cong trinh 5 ting
Khao sat s6 ddi v6i cong trinh nha 5 tang (hé gdm 6 béac tuw do) chiu tac dong cia tran dong dat
Northridge-01 xay ra ngay 17/1/1994 s& cho chung ta dién bién viéc chon khoang cach dich chuyén

d cia goi con lac mot mat trugt ma sat nay:

01 Xﬂ
L

- e
5 : s
I K p Gk g -
Lo { == Ket can duoc gan goi S7P
1

[——Goi sFP: &=250mm -==-~ Ket cau ngam cung

t

-150 -100 -50 0 50 100 150 ()] 5 10 15 20 25 30

Chuyen vi G
=

o ——
<

[ ——Ket cau duoe gan goi SFP —— Ket cau duoc gan goi SFP
‘ ~=-=* Ket cau ngam cung ~*== Ket cau ngam cung

0 5 10 15 20 25 EC -] 5 10 15 20 25 30
Thoi gian (5) Thoi gian (5)

Hinh 3.2. Ung xir gbi SFP nha 1 ting chiu tran dong dat Northridge-01

+ Trudng hop tinh toan gbi SFP véi: R=1000mm va d=90mm. Két qua tinh toan dugc gisi
thiéu trong cac Hinh tir 3.7 dén 3.13.
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Hinh 3.13. Ung xir gbi SFP do tran dong dat Northridge-01, 4=102mm

3.3. Thiét ké ciu tao gbi DFP cho cong trinh chiu dong dit TABAS, Iran
Rz, p2

Rys by
Hinh 3.14. Cau tao gbi DFP

3.3.1. Hiéu qud giam chén ciia goi DFP cho nha 1 ting

Trong nghién ciru ndy, chung ta xét hiéu qua giam chén cua gbi DFP khi ¢6 dinh ban kinh 16m
thot dudi gdi R = 800mm, tham sb thay do6i 14 d tuan tu d = 100mm, d = 300 va d = 400mm. Trén
cac Hinh tir 3.16 dén 3.18 gi6i thiéu dudng tng xir tré cua gbi theo kich thudc d.
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Hinh 3.16. Puong tmg xir tré gbi DFP, khi d thay d6i, R ¢6 dinh

Tuong ung véi cac truong hop chon d chung ta v& dugc cac biéu do6 ve hi¢u qua giam chan doi

vé6i luc cit cua hé két ciu. Cac Hinh tir 3.19 dén 3.21.

400

Luc cat (kN)

ndii}

1/
‘Thoi gian(s)

—— Ketom éuoc g gojfBP \ —— Kef cau éuoc gan goi DFP (; ¥
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— e By *;—J\ T
M

Luc cat (kN)

d=300mm

o 5 10 15 1 _ ) 5 10 15
‘Thoi gian(s) R=800mm ‘Thoi gian(s)

d=400mm
R=R00mm

Hinh 3.19. Luyc cit chan cot chiu tran Tabas, khi d thay d6i, Rcd dinh

Dbi voi gia tc dinh cong trinh. Hiéu qua giam chén cling dugc thé hién trén cac Hinh tir 3.22
dén 3.24. Tuy nhién, dbi voi gia toc hiéu qua giam chin khong cao dic biét khi c6 hién twong va

cham xay ra.

2
. —— Ket cau duoc gan goi DFP
1 : AL b Ket caungam cung
I3 HHE S
a i T
¥ NRElE.
3 X 4
- f it A
0 B I LA .
2 i d=100mm
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2
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T i
] g me BREER ALy
Pt e
£ R b
! : ; ik bEEAR
. 1 I
d=400mm
R=800mm
2 L
0 5 10 15 20 25 3

Thoi gian (5)

Hinh 3.22. Gia t6c dinh chiu tran Tabas, khi d thay d6i, Rcd dinh
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3.3.2. Higu qud gidm chén ciia goi DFP cho nha nhiéu ting

Vi du duogc tinh toan cho tran dong d4t Kobe tai Nhat Ban xay ra ngay 17/1/1995. Tran
dong dat kéo dai 20 gidy, manh 6.8 do Richter, d6 sdu chin tiéu 16 km. Tran dong dat da lam thiét
mang hon 6400 ngudi va pha hity nhiéu cong trinh xay dung.

Thong s hiéu chinh bién tré Z: 4 =1, Y = 0.25mm, y =0.9, = 0.1, = 2. Ty s6 can & =
5%, d6 ctng k, = 80 (kN/mm), chu ky dao dong 7= 1 s va khdi lugng m = 450/g (kN.s>/mm).
Thong s6 gbi: R, = 3000mm, h; = 40mm, R = Ry — hy, d; = 300mm, hé s6 ma sat mat 1: ., =
0.06, i = 0.02; R, = 3000mm, h, = 60mm, Resn = Ry — hy, dy = 300mm, hé sb6 ma sat mat 2: Woax
= 0.1, tmin = 0.06.
Hinh 3.31. Gi6i thiéu duong g xir ciia gbi DFP tran dong dat Kobe ddi voi cong trinh nha 5 tang

(Hé gdm 7 bac ty do).
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[ e
Hinh 3.31. Hiéu qua giam chan gbi DFP tran dong dat Kobe, nim 1995

N6i dung nghién ctru trong chwong 3 ¢6 thé rit ra cac két luan nhu sau:
- Nghién ciru anh huéng cua tham sé cdu tao gbi dén tmg xr cuia cong trinh. Tir d6 c6 thé thiét ké
gdi phu hop véi cong trinh va dap ung yéu cau ki thuat va my thudt cia cong trinh khi st dung gbi

con lic truot ma sat loai SFP va DFP.
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CHUONG 4
HIEU QUA GIAM CHAN CUA GOI TFP TRONG NHA CAO TANG O VIET NAM
4.1. Gi6i thi¢u

Ha Noi duge du bao 1a ¢o thé xay ra dong dét cép 8. Thiét ké cong trinh chiu dong dét cho
khu vire nay 13 bit budc trong cac cong trinh xdy dung gin day. Tuy nhién, phuong phap thiét ké
khang chin hién nay van con theo truyén théng. Trong nghién ciru cia chuong ndy, giai phap thiét
ké khang chan véi k§ thuat cach chan ddy bang gbi TFP cho cong trinh nha cao tang dugc tién
hanh. ) .

4.2. Phan tich hi¢u qua goi TFP trong nha cao tang xay dung tai Ha N§i
4.2.1. Théong sé két ciu

Két cAu nha 9 ting bang Bétong cot thép, v4i gia thiét ban san tuyét dbi cing, khdi lwong va
d6 climg cac tang gia dinh gidng nhau, trong dé: khdi lugng m;=100 N.s*/mm, d6 ctimg k=150
kN/mm, ti s6 can &= 5%. Chu ky co ban 7= 1 s (phit hop cho nhiéu c6ng trinh cing quy md).

4.2.2. Lwa chon théng so gia toc nén phan tich

V6i phuong phép thiét ké khang chin da muc tiéu va két ciu duoc phén tich theo lich str thoi
gian, gia tbc nén duoc lya chon theo quy dinh cia ASCE 7-2010 gém 7 bing gia toc va mdi bing
gia tc duoc ghi ca 2 phuong. Két ciu dugc phan tich va danh gia véi 3 cap do dong dat khac nhau
bao gdm: cip SLE (dong dit nho), cip DBE (dong dit manh) va cAp MCE (dong dét rit manh). Do
16n cac bang gia tdc (mg voi timg cip do dugc didu chinh bang hé sé SF nhu phuong trinh. Két qua
bang gia toc va hé s6 SF tinh nhu bang. Hinh 4.2 va 4.3 s& minh hoa phd gia tdc trung binh SRSS

va pho muc tiéu sau khi diéu chinh d¢ lon.

T,
FSF) = [ Sy.38,dT
SF = l

T,
J SSZRSS dr

T

s | SMCE
Trung binh, SRSS

Sa (g)

Chuky, T (s)
Hinh 4.2. Phé muc tiéu MCE so véi trung binh SRSS két cAu cach chin
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= | 3MCE
Trung binh, SRSS

Sa (g)

Chu ky, T (s)
Hinh 4.3. Phé muc tiéu MCE so véi trung binh SRSS trong két cdu ngam ctng

4.2.3. Lwa chon cdc théng so ky thudt hop Iy cho goi TFP véi diéu kién dit nén Ha Nji

Theo nhu ciu tao, s& co 7 thong $6 ky thuat cua géi can dugc lua chon 1a: My =1

Ry =Ry;s; d, =d;; w; t Rep = Regs, dy = dy ddm bdo sy truot xay ra trén 5 giai doan. Tiéu chi dé

chon cac thong s6 hop 1y nay dugc dua ra: 1. Thich nghi nhidu cip do dong dat thiét ké; 2. Phan tng
ctia két cAu nhoé nhét c6 thé. Quy trinh lya chon bd thong s6 tdi wu cho géi TFP duoc thuc hién nhu
so d0 hinh 4.24. Két qua ta c6 bo thong sb t6i wu ciia gbi nhu sau: R, = Ry = 500 mm; R, = R,= 4000
mm; 6= 5= 0.01 - 0.02; 4= 10.02 - 0.06; 5= 0.04 — 0.08; d, = d5= 40 mm; d, = d;= 170 mm.

4.2.4. Hiéu qud giam chén ciia goi cho cong trinh

V6i bo thong s6 toi wu tim dugc, ta tién hanh phan tich két céu trong hai truong hop: Két cau
ngam cimg va két cau cach chan bang gbi TFP. Hiéu qua giam chin dugc danh gia thong qua gia
tbc tuyét dbi va chuyén vi twong dbi trong cac ting. Vi cAp dd MCE, két qua thé hién nhu hinh
420 va 4.21. Cap SLE va DBE cho két qua twong ty. Chuyén vi gbi, tong luc cit day trong 2

truong hop va hiéu qua giam chan cua gbi TFP duoc tinh toan chi tiét trong bang 4.4.

9 —0) | —©—KAét chu cach chan
8t —8— Két chu ngam clng
7 _
e OF
& 5
S
3 -
2 .
1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Gia tbc (g)

Hinh 4.20. Gia toc tuyét doi trong cac tang, cap MCE
9 —©— Két cAu cach chan
st —8— Két cu ngam cimg
7 F

e O

& 5¢

=~ al
3 -
2+
1

10 20 30 40 50 60
Chuyén vi (mm)

(=}

Hinh 4.21. Chuyén vi twong déi trong céac tang, cip MCE
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Bang 4.4. Chuyén vi gdi va hiéu qua giam lyuc cat day trong két cau nha 9 tang cach chan bang gbi TFP

Chuyén vi gdi, u;, (mm) Tong luc cat day, Fj, (kN)
Cép do Két cau ngam Két cél} cach Két cau ngam  Két c€'u,1 cach Hiéu qua
cung chan cung chan giam (%)
SLE 0 65.8 2415 697 71
DBE 0 176 5183 1103 79
MCE 0 311 7791 1451 81

Tir két qua phan tmg két ciu, nhitng diéu kién vé lyc ngang trong gbi (theo 17.2.4.4, ASCE 7-
2010) va cac thong sd gia thiét ban dau dugc kiém tra thoa méan yéu cau.

4.3. Két luan chwong 4

G6i TFP 1a thiét bi cach chin hiéu qua trong thiét ké khang chan da myc tiéu. Nghién ctru ing dung
gdi TFP cho nha cao tang chiu dong dat & Ha Noi theo ASCE 7-2010 mang lai hiéu qua cao (xap xi
tir 70% dén 80%). Mot phuong phéap xéac dinh bo thong sé t6i wu cho gbi TFP duoc trinh bay. Theo

d6, mot thong sb t6i wu cho gbi TFP sir dung cho nha cao ting xay dung tai Ha Noi dugc tim ra.

KET LUAN & KIEN NGHI
1. Két luan
Trong pham vi nghién ctru cta d¢ tai, nhimng két luan dugc rit ra nhu sau:

1. Duya vao nguyén ly cdu tao va chuyén dong ciia cac dang gdi trugt ma sat bao gom: Goi con lic
ma sat don SFP, gbi con lic ma sat d6i DFP va gbi con liac ma sat ba TEP tir cac nghién ctru trudc,
dé tai da xay dung mo hinh két cAu cach chan bang cic gdi trén chiu dong dat. Noi dung bao gom:
dua ra mo hinh tinh toan, thiét 14p phwong trinh vi phan chuyén dong va dua ra phuong phap sb dé
giai phuong trinh vi phan chuyén dong tim ra phan Gng cua két cdu. Dé tai thyc hién mot md phong
vi du s6 cho két cau chiu nhiéu bing gia tdc nén khac nhau dé danh gia hiéu qua giam chén cua
thiét bi. Két qua thu dwoc cho thiy hiéu qua giam chéan cua cac dang gbi nay 1a rat tot.
2. Nghién ctru img dung gbi TFP cho cong trinh nha cao ting vé6i diéu kién dong dat & Ha Noi
duoc thyc hién trong ndi dung ctia dé tai. Noi dung nghién ctru nay la danh gia hi€u qua cach chan
cho cong trinh khi str dung gbi cach chan TFP.
2. Kién nghi

Trong diéu kién va pham vi nghién ctru ctia dé tai, mot sé van dé chwa duge dé cap va lam
13 can c6 cac nghién ctru tiép theo sau:

Cén nghién ctru mot mo hinh va cham hop 1y d& mé phong tng xir két cdu khi con lic dat
dén chuyén vi giéi han. Khi kich thudc cia gbi nhod chiu cac bing gia tbc nén 16n s& xay ra hién
tuong va cham giita con lic va vanh ctng ngin chuyén vi cta con lc. Va cham nay anh huéng dén

phan ung cua két cau.



