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Tinh toan két cau céng trinh chiu tai trong
dong dat theo phuong phap lich st thei gian,
co xet dén tuong tac phi tuyén két cau - dat nén

Analysis of structures under seismic load by the time history method taking into account
the nonlinear interaction of soil - structure

> TS PHAM TUAN ANH™, THS GIAP VAN LGOI
MITrudng Dai hoc Cong nghé GTVT - Email: Anhpt@utt.edu.vn
2ITruong Pai hoc Cong nghé GTVT - Email: Loigv@gmail.com

TOM TAT:

Bai bao trinh dwa ra mat ma hinh mai trong phan tich ket céu cong trinh chiu téi trong dang d&t bang phueng phap lich st thivi gian. Gia tdc
dd cia mat tran dong dat thuc Elcentro (1940) duge siv dung dé phan tich dang truc tigp tng xir cia ket céu. Ngoai ra, img xir phi tuyén
trong twong tac ket cdu - nén dat da duge xem xet dén thong qua phuong phap duing cong Py, Tz, Me, 1an lugt mé t& quan hé phi tuyén giira
t&i trong ngang - chuyén vi ngang, tai trong dig - chuyén vi dirng va Ma men udin - gac xoay cia dai coc. KEt qua phan tich sy lam viec
cia ket cdu theo ma hinh mai duge so sénh vai phuong phéap phd phén dng va lich sir thii gian trong trudng hop coi chan cat 1a lien ket
ngam vai mat dat, cho thay khi ma phang gan ding su lam vigc thyc cia cang trinh, ¢ng xir cia ket cdu ca sur thay ddi kha ré rét. Nghign
citu cd the coi 1 bude ddu trong viec dura ra mat ma hinh ma phang gén dang sur [am viéc thyc t& cda cang trinh theo ma hinh rini rac, gitp
céc ky su thigt k& ca thé ma phang sur [am vigc két céu cang trinh ma khang mét nhigu thi gian xay dung ma hinh.

Tir khéa: duing cong Py Tz Mo, két céu khung, tai trong dang dat, lich sir thivi gian.

ABSTRACT:

The paper presents a new model in analyzing the structure under earthquake by the time history method. Acceleration of a real earthquake
Elcentro (1940) was used to directly analyze the behavior of structures. |n addition, nonlinear behavior in the soil - structure interaction
has been considered through the Py, Tz, Mo curve method, respectively describing the nonlinear relationship between horizontal load -
horizontal displacement, vertical load - vertical displacement and bending moment - angle of rotation of the foundation system. The results
of the analysis of the structural work of the new model are compared with the respond spectrum method and time history in case the
column foot is considered to be the mount link to the ground, showing that when the simulation is approximate the real work of the
construction, the behavior of the structure has changed quite markedly. The research can be considered as the first step in providing an
approximate simulation model of the actual work of the building in a discrete model, helping design engineers to simulate the work of
structural works without spending a lot of time building models.

Keywards: Py Tz Mg curve method, structure analysis, seismic load, time history method.

1. Dat van dé: két qua chinh xac hon so véi phuong phap tinh Iuc ngang tuong

Viéc tinh toan két cau céng trinh nha chiu tai trong déng dat da duaong. Gs.Ts. Shuenn-yih Chang (2015) [3] st dung phuong phéap
va dang la van dé dugc nhiéu nha nghién ctu quan tam. Nguyén doéng - phi tuyén d€ nghién clu phan tich két cau chiu tai trong
Dai Minh [1] sttdung phap phé phan ting nhiéu dang dao déng, tinh dong theo lich st thoi gian, ap dung cho hé 1 bac tu do va nhiéu bac
toan cho két cau nha cao tang va cho thay rang phuong phéap nay tu do, chan ngam.

tiét kiém thdi gian, cong stic cho ngudi thiét k&, déng thai cling cho
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G trong nudc, Vit Nam da ban hanh TCVN: 9386-2012 [5] - Tiéu
chuén thiét ké cong trinh chiu dong dat, dua trén cg s& cla tiéu
chudn EUROCODES - Design of structure for earthquake resistance
da c6 bé sung va thay thé mét s6 ndi dung cho phu hgp véi diéu
kién Viét Nam, trong d6 c6 dé cap dén phuong phéap phan tich theo
lich st thaoi gian (time history).

Tat cd cac nghién cdu va tiéu chuin da dua ra déu thuc hién
phan tich két cdu cong trinh khi coi phan chan cong trinh ngam véi
mat dat. Tuy vay, tuy theo diéu kién dia chat, phan chan céng trinh
sé ¢6 su dich chuyén khi chiu tai trong dong dat, diéu nay sé anh
hudng 16n dén két qué phan tich ndi luc va chuyén vi phan két ciu
bén trén.

Trong nghién ctiu nay, tac gia st dung cac dudng cong Py Tz Me
dé mo ta tuang tac phi tuyén két cdu — nén dat. K&t qua phan tich
céng trinh chiu tai trong dong dat theo phuong phap lich st thai
gian dugc thuc hién bang phuong phap phan ti hitu han trén phan
mém SAP2000.

2. Xay dung mo hinh tinh

2.1. M6 hinh duong cong Py Tz Mo

Co6 rat nhiéu dang mé hinh dudng cong Py Tz Mokhéc nhau ting
vGi loai dat va trang thai cGa dat. Trong pham vi nghién ctu, bai bao
st dung dang phuaong trinh dudng cong T-Z do Reese(1966) [6] dé
xuat @& minh hoa, hinh 1.

Mé hinh nay c6 thé dugc xem la mé hinh dan déo ly tuéng, gém
2 doan, dan hoéi tuyén tinh va chay déo. Gia tri tai trong gidi han cla
giai doan dan hoi 13 Tmax, Ung Vi N6 1a chuyén vi gidi han dan héi
Ze. Khi tai trong tac dung 16n hon Tmax, gitta dat va coc xay ra hién
tugng trugt cuc bo, khi dé tai trong khong tang nhung bién dang
tang dan. D6 cung 1o xo sé giam dan dén gidi han bén cua dat. Mo
hinh dudng cong P-y cling ldy hinh dang tuong ty, chi c6 chiéu la
theo phuong nam ngang.

Za=1 %mm g Za=0.1d 7

a — Swrc khang bén b-Strc khang mdi

Hinh 1. M& hinh durirng cong T-Z (5]

2.2. Bai toan uing xtf coc don

DE giai bai toan tuang tac coc - dat theo ca phuong ding va
phuong ngang, tac gia st dung phuang phap phan t hiu han véi
ki€u phan tich phi tuyén.

Phuong trinh can bdng tinh cta bai toan hé nhiéu bac tu do
dugc viét nhu sau:

K10} {7 g

[K] - ma tran dé clng téng thé cda hé;
{P} - véc tg tai trong ngoai;

{U} - véc to chuyén vi nut.
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Trong d6, phan t dai coc st dung kiéu phan t Shell, phan tu
coc st dung kiéu phan t frame va tuong tac gitia coc — dat dugc
thay thé bang cac 16 xo phi tuyén theo 2 phuong, tuan theo quy luat
dudng cong Py Tz.

Mo hinh coc trong phan mém SAP2000, vai 16 xo doc than coc
theo 2 phuong st dung ki€u phan t& phi tuyén Link — Multi Linear
Elastic d€ phan tich tuong tac phi tuyén coc - dat. Phuong phap
phan tich hé phi tuyén sir dung thuat toan gidi 1ap Newton —
Rhapson.

T
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I
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ng
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Hinh 2. S dd phén tich coc don

Tac dung lyc P va T véi cac gia tri tang dan, ta vé dugc dudng
cong biéu thi quan hé tai trong - chuyén vi dinh coc Py va Tz

2.2. Bai toan ting xi méng coc

Phan tich iing x&r méng coc sé dugc tinh toan trén co sé& ung xu
ting coc trong dai. Khi coc lam viéc theo nhém, hé sé nhom can
dugc xem xét dén. Hé sé nhdm theo phuang ding lay theo tac gia
Pham Tudn Anh (2019) [2] va hé s6 nhom theo phuang ngang lay
theo Rollines (2003) [7]. Cac hé s6 nay dung cho nhom coc chiu tai
trong tinh, tuy vay trong nghién ctu nay ta gia thiét lay tuong
duong cho nhom coc chiu tai trong dong. Hé s6 nay nhan truc tiép
V@i gia tri trén dudng cong Py Tz, ta dugc d6 ciing phi tuyén cac coc
€6 xét dén hiéu tng nhom.

Ung x{ phi tuyén clia méng dugc xem xét bang cach mé hinh
héa toan bé dai coc va cac coc trén phan mém SAP2000. Dai coc van
dugc mo hinh hoa bang phan t Shell, cac coc dugc thay thé bang
cac 1o xo phi tuyén, ki€u phan tl Link — Multi Linear Elastic. Tac dung
luc P va T véi cac gia tri ting dan, ta vé dugc dudng cong biéu thi
quan hé tai trong - chuyén vi dinh méng.

AN

Hinh 3. M@ hinh phén tich img xi mang.



Quan hé Me dugc xéac dinh dya trén sg d6 tinh hinh 3, trong d6
cac coc dugc thay bang cac 10 xo phi tuyén dat tai cac vi tri tuong
ing. Tang dan mé men M, ta do dugc cac chuyén vi xoay tuong ing
0. Luc doc dinh coc ldy bang luc doc trong trudng hgp coi lién két
chan cét la ngam.
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Hinh 4. Ma hinh tinh quan he ma men - géc xoay clia mang coc

Trong nghién ctiu nay, hé sé giam chan (damping ratio) theo cac
phuong ctia méng dugc gia thiét la hang s6. Hé s6 giam chan cua
két cau cong trinh dugc lay bang 5%.

2.3. M6 hinh héa két cdu khung va nén

Lua chon mé hinh mé hinh géi 1o xo tuong duong, trong dé toan
bd méng va coc dugc thay thé bang cac g6i 10 xo phi tuyén dat song
song vGi hé gidm chan (lién két kiéu Kelvin-voight), gém d6é ciing
chéng chuyén vi thdng, ngang va chéng chuyén vi xoay tuong Ung.

Hinh 5. M& hinh haa két cdu khung - nén

3.Viduminh hoa

3.1. GiGi thiéu vé céng trinh

Dia diém xay dung: Cau Gidy - Ha Noi, gia t6c nén khu vuc xay
dung ag=0.1032g (Tra vi tri theo TCVN 9386-2012). Gia t6c trong
trudng tai khu vue, g = 9,81 m/s2.

A B C (D E

Hinh B. Mzt béng ket céu cang trinh

Ké&t cau chiu luc clia cong trinh 13 hé khung bé téng cét thép dé
toan khoi. Vat liéu cong trinh st dung Bé téng cap bén B20, ¢ Ey =
2.7.107 (kPa)

Dia chat céng trinh dugc cho trong bang 1.

Bang 1. Bang chi tiéu ca ly cua dat

Lép Cfneu Y ® C E
dat® day

m kN/m3 ° kPa kPa
bL 1 16,0 - - -
SP 4 19,0 18 28 12000
SP 9 18,2 16 18 8000
CN 5 18,6 30 - 15000
cT 10 19,2 35 15600

“PL-Datlap, SP - Sét pha, CN - Cat hat nho, CT - Cét hat trung.
Mong coc BTCT duc sén 0,3x0,3m, dai 18m; Bé tdng coc st dung
cdp bén B20; dai mong cao 1,5m.

3D _, 3D
01 02033
[m)
[3p]
O4 05 06
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[ap]
o7 o8 o9

Hinh 7. Mat béng mang coc

Cac mong trong cong trinh sir dung méng 9 coc, bé tri theo so
d6 hinh 6.

3.2. Tai trong tac dung

Cac loai tai trong tinh tai lay hé s6 trong lugng ban than 1,2. Hoat
tai 1ay theo tiéu chudn 2737-1995 hién hanh. Trong lugng dua vao
phan tich dao dong: Tinh tai + 0.5 Hoat tai.

Tai trong dong dat: S dung gia tri gia toc nén do dugc tu tran
dong dat Elcentro (1940) theo phuaong Ux [9]. Do dinh gia t6c nén
cla tran déng dat Elcentro khac so vai Viét nam nén nghién ctu nay
st dung hé s6 ty 1& 0,1 cho tuang Uing vdi dinh gia téc nén khu vuc
clia xay dung, hinh 7.
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Hinh 8. Gia tc nén theo phuong Ux tran dang dét Elcentro (1340)

Thai gian dirliéu tran dong dat st dung dit liéu cho 30s dau tién.

Budc thai gian phan tich t = 0,02(s)

Dat tén nut trén cung cong trinh khung truc 2 la nat A.

So d6 tinh cia mo hinh xay dung trén pham mém SAP2000
dugc thé hién trén hinh 8.
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Hinh 9. So dd tinh cia cang trinh va khung truc 2 theo phuong X
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3.3. Két qua tinh toan

Két cdu cong trinh sé dugc phan tich theo 3 phuang phap. Két
qua vé nodi luc, chuyén vi dugc dua vao so sanh.

3.3.1. Theo phuong phép lich s thoi gian (chan cét ngam) -
Phuong phép 1

Hinh I0. Chuyén vi cang trinh tai T = [3s.
Phan tich chuyén vi nit (A) theo thai gian thay réng, nit nay dat
chuyén vi cuc dai 1,65cm tai thai diém 6.2(s) k€ tur khi bat dau tran
dong dat.
a3 Thoi gian (s)
200
16.0

|
120 I

Ly

=
Chuyen vi (m)

40 | W vy v
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120
1607
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30 B0 90 120 150 180 21.0 240 270 300

Hinh I1. Chuyén vi nit A thea thiri gian

3.3.2. Theo phucng phap phd phén (ng (chan co6t ngam) -
Phuong phép 2

St dung phan mém SAP2000 dé phan tich dao déng, xac dinh
dugc phé phan ting theo phuang Ux clia tran déng dat Elcentro ting
vdi ty s6 can nhét két cdu 5%. Ta st dung két qua nay dé phan tich
két cu coéng trinh theo phuong phap phé phan tng.

Hinh 12. Phd phan tng U, cia tran dang d&t Elcentro (Damping = 0.05)

Cac tham s6 dau vao dé phan tich cong trinh chiu dong dat:
S6 lugng dang dao déng riéng dua vao phan tich: 12 dang.
Hé s6 can két cdu: Damping = 0,05.

T6 hop tai trong: Can quan phuong (CQQ).

Hinh 13. Chuygn vi khung 2
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Chuyén vi ngang Ién nhdt nat A theo phuong phap phé phan
Uing ctia 12 dang dao ddng la 1.59 (cm), xap xi trudng hgp phan tich
két cau theo phuong phap lich st thai gian.

3.3.2. Theo phuong phap phé phan (ing

(chan cét lién két nlra ciing) - Phuong phap 3

a. Moéng coc chiu tai trong ding:

Do clng 16 xo ding trong giai doan dan hoi xac dinh theo cac
cong thic cta Vién KHCN GTVT [4]. Ma sat bén cuc han xac dinh dua
vao cong thiic Mohr — Coulomb:

T, =€0,,.tg(d) 2

Trong dé: € - hé s6 &p luc dat ngang; G, - Ung suat do trong
luong ban than dat tai d6 sau can tinh; O - géc ma sat gitra coc va
dstd=p—5".

Céac dudng cong Tz thé hién trén hinh 14. Ung x{f coc dugc phan
tich trén phan mém SAP2000 vdi ki€u phan tich phi tuyén, sir dung
phuong phép 1ap Newton-Rhapson, két qua thé hién trén hinh 15.
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Hinh 14. Cac dueng cong Tz doc than coc
Tai trong. (kN)
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Hinh 15. Ing x&r coc don chiu tai dimg

Cé thé thdy tai trong pha hoai bang 620 kN (ing vdi chuyén vi
dinh coc 1,65 cm. K&t qué phan tich ing xt hé méng coc thé hién
trén hinh 16.
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Hinh 8. Ung x&r dai coc chiu tai ding
a. Moéng coc chiu tai trong ngang:
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Hinh 17. C4c duing cang Py doc than coc
Do cling 16 xo ngang trong giai doan dan héi xac dinh theo cac
coéng thic cta Vién KHCN GTVT [4]. Phan luc ngang cuc han Py lay
theo theo Reese [8]. K&t qua dugc cac dudng cong Py doc theo than
coc nhu hinh 17. Trén so s& cac dudng cong Py, thay vao mo hinh
mdng coc trong SAP2000, ta xac dinh dugc Ung x dai coc dudi cac
cép téi ngang nhu hinh 18.
Tai trong ngang, (kN)
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Hinh 18. (ng xir dai coc chiu tai ngang

€. Méng coc chiu mé men uén:

Quan hé M6 men - géc xoay dinh méng xay dung trén moé hinh
trong SAP2000.

Hinh 19. (Tng x&r dai coc chiu ma men
c. Két qua phan tich:

Hinh 20. Chuyén vi cong trinh tai T = s

i Thoi gian (s)
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Hinh 21. Chuyén vi ndt A theo thri gian

Phan tich chuyén vi nut (A) theo thdi gian thdy rang, nat nay dat
chuyén vi cuc dai 3,45cm tai thoi diém 5.6(s) ké tir khi bat dau tran
déng dat.

Bang Error! No text of specified style in document..2. Két qua
so sanh

Tiéu chi so sanh Phuong Phuong Phuong
phédp 1 phép 2 phép 3

Chuyén vi A, cm 1,65 1,59 3,45

M6 men dam, kNm 61.3 672 52.1
(-58) ’ (-57.3)

M6 men c6t, KNm 104 95.3 49

Luc doc cét, kN 153 kN 153 kN 185

Nhan xét: Khi coi lién két chan cot 1a mém (PP3), mé men trong
dam va cot gidm, luc doc tang lén. Chuyén vi dinh tang do chan cot
¢6 su dich chuyén so véi nén.

4.Kétluan

Nghién ctiu da st dung cac phuong phap dudng cong P-Y, T-Z
dé dua ra mo hinh déng - phi tuyén tuong ducng clia méng coc.

Trén co s& mé hinh tuong duong cllia moéng coc, tién hanh phan
tich két cdu cong trinh chiu tai trong dong dat bang phuang phap
PTHH.

K&t qua phan tich cho thay, khi lién két chan cét la mém, tai
trong dong dat sé lam chuyén vi tuyét ddi theo phuong ngang lén
hon, nhung noi luc trong dam, cét lai giam di. Mé men phan phéi
thanh luc doc gitp giam dé léch tam cda cau kién.
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