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Tinh toan cdng trinh chiu tai trong dong dat bang ETABS, bién soan: Nguyén Canh Toan
TRUNG TAM NAO TAD XAY DONG VIETCONS

CHOONG TRINH MOI NGAY MOT CUON SACH

Thiét ké cong trinh chiu tac dong cta tai trong dong dat bang ETABS version 9

1. Cac khai niém can luvu y:
1.1. Khéi lugng, m
Theo dinh luat Newton, luc F = m x a. Khdi lugng m = F < gia tc a = 1 m/s’.
1.2. Béc tv do, DOF:
C6 hai loai sau: MDOF, hé nhiéu bac tu do; SDOF, hé mét bac tu do.
1.3. Tan s dao dong tu nhién va mode dao dong tu nhién (Natural Frequency, dao dong ma cong trinh cé
dugc do trong lugng ban than clia nd, khong co su' tac dong cua tai trong ngoai)

2. Cac budc thuc hién:
2.1. Khai bao nguyén vat liéu, Material properties:
Bétong: Khdi lugng riéng, Mass per Unit volume : p=7y/g=2,5/10 = 0,25.

Ly do phai khai bdo muc nay vi ta ¢ chu ky dao dong T dugc tinh bang T = 27z\/% , do d6 néu codng

trinh khéng cé khdi lugng riéng m, hoac gia tri m rat nhd dan tdi gia tri k rdt I6n = gid tri T ma ta c6

dugc rat bé. Nhu‘ vay, ngudi thiét ké dé& nham Ian cong trinh clia minh da dat du do cliing, va chu ky T

¢6 dugc da ndm trong pham vi gi6i han. Do vy, muc Mass per Unit volume bat budc phai khai bao khi

tinh toan phan tich dong luc.
2.2. Khdi lugng tham gia tinh dao dong:

KhGi lugng da, dam, cdt, san, vach — ETABS tu tinh toan;

KhGi lugng hoan thién, khdi lugng tuGng, mot phan hoat tai — ngugi thiét ké tinh toan.

Theo tiéu chudn My, phan khéi lugng tham gia tinh dao ddng lIa TT + 0,5 HT toan phan. Theo tiéu
chudn VN, gid tri tuang (ing 1a TT + 0,8 HT dai han. Ca hai cach tinh nay déu cho gia tri tuang duong. Vi
du: Theo TCVN 2737:1995, tai trong toan phan tac dung Ién san theo bang tra 1a 200 daN/m? , trong d6
phan dai han 1a 130 daN/m? phan ngdn han |a 70 daN/m? Theo TCVN, HTDH x 0,8 = 130 x 0,8 = 104
daN/m?; theo TC My, HTTP x 0,5 = 200 x 0,5 = 100 daN/m? Nhu vdy, dé théng nhét, ta dp dung hé sé
gidm t3i cho hoat tai dutic néu trong TC 229:1999 la 50% cho cong trinh co k€ dén nguti va trang thiét bi.
2.3. Khoi lrgng tap trung M:

Phan tich phdng: M = mx S

+0,5
trong do: m — khéi lugng phan bg, m = 2_5875°P ”
g

9,81
S — dién tich san.
Thong thudng, gid triq = 9 ~ 14 kN/m? (1 T = 10 kN), thudng chon q = 10 ~ 11 kN/m?

g 10~11
S>m===
g 9.8l
Sau dd gan khdi lugng tap trung M bang Joint Mass: Assign Joint/Point — Additional Point Mass...
—»
—»
AssignMasses |
E—
E—
B
[— Mom. of Inertia in Global Directions _I

Nhap tham s6 M vao 6 Direction X,Y. ‘
+ Cach khac cho phuong phap tinh toan khung phang: Chi can tinh khdi lugng ctia san chia cho gia toc
trong trudng thi dugc gia tri M, sau do gan tugng tu nhu trén.
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Tinh todn cdng trinh chiu tai trong dong dat bing ETABS, bién soan: Nguyén Canh Toan

Phan tich 3 chiéu:
Chi y: khéng can phai chia nhd phan tir shell bang Edit — Mesh Areas hay Assign — Shell/Area — Area
Object Mesh Options... khi giai bai toan dao dong vi sai s6 chi la 1% vdi khi cé chia nho cac phan td shell.

Khai bao khdi lugng: C6 céc cach sau:

o Céch1:

* Tinh cac I8p hoan thién, vd: 1,2 kN/m?
= Tinh céc Idp tudng, vd: 2,5 kN/m?

= Xac dinh hoat tai, vd: 2 kN/m?

= M=[q=12+25+2=57kN/m’/

= Sau dd gan I&n shell bang Area Mass,
Assign Mass

o Céch 2: Khdng can nhap san, chi can nhap khung sau do tinh toan toan bd khdi lugng san la bao

" " PP 5 o & g
nhiéu, sau dé chon hét cac nut giao gilta dam — cot, réi gan M = sl“\; (vGi N = sO nut trén san)
g.

béng Joint Mass.
o Cach 3:
= Nhép mé hinh.
= Khai bdo cac trudng hgp tai trong, theo hinh sau:

= Gan tai trong that sy, chua can nhap gid hay tai dong dat trong giai doan nay.
= Phdn TLBT, can chi y: Khi khai bao nguén khdi lugng Mass Source
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Tinh toén cdng trinh chiu tai trong dong dat bang ETABS, bién soan: Nguyén Canh Toan

= Néu chon muc From Self and Specified Mass and Loads thi muc Define Mass Multiplier for
Loads nhu hinh dugi day:

HT  =fls
HOANTHIEN 1
TuoNG
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Tinh todn cdng trinh chiu tai trong dong dat bing ETABS, bién soan: Nguyén Canh Toan

= Né&u chon muc From Loads thi chon nhu hinh duGi day:
Define Mass Source

2.4. Cong trinh can bao nhiéu mode la du?
Theo VN, s6 mode can tinh 1a Smoge a0 cho fs < fg < fsy1. Theo TCVN 229:1999 thi véi két cdu BTCT:
fgh = 1,3 Hz = Ts1 < Tgh = 0,8 s < Ts.

Vi du: Phan tich mode dao ddng ctia 1 cong trinh ta dugc bang sau:
3. Mode 4. T(s)
5 1 6. 1,6
7. 2 8. 1,0
9. 3 10. 0,9
11. 4 12. 0,82
13. 5 14. 0,75

Ta thdy mode 4 c6 T = 0,82 s > Ty, = 0,8 s, mode 5 thi T< Ty, nén s6 mode can phan tich Ia 4 mode.
Theo My, s6 mode can tinh 1a S sao choy = m; + m; + ... + ms # 90% Ygq (Xac dinh bang cach xem
file *.0UT)

HODAL PARTICIPATING MASS RATIOS

MODE PERIOD INDIVIDUAL MODE (PERCENT) CUMULATIVE SUM (PERCENT)
ux uy uz Ux uy uz

1 0.716509 12.1592 61.6461 0.0000 12.1592 61.6461 0.0000
2 0.676937 62.9422 17.3368 0.0000 75.1014 78.9829 0.0000
3 0.562664 8.4033 3.7223 0.0000 83.5047 82.7052 0.0000
4 0.219831 0.0443 11.2119 0.0000 83.5490 93.9171 0.0000
] 0.219422 10.6936 0.0419 0.0000 94.2426 93.9589 0.0000
6 0.190194 0.0072 0.0032 0.0000 0.0000
& 0.109230 0.2315 4.1287 0.0000 94.4813 98.0908 0.0000
8 0.108860 0.834% H.25662 0.0000 98.30%54 98.0568 0.0000
S 0.088297 0.0717 0.0357 0.0000 98.3771 98.3926 0.0000
10 0.074487 0.0701 1.5368 0.0000 98.4473 99.9294 0.0000
11 0.074477 1.5527 0.0706 0.0000 100.0000 100.0000 0.0000

Nhu hinh trén, phan gach dudi mau do la vi tri ma y # 90% ygq nén s6 mode can tinh 13 5 mode.
(Tham khao bai viét cia GS Edward L. Wilson trong file E-MANO8.pdf & phan Manuals cla phan mém Etabs).
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2.6.Phucng trinh dao dong xac dinh nhu thé nao?
Phucng trinh dao déng clia 3 dang dao dong y =sin v — B(cosvé-coshvé ) —Dsinhoé tinh toan nhung

khéng k& dén su tham gia clia cac IGp hoan thién, trang thiét bi,... trén cong trinh nén cho két qua khéng
dugc chinh xac, nén tur 1986, phucng phap tinh nay da it dugc sir dung. Hién nay, trén thé gidi st dung
phudng phdp Ritz dé tinh todn phuong trinh dao ddng. Phugng phap nay c6 ké dén su’ tham gia clia cac tai
trong k& trén khi tinh toén va phan tich dao ddng cho cdng trinh.
e Cach xac dinh phuong trinh dao déng trén ETABS: Ta chon nit, nam trén dinh va gilta cdng trinh,
xudt bdng Display — Show table — Xem hinh bén dudi

Choose Tables for Display

Edit

=0 MODEL DEFINITION (O of 58 ta
# [0 Building Data
# [0 Property Definitions

- #[ Load Definitions
# [ Point Assignments
#-[] Frame Assignments
Efs[] Area Assignments
# [0 Design Dverwrites
$ 0 Options/Preferences Data
#-[J Miscellaneous Dat

=B ANALYSIS RESULTS"{4 of 14 t:
#-[0 Displacements

@ B Building Modal Information

R EE D Uullaing uuput
# [0 Frame Output

Building Modes

Edit View
Building M»
Story | Diaphragm | Mode
»| STORY4 D1 1 -0.0541 01216 0
STORY3 D1 1 -0.0440 -0.0988 0
STORY2 D1 1 -0.0283 -0.0653 0
STORY1 D1 1 0.0115 -0.0259 0
STORY4 D1 2 01221 0.0640 0
STORY3 D1 2 -0.0981 0.0514 0
STORY2 D1 2 -0.0665 0.0350 0
STORY1 D1 2 -0.0281 0.0148 0
STORY4 D1 | 3 -0.0430 -0.0287 0
STORY3 D1 3 -0.0329 0.0219 0
STORY2 D1 3 0.0257 0.0170 0

hodc
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Tinh toan cong trinh chiu tai trong dong d&t bang ETABS, bién soan: Nguyén Canh Toan

\Eile Edit View Define Draw Select Assign Analyze Display Design  C

) New Model... Ctr+N |5 ‘ pee® ;_;)[ ) | 34
& Open... Ctrl+O ‘D"?"Z"E'v:‘
= save... Ctrl+S -

=10

Save As...

Import >
Export »

Create Video... »

Print Setup...

Print Preview for Graphics...
54 Print Graphics

Print Tables...

Capture Enhanced Metafile

Capture DXF File

Capture Picture

Modify/Show Project Information...
User Comments and Session Log... E
Last Analysis Run Log... Stee! Joist Design..,
Display Input/Output Text Files... Sheat Wall Resigh,..,

Print Output Tables i

— Type of Analysis Results

[ D $ [v Buiding Modes
[~ Reactions uilding Modal Info
[T Spring Forces [ Building Output

[~ Frame Forces [T WallForces

~ Print Sort Order

First |Stories v

[v Print to File [~ Append v Selection Only [T Envelopes Only
—

File Name  |D:\My DocumentsivDA1.txt Browse...

| 0K I Cancell
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2.7. Nhap tai trong dong dit bing TIME HISTORY ANALYSIS

Phuong trinh: Mii + cu + ku = P(t)

e Cac budc giai nhu sau:
o Ham thdi gian, nhap chu ky (s8n c6). Theo dd, ta ¢ cdc ham dan gian nhu sin, cos...:

Define Time History Functions

Add User Function

[&dd User Function
Add Sine Function

&dd Cosine Function k
Add Ramp Function
Add Sawtooth Function

~|Add Triangular Function =
Add User Periodic Function |

—

o Hodc ham ngau nhién (cic ham do cic méy do cac tran dong dat ghi lai, trong ETABS c6
san mot s6 ham c6 dudi .TH trong thu’ muc \ETABS\Time History Functions. C6 2 dang file
ham: dang file chi cé gia toc, phai cho biét Time step AT ; dang file ham th( 2 cho biét T,

giay (s).
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Define Time Histo

Tinh toén cdng trinh chiu tai trong dong dat bang ETABS, bién soan: Nguyén Canh Toan

ry Functions

(’“‘““-"“__““_"“7
iU Frcien =]

oo

o Click chon Browse & muc Function File, din dudng dan tdi thw muc \ETABS\Time

History Functlons ta co bang sau:
CORRALLI-Z. IH — |E|NEWHALL-1. IH

(= NEWHALL-2.TH
= NEWHALL-Z. TH
= OAK_WHAF-1.TH
=) OAK_WHAF-2.TH
= OAK_WHAF-Z.TH
= PETROLIA-1.TH

o Click view file dé biét dugc dang format file ham.

hQQOZ 50758 91179. 01 ALTADENA - EATON CANYON PLRK AT O DEG

.967 1.

.D CORRALIT-Z.TH

=) LACC_NOR-1.TH
=) LACC_NOR-2.TH

503

-2
2.357 6.897 4.506
6.669 3.584 10.629
-15.361 -8.254 19.363
-13.301 -14.433 -8.746

= PETROLIA-2.TH

4.451
4.057
1.284
-5.215

-14.579

4.875
3.296
-5.357
-27.125
12.576

SYLMARFF-1.
SYLMARFF-2,”
SYLMARFF-Z,”
=) YERMO-1.TH
=) YERMO-2. TH
=) YERMO-Z.TH

-4.440
-4.530
-12.719
5.048
-10.467

-4.622
-25.395
28.410
2.821
-4.110

3

5.

159

770
-8.
26.
.591
11.

10z
854

164

Hinh trén la dang file ham chi cho biét gia téc va AT = 0,020 sec. (chd y don vi gia toc Ia

cm/s’, cin nhén hé s6 0,01 dé thanh m/s’ trong ETABS, sé ndi phan sau)

0.00000
.16100
.29100
. 42900
. 62300
.72010
.87200

.01080 .04200
-.00010 .22100
.00580 .33200
-.02370 .47100
.00940 66500
-.02560 . 78900
.02320 .87210

.00100
.01890
-.00120
.00760
.01380
-.03870
-.03430

.09700
.26300
.37400
.58100
.72000
.78910

.94100

H/nh trén la dang file ham cho biét chu ky va gidy.

o Vidu st dung file ham ALTADENA-1.TH dé& phéan tich.

Trung tam fiao tao xay déng VIETCONS
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.01590
.00010
.0z000
.04z50
-.00880
-.05680
-.04020
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Tinh todn cdng trinh chiu tai trong dong dat bing ETABS, bién soan: Nguyén Canh Toan

Time History Function Definition

02 |

24402-50758-91179.01 AT 0O DEG
000 POINTS OF ACCEL DATA EQUALLY SPACED AT .020 SEC. (UNITS: CM/SEC/SEC)
=3.035 =1.032 =1.2243 =3.023 =5.213 1.536 T.311 5.159
.633 -2.967 1.503 4.451 4.875 -4.440 -4.622 3.770
2,357 6@97 4.506 4.057 3.296 -4,530 -25.395 -8.102
6.669 3.584 10.&9 1 4 -5‘.-‘5? -12.39 ZB.EU 26.854
15.361 -8.254 19.363 =5.215 -27.125 5.048 2.821 - 5 b
13,301 -14.433 -8.746 -14.579 12576 -10.467 -4.110 11.164
-3.752 20.732 9.316 1.457 -11.265 -17.571 -6.691 5.676
10.472 =4.210 7.080 23.:193 5.719 -59.833 =24.416 20.104
o Khai bdo trudng hgp dong dat
Define — Time History Cases...
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Modal Damping

Time History Case Data

E!ﬂr JloonGpat zljooos /£~ o o
|wm-\n—

acc dir 2 DONGDA 0.004 1 ‘
= on D acc dirl2 : s

o Tao mdt COMBO cd DONGDAT dé xac dinh Max Min ndi luc cho phan tir trong thdi diém xay
ra dong dat
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Load Combination Data

DONGDAT

o COMBO nay cé thé tac dung véi cac TH tai = (vd gid) dé tinh toan ndi luc cho cdng trinh.

o TysGcan &= L

= BTCT &= 5%, Thép & = 3% -
o Xem ndi luc cho phan tir trong khi dién ra dong dat:
Display — Show Time History Traces...

Time History Display Definition

Sau khi click Define Functions... ta ¢ bang dudi day:
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Tinh todn cong trinh chiu tai trong ddng dat bang ETABS, bién soan: Nguyén Canh Toan
Time History Functions |

~ Functions — (L Click to: -

‘ lAdd Input Functions

Modify/Show TH Function...

Delete TH Function

.

Time History Frame Function ]

Function Name |FrameB 50
Story ID STORY? |® Obiject ID |B50
*WEZomponent ~ Mode Number ——
" AxialForce ¢ Torsion @ Include all
C Shear22 Moment2:2 " Include one
" Shear 3-3 l ‘;:‘J
- Lacation L e [k
-~
Station |1 "ﬂ'
e _Cancel |
TZ AN gl —

M Time History Function Display
File

I>

Time

FrameB50

Gia tri Max,
Min Can xem

IlllIIIIl'llll'llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1

20 30 40 50 60 70 80 80 100
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2.9. Xac dinh gia toc dinh nhu thé nao?

Theo phudng trinh Mii + ctu + ku = P(t) ta thdy dudc rang trong cach tinh st dung phudng phap tinh chi
c6 d6 cling k nhén vdi chuyén vi u nén khdng thé xdc dinh dudc gia t6c. Do do co thé st dung phudng phap
quy d8i nhu sau: Gia st chuyén vi ¢ dang u = usinot = U’ = (Um)cosmt = u” = -(U,e’)sinet.

Ta xac dinh dUGC Yimax (Umax) trong ETABS, sau dd = @max = ©° X Umax

V@i chu ky riéng o = 2nf = 21 / T.

TAI LIEU THAM KHAO
[1] ETABS MANUALS.
[2] Ths. Nguyén Hitu Anh Tuan, Gido trinh Thuc hanh phén tich va thiét ké két cdu mét sé vi du co
ban bang ETABS, 2006, Tp. H6 Chi Minh.
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