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SDOF model of water tank

https://www.slideshare.net/javeduet/module-
3-free-vibrations—-in—-sdof-systems
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The term “linear’ in linear analysis procedures implies “linearly elastic.”

(ASCE 41 13 C7.3)
b il i il g




I°
=
Lo
b

SIAEA L] JHE (KBC2016)

UZIA S0 ZHEZ B - 2% HA AaY £F9 2
slo| e <3 0306.4.1> Wxlewa} 857
A5ae T8 Wrlew T8 =AT (1)
FA(5) 5 1.5
T85(1) I 1.2
T85(2), (3) II 1.0

<3 0306.4.7> LS A,

s
o gy

Jm
—_

I

e A, 0.010h,, 0.015h,,

0.020%




I

<it 0306.6.1> =1

AI2] 'S

2R g - %

A 2<glel] djgk AAA

A AL

NS
o 570 7

(KBC2016)

AAAR Al2=Ele] AJgke} Eo](m) Alg
P12 AR A A 2D =g WA s | aas
Sl HTA = C e
AT 2, =B
IRl P Eat
l—a HIFTIAZE 55730 2.5 - -
1—b, EILE "5 2.5 - -
1—c. IR 24 21dy 2.5 - 60 B
1—d. FB7F 227 vk 2.5 - =7t =7
2. AEEFEA
2—a Hz AV TR ) - -
(F= gl 2alE A3 53h
2-b. HZ AWM= ) - -
(F2 el vilE AFET)
2-c. AF EFFMIEE 2 . .
2—-d. AF HEFHIMEZ 2 - -
2—e. T4 AATMIE= 2 - -
2—f P EFaalrtEs 2 - -
2—g ¥4 ReFvMEx 2 - -
2—h. 4 A 2.5 - I

=



[I°
T
<

i

| 2P 9rY - R FA AL

<3L 0306.6.1> A=A A 2Ele] djgh AAAw

M7 9] i (KBC2016)

AAAG Alz=Ele] A gt} Eol(m) AF
71 ARGz e || B | CEE [ R ER T R R ER R
er || ZEP=ar e || %72 | wxc | wro
A4 0, : FE=B
2—n HEATE SR8 6 2.5 5 - - -
2—0. ATFAT|E HEATY 5 2.5 45 . . 60
2-p. AR 73 Ay 3 2.5 2 . 60 B$7h
2—q TR #3 Ak 1.5 2.5 15 - B7} =7}
3. RYlE - HgE3 A|2H
3-a HAF SeUYETE 8 3 5.5 - - -
3-b. AT FRAETE 45 3 4 - - -
J—c HIF RENGETE 3.5 3 3 - - -
3—d T SFRdEsE 8 3 5.5 - - -
d—e ¥ FURYESE 5 3 4.5 - - -
3-f P4 RERWETZE 3 3 2.5 - - -
3-g T ERuESE 6 3 5.5 ¥ ¥ .




e
o
=
pal
X

SIAA 2 Jf'Eg (KBC2016)

Em — QUE + OQSDS D
C =0.01

C,. =085—= 1.0



e
T
5

B LRI A 2] I (KBC2016)

SDOF model of water tank
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Uniform Hazard = Uniform Risk
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Risk-Targeted Ground Motions

Calculated iteratively by combining ...

Building Fragility Curves GM Hazard Curves
Risk Target dleflned by Prolect 07 (e.g., from USGS)
defined by Project ‘07 o o e /] b

Prob. of Collapse
in 50 yrs = 1%

F [ Collapse | S4=a |

'y —— SF Bay Area L
¢ —— Memphis Metro Area Location

P[SA>a] (in1yr)
: /
g

o __./".’/

w T w w 1w 1
Spectral Acceleration (0.2 sec), & [g] Spectral Acceleration (0.2 sec), a [g]

. via fRisk Integral” (,e\g. ATC 3-006)1.e.,

Coll SA =
P[Collapse] =f dPlCo apsel al @

* NEHRP Advisory Committee Meeting Material, 2011, Luco
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Component Flexural Rigidity Shear Rigidity Axial Rigidity
Beams—nonprestressed® i- 0.3E1, : 04E.A, —
Beams—prestressed* 1 El, 1 04E.A, —

Columns with compression caused by design : 0.7E1, : 04EA, EA,

gravity loads = 0.54, f/ 1 1

Columns with compression caused by design : 0.3E1, : 04EA, E.A, (compression)

gravity loads < (.14, f or with tension 1 E A, (tension)

Beam—column joints : Refer to S=:ction 10.4.2.2.1 EA,

Flat slabs—nonprestressed : Refer to SI‘:ction 10.4.4.2 04EA, —

Flat slabs—prestressed 1 Refer to Skction 10.4.4.2 04EA, —

Walls-cracked” : 0.5EA, : 0.4EA, E.A, (compression)
1

E A, (tension)
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Service-Level Linear Models MCERg-Level Nonlinear Models
Component
Axial Flexural Shear Axial Flexural Shear
10 F-------I F-------I_
Stuctural walls™(in- |y op 4, (1 0.75Ed, 1) 04EA; | 10EA; |} 0.35Ed; 1| 0.2E:A
plane) H 1 1 1
] 1 ]
Structural walls (out- 1 1 1
of-plane) B :_ _0_'2_5 Ecig - .! B - :_ _[);2_5 Euj_g - .! B
Basement walls 1.0EAqg 1.0Edly 04EA, | 1.0EAqg 0.8Ecly 0.2EA,

(in-plane)

Basement walls (out-

of-plane) -- 0.25E:l, - - 0.25E:l, -- T B | _ 2 O 'I 7

Coupling beams with [,u] [.r]

- 0.07[ L |E 0.07| L|ES s
g'i:;gfr?atllonal Or 1.0EA h) "% | 04EA; | 1.0EAg h)™"% | 04EA (LATBSDC = =Ab
reinforcement =0.3E ], <0.3E,/,

Composite steel / ’ /
reinforced concrete | 1.0(EA)rans O'OT[EJ'[E")M 1.0EsAsw | 1.0(EA)ans 037[;}(51)!@3 1.0EsAsw
coupling beams

Non-PT transfer

diaphragms (in-plane | 0.5E.Aq 0.5E4y 0.4 EA; | 0.25EA; |  0.25Ed, | 0.1E:As
only)?

PT transfer

diaphragms (in-plane | 0.8E.4, 0.8E:l, 04EA; | 05EA 0.5 Edly 0.2E:Aq
only)?

P ——— -y e ——— -y

Beams 10EA; |1 05El; | | 04EcA; | 1.0EA; | I 0.3Ed, 1| 0.4EA
Columns 1.0EcAq : 07 Edy | | 0.4EA; | 1.0EA l 07Els ! | 0.4EA,

Mat (in-plane) 0.8E:Aq 0.8Elg 0.8EcA; | 0.5E:A, 0.5 Eclg 0.5E:Aq
Mat* (out-of-plane) -- 0.8E:ly - - 0.5Ecly --
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3.3.2. Limitations on Nonlinear Behavior

Nonlinear action shall be permitted only in clearly delineated zones. These zones shall be

designed and detailed as ductile and protected zones so that the displacements, rotations, and

strains imposed by the MCEy event can be accommodated with enough reserve capacity to avoid

collapse. LATBSDC

1.9 Some Things to Keep in Mind

Keep in mind that the goal of structural analysis is not to get an

up, 115 easy to be seduced into believing that the model 1s an exact MEfoll M &
representation of the real structure. It probably is not, and it does not =0l 5}
'''''''''''''''''''''''''''''' O = O

need to be. The model must be sufficiently accurate to provide useful
design information, but the analysis results are almost certainly
approximate, no matter how sophisticated the analysis model. PERFORM 3D
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(b) Frame example

Definition of Chord Rotation

Figure 5-2
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FEMA 356, ASCE41-13 &

/\ M,
i v | B\-‘ =(;)Ip (10‘5}
| | Y\ EL
| |
: : where M, = Yield moment capacity of the shear wall or wall
| | segment;
' | E. = Concrete modulus;
| . I
of —— —t [ = Member moment of inertia; and
[, = Assumed plastic hinge length.
l T T T
’ For analytical models of shear walls and wall segments, the
777777777777 77777777 value of |, shall be set equal to 0.5 times the flexural depth of
FIG. 10-4. Plastic Hinge Rotation in Shear Wall Where Flexure,  t1¢_¢lement but less than one story height for shear walls and
Dominates Inelastic Response. less than 50% of the element length for wall segments.
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Nominal flexural strength of shear walls or wall

X ChH H | M @ e ¥ segments, M, , shall be determined using the
== — = fundamental principles given in Chapter 10 of ACI 318.
FEMA 356. Chap 6.8.2.3 For calculation of nominal flexural strength, the

effective compression and tension flange widths
defined in Section 6.8.2.2 shall be used, except that the

~ B I a shear wall, as represented by point B in Figure 6-1(a), i
« PM 2dtE FAlot= 0= i only the longitudinal steel in the boundary of the wall i
A @ 5ol . i shall be included. If the wall does not have a boundary !

ol M2l 80| JhsotLt I member, then only the longitudinal steel in the outer |

ol o 1 25% of the wall section shall be included in the :

= | calculation of the yield strength. When calculating the |
i nominal flexural strength of the wall, as represented by i
ipoint C in Figure 6-1(a), all longitudinal steel :
I
1
1

e PM SI}= U GIE A0 = :(mcludlpg web reinforcement) shall be mclugied in the
i calculation. For all moment strength calculations, the __
SAAIMOl M| £ X &L= strength of the longitudinal reinforcement shall be taken

as the expected yield strength to account for material
overstrength and strain hardening, and the axial load
acting on the wall shall include gravity loads as defined
in Chapter 3.

Bl | gl (ol
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ZAN <2 ol (Pushover Analysis)

OII

O
_I_

A S

@ Choose loads. @ Apply V load. Then add H load
V load and calculate push-over curve.

Y VYV VY H Load

Py Using a response spectrum

,f ‘1 / / I calculate displacement demand.
| —> I s / o

\ I | i At this displacement, assess
N /

b i ,; performance of the structure.
15 -

H load pattern H Displacement
* AYE I A EISHS0 ot (Design Spectrum &&, I=1, R=1),
A0 et Mg F|UHHE &S (M ALY 0| T2
ALtE 2|0 HAUWM Y FAds S22 S "ot

Bl | gl okt
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H @ Construct bilinear apprommation.
@ Get K , T4 and ductility ratio p.
Given S, get H. |
Hence get A. l
Stiffness K, 7 ® Gb)
Period T, [ _/#~ / Get S
= /" Compare A and/or H et 3,
ya /  with Step 1. lterate
/ Vi until they are equal.
/
f’f x" > A
fx’ ,f’ Estimate dissipated energy,

W waallligs &

V2 m allowing for degradation
(which may depend on p).
Hence get equivalent
viscous damping f3.

(=1 S

2ol trial & error &

u/’ .h.l M M qr.

ofl 24 (Pushover Analysis)

SFAHE Y (Capacity Spectrum Method—- ATC40)

Response
A Sepctrum Y3}

Spectra for
increasing 3

» |

Enter response spectrum
with T, and ..

&)

(
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ZAN <2 ol (Pushover Analysis)

HYH L (Coefficient Method — FEMA 356)
(Displacement Modification Method — FEMA 440)
* [arget Displacement Method

Get factors, C,, C, and Cj. S
@ H l’ () Scale by C. C, &, 'y Response oo
Given S, get H. / Sepctrum Y12tgl S
Hence get A. /
71 @
/ @ Compare scaled A with Step 1. Get S,
I,«’ Iterate until they are equal. 5% spectrum
/
Stiffness K, /
Period T, ——¥ =" -
4 [ Estimate displacement A. |
1 )~Construct bilinear approximation. ° > T
Get K, T, and ductility ratio p.
@ Epter response spectrum
> A with period T,.

Pl
0lo

st X0 Y S &6l trial & error 2 Z| T8 &

{ |

O T A Yo




ZAN <2 ol (Pushover Analysis)

HYH L (Coefficient Method — FEMA 356)
(Displacement Modification Method — FEMA 440)
* [arget Displacement Method

(5 — COC1C2C3S5

0 calculated target displacement (drift)

S, spectral displacement (drift) demand for the elastic structure

Coy factor to convert SDOF system drift to roof drift of MDOF system

C, factor to convert elastic drift to inelastic drift

C, factor to account for stiffness degradation and strength deterioration

C, factor to account for P-4 effects

ot | bl | Bl | otk



ZAN <2 ol (Pushover Analysis)

s M9 (Equivalent Linearization Method — FEMA 440)

— A AHEHAH (Capacity Spectrum Method- ATC40) € gt gl

H Estimate displacement A. Sa
A @ Construct bilinear approximation. A
@ Get K, K;,, T, and ductility ratio p.

Given S, get H.
Hence getA. ¢
®
Get S,

Spectra for
increasing B

Stiffness K, ‘

@ Compare A with Step 1.
Iterate until they are equal.

Stiffness Ke
Period Te —

Y » A > T
> Given K., Ky, T, and p, get effective stiffness K, period O Enter response spectrum
Te and damping ratio B¢ from formulas in FEMA 440. with Teff and Besr-

Bl | gl (o




ZAN <2 ol (Pushover Analysis)

Modified Capacity Spectrum Method — Perform3D (Powell)

— AekAUE Y (Capacity Spectrum Method— ATC40) S Jlj Al sh YAl

H Estimate displacement A. Sa
A @ Construct bilinear approximation. A
@ Get effective displacement A.
Given S, get H. 4
Henceagﬂt AT | Spectra for

increasing 8

D

® Get S,
Compare A and/or H with Step 1.

Iterate until they are equal.

Y&/
/7N > -
!
/ ,ff @ Get effective stiffness K 4 and period T . > T
,’f _/4——— Estimate dissipated energy and hence @ Enter response spectrum
f" ””,t get damplng ratio Beﬁ' 3 with Teff and BEff'



ADRS (Acceleration-Displacement Response Spectrum)

H-UHMEHE T2l vs ADRS O = t
2 |,
Get Sa ) 5% spectrum
Base S
Shear Spectra] @ Eﬁhe:}::)%o_rllse spectrum AR
-V Acceleration
- Sa

Vi ’ 5: Roof

Roof Displacement - & Spectral Displacement 4 Sdl

\—-

Capacity Curve Capacity Spectrum

b il i il ot




ADRS (Acceleration-Displacement Response Spectrum)

i : r 5 Sd
FI‘(J Tt' Sd;
Standard Format (Sa vs T) ADRS Format (Sa vs Sd)
T
Sd, == Sv SQE.FZT_HSV ) oy VW
n : ' (PF,x9,,,,) SO 2R G

| |
1! A [ !



ADRS (Acceleration-Displacement Response Spectrum)

11X 2= (F|O] &2k A

=3
Hd
10
o2t
)
=
>

Z(wi‘;bn)"!g |: Wﬂ"”)fg]
PF, = o, -
St [Ses] S
L =l
CERA S (S 2HA) S Sy e
Modal Participation Factor Mass Participation Factor,

Modal Mass Coefficient




ADRS (Acceleration-Displacement Response Spectrum)

AkAH EHY (Capacity Spectrum Method — ATC40)

Sa T
em——————— 5 A
| Spectral ! |
! Acceleratlonl
e 2.5C, 1T
Elastic Response ST T =
Spectrum 5% Damped Sd
SRA X 25CA A . . Sd;
,; i Intersection point of_ reduced den ADRS Format (Sa vs Sd)
S spectrum and capacity spectrum
ro
AN
/ | o Capacity Spectrum
S -
pi f====- 7T Cv/T
i 1 I
Say ../ [ 1
1 1
I |
Bilinear , ] SRexGA
representation of = [ / i .
. 1 I
capacity | i i Reduced Response Spectrum
! 1 1
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Performance Result - Column

Elm Nos. 86 Moment (583 X[u) Shear (SHEZ|HY) Axial  (SHEE[HH)
10 54 ea 10 60 ea 10 62 ea 10 86 ea
LS & ea Ls 0 ea LS 24 ea Ls 0 ea
cp 23 ea cP 23 ea cP 0 ea cP 0 ea
C 3 ea C 3 ea C ] e3 C 0 ea
total 56 ea total 86 ea total 86 ea total 86 ea
0HE 7= e 7=
10 LS cp 10 LS cp
Gravity SX2 =3 7= 0.5 0.75 1 0.5 0.75 1
Story Elm. No. Force H&=+F| SvsHEH HEFE Mrato 10 LS CcP 5+Z Ratio HE+F Ratio
1F 483 286.3 cp AL 3 cp 242 2.00 2.00 272 2 Ls 0.52 1 10 0.08
1F 484 323.5| cP | =XuH 3 cp 2.70 2.00 2.00 273 2 LS 0.58 1 10 -0.05
1F 485 358.1 CP AL 3 cp 2.35 2.00 2.00 2.74 2 Ls 0.54 1 10 0.05
1F 486 1667  CP =L 3 cp 2.59 2.00 2.00 2.68 2 Ls 0.59 1 10 0.00
1F 487 489.9 C =L 4 C 272 2.00 2.00 2.64 2 Ls 0.63 1 10 0.03
1F 488 267.2 cp X8 3 cp 2.24 2.00 2.00 2.85 1 10 0.49 1 10 0.03
1F 489 360.4 10 AL 1 10 1.98 2.00 2.00 2.87 1 10 0.43 1 10 0.10
1F 490 6504  CP AL 3 cp 2.09 2.00 2.00 273 1 10 0.46 1 10 0.13
1F 491 505.5 C =N 4 C 273 2.00 2.00 2.52 2 Ls 0.60 1 10 0.09
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Hinge Property Summary
Midas Input Midas Input A MLOHH T T
M P&V
C D E [e] LS cp Pn Vi & vs T 6EI_e/L My By
kN kN kMN-mm/rad lkM-mm rad
271 | 3.22 5.27 242 242 2.71 45163 289.2 =Ll 97,375,704 341,894
54 1471 27.36 a.79 a.79 11.54 1238.7 289.2 SR 97,3 5
2.33 2.74 439 2.09 2.09 2.33 4516.8 3428 =R 375 41
54.73 71.42 138.15 45.21 45.21 54.73 1238.7 3428 =AY 3 1
2.66 3.16 516 2.39 2.39 2.66 45168 293.0 =AM 3 35
12.22 15.59 29.05 10.35 10.35 12.22 1238.7 2930  E7H 3 5
2.81 3.35 5.52 2.51 2.51 2.81 4516.8 272.2 R 3 323,
52,98 68.57 130,94 44.31 44.31 52,98 1238.7 272.2 =Ll 97,3 11,
274 3.26 534 245 245 274 4516.3 285.6 ERl 97,3 33
9.05 11.46 21.12 7.71 7.71 9.05 1238.7 2856  E7IH 97,375
279 3.33 548 249 249 279 4516.3 2776 Rl 97,3
14.53 18.58 34.82 12.27 12.27 14.53 1238.7 2776 = AlH 97,3
270 3.21 5.26 242 242 270 4516.3 290.1 L 97,3
7.25 9.13 16.63 6.21 6.21 7.25 1238.7 290.1 SR i 97,3
235 277 444 211 211 235 4516.3 341.5 L 97,375
12.88 16.56 31.28 10.79 10.79 12.88 1238.7 3415 =Ll 97,3
2.51 2.96 477 2.26 2.26 2.51 4516.3 325.8 E R 375
9.78 12.41 22,94 8.31 8.31 9.78 1238.7 3258 E A 7.3
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