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Geometrie lavky
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Priény rez

Pfitny fez nad podpérou
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Structure Type

Structure Type

Ko n Ve rze Za t I’ie n I’ d 0 h m Oty ®30  (Ox-ZPlane (O ¥-Z Plane (D ¥-Y Plane (O Constraint RZ

Mass Control Parameter

Consistent Mass O e s Loads to Masses x

Consider Off-diagonal Masses Mass Direction

Considering Rotational Rigid Body Mot Ox Oy Oz
. Hmota je rovhomérné rozlozena po elementu y FAConer et posses

(®) Convertto X, Y, Z Conver Load Type for Converting

Nodal Load
Gravity Acceleration : mfi Beam Load
Initial Temperature : I:I [c] Eloor Load
v vevs % v 7 v wvewvs , % )
*  Presngjsi, ale Casové narocnéjsi na MKP vypocet (] Aign Top of Sesm Secton with Center Lne (-1 1€ (ydrosiatc
[ align Top of Slab(Plate) Section with Center Lir Gravity : m/sec”2

Load Case / Factor

Load Case : Weight of the ¢~
Scale Factor :

LoadCase Scale
Weight of the con... 1

]

>
HEE

Delete

\ Remove Load to Mass Data |

[ oK | canca |
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Modalni analyza

. Lanczos

*  Pocet zvolenych vlastnich tvart 200

[M]{%}+ [K]ix}i= 0

det ([K]-w*[M]) =0

det ([K]-A[M]) =0

Eigenvalue Ana

Type of Analysis
(®) Eigen Vectors (C)Ritz Vectors
() subspace Iteration

Eigen Vectors
Mumber of Frequendies : 200 % Sturm Sequence Check

D Frequency range of interest

Search From : 0 [cps]
To: 0 [cps]
Remove Eigenvalue Analysis Data | | QK | | Cancel
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Vlastni frekvence a modalni participa¢ni faktor

S0 Tolerance
No (radisec) (cycle/sec) No Value Value Value Value Value Value
1 5.100400 0.811754 fetepis e : : 336 0.00 ~0.00 0.00
2 5.540855 0.581854 [t fiapuefin i - 424 . 0.02 -0.00 0.02
3 5571001 0.550314 (=== 18.88 X 0.14 0.00 -0.12 0.00
4 7.080560 1.126906 | 0882385 L 3236000 > 231 0.00 11 0.00 -0.01 0.00
5 7 350651 1169892 | 0.854779 | 3.3365e-0 < = 118 = 001 0.00 017
3 8137209 1295077 | 0772155 | 3.3365e-0 5 000 YR .00 0.00 0.05
7 8246104 1312408 | 0761958 | 3.33658-0 - - : o = i :
B 3987554 1430414 | 0699098 | 3.3365e-0 —
] 10.340234 1645698 | 0607644 | 3.3365e-0 : _'E'E 15'2 = g_oz gﬁ _g%
10 10635118 1692632 | 0590796 | 3.3365e-0 : : - - - -
11 11888223 1.892070 [0 ; T Lo SEHL - Lot SIS SR
Mass Matrix 12 16.008940 2527507 i 01 0.00 10.32 -0.00 0.00 -0.00
A 13 13.893401 3.006975 | 0.332560 | 3.3365e-0 2 -0. -0.01 -0.00 0.00 0.00 0.02
| 14 18.897464 3.007625 | 0.332488 | 3.3365e-0 13 0.00 1.91 -0.00 -0.01 -0.00 0.02
| 7 ‘ 15 19.343341 3.078588 | 0.324824 | 3.3365e-0 14 -0.40 0.00 077 -0.00 0.00 0.00
’71' = {¢}1 [M ]{D }‘] 16 19963052 3177218 | 0314741 | 3.3365e-0 15 -0.00 392 -0.00 0.01 0.00 -0.21
| 17 21624251 3441606 | 0290562 | 3.33656-0 16 -0.00 5.36 -0.00 -0.01 0.00 -0.21
\ 18 23211415 3694211 | 0270694 | 3.3365e-0 17 0,00 0.00 5.56 0.00 ~0.00 ~0.00
W M . X 19 24327360 3.871820 | 0.253276 | 3.3365e-0 18 0.00 42 0.00 016 0.00 014
Mode shapes Excitation Direction Vector 20 25779825 4102887 | 0.243725 | 2.33656-0 19 000 052 000 00s 000 065
21 28.030214 4451147 | 0.228158 | 3.3385e-0 20 01 .00 054 000 .00 000
22 28.092660 4471086 | 0223659 | 3336580 21 039 0.00 27 .00 .00 0.00
23 31785401 5.058804 | 0197675 | 3.3365e-0 = = = = = = =
24 32.873063 5231910 | 0.191135 | 3.3365e-0
25 34751802 5530921 | 0180802 | 3.3365e-0 23 023 2000 056 000 =L 000
26 35 485103 5647630 | 0177085 | 3.3365e-0 24 90 10 =0.00 20403 000 il
27 354906893 5648519 | 0177038 | 3.3365e-0 > 545 -0.00 001 0.00 -0.03 0.00
28 36.850056 5.869643 | 0.170365 | 3.336580 % 0.0s -0.00 .32 0.00 -0.00 0.00
29 39325087 6258784 | 0158775 | 3.3365e.0 27 0.00 5.06 -0.00 -0.09 -0.00 -0.06
30 40.431958 6.434046 | 0.155401 | 3.3365e-0 28 074 0.00 0.34 -0.00 0.00 -0.00
3 21183742 554596 | 0.152565 | 3.3385e-0 29 0.00 0.18 -0.00 0.01 -0.00 -0.55
32 21373296 584765 | 0.151866 | 3.3385e-0 30 0.34 0.00 1.80 0.00 -0.00 -0.00
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Vlastni frekvence a modalni participacni faktor

1. vlastni ohybovy tvar [ 2. vlastni tvar - lateralni %
LT =T

4. vlastni ohybovy tvar + podélny =
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Vlastni frekvence a modalni participacni faktor

(CH Mode 10 = @ ER

i Base H ik

10. vlastni ohybovy tvar

11. vlastni ohybovy tvar
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Kriticky rozsah frekvenci

o for vertical and longitudinal vibrations:
1,25Hz < f< 2,3Hz
o for lateral vibrations: 0,5 Hz < < 1,2Hz
fi(1)=0.811 Hz € <0.5;1.2> -vertikalni
fi2)=0.881 Hz € <0.5;1.2> - lateralni
fia= 1.269 Hz € <1.25;2.3> -vertikalni + podélny

Footbridges with frequencies for vertical or longitudinal vibrations in the range
2,5 Hz < < 4,6Hz

fi(lO): 1.892 Hz ¢ <2.5:4.6>
fia1)= 2.54 Hz € <2.5;4.6>
Nutno proveéest podrobnou dynamickou analyzu
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Kritéria komfortu

EN 1990 A.2.4.3.2 - a verification of the comfort criteria should be performed if the fundamental
frequency of the deck is less than :

- 5 Hz for vertical vibrations,
- 2.5 Hz for horizontal (lateral) and torsional vibrations

Comfort class | Degree of comfort Vertical aym: Lateral apn

CL1 Maximum < 0,50 m/s2 < 0,10 m/s2
CcL?2 Medium 0,50 - 1,00 m/s2 | 0,10 - 0,30 m/s2
CL3 Minimum 1,00 - 2,50 m/s2| 0,30 - 0,80 m/s?
CL4 Unacceptable discomfort | > 2,50 m/s? > 0,80 m/s?
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NS
H a rm 0 n iCké Zatl’ie n I, Ch Od Ci Design of Lightweight Footbridges for

Human Induced Vibrations

Table 4-3: Pedestrian traffic classes and densities

Traffic | Density d

. Description Characteristics
Class | (p = pedestrian)

3
pm— T Fori(t) = G+ z AG, sin(n - 21f,, t — @)

L=length of deck)

group of 15 P;

*)
TC | =15 P/ (BL)

ak baffic Comfortable and n=1
free walking
[} | Overtaking is
possible
Single

n
E:%Eﬁ;;n"ssgan Fiq:(t) = G Z Aay, sin(n - fy,t — @p)
n=1

TC2 d=0,2P/m?

B | Still unrestricted
i | walking
Overtaking can

n
e Fiong ) =G z Aay, sin(n - 21f,,t — @p)

n=1

TC3 d=0,5P/m2

Freedom of
movement is
restricted
Obstructed
walking

b GI[N]
Vertical Longitudinal Lateral
1 Innliiiin‘

walking 10.8y/¢xn

TC5 |d=1,5P/m2 |Exceptionally dense traffic g‘;“’ewgai:“gngegi"s 280 140 35

longer freely S
choose pace

TC4 d=1,0P/m?

n'[1/m?]
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Harmonické zatizeni chodci

Time Functon Data Tyee
Otormalasdpccel, Omccslerstion @Foree Omomant Ofermal
S — - e
Scae Factor : — . i
Analysis Type thod Time History Type - mﬁﬁ;,lw: Mudmmvae [0 — -4 g::’:"‘""“‘
(O Transient whare: ; = Frequency (x) -
() Nonlinear Stah‘cct Integration ) .

n
: [0 [ o 0.0
fops]

A
e
End Time : ’m—linsec Time Increment : ,m‘sec ; & oo

Step Mumber Increment for Output : 1 EI PA: o |ked

raoh ranng
[ using Calcudated Farameter
|Dvde( in Sequentizl Loading e | Tt Inement: 0
Crowg Tmezee) - T
[[]subsequent to Load Case ~ [y Tive (36c)
Initial Element Forces(Table) Desarpion |
Initial Forces for Geometric Stiffness
Cumulate D/V/A Results Keep Final Step Loads Constant

Geometric Nonlinearity Type

None Large Displacements

Damping Ratio for All Modes :

Modal Damping Overrides

Mode Damping Ratio
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Harmonické zatizeni, které vyvolavaji kritické zrychleni

Zatizeni pro 10. vlastni tvar
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Harmonické zatizeni, které vyvolavaiji kritické lateralni zrychleni

Fii ease =R

2. vlastni tvar lateralni + periodické zatizeni

a»=0.127 m/sec? € <0.1;3>

Neni nutno tlumit konstrukci v lateralnim sméru !

MIDAS/Civil
POST-PROCESSOR

DISPLACEMENT
Acceleration
RESULTANT

1.27483e-001
1.15894e-001
1.04304e-001
9.27149%e-002
g.1125%e-002
€.95362e-002
5.79468e-002
4.63574e-002
3.47€8le-002
2.31787e-002
1.15894e-002
0.00000e+000

SCRLEFACTOR=
§.%9057E+001

THALL: FR2-DAV

MRY : 1685

MIN : 1947

FILE: BEZ TLUMEN~

UNIT: m/sec*2

DRIE: 03/16/2021
VIEW-DIRECTICH

L

Z: 0.308
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Harmonické zatizeni, které vyvolavaiji kritické vertikalni zrychleni

N " MIDAS/Civil
i Base EIhR POST-PROCESSOR
DISPLACEMENT

10. vlastni tvar + periodické zatizeni AN i

2.0743%e+000

1.88581e+000
1.697232+000
1.50965e+000
1.32007e+000
1.13149e+000
9.428052-001
7.54324e-001

5657432001

N . MIDAS/Civil

Fii o FlR __ POST-PROCESSOR _
DISPLACEMENT
Acceleration

RESULTANT
2.77430e+000
2.52208+000
2.26988e+000
2.01767+000
1.765462+000
1.51325e+000
1.26105e+000
1.00884+000
7.56627e-001
5.04418e-001
2.52208e-001
0.00000e+000

11. vlastni tvar + periodickeé zatizeni

SCALEFACTOR=
4.5518E4000
THMEX: FRL1-DAV

a(10)= 2.07 m/sec? ¢ <0.5;1>
a11)=2.77 m/sec? ¢ <0.5;1>

MEX : 2077

MIN @ 1947

FILE: BEZ TLUMEN-

DNIT: m/sec*2

DRTE: 09/15/2021
VIEW-DIRECTION

L

2: 0.301
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Hmotnostni tlumic TMD

+ Koncentrovana hmota je umistén
v misté extrémniho rozkmitu

« Je spojen pomoci pruzin a
tlumicich elementd

* Navrh vychazi z rozdéleni kritické
frekvence do dvou nové vzniklych
frekvenci, kde jedna je pod a
jedna nad kritickou frekvenci

« Diky to mu dochazi k disipaci
energie a utlumeni celé soustavy
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Umisténi tlumice na mosté

* 2 x TMD jsou umistény v mistech maximalni amplitudy pro 10. a 11. vlastni tvar
* Hmotnost tlumiCe je 2500 kg
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Navrh TMD
*  Pomér hmoty - (u = m,/mg)
L 1
« Optimalni frekvence - 8, =TT a
T L , 3u
*  Optimalni relativni tlumeni - Eopt = —8(1 E
+u

+ Konstanta tuhosti pro TMD ky = (2mfy)*my

cqg = 2my(2rfg)éopt

+ Konstanta tlumeni pro TMD
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TMD v midas Civil //ﬁ
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Tuhosti a tlumeni pro TMD

« Hmota TMD je v elementu

Statika a technologie 2021 %

Add/Medify General Link Properties

Name E | TlumicPs-F7

Description : | Nevim|

I (®) Element Type 1 I

Property Type : I‘ Spring and Linear Dashpot

(") Element Type 2 : Seismic Control Devices
Seismic Control Devices Type

Seismic Control Devices Properties :

Self weight

Total Weight : D kM

Lumped Weight Ratio:
Lend: Jend = :

Linear Properties

Wiscous Damper [ Cil Damper

[Juse Mass

Total Mass : 0

Lumped Mass Ratio:

Lend: Jend = 0.5

() Force Type : Boundary Nonlinear Analysis

Inelastic Hinge Properties. ..

ki/fg

Monlinear Properties

Stiffness Damping DOF

129.5522 | kMfm 3.084740 w D
| ] T T eem Dy
oz o kijm 0 kM*sec/m Dz
[Orx 0 ki*m/[rad] 0 kn*m*sec/[rad] Rx
Cry 0 Kkhmf[rad] 0 kM*m*sec/[rad] Ry
[Orz 0o kN*m/[rad] 0 kM*m=sec/[rad] Rz

Properties...
Properties...
Properties...
Properties...
Properties...
Properties...

Tree Menu

Node Element [ESIERY Mass Load

General Link ~ D
Boundary Group Name
B

Options
@®add ODelete

General Link Data

GenesaETK Proper
Namd; [Tumicrsp7 | [L]
Type : | Spring and Lncar Do

Inelastic Hinge Property

Name : ~|

z

| =y

3
-

Y\M]\Iz

i

Reference Coordnate System
@ Element. O Global
Input Method

@Beta Angle

OReF. Point

OReF. Vector

Co—

[copy General Link

Node Inc. Distance
Axis x Y z
Distances: m
(Example: 5,3,4.5,3@5.0)
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Casoveé zavisla analyza - prima integrace a proporcionalni tlumeni

dify Time History Load Cases

General

« Implicitni Newmarkova metoda pfimé integrace e L |

(_) Monlinear Periodic
* Nelze pouzit modalni superpozici eotme: [0 [t tmemoement:  [001 [Huec

Step Number Increment for Qutput : 1 EI

|Drder in Sequential Loading ~ |

® ProporCionélni tlumenll [[] subsequent to Load Case ~

Initial Element Forces(Table)
Initial Forces for Geometric Stiffness
Cumulate D/V/A Results Keep Final Step Loads Constant

Geometric Nonlinearity Type

None Large Displacements
Damping Y
Damping Methed : l| Mass & Stiffness Proportional ~ D
e 2 Mass and Stiffness Coe TN =
= Mass Stiffness
: = 5 ]
i Ee s Proportional Proportional

Direct Specification : 0 0
(@ Calculate from Madal Damping : | 0.037157a5237 | u.unnqzsm?nnn
Oemaent alculaton
Mode 1
( (®) Frequency [Hz] : 1.3124 1.6926 I
T T

(_) Period [sec] :
Damping Ratio : | 0.004 | ‘ 0.004 |

| Show Damping Ratio ... |

Time Integration Parameters

: Gamma [ 0.5 | Beta [0.25 |
(®) Constant Acceleration (O Linear Acceleration (O User Tnput
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Zrychleni pro-10. vlastni tvar

Fi Bese Bk

Bez TMD

MIDAS/Civil

DISPLACEMENT

Acceleration
RESULTANT

2.0743%e+000
1.88581e+000
1.697232+000
1.50965e+000
1.32007e+000
1.13149e+000
9.428052-001
7.54324e-001
5.65743e-001
3.77162e-001

Fi e als

TMD aktivovano

POST-PROCESSOR

MIDAS/Civil
BOST-EROCESSOR

DISPLACEMENT
" Bccelezation
RESULTANT
1.58610e-001
1.45100e-001

r 1.30580-001
\ 1.16080e-001
= 1.015702-001
£.706032-002
7.25502e-002
5.804028-002
4.383012-002
2.50201e-002
1.45100-002
0.000002+000
SCALEFACTOR=

7.9118E+00L

THALL: FR10-DAV

T 2183

FILE: § TLUMICI

UNIT: m/sec’2

DATE: 09/17/2021
VIEW-DIRECTION

B
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Zrychleni pro-11. vlastni tvar

b gese Bk

Bez TMD

E R

MIDAS/Civil

POST-PROCESSOR

DISPLACEMENT
Acceleration
RESULTANT
2.77430e+000
2.52208e+000
2.26988+000
2.01767e+000
1.76546e+000
1.51325e+000
1.26105e+000
1.00884e+000
7.56627e-001
5.04418e-001
2.52209e-001

Statika a technologie 2021 g

TMD aktivovano

MIDAS/Civil

POST-EROCESSOR

DISPLACEMENT
Acceleration
RESULTANT
1.707328-001
1.55211e-001
1.386902-001
1.241692-001
1.086472-001
9.312642-002
7.760532-002
£.208432-002
4.656322-002
3.10421e-002
1.55211e-002
0.00000+000
SCALEFACTOR=
7.3964E+00L
TEMAX: FRL1-DAV
¥EX : 2105
MIN : 1947
FILE: § TLUMICL
UNIT: m/sec2
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Relativni posun tlumice T5 vili¢i nosné konstrukci

- T
o i A -
,nﬂl\ \]f\' E'W' i e il W =
| | A

j\n’ I il URIERAY

I ’ iy} | ] | S

_______ l),ﬁ\w,.'-hh LT CAE A A e

_ VUV W ’W‘JJ VAR AR R v

| | | | | |







