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Table C.1 — Multiplying factors used in several countries to specify satisfactory magnitudes
of building vibration with respect to human response

Multiplying factors to base curve (Figures C.1,C.2andC.3) 2

Place Time Continuous vibration and | Impulsive vibration excitation with
intermittent vibration © several occurrences per day
Critical working areas (e.g. some Day 1 1
hospital operating-theatres, some - -
precision laboratories, etc.) Night 1 1
Residential (e g. flats, homes, Day 2to 44 30to90d & f
hospitals)
Night 1,4 1,410 20
Quiet office, open plan Day 2 60to 1289
Night 2 60 to 128
General office (e.g. schools, offices) |Day 4 60t01289
Night 4 60 to 128
Workshops " Day 8 90to 1289
Night 8 90to 128

Figure C.1 — Building vibration z-axis base curve for acceleration (foot-to-head vibration direction)
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XSHSH AISC design guide 11 - Floor vibrations due to human activity

@ ISO Baseline curve & 7|=2 2 Peak Acceleration (%gravity) 7|Z3M H[A|

—

}@ %E
A EN 4

Vered

@

Floor Vibrations
Due to Human Activity

AISC steel design guide #11

130w, /w,

oo |8
Il

e

f f

a,/ g = peak acceleration as a fraction of the acceleration
due to gravity

o, = dynamic coefficient (see Table 2.1)

w, = effective weight per unit area of participants dis-
tributed over floor panel

w, = effective distributed weight per unit area of floor
panel, including occupants

f, = natural frequency of floor structure

f = forcing frequency

=i f,,, where f.,, is the step frequency
B = damping ratio

Peak Acceleration (% Gravity)

S G0t M= SH7MEE2] 50% &2 2 75 = MAl

-
-
10 ~
— Rhythmic Activities,
™~ «__ Outdoor Footbridges ~
sl ~— ~ ~
/
- Indoor Footbridges, P -
251 T~ Shopping Malls,
~ _Ding nd Dncine_- -
1 -
P~ ~
e — Offices,
~— Residences e
~—
05 —_———
025 Peak acceleration
0.05 m/s2 (5 gal) Pe
s
0.1 ~— ISO Baseline Curye e
T~ for RMS Acceleration .~
T~
0.05 | T
1 23 4 5 8 10 25

Frequency (Hz)

Fig. 2.1 Recommendedpeak acceleration for human
comfortfor vibrations due to human activities
(Allen and Munray, 1993; ISO 2631-2:  1989).

AISC vibration crieria
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® 2EXNQ1 J|F M8 Al Line 3= 5mm/s PPV 7|2 H&

3.4 Short-term vibration

Vibration which does not occur often enough to cause structural fatigue and which dees not produce resonance
in the structure being evaluated.

3.5 Long-term vibration
All types of vibration not covered by the definition of ‘short-term vibration’ in subclause 3.4.

Table 1: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on structures

5.2 Effects on floors

Where short-term vibration causes floors to vibrate, if v, is no greater than 20 mm/s when measured at the point
of maximum velocity (which is usually at the centre of the floor), a reduction in the serviceability of the floor is
not to be expected. In the case of buildings as in line 3 of table 1, it may be necessary to lower this value to
prevent minor damage.

Guideline values for velocity, , in mm/s

© MIDAS IT Co,. Ltd

Floor vibration

Table 3: Guideline values for vibration velocity to be used when evaluating the effects of long-term
vibration on structures

Guideline values for velocity, », in mm/s,

" . . Vibration at
Vibration at the foundation A
Line Type of structure horizontal plane
yp at a frequency of of highest floor
1Hzto 10 Hz | 10 Hz to 50 Hz |50 Hz to 100 Hz*)| at all frequencies
1 Buildings used for 20 20 to 40 40 to 50 40
commercial purposes,
industrial buildings, and
buildings of similar design
2 Dwellings and buildings 5 51015 1510 20 15
of similar design and/or
occupancy
3 Structures that, because 3 3to8 8to 10 8

of their particular sensi-
tivity to vibration, cannot
be classified under

lines 1 and 2 and are of
great intrinsic value

(e.g. listed buildings
under preservation order)

*) At frequencies above 100 Hz, the values given in this column may be used as minimum values.

Line Type of structure of vibration in horizontal plane of highest floor,
at all frequencies
1 Buildings used for commercial purposes, indus- 10
trial buildings, and buildings of similar design
2 Dwellings and buildings of similar design and/or 5
occupancy
3 Structures that, because of their particular 2,5

sensitivity to vibration, cannot be classified
under lines 1 and 2 and are of great intrinsic
value (e.g. listed buildings under preservation

order)

Long-term vibration Criteria

Short-term vibration Criteria at Foundation

Table 2: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on buried pipework

1 Steel (including welded pipes) 100

2 Clay, concrete, reinforced c_oncrete_, pre- 80
stressed concrete, metal (with or without flange)

3 Masonry, plastic 50

Vibration Criteria for Pipeline

12
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Static/Dynamic Responses
@ Response Amplification by Dynamic Effect
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SHSH Static/Dynamic Responses
@ Static Response
_ _ 11 Load and displacement have
ku — f = ust — k f identical phase
No load No Displacement
@ Dynamic Response
mi+cu+ku=0 = u, =uU,
Free Vibration, No load but responses occur
mi+cu+ku=*f o u;=u,+U,
Forced Vibration but Response has Free vibration term
Load and displacement have different phase
ud
Response Amplification by Dynamic Effect Rd = — Rd >1 or Rd <1
U

st

14
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= Static/Dynamic Responses

@ 1X=2 38 3H IS = 37K 24
1) Natural Period (Natural Frequency)

2) Damping Ratio

3) Loading Characteristics

® Key Issue : & #x2=2| 7| & Z2(0f Cheh W7t

- Amplitude Dependent Period and Damping
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Static/Dynamic Responses
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Static/Dynamic Responses
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Disp.(cm)

tTn

Disp.(cm)

tTn
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E Static/Dynamic Responses
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Static/Dynamic Responses

@ 555
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= Static/Dynamic Responses
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Controller Installation Control Room Frame

0

Control Room
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Static/Dynamic Responses

Acceleration (cm;‘sg)

0.1 : :
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e — VWith TMD
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Ground motions

“ w W Parkfield
El Centro 1940 - SOOE No.2 - N

1966
65E
W—»—-——— [ TR
Lytle Creek 1970 - S65E San Francisco 1957
State Building - SO09E

San Fernando 1971
Pacoima Dam - N76W

Managua 1972 - East

Olympia 1949 - N86E > 05
5
e 2 oo
Stone Canyon 1972 8
Helena 1935 - S90W 51
Melendy Ranch - N29W Koyna 1967 - Long < 054
1.0~

Loma Prieta 1989

Northridge 1994 ; .
Sylmar County Hospital Corralitos - CHAN1 : 90 Deg

Parking Lot - CHAN3 : 360 Deg

Chile 1985, Llolleo - N10

A~ AAASNANIANAAANNNAN NP AASANNAA~

Mexico City, 1985 - SCT SO0E

0 10 20 30 40 50 60 70 80

Time, sec
(A.K. Chopra, 2007)
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= Static/Dynamic Responses
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Jean-Baptiste-Joseph Fourier
(1768-1830)

© MIDAS IT Co,. Ltd

Static/Dynamic Responses
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E Static/Dynamic Responses
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Arnplitude

Arnplitude

10

4.5

3.8

25
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Static/Dynamic Responses

X = 2sin(2xt) + 3sin(10xt) + 4sin(50xt)

0.5

15
Time (sec.)

20 25 an
Freguency (Hz)
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Arnplitude

Amplitude

04a

Static/Dynamic Responses

FFT2| CHY
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1940 EI

Date

Origin time
Magnitude
Depth
Epicenter
Type

Areas affected
Total damage
Max. intensity

Casualties

Static/Dynamic Responses

Centro earthquake

Los Angeles @

El qu
May 18, 1940
21:35 PST
6.9 M, "
16 km (9.9 mi) 1"
@ 32.733°N 115.5°W I"
Strike-slip
United States, Mexico
$ 6 million
X (Extreme) "

9 dead ?
20 injured

!

El Centro Earthquake (1940, NS) or Imperial Valley Eq.

Acceleration (g)

Acceleration (g)

0.4

0.3

0.2

0.1

-0.1
-0.2

-0.3
1]

0.4

25
Time (sec.)

a0
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1 T T T T T T L L L
Structural Response {

Response
Spectrum

Spectral Acc.(g)

r r r r r r
[0} 1 1.5 2 2.5 3 3.5
Perood(sec.)

of=2 F7| 420 slEdt= F7| A== SHSER
0.35¢ T T T T L L L L

{ Fourirer Transform of EI Centro EQ {
0.3 -

Fourier 0.25~ 7
Transform 0.2~

AE
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0.15

Spectral Acc.(g)

0.1

0.05

r r r r
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Acceleration, m/s?
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Modal parameters

=2 7+ X 7
= % =
(Heel drop) =283 | 2E=

Frequency [Hz] | 6.3/7.6 8.3

Damping [%] 3.0 5.5
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