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ABSTRACT

In general, deflection limit criteria of bridge design specifications would have been considered
based on the static serviceability and structural stability. Dynamic serviceability induced from
bridge vibration, as a comfort limit, actually has not been included in the criteria. Thus, it is
necessary for dynamic serviceability to be considered in bridge vibration problems and for comfort
limit on vibration to be needed for evaluating dynamic serviceability of bridges. In this paper,
comfort limits of bridge structures considering the time duration exposed by vibration were
examined with frequency and time dependent comfort limits, and they were evaluated by using the

vibration signals measured from the existing bridges.

Therefore, it is resulted that the

time—dependent comfort limit considering the duration of vibration is an efficient estimate for

evaluating dynamic serviceability of bridges.
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Table 1 Frequency-dependent comfort limit

Corrfort

Criteria it Remarks

Result of
human-body

Reiher & Meister (1935) vibration test

3 v i Low frequency
I= 10105;); ) I=>54log % 20 vibration
045 - velocity
Yy mim/s High frequency
vibration

— displacement

Zeller (1956) Propose the

frequency—
dependent
acceleration fimit

S= 10‘logi 50
zs
z=(4n?)’d® z, = 0.1em?/s”

Eisenbahn (1958)

E=31'YXx3°

35 Application of short
’ time exposure

DIN 4150 (1951) Modify the Reiher

20 |& Meister vibration

v
§=10og—~, v, =0.0314em/s comfort limit

Consideration
to vertical
vibration frequency

Dieckmann (1957)

K=Xf 0.5Hz< f<5Hz 10
K=5Xf B5Hz< f <40Hz

K=200X 40Hz< f < 100Hz Sensitive

to 2~7Hz

DIN 4150 (1999)-
- £2

e 0.005.X f ,
100+ f?

16 Small vibration

X=1x10"%n on structures
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Fig. 1 Frequency-dependent comfort limit(in harmonic
motion)
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Fig. 2 Frequency weighting filter
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Table 2 Time-dependent comfort limit

Criteria

Comfort limit

Remarks

BS 6841 (1987) &
ISO 2631 (1997}

=1 [1 [ -
Amsw = T/aul (t)dt

In cases of variable time duration signal, transient
signal and occasional shocks would be inappropriate

Used frequency weighting filter (Wb)

Peakvalue
Weighted RMS value

Crestfactor

DIN V ENV 12299(2001)
Oy, =95 percentileof a

Tms.w

For small vibrations

T
ERRI D190 1995) L4, =107.773 [ "fa, (0)f s
0

10 % uncomfortable

Root mean quad (RMQ) a,,,, = “/ T / al(t)dt

Crestfactor
Peakvalue

Weighted RMS value

7
Vibration dose value VDV= 1‘/ / al(t)dt
0

Used by the BS and ISO
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Fig. 3 Comparison of frequency-dependent comfort
limit with Korea Highway Bridge Design
Specifications(2005)

and frequency weighted dynamic displacement

Concrete bridge

Steel bridge

Simple or continuous girder

Allowable Single _ Urban bridg_e with _
displacement limit or continuous bridge pedestrian Sune =L/ 202%%03 < 10m
- —L/(—) 10m < L < 40m
8.0y =L/800 8,0e = L/ 1000
bne = L/500, L> 40m
15
. = <Q.
Impact factor I 0IL> 0.3
100
Natural frequency f(Hz) =
Dynamic displacement dynamic =5max <1
Frequency weighted _
a4 J g dynamic,w 6dynamic x V%

dynamic displacement
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Table 4 Allowable maximum displacement limit of
Korea Railway Bridge Design Speci~

fications(2004)
Span length
Velocity 0< L<50m Lz 50m
V < 120km/h 8ny =14/800 | 8. =L/700
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150km/h < V < 200km/h 8ax = L/1600
High-speed 8., = L/1700
railway(france) max
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Fig. 4 Comparison of frequency-dependent comfort
limit with Korea Railway Bridge Design
Specifications(2004)
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Fig.5 Allowable acceleration limit considering
vibration time duration on conventional
bridge design specifications
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Table 5 Comfort limit(ISO 2631)

Vibration value 2 :
Comfort lovel RMS(mvs?) | RMQ(m/s?)
Comfortable 0.8 0.89
A little uncomfortable 04 0.44

084

0.6 BN
.

VDV a,mqwﬁ

044 &

Acceleration(RMQ), [m/s’]

Applied to VDV

0.24—+ T : y ; U
0 10 20 30 40

Time Duration [sec]

Fig.6 Time-dependent comfort limit on bridge
structures
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(c) Foot bridge

(f) High-speed raiway bridge 2
Fig. 7 Measurement bridge
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Table 6 Bridge structures description
. Span- |Measuring| Structure
Name Location length(m)|  point type
Kwangan Busan . Suspension
bridge | Kwanganli | 000 | Midspan | rs o
Lran Bt sy |
rqnlway Pusan 34.16 Midspan | Steel box
bridge 1 National Univ.
Busan subway
Urban 3rd
railway Sé)g;t s%a:-{: 50 Midspan | continuous
bridge 2 2Se0~gl steel box
office
Foot Busan . . Steel
bridge Haeundea ()26 | Midspan girder
High- Gyeon.gbu line
speed Daejeon— Preflex
- Kimchun at 40 Midspan
railway beam
bridge 1 174‘““.
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Table 7 Frequency weighted dynamic displacement

Bridges Kwangan | Urban railway‘l Urban railway Foot High-speed High-speed
Items bridge bridge 1 bridge 2 Bridge |railway bridge 1 |railway bridge 2
Natural frequency[Hz] 0.2 2.9 2 3.8 4.0 3.08
Impact factor 0.028 0.2 0.17 0.23 0.1875 0.1667
Weighting factor 0 0.58 0.4 0.76 0.8 0.616
Maximum acceleration [m/s?] 0.6 5.25 15.8 0.64 2.1 1.1
Maximum displacement {mm] 380 16 100 10 3.3 2.9
Dynamic displacement [mm] 11 32 17 0.26 0.62 0.48
Frequency weighted dynamic
displacement [mm|] 0 1.8 6.8 0.19 0.5 0.29
Table 8 Weighted vibration value
Bridge | Kwangan | Urban railway | Urban railway Foot High-speed High-speed
Vibration v bridge bridge 1 bridge 2 bridge railway bridge 1 railway bridge 2
WRMS (m/s?) 0.0666 0.2606 0.5173 0.1363 0.0867 0.0535
WRMQ (m/s%) 0.1003 0.4820 1.1990 0.2192 0.1404 0.0803
WVDV (m/s"™) 0.3590 1.2194 4.2896 0.9328 0.2825 0.1616
WVDV (/s 0.104 0.577 1.864 0.322 0.1413 0.0808
Crest factor 7.6 15.62 25.69 0.95 12.8 39
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