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s

- sziviigdnlangedaiau (clearly perceptible)

- széudinelnifinAliustag (annoying)
vv A”a L] r-l . 1 - " "
- FEaungEnn luang lansegasuniu (unpleasant or disturbing)

- s:auﬁ{ﬁnﬂ’m‘s"\‘a (painful)
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31 4.1-4.2 Juwan1s3dpvev Reiher uay Meister Tasigd 4.1 awuaanaaw
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599U (allowed in industry
ﬁ’uw‘l'nau‘su'lnumﬁuﬁw 12andu q (allowed only
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS

(REIHER AND MEISTER)
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(REIHER AND MEISTER)
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TOLERANCE LEVELS OF HUMAN REACTION TO
VIBRATION (GOLDMAN) - AMPLITUDE v FREQUENCY
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TOLERANCE LEVELS OF HUMAN REACTION TO
VIBRATION (GOLDMAN)-ACCELERATION v FREQUENCY
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SCALE OF STRAIN FOR VERTICAL VIBRATIONS

(DIECKMANN)
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(DIECKMANN )
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VERTICAL VIBRAHON LIMITS FOR AUTOMOBILE
PASSENGER COMFORT (JANEWAY)
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HUMAN TOLERANCE LEVELS FOR BRIDGE YIBRATIONS
(RESULTS OF R.R.L. TESTS. DECEMBER 1965)
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HUMAN TOLERANCE LEVELS FOR BRIDGE VIBRATIONS
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4.2 Nﬂﬂi:ﬂUﬂaﬂﬂﬂﬁéhﬂzLﬂBuﬂUﬂﬂTﬂﬁﬂﬁiﬂﬂﬂ:ﬂﬁu

Y d o X = |
M.W. Jackson lafiansanal1uifanne (damage) fifindusfiavainnis

dusziiiaudu 2 dnvacds

ad o Y o L |
1. Structural damage wwyngéy AN LTeueAnTlntinn1s L&yuud

(fuhction) \\ ' ,/

2. Jam: %'rmm‘tm’w 1an q uawy q du
ANSUANSIIVBVYUR LT ANISS0eN m.aw—mé’ﬂmu s lnna Tuuy
YavasnanusIAg ( ATNE “un's'mnsan’lm'm 1qanne

v (8 L
Tnunlasease
] v [

UNUINTBIN qeanlAsvas1vla 3
UuINIVAD

O 11aL9aniy (instant of time) §

<yl - = A X cq ¥ o o
JuauInne ITn1in Local rup 3SS Luunndu uni lntinasienansy

(failure) wavlasye

> | ———— - T —— - ° L 4 . L4
2 a1 : { K" 31]’11." inAnS8

(fatigue damage) o nsvﬂ‘s’m

y
o o SO CINE I ::.i::"

TR SR NYIRY wrnn

'lumsua"vn'ln \inaswunats lasasy (direct failure) nasddautrelvifin
fatigue failure ffidIuuBsINsIzI1 factor of safety filoaamsunu inan
*®

v L 1) b . © <
dwsanunula wAna’n "triggering" ufuﬂaﬂs:nuﬁa'lﬁ'mn"s[ﬂﬂmnﬁs’fuﬂ:mau

tﬁaomnﬂ‘?u'\tuﬂfrsas*n‘s (Whiffin was Leonard, 1971)
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- > & L o v
srAvvpYANISRUNE iaulinana TAsvas vy Jackson Ta3 ias1cnvayaniy

- - e k) L3 = < o
AusSfAney American Bureau of Mines (ansszifinluindav) ussavum Peak

. . o 1 . P~
Particle Velocity 5 mm/s 1fugnisumuwuay Architectural damage uazd

13 P ©c ¥ .
AU L523 50-80 mm/s LﬂuqnLiunavﬂvﬂutﬁﬂuﬁﬂtaﬂuaﬂ (minor damage) uanan
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AN, 4.1

Assnuan Short-term (Transient) vibration

Guideline values of vibration velocity, 6i, for evaluating the effects of short-term vibration
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P - o ° o P
A lﬁg?ﬂﬂ\’ﬂ’lsaua:l"au (vl) ila\i‘iﬂﬁ\'mﬁ'l\‘l S UNISUST LUUNR

Line

Vibration velocity, 7;, in mm/s

Type of structure

Buildings used for comme
industrial buildings and buildings
similar design

Dwellings and buildings o
design and/or use

Structures that, because of the
particular sensitivity to vibrati
not correspond to those lisied ig
1 and 2 and are of great intrin
(e.g. buildings that are under
preservation order)

.') For frequencies above 100 Hz, at least

7/

\\

Plane of
Foundation floor of
uppermost
full storey
les / At a frequency of roRm
0 to 50Hz 50 to 100*) Hz mixture
20 to 40 40 to 50 40
ﬁk. “:F\L »
78 15 1510 20 15
‘ N
W =
8 8to 10 8

his eolumn shall be applied.

~
Resonance A4 157uavistuazsiauluwuade (V)

m-mﬁﬁmﬂ'awamwmm
ammﬁ%ﬁfﬁ’ﬁﬁ%ms

The Association of Swiss Highway Engineers

g < - =
Glrd% vm'ﬁs’fua: NauaIILnNM

apvlduannaa 10 mm/s

v 9 Y & e ) P
Tauvelasvastveanudu 4 avdudu Hfuagduniauavnsnpasie (A1519 4.2) uagz

<4 2 8 s - k4
ANSIY 4.3 Lﬂu lﬂﬂm"ﬂau%‘ulﬂa‘\“%‘ﬂiﬂi\’ﬂﬁ"\’ﬂ"uﬂqiq\l 4.2 Tﬂﬂ"qﬁlim’lu"a\’ﬂﬂ\"

s inn saus oy 2 dszian (Source M uas s) sawmsvuaswu tdulaseasay

o & 4 = >




duszifiau 10-30 Hz  AdwiSqwavnisduss Liiauiuindiga V ., Anulu Vector
I v - ar »
velocity aavdaqly 1Au 12 mn/s 3vazeausvla (Bachmann was Ammann,

1987)

A58 4.2 AswuvatduturavlAseasie SN 640312

structural
category
1 ut plaster) such as indus-
trial buildings, b nburied pipelines;
underground sty 2§ stch/ a§ caverns, tu wels, galleries, lined and
unlined \:\
1 buildings witli'ca € floors 2 1seme 1t W \'"'v bove-grade walls of
" concrete, bricl ing walls, | buried pipe-
lines;
undergrounds ! such as ave . alleries, with masonry
. lxmng 7 \
111 _ buildings with cg 5.'7.'!9 ’ 1l above-grade masonry
walls, timber j \
v or worth protecting

'
LY

2
ﬂ‘UEI’J'VIEWﬁWEJ’]ﬂ‘i

QW'mﬂﬂiﬂJ AN Y




o o >
A1519 4.3  namnsausulavney SN 640312 & nsuTlAS9ESI9AINATISIN 4.2

structural o source M source S
category f [Hz] Venax [MmY/s] f [Hz). Venax [MmV/s]
I 10 - 30 12 10 = 60 " 3p
30 - 60 12 - 18°* 60 - 90 30 - 40°**
1 10 - 30 ' 10 - 60 18
30 - 60 60 - 90 18 = 25°**
0 - 60 12

ur . 10 - 30

-1 © 3060
v 10 — 30
30 - 60

0 -9 . 12. = 18**

8
8§ = 12**

source M: machinery, tra lower value applies to
30 Hz, the upper tg

source S:  blasting operati

; : ’ ylati D€ ee -
lower va \ ies to 60 Hz, the upper to
* 90 Hz, with interpolationinbétwee i\ .

4,2.3 RRL Rep

L BB R UG HE B R BRG]
uazAw 1fennsvavivilgnasis BRSNS dusz iisunte q Suiilpeuan

U3u1wn1593195 (A998 2.4)

* .
AULINENTNEINS
AN TUNNINGA Y

66




67

el o
#1519 4.4  UiASuRausuavnavAuLazAY Lfansuaeivignasvannnisduss ey

(Whiffin waz Leonard, 1971)

Summary: Reaction of people and damage to buildings at various vibration levels

Effect on buildings

Peak particle
Velocity ** Human reaction
mm/s
0to 0.15
0.15t0 0.3
2.0
2.5
5
to relative&%sljff;ﬁ" Yeriod
 yibrations)
10-15 Vibiratiens considered unpleasant

|4 LI ELENE

people walking %9 bridges.

Vibrations unlikely to cause
damage of any type.

Vibrations unlikely to cause
damage of any type.

Recommended upper level of the
vibration to which ruins and
ancient monuments should be
subjected.

Virtually no risk of “architectural”
damage to normal buildings.

Threshold at which there is a
risk of “architectural” damage to
normal dwelling-houses with
plastered walls and ceilings.

pecial types of finish such as
“lining of walls, flexible ceiling
treatment, etc., would minimise
“architectural” damage.

Vibrations at a greater level than
ally expected from traffic,

but'would cause “architectural”
damage and possibly minor

sta fgginage.

**  The numbers in this column-are based on the peak particle velocity in the vertical direction. Where
human reactions are concerned, the value is that at the point at which the person is situated.
For buildings, the value refers to the ground motion but no allowance is included for the

amplifying effect of structural components.
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4.3 ganinualunisasn l.lUUﬂ’lﬂ%'Uﬂ‘l‘ia‘uaz LinUNDIF SWIU

4.3.1 AASHTO Standard Specifications for Highway Bridges

(1989)

Turagtiu lufaanmuailsudgelndaandy Live-load impact

s = o o o
Tun159aALUUFSHIUNINARIY Uan npact factor" iduzaniwuadnsy

mpact factor (I) " ansuns

DAALUUFSWIUN WIRRINVANY \

. e (4.1)

L = daunaw Span ximum stress lu member

du q fmie uTu»

w & . s e e 3esero—ver e % <
Aviduy Simple spans<#a3 2S5 00 AT AANESHIURAILY i~1ua 18y azna Impact
A ; L]

factor laaan

¢ o

BAMETE NYNT

AMIAN I INYAY

chinge
£

e .
L 25.00 :1'
Ij ' 30.00 m L 20.00 m A
e >
T o eaac oS g bs

25%3.28+125
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uanaanvum Impact factor \ilasy Dynamic loading ann
- ¥ as ° L4 s 4
U3nnan1sasnasuas dennualunivesulugiuae Stiffness gavlasussie Taw
A num Depth-span ratios Fms1suwew Structural depth dAvAl1v81v8v

Span uwazninum Deflection-span ratios dmsasduwey Deflection dAuaAlw

‘g17¥8av9 Span

sy 1fuAulssnay (Plate girder)

1519 4.5 awaaey (s1e-

N|
T

15.8

B =
alf}

ARIANTYYUI T

o | .
L - N
E .,
1.5 E - 1 .:L
2.0335 | ] f%‘ r
L 86.0 q
& 1
i A

2l 4.11 ddnwevaAuilsznay (Plate girder)




ases » ar - .
1519 4.5 paduliAnawiunda (Section properties)
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5 - - ; )
. A 1 Yy A d Ad
Sections 5
(cm™) (cm ) (NA to Bot)) (CG to NA)
Top flange 38.4 172,524
H—-shape 29,0 99,238
Web 8.1 4,265
Bottom flange 55.0 181,500
Cover plate 56.7 231,472
688,999
+
48,094
= 737,093
3
= 12,775 cm
= 18,997 cm®

contraflexure iy Simple span 25.00 gums uar Continuous span 30.00

ﬂ‘UEI’JVIEWﬁWEJ"Iﬂ‘i

AASHTE #a1e 10.5.1 ﬂ1ﬂua

&mcﬁ%ﬁﬂﬁﬂ.w %jtﬁsf}fﬁ:ﬂﬂ %ﬁﬂn‘rﬁl’munav

Contlnuﬂus span A3U81IYaY Span filoaz uszazuaw Dead load point of

\wAs A1 Depth waw girder mswwannaa 2500/25 =

gl 4.11

Depth =

96.5 chh < 100 cm

Depth—span ratios, 5hsﬂdauﬂav

100 cm
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AASHTO #2%8 10.6.2 nawum Computed deflection wavw Simple w3a
Continuous spans lasniivum Deflection-span ratios FAsa e
Deflection Aumliuw1lvas Span iflavann Service live load plus impact
> ' e s & [
anvly 1 1/800 usnanazniuluifaviifau tfuana dasaduidnevlyifiu 1/1,000

@159 4.6 uaavA1 Deflection flwaulnfy Computed deflections (s1sazifun

o §
nsAIuIaRg lunIANYIN o)

© ANSY 4.6 ted deflection

bmputed
eflections
(cm)

Spans

(m)

25.00

30.00

o oy " < o
Mnvannun Depth-span ratic ection-span ratios agifiuqn

2 - — P & o
Stiffness uavlns i};---~~~ il Auln AviluTesuasfias Livy
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#ms3y Span 30.00 m Aivum A = 3.750 cm E16D = 2,362,827,
E15L+I = 1.24(6,140,710)

8
[2,362,827+l.24(6,140,710)] x 10 = 1,266,960 cm4

(2.1x10%%) (0.03750)

\ ‘
(1,266,9 a0z = 529,867 cm
Q ”77}
4.3.2  Yan LGN - -
u‘fu

— e 0 Y o -
frequency uavdIwu 1l Forcing frequency ansaasiu dews1dLeas

jotlu  Required I =

' 4
Aav LtiuAn I Sadssunw

IUHUDINTIINA IAY DY

o o, .
innsna1ln  First mode natural

fishdy 2 sdrvinasanis ol /L. Continuous span) uas
EI/m)

|
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2 ':'ln':'mﬁ'us-mﬂ'\ﬁnaoa:vnua aﬂl”ﬂ—
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tua Lﬂ‘ﬂudﬁ'ﬂﬂuaﬂﬂ‘l uﬁ'\mun’a‘m"ﬂz: LN

Eia) (I) wev girders

Stiffness wavlas *,
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swaz 1Bundvaa luil
4.4.1 Fin (Materials)

AASHTO #atia 10.2.2 nnuafuEudAYeY  Structural carbon

steel il
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- Modulus of elasticity (E) of all grades of structural steel
. 6 2
E = 29,000,000 psi (2.1x10 kg/cm , 200 GPa)
- Type: AASHTO Designation:- M 270 Grade 36

Equivalent ASTM Designation:- A 709 Grade 36 (A36 ifw)

Fy = 36,000 psi (2

Tﬁﬂﬁ Fy = Specifl d _minimu

o s 2 4 ( . " o -
Tugasgusmivenas: N rangunssana Ludviaanaunun

t < 40 mm a1ludten ‘ T \ galy Lfu F, = 2,500 kg/cm>

- ]

(AAanssudauunvise L
L )

4.4.2 WUl

auum Allowable stresses

° Yo o [ X
ARUAT Y ANTUAUAS.

B <36 vee (4.2)
w - AUHANENTNEINS
siW’Tmﬁ“itﬁwmzmé’ 1

Tunsfimad M T 19.78 36
AAUR Fb = Allowable bending stress (compression in extreme fiber)
(/1) °F s L2
B = D88 E | 1x —-—2———7”— Tait ()" = 5
ATTE :
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% L2
azla F. = 20,000 - 7.599 ans l8:.33

%
fratiu F, = 20,000 - 7.5(19.78)

- 17,066 psi (1,181 kg/cm)

2 >
8%sy  Positive moment fb . < 1,181 kg/cm” 1dla

lunsdivas M 8 < 36 ldala
- & 2
iy
kg/cmz)

° as . " \ 2 >
# M5y Negative momen ' 45 kg/cm” 1ula
Taoil £, = Computed & ' -34 benc stress (s1waridvanisaiuln
agluaanuan A)
NAUA F_ = Allo

= 0.33 F cee(4.4)

ot ﬂ'lJEJ’J‘VIEmﬁWEJ’lﬂ‘i

F, =g 0.33(36,000

wwammumam&aa

sy Slmple span 25 m £ = 348 < 830 kg/cn’ 1814

#wiy  Continuous span 30 m f = 377 < 830 k.g/cm2 1ola

Taui fv = Average calculated unit shearing stress in the gross section

of the web plate (5qﬂa:LﬁﬂﬁﬂﬂsﬂﬁuqmaiTunquuqn f)
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4.4.3 wasradavudnuavAiuilsznay (Flanges)

AASHTO #1298 10.34.2.1.3 AIAUADASIEIUAIIUAINALAIY
“u1Yay Compression flange plate (b/tf) 29y welded girders Azs3zdinAn

> U ad o o &
UpBAINTASIEWANINUAR VT

oo (4.5)

o
Il

#3nsan  Top flange

4
4.4.4 AR B dlates)

|
1]
i
O #11D 10.34.3.1-1 AANUAR

G“de“ﬁﬂ‘ﬂﬁvm Wi“wzﬁni

unu1Yay Web plates (t )

a ﬁ% duaz ﬁoﬂ <. (4.6)
Tasil = Depth of web plate
fb = Computed compressive bending stress (psi)
17 £, = 915 o v,y 022 Jo15x2. 24x2. 542

23,000
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0.7 > 0.46 cm dla

s D

170

92.2 v
et o [kl
¥ e 0.54 cm lala

uﬂnqﬁunu'm'aﬂqnﬂa\a Web plate =

1uqni{nﬂav Single cover
plate (tR) fail

£y € 2 cea (4.7
Taudi t. = ArunuIzav ”yﬂ‘vﬁ
N

, I

<3.0cm igla :
g | ‘a v , .
ua::ﬂ"munﬁ':'mﬂﬂm Wﬂﬂﬁ,ﬁﬁ?ﬂ ﬁ.s tf = 2.5(1.5)
U = 3.75 cm

AN ALDIAURITNHIRLL. s

o > ° 4 t v - < - ¥
AASHTO #3238 10.34.4.1 mgmmﬂuna\m wan tasusvAuane lu

> L - \3 &
AAWAUIYDN RSN UHLAN (t,) fiadvil

D

tw>"1—5’6 1000(418)
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0.61 cm

# %%y Simple span

we 348x2.24%

ua 377x2.24x%
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‘l 448

1gla
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ves(4.9)

. -
anvauznns Lo ug?mﬂ{ﬁmﬁ ers SuAuUIY
(@ 3.125 m) gla wazenild £ wngn (1 Support) ufeuifiey azla
¢
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