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6.1.1 Han1sa153aSTUIANITIIIE S0 U 15U TBUIAYSIINA
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Svlantnsansawsun i wusiunisYansduas iioulae
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unauii sdusafvnlvuazsanae

1] o
uazsanavivusann tdustwauunnid
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ar - & ¥ ! » - LY

Twuae 1udunadilue (pcu/hr) Forcing frequency #f andnqlna 1Aaenda tn iy
) ° Y o Py o » =

Natural frequency wavarwiuaznalnifiansdiuaw Resonance niluuasddyavav

P P =

- < S em
6.1.2 HaN131 lﬂs’l:"ﬂ'\ﬁdﬂaz LNau

6.1.2.1 URNTHS DAL TH TN U

glasenw (gldeaneu, span 30 m uar Simple

span 25 m usAvKald 9 Reiher and Meister
Dieckmann Janeway = G/Zﬂf fquns
2.6) uazinamuay RR in1 g 6.1 - 6.16 ufu-
wanT1sAuaL Llaubavasn AYanwatdy aTnuI1STAD
nsduss ilaud ARt ﬁnnaﬁu{ﬁnsﬁnﬁm (Annoying)
v 1S S . L5
uaz tfinanugdnluauslan qnzguéu: L
AnszAunsduas tﬁauq\aﬁvim in

Dieckmann  S<AUF "lf

or disturbing) fdeune Event

as17 (Painful) s7uinamuay

197} Ay K = 1-10 10-100
29 1Juszduiigendas zmﬂau éﬂO) waz 1fald inamuay

Janeway Tolerance levels aq:‘lusVﬁ’ui"m:l‘lﬁﬁnua'ls‘lumﬂu’mxﬁnm'wiﬁﬂlu'
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g P dea ! ¥ ¥
NaN1SAUF S Lpundne lasvasuasnunana 12 lur1s19
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6.5-6.8 1Inaldinamusy German Standard DIN 4150 Part 3 (1986) an
I3 4 P < 2 5 v ) ! b4 bl
A7 LSuavasdua s itauluuuade w,) Ay luynna1 10 mm/s wazld thamuav

Standard SN 640312 (1978) 91AA1SY 4.2 uar 4.3 (unil 4) SWMSvFswUwas
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Source M: y5v1@mAN5351a3 @ Vector velocity (Vmax) anv luynnai
12 mm/s 3
& 3y Continuous span 30 m (72942871 11.20 U.-

12.00 U.) # Even‘t# 588 9nm I\}V lasiv  38.9 mm/s uas Vector velocity =

a 3 4 # o AN 9w
39.1 mm/s nAwa 5 Hz wasn Event 599 Jna V la 41.6 mm/s Vector-

velocity = 43.4 mm/s fiaawd ///
: > 391981 13.20 Y. - 14.00 U. )

= 39.8 mm/s fiawd

8 Hz uasd Event# 6 6'm fc\" or velocity = 40.6 mm/s
fiaud 7 Hz % 4 \

, \-\ - 21.40 u. Yansduds oy

662 3n 9V 17 36.8 mn/s

f Event# 614 Ja le 5

uay Continuous span30 34.7 mm/s Vector -
velocity = 34.9 mm/s

Vector velocity = 37.3

RE 39 L2811 22.20 U. -

" .
23.00 u.) 0 Event

2ct6r velocity 38.6 mm/s
+ -
uazi Event' 680 ¥n 1nq\1qnﬂ\1 58.2 mm/s Vector velocity

59.9 mm/s

AU 8] FRBNNS WY IO G et s

il \Aindlu LRauyN Event agluszivilgninssiuivassvla dwszdunasdus: mau‘lu

v i b1 LD 3 L bl 2l Vbbbt ot svenc?

689 Inm V 1a 0.305 ips (7.7 mm/s) wansduas tiouluuwasw V i Event#

689 Sansduas iiisulagenasuads Jn V,11 1@ 1.057 ips (26.8 mm/s)




S e ® ]
3 " . 1 . Vg ¥
A1979 6.1  Wan1saudz tilauway Continuous span 30 m (dav1 12,00 U.) ﬁ'ﬁnmﬂﬁa:ﬂ'm
A
Event Frequency VV A er _and n TRRL
Time ] Janeway
No. (Hz) (mm/s) (10 Standing Walking
573 11:20:22 5 16.8 2 B g 0 Discomfort Unaccept Unaccept
" ',['a
574 11:21:46 5 25,2 31 1 Discomfort | Unaccept Unaccept
NG
575 11:23:10 * 19.5 * A % ® *
576 11:23:46 5 36.4 45. ﬁg Discomfort | Unaccept Unaccept
, R
577 11:25:10 * 7.5 d P i » ¥ *
578 11:25: 46 12 18.2 9.5 100 Discomfort | Unaccept Unaccept
579 11527210 5 13.3 Discomfort | Unaccept Unaccept
580 11:28:34 27 y 5 | Ea m Discomfort | Unaccept Accept
581 11:29:58 L 27.1 ® * *
-3
‘ r
582 11:30:84 5 2.1F u%’ ’J ﬁﬂ% w-ﬂ I] F]C%fort Accept Accept
583 11:31:58 8 4,2 L Annoying Comf Accept Accept
~
584 11:33:22 * * *
9

585 11:33:58 ¥ 20.9 * "

o9ll




A1 6.1 (Aa)

Event Frequency Gv
.Time

No. (Hz) (mm/s)

586 11:34:34 5 21.8

587 11:35:58 5 . 24,6

588 11:37:23 5 38.9

589 . 11:38:47 7] 20.0

590 11:40:11 5 15,2

591 11:41:34 5 35.5

592 11:42:59 * 6.5

593 11:43:35 5 8.5

594 11:44:58 7 18.3 16. 4 Dlsturblng
595 11:46:22 8 s.ﬂ quo’J 1A E}'ﬁj
596 11:47:46 5 15.3“ 19.8 DJ.staurbmg

A : -

597 11:49:10 * 7 qq Wz’-] aﬂ*ﬂ : muﬁ
598 11:49:46 5 P 36.3 Disturbing

e *
TRRL
Janeway :
Standing Walking
Discomfort Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
* * *
Comfort Unaccept Accept
10-100 Discomfort | Unaccept Unaccept
WE}:’] f' %mfort Unaccept Accept
10~ 100 Disco fort Unaccept Unaccept
13N ﬂ e | - :
10-100 Discomfort | Unaccept Unaccept

LLEL




.
A9 6.1 (Ma)
A
Event Frequency VV
.Time
No. (Hz) (mm/'s)
599 11:51:10 10 41 .6
600 11:52:35 10 22,7
601 11:53:59 5 26.5
602 11:56:23 * 8.2
603 11:55:59 8 27.6
604 11:57:23 12 29.8
605 11:58:47 8 5.1

*
Incomplete data sample (in FFT)

#Tolerance.levels 299 Dieckmann ﬂ u EJ ’J ‘Vl EJ nj w EJ I] ﬂ ‘i

1“5ﬁﬁﬁﬂnﬂ§bi‘ﬁ (Lowexyjlimit of percep ion

e SR IN AINY THY

seivfsauFulaun (furaviaanfu q (Allowed only for a short time)

R = 0.l;
K = 1;

K = 10;
K = 100;

TRRL
Janeway

Standing Walking
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept

* * *

Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Comfort Unaccept Accept

1:ﬁbaanﬁnuﬁ1nﬁa:nu1ﬁ (Upper limit of strain for the average man)

gLt




A1519 6.2  Wan1Sauss Lfiauwey Simple span 25 m (davia@ 1

A
Event Frequency VV
.Time "
No. (Hz) (mm/s)
607 13:21:083 5 18.0
608 13:22:27 7 18.2
609 13:23: 51 10 13.3
610 13:25:15 5 16.4
611 13:26:39 7 28,3
612 13:28:03 8 20.9
613 13:29:27 5 6.1 Annoying |
614 13:30:51 8 39,2
615 13:32:15 7 17.6 15, Disturbing
-9 @
616 13:83:39 5 17.?' uatj{a i) %}?1:@
617 13:35:04 5 11.5qJ 14.4 Annqying
M -
618 13:36:27 5 o . ]
619 13:37:51 5 218 - | - 271 Disturbing

¢ e
14.00 u.) ffAagldaznu
TRRL
Janeway
Standing Walking
Discomfort Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort Unaccept Unaccept
Discomfort Unaccept Unaccept
Discomfort Unaccept Unaccept
j Comfort Unaccept Accept
Discomfort Unaccept Unaccept
Discomfort | Unaccept Unaccept
] ﬁscomfort Unaccept Unaccept
Comieft Unaccept Accept .
I Iaiaaniclrt Unaccept Unaccept
Discomfort | Unaccept Unaccept

6L




A1319 6.2 (ﬁa)

Event Frequency Gv
.Time

No. (Hz) (mm/'s)

620 13:389:15 % 20.7

621 13:39:51 5 24,9

622 A 13:41:15 5 6.7

623 13:42:39 5 18.5

624 13:44:03 7 33.7

625 13:45:27 7 27.3

626 13:46:51 7 32,7

627 13:48:15 10 5.7

628 13:49:39 7 75 6.7

629 13351203 * 16.2?”8’3

630 13:51:39 5 ‘11.oq’ 13.8
Pt Bl

631 13:53:03 5 2

632 13:54:27 10 qzo.o 12.5

® ®
Janeway
Standing Walking
* * *
Discomfort Unaccept Unaccept
Comfort Unaccept Accept
Discomfort >Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
-Discomfort Unaccept Unaccept
Discomfort | Unaccept - Accept
Annoying 1-10 Comfort Unaccept Accept
-
NENINEINT - : *
Annoying 1=10 Comfeut Unaccept Accept
- A i .
;Dmru‘ r](goﬂ | aﬁnﬂt Unaccept Unaccept
Disturbing 10-100 Discomfort | Unaccept Unaccept

o2t .




AN 6.2 (ﬁa)

A
Event Frequency Vv TRRL
.Time Janeway
No. (Hz) (mm/s) Standing Walking
633 13:55:51 5 22.7 Discomfort | Unaccept Unaccept
634 13:57:15 7 17.8 Discomfort | Unaccept Unaccept
635 13:58:39 7 40 .6 Discomfort | Unaccept Unaccept

*
Incomplete data sample (in FFT)

#Tolerance levels u89 Dieckmann

K

K

0.1; sziusvgaiisugla (Lower
beriod of time)
i

103 -nuﬂﬂauﬁblnuntﬂuﬂautaaﬁ i7] } (Allowed only for a short time)

100; s-nug\:qnﬂnuﬂ'snh“mﬂ uﬁw ﬁ ﬁ?wﬁh’]ﬂ%e man)
9 R &Nﬂ‘iﬁu URIAINYIAY

1; ssivivausulalulsvenu (Al ﬁ'

2t




P) #® ® ®
A1519 6.3 Wan1SduNs Lfiauwey Continuous span 30 m (72wt .- 21.40 u o) Vfﬂ'vfai’lfﬂ:wnu
A
Event Frequency VV TRRL
.Time Janeway
No. (Hz) (mm/s) Standing Walking
637 21:00:27 8 24,9 Discomfort | Unaccept Unaccept
638 21:01:51 7 6.3 Comfort Unaccept Accept
639 21:03:15 5 30.7 Discomfort | Unaccept Unaccept
640 21:04:39 5 6.0 Comfort Unaccept Accept
641 21:06:03 12 22,2 Discomfort | Unaccept Unaccept
642 21:07:27 * 21.3 * » #
643 21:08:03 ¢ 6.7 Comfort Unaccept Accept
644 21:09:27 5 29.8 Discomfort | Unaccept Unaccept
645 21:10:51 8 23.0 1 8f?=l Disturbin&, 10~100 Discomfort | Unaccept Unaccept
646 21:12:15 10 15 .ﬂ u E} {J [ J.E\.\m w ﬂ({q r ﬁiscomfort Unaccept Unaccept
647 21:13:39 8 34 .7i'l"I 27.2 Paipful 19-100 Disgomfort | Unaccept Unaccept
Fd -
648 21:15:04 7 ﬂ , :;-] a ﬂ Q - @u i 10+1 i rt | Unaccept Unaccept
9
649 21:16:28 12 5.8 3.0 Annoying 1-10 Discomfort Unaccept Accept

22t




A1319 6.3 (Ma)

Event , Frequency Gv
.Time

No. (Hz) (mm/s)
650 21:17:52 8 22.4
651 21:19:16 17 31.3

- 652 21:20: 41 10 24.2
653 21:22:05 8 12.4
654 21:23:29 7 24.6
655 21:24:53 7 18,2
656 21:26:17 * 20.1
657 21:26:53 5 7.6
658 21:28:17 5 8.5
659 21:29:41 8 19.7ﬂ
660 21:31:05 5 7.6 Y

#

661 21:32:29 8 aaﬁr]
662 21:33:53 7 . qss.s< 33.0

Annoying

RS Yoo ]

Annqying

Disturbing

piddably| Joe| £

* e
TRRL
Janeway
Standing Walking
Discomfort Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
Discomfort | Unaccept Unaccept
* * *

Comfort Unaccept Accept

1-10 Comfort Unaccept Accept
‘Discomfo Tt Unaccept Unaccept

E 0 Com Unaccept Accept
’l;langrt Unaccept Unaccept
10-100 Discomfort | Unaccept Unaccept

g2t




A15719 6.3 (AB)

A
Event Frequency VV
.Time :
No. (Hz) (mm/s)
663 21:35:18 * 29 .4
664 21:35:54 8 22,2
665 21:37:19 * 24.8
666 21:37:55 18 5.8

TRRL
Janeway
Standing Walking
* * *
Discomfort | Unaccept Unaccept
* * *
Discomfort | Unaccept Accept

* % Ly v
Incomplete data sample (in FFT)

i

K

K

— I o [
= l;

= 10;

= 100;

seaufeandulalulseen

ynuﬁuau€b1nuntﬂﬁﬁ

Tolerance levels #®89 Dieckmann

sziuagaisugla (Lower llm]ﬁ of perceptiC

,@Mﬁﬁﬂﬁﬂ‘i’ﬁ Efifli
R i sersT I TRY

vel




Event Frequency Gv
.Time
No. (Hz) (mm/'s)
668 22:20:37 7 20.1
669 22:22:01 32 6.2
670 22:23:25 7 21.0
671 22:24:49 » 4.2
672 22:25:25 13 5.2
673 22:26:48 # 5.4
674 22:27:24 5 37 .1
675 22:28:48 kd 17 .8
676 22:29:24 7 37.6
677 22:30: 49 8 21 ﬂ
678 22:32:13 % 15.1I'l"I
N9
679 22:32:49 23 6
680 22:34:12 17. \ 5.7

33'6

‘LIEJ’J
A9AS

2.1

Dlsturbln

E}%‘l@
O

Annoying

w ®
.00 u.) fifinayldszny
TRRL
Janeway :
Standing Walking
Discomfort Unaccept Unaccept
Discomfort | Accept Accept
Discomfort | Unaccept Unaccept
* * *
Discomfort | Unaccept Accept
* * *
Discomfort | Unaccept Unaccept
* * *
10-100 Discomfort | Unaccept Unaccept
WOE}){)] r %seomfort Unaccept Unaccept
* * * *
=9
l'] 1131?] E ’aiax%zjrt Accept Accept
- Discomfort | Unaccept Accept

sclt




e ® &
A319 6.4 (AB)
A
Event Frequency VV TRRL
.Time Janeway
No. (Hz) (mm/s) Standing Walking
681 22:35:36 27 5.1 Discomfort | Accept Accept
682 22:37:00 8 5.2 Comfort Unaccept Accept
683 22:38:23 5 6.1 Comfort Unaccept Accept
684 22:39:47 ¥ 6.1 * * 2
685 22:40:23 * 4,2 * * o
686 22:40:59 * 20.6 ¥ o ®
687 22:41:35 10 7.0 |} Discomfort |“ Unaccept Accept
688 22:42:59 * 5.7 % X *
689 22:43:35 * 58.2 ] * % ®
‘o | a
690 22:44:11 5 : 19.'ﬂ uﬂfa { D& ?I.\% w OEFG] ﬁ] ?scomfort Unaccept Unaccept
691 22:45:35 7 3.4 U 3.1 Ann%ying 1-10 Comfort Accept Accept
= /s
692 22:47:00 7 1;] éﬁz"] a,@ﬂ - @Huw "]1'0311{,] E “qi amﬂrt Unaccept | Unaccept
a ) |

693 22:48:25 18 9 4,9 2.4 Annoying 1-10 Discomfort Unaccept Accept

o 8




L & » ®
A1 6.4 (ﬁa)
. A
Event Frequency VV TRRL
.Time Janeway

No. (Hz) (mm/s) Standing Welking
694 22:49:48 22 4.5 Discomfort | Accept Accept
695 22:51:12 15 9.2 Discomfort | Unaccept Unaccept
696 22:52:36 % 20.0 ® ® *
697 22:53:12 28 4.5 Discomfort | Accept Accept
698 22:54:36 23 2.8 Discomfort | Accept Accept
699 22:56:04 10 4.8 Comfort Accept Accept
700 22:57:30 12 18.5 Discomfort | Unaccept Unaccept

* .
Incomplete data sample (in FFT)

#

K

K

= 0.1;
= l;
= 10;

= 100;

Tolerance levels 98y Dieckmann

&

1:ﬁ‘uﬂuau-‘s‘ulﬁ1qwr](

seaufvausulaun lunn

sziuangafisugla (Lo

g2

YHINHNINYINT
NPTV LR FNER

andu 9 llowed only for a short time)

1sﬁuqoqnﬁnuﬂsnhznu15 (Upper limit of strain for the average man)

21
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(REIHER AND MEISTER)

100-0
N\ 1
e,
N N %
\\ \"o
N &%
N
500 S NG
\ ”
\\ \\ \ O
\ \ \Z
\ \ X oc?
N N\ 1 \ O.
s N \ O (0]
1 \ N\ \‘?p 1
—al \| O N
- Moo ND
200 \O. ! '\,
\NO, N
Ny
N & N ] : :
\\Qo N \ 3 Painful
\7 N\ ’ N\
\o SN o AN
100 N . U t
\ N
% - rbj
"\ ; . N ng
- LW \ \
n y ~ A romre
T 50 S
E
~ S
% \ | i \ \
:_‘; ::\h._ 2:1;’ ) \\ \\
0o ” Ay
4 WA \\ \ \\
> 2-0 — =B \\ \\ ; \'\
- Pt nteid 40 ¥\
i-:; early \\ \\ b \ N
\
N
\l
\
N
N
Y
100

Frequency (Hz)

30 6.1 man1sduazifisumae Continuous span 30 m  (xavilan

11.20 .- 12.00 u.) AfAaNloazw Iy (Reiher and Meister)




" HUMAN SENSITIVITY T0 VERTICAL VIBRATIOIIS.

(DIECKMANN )
1 000

500 \

200

00

100
—— 9

50
7
@ 2 —
£ [*.;.
E _ 5
> 10 1 ::
E .ﬂ" fiﬁ

s

o

/
-~

[}
] 1he
.
s
&

Y

1

/

Vv

—

TR NIUARN
q 02 | \

ﬂ—‘a- 3
EREE]

K=041

01

Frequency (Hz)

1 2 5 10 20

50

100

3V 6.2 wan1sduszifiouvay Continuous span 30 m (davidan

A ' Vg ¥ 5
11.20 W.- 12.00 u.) Nissglodsnu (Dieckmann)
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VERTICAL VIBRATION LIMITS FOR AUTOMOBILE
PASSENGER COMFORT (JANEWAY)

200 \ T 1 IR T TT1T
100 = =
- \ =
S0
- = ort zone ]
{ 10 =
£ _ v .
e 8 B = i
E 5
.§ B . -
pe 7 :
3 1-
[ | & i S}
< Co one
r o
" )
et .
Sesw -
. 4

U :
- 041 7 l", 7 — i1 1 ,
ARIAINTUUERNT TR E
U 6.3 manqsduds iiiounay Continuou§ span 30 m (d3vi7a

11.20 u.- 12.00 u.) AfAsklodsniu (Janeway)
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1000
50-0
Unucz.eptuble ®
re io '
—..’ \ 4 \\ @ ‘ ’O
[} . 4 O
20-0 " — - .
A Lower tolerance level for
¢ b, PE walking (vibrations
\ \ acceptable to some bridge
100 k\ ‘above this level)
@ ) \
£ 50—
13
> r tolerance level for
2 e standing (vibrations
K] eptable to some bridge
% rs above this level)
,> ) zo
03 50

HUMAN TOLERANCE LEVELS FOR BRIDGE VIBRATIONS

131

Frequency (Hz)

R uﬁﬂﬂﬁm

11020 Y.~ 12.00 uc

ﬂ 3 ('n"N 1381

211 (TRRL)

’Q‘W’]Mﬂﬁm UA1AINYAY

100
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(REIHER AND MEISTER)

100-0
N\ 1
\'ve
\ b
\\ \"o
N \<Eb
\\ \\ \\O"o
\ O
\\ g \\ 8 \© .
\\ \ \\b
1 \ N\ \9,
\| O |
200 Mo '\ -
\No, N
N\ ‘i’
\5%3 - W Painful
N\ /0 N\ N \
< 7 SF, )
10-0 \\ : ' n
\ -
N \. .
Y isturbing
-~ \
» : ~ \
g 50 A -
£ Bl Ann Yy \\\\
& r40 W \
> g e \ \ \
= Al N\ N
..6 f e N\ \
2 .p‘ — \-,- N\ \\ . \\
‘ ' -w _‘.- o
2 20 ﬁ%: ; " \\\ e S
P T L N\
= A Uiy, R A | N
i N \\
\ \ \
- B s\ .
\\ - _ N
\ \ )
\ \
N \
\ N \
05 — \ N
- - -
| d % N
U N b
\
v/ \\ \
W TN
\\
0-2 - ~
Imperceptible N\
o
01
1 2 S 10 20 50 100
Frequency (Hz)
9t 6.5 wanisdusziiiouvay Simple span 25 m (1291928

‘| Ve > -
13.20 U.- 14.00 u.) AfAaglaasniy (Reiher and

Meister)
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(DIECKMANN )

1000

500 \

fE \\ Wi

200
N =100 / ¢

100

N

= /
0 il P
}uzﬁwwi’hmm
QRN IUNAN AN

Frequency (Hz)
U 6.6 wannsduazifisunay Simple span 25 m (4291281 13.20 u.-

14,00 u.) Afiragloazwiy (Dieckmann)




200

100

S0

v

Amplitude (thou. iqs.51 ‘_:.L)O_
=]

05 |

ﬂ.:

VERTICAL VIBRATION LIMITS FOR AUTOMOBILE

PASSENGER COMFORT (JANEWAY)

\

T TTTT

T

B )

\4—-0f3=2

! o Y O |

LI

Discomfort zone

(0]
\ :
s =
s
PN
. A - -
= LI
. I‘I? b—-Qf-so -
[
0 0 0

¢ Frequency (c

100

134

| Gl ANYWY .

14.00 u.) ffAegladznuy (Janeway)




Velocity (mm/s)
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HUMAN TOLERANCE LEVELS FOR BRIDGE VIBRATIONS
100-0

500 |-

200 \

Unacc

\ii /

tolerance level for

ople walking (vibrations
'» - table to some bridge
, .above this level)

'\

100

- /er tolerance level for *
o e standing (vibrations
' cceptable to some bridge
users above this level)

2:0

1-0

1 50 100

Freq cy (Hz)

w off %mwgﬁ:@w@qﬂ'@mm -

14.00 u.) nuaiu’l*na::ﬂ"lu (TRRL

ARIANNTIT Wakl WEJ']Q 3



Velocity (mm/s)

100-0

100

2-0

01

HUMAN SENSITIVITY TO VERTICAL

(REIHER AND MEISTER)

VIBRATIONS

136

Painful

'.“
\
N
\
N\
N\
N
N
N
N N
< \\
Just (perceptible | \\ &
L
- ' 1‘ 1d°\
% \\ \
¢ 1 o LY\ N
NAIHREITTITEQ Y
: |
- .
Imperceptible \
1 2 8 10 20 50 100
: Frequency (Hz)
9l 6.9 wan1sduas iisuway Continuous span 30 m (d2v 1281

ales ! Vg ¥ - .
21.00 U.- 21.40 u.) Adnagloszwiw (Reiher and

Meister)



HUMAN SENSITIVITY TO VERTICAL VIBRATIONS

500 \
£ A
| k=100 //
': —
% 20 G‘f /
E. : % /
» \ ‘_;;?ﬁ,;—‘—;;
. m /_/'
_guiangninghng|
QAN IHUR NN

Frequency (Hz)

100

31U 6.10 nan1sduaz ifiauzae Continuous span 30 m (ﬁ'fm 1281

21.00 U.- 21.40 u.) AfAegldszniu (Dieckmann)
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YERTICAL V.IBRATION LIMITS FOR AIJTOMhBILE
PASSENGER COMFORT (JANEWAY)

200 \ T TT Y T lllI

100

FrrT
F ™
[

50

scomfort zone

L L}

w

Amplitude (thou. ins.)' _:_QU_
; 3
|
B

T
—
| 1] O 1

/|

ﬂ IS
ﬂHEJ’JVIEJWﬁWEJ’ﬂ?

111
2 36 s 1085

‘-1 RIAINTU BRI A ™

ﬂ 6.11 Wan1sduazifiounay Continuous span 30 m (B29 1931

21.00 U.- 21.40 u.) fdAdKlosasn L (Janeway)
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. HUMAN TOLERANCE LEVELS FOR BRIDGE VIBRATIONS
100-0
50-0
Unacceptable
20-0
tolerance level for
.&\ walking (vibrations
cceptable to some bridge
® - 2rs _above this level)
E 50 : —
£ .
~ ower tolerance level for
2 people standing (vibrations
kY] h acceptable to some bridge .
% rs above this level) i
> 2.0 DL L) 34
103 50 100
»

Frequency (Hz)
o

W o PR res e A e

9] 21.00 u.- 21.40 u.) fAfAagladznau (TRRL)

QRININTAUNNIINYIAD




100-0

50-0

4

20-0

100

Velocity (mm/s)

HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(REIHER AND MEISTER)

140

Painful

Frequency (Hz)

100

31 6.13 wanisduszifiounay Simple span 25 m (82917281 22.20 u.-

23.00 u.) Aifnegluazniu (Reiher and Meister)
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HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(DIECKMANN )

1 000

FARN |

200
K=100 /

100

10

1 Velocity (mm/s)

=2
- %=
eﬁ
=
9o
=
-
alJ
-s
o=
-
2
oo

K=01

01

1 2 5 10 20 50 100
Frequency (Hz)

2l 6.14 wan1sduss isuyeay Simple span 25 m (ﬁqutaaﬁ 22.20 U.-

23.00 u.) AfAeylaszniy (Dieckmann)
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VERTICAL VIBRATION LIMITS FOR AUTOMOBILE
PASSENGER COMFORT (JANEWAY)

200 \ T | (] T TT7T

100
\-—- af3=2

TTTT
]
T

50

Discomfort zone

®4
®©
2l _
. f .
£ s -
3 . : t
< “WE 3
¥
3 ahif o
g omfort ':‘ @
! s - ,',_.»r’ ' -
- ORI, WEPTRF R
s R 60 _
0 \
m ; N
¢ o
My .
Al A5 L.
_ 3 =’ o | “/so 100
Frequencyde.p.s.)

PIAIRIAUNTITENAL ...

23.00 u.) fdAeylaszniuy (Janeway)



Velocity (mm/s)

HUMAN TOLERANCE LEVELS FOR BRIDGE VIBMTIONS
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100-0
50-0
Unacceptable
20-0
ower tolerance level for
_people walking (vibrations
acceptable to some bridge
100 ers above this level)
oY%
A ®
50 o)

O\ er tolerance level for
beople standing (vibrations
unaccepigable to some bridge
USers above this level)

2.0 |
X
1-0;I '

e
AN

120 50
Frequency (Hz) '
s

100

wﬁ%ﬂﬂmdw ﬁﬂlzﬂﬂn’w v 22.20 U.-

23.00 u.) AfAaylasdsniu (TRRL)
¢ o

ANNITUURIINYIAY



A1579 6.5 HanTsAUNL Liiounay

Continuous span 30 m (7394

Y

Event I'requency
Time
No. (Hz)
573 11:20:22 5
574 11:21: 46 5
575 11:23:10 % 19
576 11:23: 46 5
577 11:25:10 *
578 11:25:46 12
579 11:27:10 5
580 11:28:34 27
581 11:29:58 *
582 11:30:34 5
583 11:31:58 QW 7 aﬁﬂﬁ
584 11:33:22 a

L] v
U.- 12,00 u.) PinalAsvasI9TENIY

\

~ Unaccept

',facéept

SN640312 (1978)

(Accept vmax<,12 mm/s)

naccept

Unaccept
Unaccept
Accept

e b= cept

li

Accept

B Tl

Unaccept

Unaccept
Unaccept
Unaccept
Unaccept
Accept
Unaccept
Unaccept
Accept
Unaccept
Accept
Accept

Unaccept

1443




A1 6.5 (AB)

\I < 10 mm/s)|(Accept Vmax

SN640312 (1978)

<12 mm/s)

Event Frequency 4150 Part3
Time 986)
No. (Hz)
585 11:33:58 *
586 11:34:84 5 naccept
587 11:35:58 5 Unaccept
588 11:37:23 5 Unaccept
589 11:38:47 e Unaccept
590 11:40:11 5 dcgept
591 11:41:34 5
: i
592 11:42:59 % 7 6.7 i ACcept
-3
st M wﬁ’mzmmmm
594 11:44:58 . 18.3 Unaccept
wwan iV Ine Y
596 11:47: 46 15.8 17.3 ' Unaccept

Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Unacéept
Accept

Accept

Unaccept
Unaccept

Unaccept

St




[N4 150 Part3

'86)

SN640312 (1978)

(Accept Voax <12 mm/s)

L 2
A1319 6.5 (Aa)
Event Frequency
Time

No. (Hz)
597 11:49:10 *
598 11:49:46 5
599 11:51:10 10
600 11:52:35 10
601 11:53:59 5
602 11:55:23 2
603 11:55:59 8
604 11357328 12
605 11:58:47 8

naccept

22.7 | Unaccept

Unaccept

naccept
AW

29% & 29.8 Unaccept

U AINBRINY AT

Accept

Unaccept
Unaccept
Unaccept
Unaccept
Accept

Unaccept
Unaccept

Accept

*

Incomplete data sample

%‘mﬁ\‘iﬂ‘im UAIINYIAY

S L




A1SI9 6.6 Nanﬁsgﬁﬂzlﬁauﬂav*Simple span 25 m (ﬁdo .,

\ 13.2¢ .00 u.) AfdaTlAsvasvasN
SO, / -

Event Frequency
Time

No. (Hz)
607 13:21:03 5
608 13:22:27 ¥
609 13:23:51 10
610 13:25:15 5
611 13:26:39 7
612 13:28:03 8
613 13:29:27 5
614 13:30:51 8
615 13:32:15 74
616 13:33:39 5 ,
617 13:35:04 aq
618 13:36:27 8

39 .6 &

17.3

238.0

%,

=

ctor)| "D 150 Part3

(Accept V
max

SN640312 (1978)

<12 mm/s)

o \\\q V <10 mm/s)

wamt

haccept

‘Unaccept

Unaccept

Unaccept

hé gcept

Tu
i

ept

39.8 Unaccept

L) 8%5W81ﬂ§
Nadn IR NI Y

24,3 Unaccept

Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Accept

Unaccept
Unaccept
Unaccept
Accept

Unaccept

Ll




A1519 6.6 (ﬁa)

Event Frequency
Time
No. (Hz)
619 13:37:51 5
620 13:39:15 ¥
621 13:39:51 5
622 13:41:15 5
623 13:42:39 5
624 13:44:08 7
625 13:45:27 7
626 13:46:51 7
627 13:48:15 10
628 13:49:39 7
629 13:51:03 QW 7 a
630 13:51:39 _ ;

32

32.9

d 7.6

1.

{IPA

UBINYPHING
Khp

11.0

i

SN640312 (1978)

(Accept Vmax< 12 mm/s)

g:éccept

Unaccept

g

Accept

Unaccept

s

Vhzbdl

Unaccept
Unaccept
Unaccept
Accept

Unaccept
Unaccept
Unaccept
Unaccept
Accept

Accept

Unaccept

Accept

81




A1579 6.6 (Ad)

Event Frequency
Time
No. (Hz)
631 13:53:03 5
632 13:54:27 10
633 13:55: 51 5
634 13:57¢45 i
635 13:58:39 7

*
Incomplete data

sample (in FFT)

N4 150 Part3
A
Vv <10 mm/s)

~ SN640312 (1978)

(Accept Vmax< 12 mm/s)

naccept

Unaccept

Unaccept
____w A

Unaccept
Unaccept
Unaccebt
Unaccept

Unaccept

|sr

iF |

AU INENTNYINS
ARIAINTAUNM TN

6¥ 1




(Accept V
max

SN640312 (1978)

< 12 mm/s)

Unaccept
Accept

Unaccept
Accept

Unaccept
Unaccept
Accept

Unaccept
Unaccept
Unaccept

Unaccept

L - ®
A9 6.7 nuA1SaUsS Liauway Continuous span 30 m (f; 3' .= 21.40 u.) NTnalAsvdsIVEZNY
Event Frequency DIN4150 Part3
Time
No. (Hz) V <10 mm/s)
637 21:00:27 8 Unaccept
638 21:01:51 ird Accept
639 21:03:15 5 Unaccept
640 21:04:39 5 Accept
641 21:06:03 12 Unaccept
642 21:07:27 ®
643 21:08:03 7
644 21:09:27 5 29IP 31.0 Unaccept
cw | e |0 AU BBINY MRS
646 21:12:15 10 15.1 ; ‘16.8 - Unaccept
'

647 21:13:39

9
648 21:15:04 7 0.4 30.4 Unaccept

Unaccept

oSt




ATSI9 6.7 (ﬁa)

SN640312 (1978)

(Accept Vmax<'12 mm/s)

Event Frequency DIN4150 Part3
Time 986)
No. .(Hz) (Accept VV~<lO mm/s)
649 21:16:28 12
650 '21:47:52 8
651 ' 21:19:16 17 naccept
652 21:20: 41 10 Unaccept.
653 21:28:05 8 12.4 Unaccept
654 21:23:29 7 _chcept.
655 21:24: 53. 7 v ] _" ccept
.

656 21:26:17 * m.t 20.7 ~Unaccept
657 21:26:53 5 ﬂugjl-ﬁ Ejﬂ%w . ’]ﬁﬁ:
658 21:28:17 5 q 8.5 w 8.7 ’ Accept

7 7 ¢ 4 (Y,
et QRIAINIURRIINGTRY
660 21:31:05 4s 7.6 I 7.7 Accept
661 21:32:29 8 32.5 33.6 Unaccept

Accept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Accept
Accept
Unaccept
Accept

Unaccept

IS L




]
A1319 6.7 (Ma)
Event I'requency
Time

NO . (Hz)

662 21:338:53 2

663 21:35:18 x

664 21:35:54 8

665 21:37:19 *

666 21:37:55 18

SN640312 (1978)

(Accept vmax< 12 mm/s)

x;Unaccept

', Unaccept
\

Unaccept

Unaccept

Accept

Unaccept
Unaccept
Unaccept
Unaccept

Accept

]

* - i
Incomplete data sample (in FFT) i
o

AU INENTNYINS

ARIAATAUNM TN

SSi




#*
A1519 6.8 WANIIAUNE Lilauvav Simple span 25 m (ﬁau;ék1
A
Event I'requency v
Time
No. (Hz)
668 22:20:37 7
669 22:22:01 32
670 22:23:25 7
671 22:24: 49 ¥
672 22:25:25 13
673 22;26:48 *
674 22:27:24 5
675 22:28:48 *
676 22:29:24
677 22:30:49
678 22:382:13
679 22:32:49
680 22:34:12 17 5.7

M

>
3.00 u.) AdnalaseasvEEHI

”'g""n.;,_{- VV < 10 mm/s)

N

N -
NN\

DIN4150 Part3

986)

SN640312 (1978)

2
(Accept Vmax< 12 mm/s)

Unaccept

Unaccept

919599 ¢

Accept

Accept

Unaccept
Accept
Unaccept
Accept
Accept
Accept
Unaccept
Unaccept
Unaccept
Unaccept
Unaccept
Accept

Accept

€S




A1579 6.8 (AB)

Event I'requency
Time
No. (Hz)
681 - 22:35:36 27
682 22:37:00 8
683 22:38:23 5
684 22:39:47 *
685 22:40:23 *
686 22:40:59 *
687 22:41:35 10
688 22:42:59 * 5.7
'}
689 22:43:35 * ﬂugjv
690 22:44:11 5 q 9.
691 22:45:35 QWI'] QQﬂjl
| D '
692 22:47:00 97 25.7
693 22:48:25 13 4.9

26 .4

5.4

ST

accept

A INGTA Y

DIN4150 Part3
986)

SN640312 (1978)

(Accept Vmax< 12 mm/s)

Unaccept

Accept

- Accept
Accept
Accept
Accept
Accept
Unaccept
Accept
Accept
Unaccept
Unaccept.
Accept
Unaccebt

Accept

st




A1519 6.8 (Aa)

77/ i

Event Frequency
Time
No. (HZ)
694 22:49:48 22
695 22:51:12 15
696 22:52:36 %
697 22:58:12 28
698 22:54:36 23
699 22:56:04 " 10
700 22:57:30 12

- DIN4150 Part3
9862

; ﬁﬁqa
&\Qw. sept V_< 10 mm/s)

SN640312 (1978)

(Accept Vmax< 12 mm/s)

Accept
Unaccept
Accept

Accept

ACgept

‘Unaccept
|
iF |

Accept
Accept
Unaccept
Accept
Accept
Accept

Unaécept

Incomplete data sample (in ﬁi‘uﬂq w EW]?W Ejj]ﬂi
ammmmumwmaa

SS1
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6.2 n1SpAUSIENA

nvayaszaunsduas iisuiiin lavavsaznuass lne - wa 1dsy wuanAwd
(Forcing frequency) aé‘luﬁqvfmuﬂ' 5 Hz aufiy 209 Hz (ﬁ Event# 6l7, 647 ,A
648, 666) srdumsdudziion (PPV) aglussiviigesinlu tnamieaudvlula

w3agnsuniu  (Unpleasant or

: : = * LA ., M A a4 o & -
disturbing) sufivgdnynsas (Pair duaz (fioud 1Aty waznnsduss Loy

4 o X X y i <A o »
ﬂlﬂﬁ‘ﬂﬂﬂf‘] NaRd LASIES U1NIN Lﬂﬂlﬂﬂﬂﬂﬂ‘iﬂ1ﬁﬂ'\u

o S
yAs§w German Stand( N uaz Standard SN 640312

(1978) anszdunnsduss 3 \ uaz tiisuyn Event (dszu

o

66 %) #inlaoglusziuigeho (s i - 6.8)

- ! - X ] acaa
s duas Loy WA J u1fintie  lavannuswlizen
nvnadn (Dynamic reacgio A ; EWURISSHIU %uusoﬂﬁﬁiﬂqﬁiﬁ

puannana laludwe 3.1 wav

o A e ar bty 4 2 o
uni 3 nafghs Aa MBI 3 Bridge approaeh uazidsuluuey Resonance

x\, Forcing frequency

A o X |‘ o . o " Pk P
qqnﬂanununLnaﬂuuaﬂ;EL1unﬂsn11nLnnsznuﬂqsdha:t@lunéqu1nﬁqn (Peak) Fan

¢

% Hz 7 Hz m‘ﬂsn wﬁﬂ%-{wﬁﬁﬁjimaumnﬁoﬁ

9 i
- 1uqavnaqoquuaa1f14.2o U.- 12.00 U. AL 152299 ANS
X e e o £y &/ "

e W TR ST AN TITE Iy -2 ®
5 Hz ¥ ! ‘

-~ Tuga9 1787 13.20 U.- 14.00 Y. AIWARGA 5-10 Hz  # ifiauss

g 4 d -

Asuign (Yssunm 48 %) fAs 5 Hz

- lud79nauAN L1981 21.00 Y.~ 21.40 Ua ARWARAITY 4591DNAS

o = < -t 4 o ! £ 4
3ﬁaztnautnuu1ﬂ15ﬂunﬂau%h a1 5-17 Hz  difisussrdengn (Uscuw 44 %)

fia 8 Hz
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ar dv ¥ A a4
- Tlugavi7a1 22.20 U.- 23.00 u. A wAla 5-32 Hz uaAlwiln

. wr - o P ar ' * o
Tussivansduas Liou tivwnasgungausy (10 mn/s). aglugqe 5-12 Hz #ifia

vpsadvitga (Uszvm 50 %) Ae 7 Hz

> v @ ar o ¥ o
annnanlailugavan Forcing frequency annsaussynndn dunainifia

P ’ - s ]
ﬂ1s§uaztﬁauio fm 5-8 Hz Fuludrvnanvmutsuiannsssiasluuan [UIIYN

#// <4 WSEY LNgUAUAISIY 5.1 -

Wu 8 winlait (5-8 Hz) s 58y
g'—
S¥ufian 2-5 Hz dulpan

I 4 [ & |
#IU1SARAUAIBAINY LIAIPUBU (37

' &
AGuTUI

(=

5.2) nalnanwd
\isufiuf Csagoly, C
TaaAsviunnn Saifad A wisssuTfisaeTaseasae
(Natural frequency A WASSSUT Ry DN T WU

a v a4 .
aaglne-1waidsy lan nn 3 First mode

o ° g
ua:1uan1n11asqaaaq1ﬂ§§§13

o ::-,"' ok

gpth-span ratios finuaw

b
fSwsutlovAunsauss (iiBuseaedsnan  (Stiffness),
[ .

f:ﬂl'l‘u'n"muﬁ'(ﬂﬂlusﬁ) Wﬂﬂ %}w\ﬁa’TﬁTmns) AfiAnunnin

foaulnautenifin (Uszuw 63 %) ialy HS 20-44 (MS18) Truck loading

~ RRTRIN TN INYIAY

» N « Jooo oW - g & P~ .
2D LFUDUUZ ITANANTTI LATLIUAVNAIIUINAU AV AIS9AL Wy Stiffness
5 > N Tl - P - .
28y girders Tnuaniiundn iy wasiansanfivmMaasusupununada (Dynamic
> i e 4 P
response) waulasvasne g1 6.17 wazgy 6.18 Lujuda (1anngn) 7lisuauus
# w3y Simple spans 25 m way Continuous spans 30 m RIWaYAL Duseas 1fen

o e 2 .
A3 AusauEuAy avnufinay luaianuan v.
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k 146.0
sl
P 2|
1008
= T , | )
18.0 ) -’
0.6 15.8 ‘L 0.5 17.0 <6 i r_
ELLF
96.5
fa: u v
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- = as hd

- L]
Ar9s195vudsnuna Lulussezena
6.3 nNIsdjUNa

ﬂﬂi?ﬂﬂﬁuﬂﬂﬂﬂﬁaﬂﬂvtﬂﬂuﬂﬂﬂﬂoﬂ1uaaﬂ1ﬂﬂ-lﬂﬁlﬂﬂu F1ANTIITIITVUY

sz aqunalasil ' "/
) j A

5 N, ! o
6.3.1 STAUAS v dmfilv 58.2
| : V) mn/s
——
uaz Vector velocity x
. N ' @ d ' -
\11; agluszauigenin tnam

fwausy mlnglas Luwine (Unpleasant or

ol dia ‘ :
6.3.4 AUAGS CERR Y ; 1 Forcing frequency
2 o W ‘ L F - oy — Py 5 ¥ s - P
Angansu deniinizaing | ice L mlus saunsduas Liisufiange
& e — - V- - P P
fuaz iiisufimunn Seam Wag ludanNnDg LauD
6.3.6 tuan’l?'ﬁm'waaua-wqun'm Standard Specifications for

Eighway Bnaﬁsu%})"} WAE:IW }wxﬂﬂafl}ﬁwmputed stsnseal

finusunan All able stresses gﬂl.xlnnfnﬁﬂa:ﬂﬂﬂﬂan'muwn{nﬂ'nﬂhmvmau
s Y G b W S S
nﬂau'lmnuu'm'sa'm (Uszunw 63 %) flaly Hs 20-44 (MS18) Truck Loading
U89 AASHTO -

6.3.7 A23N1N13 1430 Depth 4BV girder #V Simple spans WAz
Continuous spans (#@iiy Stiffnessusvlaseastn (wazrilnarwisssusd

P v
wavazwu tvniiy) lunsanssivnisduas tieu
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6.3.8 adwil (Forcing frequency) annsaussnaudniinalnifinssiunns
P 1 s " & P
duszifioufirnuin an 5-8 Ez dvifuluntssanuwwuazwudy q daly Sesuansazasaa

aunfnuﬁﬁ?wﬁﬁﬁﬂaoa:wlu'lv'i'ﬁﬂ'm'mm'q 'Forcing frequency i

AULINENINYINT
ARIAATAUUNINGIAY
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