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ABSTRACT

Thetrafficisharmful not only because of the noise
pollution but it also causes vibration in buildings.
The spreading waves induce vibration in the
foundations of buildings. The dynamic factor
depends on the mass and the speed of vehicles.
The masonry walls crack, plastering falls down,
fractures and perilous strains occur. The almost
permanent vibration causes the accumulation of
damagesin buildings.
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1. FLEXIBLE WAVES

Traffic (road, urban, railway, rail-guided urban)
inducesthebuildingsinformsof support’svibration.
Thiseffectisespecidly typicd for thebuildingsaong
thenarrow stregtsindities; itisshown by thesensors
mounted on the buildings. Processing of the
vibrations caused by traffic recently has broadened
theinitial researchresults.

Vehiclesinducewaves on the upper surface of
the ground with their movements. These waves
spread in form of flexible waves, reflect on the
stratum, break and superimpose with the direct
waves spreading on the surface and so generate
movement in thefoundation of the building. The
spreading vel ocity dependsontheaxid deformation
modulusand shear modulusand of the stratification.
The dynamic force causing the excitation is
determined by themass of moving object, theratio
between itsminimal and maximal valuesdepends
on the speed of vehicle; thedynamicfactor depends
onthesuspension of thevehicle.

REZUM AT

Traficul este daunator nu numai datorita poluarii
sonore ci, de asemenea, datorita faptului ca produce
vibratii in cladiri. Undele generate de trafic induc
vibratii in fundatiile cladirilor. Factorul dinamic
depinde de masa si de viteza vehiculelor. Peretii de
zidarie fisureaza, tencuiala cade, se produc fisuri si
deformatii periculoase. Vibratia aproape
permanenta determinad acumularea de avarii in
cladiri.

Cuvinte-cheie: vibratii datorate traficului, rezisten-
ta zidariei, propagarea undelor

For studying the density of the response
spectrum of a building the peaks in the natural
vibration quas provetheinducing effect of traffic so
the building is sensitive to the frequencies
correspondingtoitsnaturd vibration. Timedeviations
can be found because of the accumulation of
damages.

Ontheeffect of aforce F operating in apoint
of the surface of ground or road or path
deformationsoccursinthesoil. Thedeformationsin
the soil spread inlongitudinal (P) and transversal
(S) waves. Onthesurface of theground—rather far
from theexcitation —an R waveforms. Spreading
of theflexiblewavesin thestrataof theground leads
toforming of L waves. Intheground asaflexible
spacethe spreading vel ocity of thewaves depends
of theflexibility, deformation and shear modul us of
therelevant stratusaswell asof thetypical Poisson
factor. The traffic caused waves in the built
environment are asbackground noises, thevehicles
passing near to the studied building make local
peaksintheresponse spectrum.
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Itisafact supported by measurementsthat the
excitationsgenerated by thevehideof thesametype,
meass and motiond speed |lead to different responses
inbuildingsof smilar massand rigidity because of
thedtratification of thesoil.

Onthebasisof the performed measurements
andtheliterature:

- Thetraffic caused vibrationsinitidly (at a
low number of repetition) cause invisible
damages.

- Theinvisibledamages are demonstrated
at first only by the modification of the natural
vibration.

- Thefurther repetitions cause microscopic
cracksinthemortar.

- Themicroscopic cracks cause d acking of
the mortar which leadsto the cracked state of

thewdls.
Table Nr. 1
Class of execution
Storeys
A|B]|C D E F G | H
1 6 | 5| 8 4 6 2 1
1] 3 1 2 5 6
3 111 2 4 3 5
4N 1 3 3 7 1
5 1 2 2 7 2 1
z 6 | 7114112 117|124 |15 1

A — before 1940 brick layer -;

B — before 1940 master -;

C — between 1940 — 1950 master -;

D — between 1950 — 1976 builder master -;

E — between 1976 — 1981 architect -;

F — between 1981 — 2000 architect-engineer -;
G — after 2000 non-dimensioned -;

H — after 2000 dimensioned structures.

o
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Fig. 1. Types of structures

- The cracks result in the increase in the
natural vibration and the reduction of the
bearing capacity of the building.

- Reduction in the bearing capacity
endangerstheearthquakeres sanceof thegiven
building.

An overall programme should be made
beginning from theexamination to themeasurement
of themodification of the natural vibration. Wide
processing of theresultsleadsto asmple, easy to
useevauating procedure.

2.MEASUREMENTS

We had no laboratory measurements; we
processed only sitevibration measurements. The
traffic caused vibrationswere measured on 32 one-
storey, 18 two-storey. 16 three-storey, 15 four-
storey and 15five-storey housesof the 96 buildings
and the damages of the buildingswereexamined on
them. Because we didn’t know under which
standardsthey had been built, it was determined on
the basis of their ages. So the basic mode was
cd culated from thedetermined building Sructureand
the mass. Thereduction was determined from the
effective measured value and the cal culated one.
TableNr. 1. Fig. Nr. 1.

3.STRENGTH OFWALL AND
REPETITION

Within the zone of the natural vibration the
damageasaccumulaing effect wasexamined. Traffic
isarepetitiveload; thereisaquas excitation state
towhich peaksaremade by thedirect traffic front.
Dynamic effect meansthat awdl hasamaxima and
aminima s vauerelatingtothebasicvaues,.

In case of masonry structures a correction
factor isdetermined asafunction of therepetition
number. [ 18] Under the effect of thecyclicload the
decreaseinthe compressive strength of themasonry
structureislower than that of thetensile or shear
srength.

Dfc=m,x fc, Dft =mx ft; Dft=m.x ft
)
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It meansthat relating to the staticload the dynamic
effect of thetraffic caused excitation derivesnot only
from the dynamic additional load but the bearing

Table Nr. 2
Reduction factor m¢ of compression

-040(-0,20]0,00(0,20| 0,40 | 0,60 | 0,80 | 1,00
103 | 0,01 | 0,20 | 0,50 0,77 | 0,87 | 0,95 | 0,98 | 0,99
5710%| 000 | 016 [047|0,72| 082|092 097|098
57104| 000 | 013 [0,44]|069| 079|087 | 0,94 |096
5710%| 0,00 | 0,02 [0,25]|0,64| 0,74 | 0,81 | 0,89 0,93
5710¢| 0,00 | 0,00 [0,19]|0,60| 0,70 | 0,78 | 0,86 | 0,90
57107| 0,00 | 0,00 [0,14|053|063|0,771|0,79 | 0,87
57108| 0,00 | 0,00 [0,07|046| 056063074083
5710°| 0,00 | 0,00 [0,01]|0,38| 048|055 0,69]0,80

IM=r

Table Nr. 3

Reduction factor m; of tension

IM=r
04(-02(000(02|04]06]08] 10

103 | 009 (015(023| 039 | 057)075] 089 | 1,00

57103 | 007 1009]018 | 034 |052|072|086 |09

57104 001]006]014 | 030 | 050]065]0,79 | 0,95

57105 | 0,00 |003]010 |02 | 045] 0,60 0,72 | 0,9

57106 | 000 |001]006|019|037]|053]064 0,8

57107 0,00 (001|009 |025]|040]052|0,75
57108 0,00 | 0,00 | 0,02 | 0,17 ] 0,33 ] 0,44 | 0,65
57100 0,00 0,00 | 0,00 | 0,10 0,25 0,39 | 0,60

Table Nr. 4

Reduction factor m; shear

-04 | -02 1000020040 0,60 | 080|100

103 0,13 | 026 | 044 [ 054 [ 0,74 | 0,86 | 0,94 | 1,00
5710%| 011 | 0,23 | 0,38 ( 051 0,71 | 0,83 | 0,93 | 0,99
57104| 007 | 012 | 0,35 [ 0,48 | 0,67 | 0,80 | 0,90 | 0,96
57105 | 0,03 | 009 | 0,28 [ 044|061 | 0,76 | 0,88 | 0,94
57106 | 001 | 006 | 016 | 0,34 [ 054 | 0,69 | 0,84 | 0,92
57107 | 0,00 | 0,04 | 0,11 [ 0,27 | 046 | 0,64 | 0,79 | 0,87
57108 | 0,00 | 001 | 006|016 (036|053 068|082
57109 | 0,00 | 0,00 | 0,02 [ 0,12 | 030 | 0,47 | 0,62 | 0,76

IM=r

4. STRUCTURAL CHANGES

Therepdtitionledto cleavage, itsprocessshows
that the cracks modify the natural vibrations of the
structure (tablenr. 5).

capacity, which decreases because of “fatigue’. It
causes cleavage, and its changeintimeincreases
thiseffect.
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Fig. 2. Reduction factor m_of compression
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Fig. 3. Reduction factor m of compression
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Fig. 4. Reduction factor m_of shear

Inour paper we searched for theanswer tothe
guestion that starting from the* original” vibration
period of theexamined buildingswhat reductionin
bearing capacity was caused by the cleavage derived
from traffic. The acceleration spectrum was
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Table Nr. 5
Number [ Own vibration AT [%]
of stories T[s] LT m v v
1 £0,05 10 (2131 42|53
2 0051£T£0,10| 8 [17]25] 33 | 42
3 0101£T£015| 6 [12]|19] 25| 31
4 0151£T£020| 4 [ 8 |12] 16|20
5 020LETE£025| 2 | 4|57 19

cal culated according to the standards M1-04.133-
81-,HSM - and MSZ EN 1998-1-1:2006.

S = o,oewi (gIM/E]; S, =00223 g[m/E]

L )
S = 0,064x?x g[m/s];
S, o = 0025631 g[M/s?]
©)
€2 T U
S, = 015753z — + xg[m/s];
° 3 012 glmis]
S, max = 0,26255xg[m/s?]
©)

Reduction in bearing capacity caused by
damagesisdividedintofivedasses damagescausing
l.inggnificant; Il. Sgnificant; I11. moderate; IV. abit
heavy; V. heavy reduction in bearing capacity. The
construction of thebuildingissignificant (e.g. the
inclinecrack - damageforminginthepillar between
two bay widthsintheexternd first floor walsof the
five-storey buildingsdecisively reducesthetotal
earthquake bearing capacity of the building).

Table Nr. 6

Number | Natural vibration AR [%]
of storeys T[s] Ll v v

£0,05 101 19(29] 38 | 48
0051£T£010 | 9 | 19| 28 37 | 47

0,101£T£0,15 | 11]20|30] 39 |53
0151£T£020 [11]22]| 32| 42 | 53

g BlW | DN

0201£T£025 |12 25|38 50 | 62

5.ANEXAMPLE

We searched for the answer to the elemental
question by measuring and processing onthebuilding
of Apréd Street 4. Nagyrév, Hungary: What isthe
traffic caused masonry damage influenced by?
Answer: energy input.

The ratio of the traffic caused vertical
acce eration/horizonta accderation onthisbuilding
is.a,/a,,theratio of theverticd acceleration/ soil
accelerationis: a / a, .

Table Nr. 7

Ratio of peak acceleration [m/s2/ m/s

X (av/an) Y(av/as) | Ground (av/ar)
+ - + - + -
1,028 | 1,052 | 1,514 | 1,703 | 0,353 | 0,479
1,040 1,608 0,416

1324 0,416

Ratio of measured acceleration
at the peak frequencies [m/s2/m/s?

1292 1,455 0,521
1,373 0,521

Average generated at Nagyrév
1,3485 | 04685

Therepetition number isan estimated repetition
number IM =2,25.10°

Thetensionratioistheratior=s . /s__ .
Theresultisareductioninthe bearing capacity
mc = 0,869
mt = 0,663
mt = 0,812

Measurability
Table Nr. 8

Change of proper period [s]

Measured | Calculated | Changing
Tx=0,0721 | Tx=0,0486 | 48,35 %

Ty=0,0745 | Ty=0,0464 | 60,56 %

Using the 2 types of curves according to the
standard MSZ EN 1998-1: S=1,6; TB=0,05+,
TC=0,255,TD=1.2s
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Initial shear force

2 00486 225 20U _

SA(TX) =1,6x01219,81xa— +
93 0,05 g 1,5 3gu
= 3,08646144 m/s?

U
S(Ty) =16:012:081£2 + 2404E25 20
t3" 005 §15 3

= 3,00358656 m/s’

Cracked —on the basis if modified natural
vibration
25
S(Tx) = L6XO1ZX981XE = 31392 m/s?

S(Ty) = 16¢ OlZXQSIX% = 31392 m/s®

I ncrement
DSA(Tx) = 0,05273856 m/s> ® 1,708%
DSd(Ty) = 013561344 m/s® ® 4,515%
Qs (Tx) = 83,846 kN
QL(Tx) = 85,279 kN
Earthquake x basic shear force
Qs(Ty) =81,595kN
QL(Ty) =85,279 kN
Earthquakey basic shear force
Reduction in bearing capacity
Table Nr. 9
Initial | Modified | Reduction
Masonry
[N/mmz2]
Pressure 2,34 2,03346 13,09 %
Tension -0,14 | -0,09282 | 337%
Shear 0,75 0,609 18,8 %
o1 3,072 2,603 15,26 %
02 -0,732 | -057 2,13%
Safe 25 25 2,5
Crack forming
On pressed diagonal | 1,229 1,0412 15,28 %
Ondrawn diagonal | -0,293 -0,228 2218%

6. CONCLUSION

The researches should be expanded in order
to know thetraffic caused vibration better and for
the used method.
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