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<E 42> AFE el g1 o
HZEI2E=X HZEI2ExX ERSES
L Type 1 Type 2 Type 3
BIres %5 ERIE RIS sof
I [ 1l v \' Vi Vil vill IX
T =S El 93 | 85 | 65 | 93 | 85 | 65 | 93 | 85 | 6.0
ASER 100 | 7.7 7.0 9.5 7.5 6.4 9.5 7.5 6.1
EE 9.7 | 83 | 6.2 9.7 8.6 6.2 9.7 | 9.0 6.2
AMB=A 100 | 75 6.3 9.5 7.0 6.3 9.1 7.0 6.3
g ™ 9.75 | 8.00 | 6.50 | 9.50 | 7.90 | 6.35 | 9.40 | 8.00 | 6.15
2) 2 EXE & It
HNSEE 7|&X = <E 343>2 H4E 7|&(eHollM siiEdd=2 daltz O #f
2 7o, faHAFSoAM 4 FHE JSEZH FHA ost HSEHEE 4
(@10l MEstct 2 oMM eE MSEZ2M 0.1~10cm/s EHelel & 770 wUS

;q__g_;ﬂ% ‘{l:% — ( ﬁ%é‘;:]—%%f}:]7f’t—$’?]‘il‘;gj] )1.5 x 4
<E 43> 22X TF o o
HEXNS TF
As5HE HozFelEx | 2230 EX ES=ES
(MEX == FHA) Type 1 Type 2 Type 3
7| & x| 2.0cm/s 7| &l 1.5cm/s 7| &% 0.5cm/s
10.0cm/s 4472 68.85 357.77
4.0cm/s 11.31 17.42 90.51
2.0cm/s 4.00 6.16 32.00
1.0cm/s 1.41 2.18 11.31
0.5cm/s 0.50 0.77 4.00
0.25cm/s 0.18 0.27 1.41
0.1cm/s 0.04 0.07 0.36
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UDC 534.83:534.647 : 699.84

DEUTSCHE NORM

H 17'0%

Structural vibration in buildings
Effects on structures

prior permission of DIN Deutsches Institut fir Normung e V. Berlin.

In case of doubt, the German-language original should be consulted as the authoritative taxt.

No part of this standard may be reproduced without the

gsinstitut

Disseldorf,

hnisches Obersetz
Henry G. Freeman,

Translation prepared by

edited by DIN-Sprachendienst.

Earh

Erschiitterungen im Bauwesen; Einwirkungen auf
bauliche Anlagen

Supersedes September 1975 edition.

in keeping with current practice in standards published by the International Organization for Standardization (1SO), a comma

has been used throughout as the decimal marker.

DIN 4150 is divided into the following Parts:
DIN 4150 Part 1

Structural vibration in buildings; principles, predetermination and measurement of vibration parameters

DIN 4150 Part 2 Structural vibration in buildings; effects on humans in buildings
DIN 4150 Part 3 Structural vibration in buildings; effects on structures

Contents
Page Page
1 Field of application ........ ................... 1 33 Specialfeatures ........... ...l 2
2 General procedure to be followed in the 3.4 Guidance on measurement ...................0 3
determination and evaluation of structural 4 Steady-state vibration of the structure .......... 3
vibration ... T 41 Evaluation ...........oeeiiiiinniinnenennnannns 3
21 Principles ............ B R P P Py 1 4.2 QGuidance on measurement ... ... ..., 3
2.2 Determination of stress by measurement ....... 1 . i
2.3 Determination of stress by calculation ......... 1 5§ Steady-state vibration of building components,
2.4 Permissible Stresses .............oooiiiiiinn, 2 y “EP";"':V floor vibration ........................ :
: A NVEIUBEEON. o sninnmorsmmsvamenmnns s i s p S
3 Short-term structural vibration ................. 2 -
3.1 Evaluation of vibration of the structure as a whole . 2 L TGUIIERE0 ON ARSI orsousuucaraidumess 4
3.2 Evaluation of vibration of building components, Appendix A Specimen form for a record of
especially floor vibration ...................... 2 measurement ... ...iiiiiiiiiiiian 5

1 Field of application

This standard provides information required for the deter-
mination and evaluation of the effects of vibration on struc-
tures designed primarily for static loading,where such infor-
mation is not given in other standards and codes of practice
such asin DIN 1072,DIN 4024,DIN 4025,DIN 4133,DIN 4149
Part 1, DIN 4178 and DS 804. It includes guideline values
which, if complied with, will not result in damage in terms of
a reduction in the utility value of buildings. An impairment of
the stability of a structure or a building component and a
reduction in the loadbearing capacity of floors are
examples of what is meant in this standard by reduction in
utility value due to the effects of vibration.

In the case of structures as described in table 1, lines 2
and 3,crack formation in the wall plaster,the enlargement of
cracks already present and the separation of partitions or
intermediate walls from loadbearing walls are also
examples of a reduction in utility value.

Such damage is also referred to in this standard as minor
damage.

Guideline values for simplified and approximate evaluation
are given for certain effects of vibration.

DIN 45 669 Part 1 shall be observed when using the equip-
ment required for making measurements as described in
this standard.

2 General procedure to be followed
in the determination and evaluation
of structural vibration

2.1 Principles

Clauses 3 to 5 specify methods of measuring and evaluat-
ing amplitudes of displacement.

Where these methods are not adopted, then, for the pur-
poses of assessing the effects of vibration, the dynamic
stresses occurring in structures shall be determined by
measurement or calculation and, taking the frequency of
their aceurrence into account, compared with the permis-
sible stresses. These methods are not suitable for the
assessment of minor damage.

The indirect consequences of vibration due to dynamically
induced settlement and slip shall also be considered where
necessary.

2.2 Determination of stress by measurement

2.2.1 By measuring the strain in the vibrating building
component, by applying the law of mass, the stresses pres-
ent can be inferred.

2.2.2 Measurement of the path, velocity and acceleration
enables the displacement amplitude and frequency of
vibration to be determined and used as basic quantities in
the calculation.

2,23 The stress imposed on beams and slabs which
vibrate close to resonance can be approximately deter-
mined by measurement of the displacement amplitude and
frequency or of the amplitude of velocity, provided that the
measurement is made at the point of maximum displace-
ment; the frequency shall also be measured when measur-
ing the amplitude of velocity. In this case, knowledge of the
boundary conditions and of the stiffness is not necessary
for estimating the stresses (see clause 5).

2.3 Determination of stress by calculation

Where the influence of vibration on structures to be built
can be foreseen, the effects of vibration shall be estimated

Continued on pages 2 to 6
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and taken into consideration in the design. DIN 4150 Part 1
specifies the principles of predetermination of displace-
ment amplitudes. The method described therein may also
be used for existing structures.

2.4 Permissible stresses

2.4.1 For the stability analysis, the factors of safety speci-
fied in the relevant standards and codes of practice shall,in
the case of additional dynamic stresses as described in
subclause 2.2 or subclause 2.3, be taken into account,
bearing in mind the nature and duration of dynamic loading,
the method of measurement, the properties of the building
materials and the type of construction.

2.4.2 Where necessary, evidence of stability shall also be
provided as regards safety against fatigue failure. If endur-
ance diagrams are available, they may be used to provide
permissible limits of stress, displacement amplitudes, limits
of deformation and the like for the construction materials,
building components and joints used, in terms of the num-
ber of stress reversals to be expected.

Accurate verification of safety against fatigue failure may
be dispensed with if, for the stability analysis, the dynamic
load components are multiplied by a factor of 3 (fatigue
factor).

Verification of safety against fatigue failure is not required if
the dynamic stress component is less than 10% of the per-
missible static stress.

3 Short-term structural vibration

3.1 Evaluation of structural vibration
of the structure as a whole

Numerous measurements of the vibration velocity have
provided empirical values which give guidance on the eval-
uation of short-term structural vibration, which shali be
based on the maximum values of the three components of
the vibration velocity at the foundation, z; (see sub-
clause 3.4.1).

x and y axes vibration of the floor of the uppermost full
storey also provides significant information for this evalu-

ation. By measuring the vibration at this point (see st
clause 3.4.3),the response of the structure to the excitati
applied to the foundation can be determined.

Guideline values of v; at the foundation and in the plane
the floor of the uppermost full storey are given in table 11
various types of buildings. These values are valid for vib
tion the frequency of which is of no significance where f:
gue symptoms are concerned, and the intervals betwe
which have no effect on resonance phenomena; in ott
cases, the methods described in clauses 4 and 5 shall
adopted.

Experience to date has shown that, provided the valu
given in table 1 are observed, damage due to vibration,
terms of a reduction in the utility value (see clause 1),
likely to occur. If, however, damage is found, it is to
assumed that other causes are responsible for this dama
If the values of table 1 are exceeded, it does not necessar
follow that damage will occur. Should these values be sigi
icantly exceeded, further investigation is necessary.
The classification into the frequency ranges shown in tabl
shall be based on that frequency which occurs within t
relevant vibration velocity range, special care being nec
sary in the measurement of low frequencies.

3.2 Evaluation of vibration of building componen
especially floor vibration

If, in the case of short-term vibration, floors vibrate, th
where v does not exceed 20 mm/s as measured in
zdirection at the point of maximum vibration velocity, wh
is usually at the centre of the floor, a reduction in the util
value of the floors is not to be expected.

3.3 Special features

For the purposes of this standard, the effects of vibrati
caused by vibratory hammers and vibrators are not to
regarded as short-term effects. Because this is a case
steady-state excitation, and because resonance phenc
ena and fatigue symptoms can occur in floors and we
they shall be dealt with in accordance with clause:
and 5.

Table 1. Guideline values of vibration velocity, v;, for evaluating the effects of short-term vibration

Vibration velocity, z;, in mm/s
Plane of
Foundation . ﬂo:;f?;st
Line Type of structure Pp
full storey
At a frequency of
less than Fr:;&l;ﬁ::y
10Hz 10 to 50Hz 50 to 100*) Hz
Buildings used for commercial purposes,
1 industrial buildings and buildings of 20 to 40 40 to 50 40
similar design
Dwellings and buildings of similar
2 design and/or use 5to 15 15 to 20 15
Structures that, because of their
particular sensitivity to vibration, do
not correspond to those listed in lines
8 1 and 2 and are of great intrinsic value 8to 8 81010 8
(e.g. buildings that are under a
preservation order)
*) For frequencies above 100 Hz, at least the values specified in this column shall be applied.
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Figure 1. Curves representing the vibration velocity as a function of frequency for the “Foundation™ column values as in

table 1

3.4 Guidance on measurement

3.4.1 When measuring vibration at the foundation, the
transducers for the three axes of vibration shall be placed
close to one another in the lowest storey of the building
under investigation, either on the foundation of the outer
wall or in the outer wall, or in recesses in the outer wall.
For buildings having no basement, the pcint of measure-
ment shall lie not more than 0,5m above ground leve!.
Measuring points shall preferably be located on the side of
the building facing the source of excitation. Vibration as a
function of time shall be measured for the x, y and z direc-
tions,one direction of measurement being parallel to one of
the side walls of the building. In the case of buildings of large
ground area, measurements shall be taken simuitaneously
at several points,

3.4.2 In addition to measurements taken at the founda-
tion and to those at the uppermost storey, z axis vibration of
floors, where necessary measured approximately at the
centre of the floor area, shall be included in the evaluation
(see also subclause 3.2).

3.4.3 When measuring the x and y axes vibration of the
floor of the uppermost full storey, the transducers shall be
placed in,orclose to, the outermasonry.They shall be set up
in the x and y directions, one direction of measurement
being parallel to one of the side walls of the building.

3.4.4 A record of measurement similar to the specimen
form shown in Appendix A shall be prepared.

4 Steady-state vibration of the structure

4.1 Evaluation

With continuous horizontal vibration at velocities up to
S5mm/s, measured in the uppermost storey, no damage, in
terms of a reduction in utility value, and also no minor
damage has been observed in “buildings used for commer-

cial purposes, industrial buildings and buildings of similar
design"and in “"dwellings and buildings of similar design and/or
use”; in the light of experience to date, such damage is not in
any case to be expected. No such data is available for
“structures which, because of their particular sensitivity to
vibration, do not correspond to the above types of building
and are of great intrinsic value" (the types of building corre-
spond to those listed in table 1). If the above velocity value is
exceeded, it does not follow that damage is inevitable,
rather the circumstances of the particular case shall be
taken into account. Should this value be greatly exceeded,
the stresses shall be determined, using the methods de-
scribed in subclauses 2.2 and 2.3,and evaluated in accord-
ance with subclause 2.4. In the case of multi-storey portal
structures, the dynamic stress component can also be
determined from the relative displacement of the ends of
the vertical members.

4.2 Guidance on measurement

If a building is subjected to harmonic vibration, simultaneous
measurements shall be made in more than one storey, in
order correctly to establish the shape of the vibration.

_ Normally, measurement in the uppermost storey will suffice

where vibration in the lowest natural frequency is involved.
Fora rough estimate of the lowest natural frequency of hori-
zontal vibration in multi-storey buildings with about five or
more storeys, the following formula may be used:

10 |
fi= < in Hz,
where n indicates the number of storeys.
When evaluating x and y axes vibration ofthe structureasa
whole,in some cases the possible rotational movements in

the plane of the storey and the possible (largely stress-free)
rigid body movements shall be taken into account.

A record of measurement similar to the specimen form
shown in Appendix A shall be prepared.
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5 Steady-state vibration of building
components, especially floor vibration
5.1 Evaluation

In the case of vibration of building components such as
vibration of storey floors and walls, the dynamic loading can
be determined by using the methods described in sub-
clauses 2.2.1 and 2.2.2.

In the case of bending vibration close to resonance, such as
often occur when floors are subject to large vibration ampli-
tudes, the additional dynamic stress can be approximately
determined by using the method outlined in sub-
clause 2.2.3, which is described in further detail below.

In the case of girders and uniaxially stressed slabs of full
rectangular cross section, constant stiffness and uniform
distribution of mass, irrespective of the dimensions of the
system, the following relationship between the maximum
bending stress, Gy, and the peak value of the vibration
velocity, Zimayx, shall apply to vibration at resonance:

- Gy -
Omax = 173 VEgyn- 0+ = En - Omax
GRalken
where

Umax = Wmax * @n is the peak value of vibration velocity
along the length of the beam;

Wpax ) is the peak value of displacement;

@n is the angular resonance frequency =
angular frequency of source of excitation;

Egyn is the elastic modulus of the material
(dynamic);

o is the material density;

- 155 -

is the coefficient of loading where tl

_ESF’_ girder is stressed by other evenly di
GRalken tributed loads in addition to its s
weight;
Gges is the self weight of the girder includil
other loads;
ky is the eigenvalue (dimensionless).

ky is a function of the marginal conditions and the order
the eigenvalue, both of which exert only slight influence, |
in all technically significant cases, the value of k, lies b
tween 1 and 1,3.

The bending stress so obtained shall be considered
represent an upper limiting value in the case of biaxia
stressed slabs.

Experience has shown that vibration velocities up
10 mm/s do not give rise to damage, even if full use is ma
of the stresses permissible for static design. Such vibrati
is very clearly perceptible. It may not be assumed th
slight damage as defined in clause 1is to be attributed in
cases to the dynamic load, rather the individual circu
stances shall be investigated.

5.2 Guidance on measurement

Floor resonance frequencies generally lie above 10 Hz.
most cases, only the z axis vibration is to be considered
shall be measured at the point of maximum displaceme
which is usually at the centre of the floor. A record

measurement similar to the specimen form shown

Appendix A shall be prepared.

*) w ist the symbol usually denoting the deflection of t
girder.
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