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Practical aspects of applying the principles of erikonmental protection against
vibrations in the process of preparation and implementation of railway investment

Abstract: Both in the case of reconstruction (modernizgtiohexisting railway lines and
construction of new ones - it is necessary to tat@account the impact of these investments
on the environment. One of such influences areatilms caused by train passing. Vibrations
transmitted to the building through the ground haweimpact on: the construction of the
buildings, the people staying in them and the tibrasensitive devices if they are in the
building. These receipts are not always suffickemticluded in environmental documents.
This issue often raises a number of doubts. Them@agsents the basis for the assessment of
the vibration effects mentioned above. Then thiodahg is presented: an algorithm to take
into account these influences at the stage of patipa and design and implementation of
railway investments, the problem of determining ¢lxéent of zones of dynamic impact from
the operation of the railway line, indications refjag the typing of representative buildings,
rules for performing pre-realization tests of thmpact of vibrations on representative
buildings and on people in these buildings (dynabmckground measurements) and the
principles of post-implementation measurements,gtablem of forecasting the impact of
vibrations on representative buildings and on peaplthese buildings. It also presents some
remarks about problems of protection of neighboringldings against vibrations from
construction works related to the implementatiomgéstments.

Keywords: Environmental Protection; Vibrations, Railway @stments

Introduction

Both in the case of reconstruction of existingway infrastructure and construction of new
railway lines, it is now required to take into agnb the environmental impact of these
investments. One of the impacts that, along witlseycaccompany the operation of railway
lines are oscillations (vibration) caused by trgparneys. These vibrations coming through
the ground to buildings have an impact on the canson of buildings, people staying in
buildings and on devices sensitive to vibrationsh#y are in the building (e.g. servers in
railway control rooms) - Fidl.
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Fig. 1. An ideogram of the impact of railway vibrations the environment

These impacts are not always sufficiently cleadgatibed in environmental documents
(EIA, environmental decision). Despite the sigrafit progress which, as a result of the
activity of the PKP PLK Environmental Protectionfio#, has been achieved in the awareness
of the railway services responsible for the prepanaand supervision of investments (and
perhaps due to this awareness), questions arise baih designers and contractors: how to
consider the impact of vibrations on neighboringldings? What principles should be
followed?

This article is an attempt to answer some of tliEsedts. More detailed considerations
and examples of applications can be found in thek\\g.

Standards being the basis for assessing the impaudtvibrations on the environment
The rules for measuring vibration and assessing thmpact on neighboring buildings are
contained in two Polish standards (constitutingaarendment to PN-B-02170: 1985 and PN-
B-02171: 1988):
 PN-B-02170:2016. Assessment of the harmfulness ibfations transmitted
through the ground to buildings.[2]
* PN-B-02171:2017. Assessment of the impact of vibngton people in buildings.

[3]

These standards are referred to, among othersréivésions contained in the Regulation of
the Minister of Infrastructure and Construction Mbvember 14, 2017, amending the
regulation on the technical conditions to be metbhbidings and their location (Journal of
Laws item 2285):

8 325. 1. Residential buildings, collective housing builgs, and public buildings should
be located in places least exposed to noise amatidins, and if they occur and their levels
will cause in these buildings the exceeding of plkeemissible noise and vibration levels
specified in Polish Standards regarding permissitdeel values indoor sound, and
assessment of the effects of vibration on buildargspeople in buildings, effective protection
should be used.

2.(...)

§ 326. 1. The level of noise and vibrations penetrating iboms in residential buildings,
collective housing buildings and public buildingsxcluding buildings for which it is
necessary to meet specific requirements for naiseegtion, may not exceed the permissible
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values specified in Polish Standards for noise gmtbn of rooms in buildings and
assessment of the impact of vibrations on peoplriildings, determined in accordance with
Polish Standards regarding the method of measufirepund level in rooms and assessment
of the impact of vibrations on people in buildings.

2.(...)

The above records clearly indicate that the assmssof the impact of vibrations on
buildings and people in buildings should be madeaacordance with Polish Standards
regarding these issues, i.e. currently in accorglavith PN-B-02170: 2016 and PN-B-02171.:
2017.

Occasional attempts to apply German standards [@N. 4150. Erschitterungen im
Bauwesen) or ISO standards have no justificatidadlish legal regulations.

The procedure algorithm
The basic procedure algorithm is presented in Eig.
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Fig. 2. The basic algorithm to deal with environmentatpction against vibration in the
event of construction or reconstruction of a rajMiae

Determination of the range of dynamic impact zonefom railway line operation

The range of dynamic impact zones caused by theatipe of the future investment should
be determined already at the stage of preparingra@maental impact assessments for the
railway investment. The determination of which Hings may be exposed to the excessive
impact of railway vibrations on the structure ofldungs and people staying in them depends
on the expected range of these zones. This idr8testep to determining the extent of further
action.
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Approximate values of the range of zones of railwdoyation impacts referring to average
ground conditions and buildings of a typical (cotjeconstruction in good technical
conditions are given below in TakleThe values of the range of the zones given inmal 2
of the table determine the zones in which buildingsy be damaged under the influence of
railway vibrations. Since the zone ranges givertcaiumn 2 do not take into account the
impact of vibrations on people in buildings, thenonly be taken into account for buildings
that do not have premises for permanent residehpeaple, such as outbuildings, garages,
storage halls, etc. Because most protected buddiaye rooms for permanent residence of
people (housing, office buildings, etc.), the vala# column 3 of Tablé should be taken as
the basic range of dynamic influence zones, i.enb%or passenger traffic and 80 m for
freight and mixed traffic (Fig3). In exceptional cases of particularly unfavoratiaditions,
e.g. heavily irrigated land, these ranges may leatgr, reaching for example for lines with
freight traffic up to 120 m.

Tab.1. Approximate values of the range of railway vimatimpact zones related to average
ground conditions and buildings with a typical feat) construction in the good technical
condition [4]

Range of the zone from the axis of the nearestvagiktrack
Railway traffic generating Due to the impact of . e
vibrations vibration on the building Due to the impact of vibrations

on people in the building

structure
1 2 3
Passenger traffic 35m 65 m
Freight and mixed traffic 45 m 80 m

osie toréw kolejowych

linia kolejowa nr 1z ruchem pasazerskim .

65m
linia kolejowanr 2 z ruchem mieszanym .—.—.—

Fig. 3. An example of determining the range of dynamfluance lines of railway lines in the
case of a set of buildings (the marked buildingubject to the effects of vibration generated
by train journeys on two different railway lines)
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Due to the fact that there are attempts to detexrthe zones of impact of vibrations on
buildings on the basis of the criteria given inmob.2 of PN-B-02170: 2016 entitled
"Suppressing the impact of vibrations transmittédough the ground in the building
calculations”, it should be clearly stated thatirigkthese criteria in the assessment of the
impact of vibrations on existing buildings is incegt.

The aforementioned point 5.2 of the cited standartains a provision that in the design
of buildings the impact of vibrations transmittdddugh the ground can be ignored if the
amplitude of the accelerations of the horizontahponents of the ground vibrations at the
building foundation does not exceed the value 660n/s2. Guided by this criterion, it was
assumed that in the case of average geotechniaoditioms occurring through propagation
from the source of vibrations to the building amat terrain, the design calculations of the
building may omit the impact of vibrations trangi@dt through the ground to the building, if
the designed building is located at a distancetgrahan 25 m from the axis of the railway
track. There is a statement at the end of thistp8irhe above conditions for omitting the
effect of vibrations transmitted through the grouadhe building structure may not be used
in diagnostic studiesFrom the content of point 5.2 of the standards itlear that the criteria
given apply only to designed buildings and canreubed to assess the impact of vibrations
on existing buildings. Moreover, these criteriaoatlo not take into account the issue of the
impact of vibrations on people in buildings, soytlae not useful for determining the extent
of zones of the impact of railway vibrations onstxig neighboring buildings.

Typing representative buildings
When selecting representative buildings, there Ishioei taken into account:
* location of buildings with the sources of vibratigistance from tracks,
longitudinal or transverse orientation of the bimgdto the track),
» types of building structures, their technical caioti and dynamic features,
» their representativeness for entire groups of reghg objects,
» conditions of vibration propagation,
» the shape of the cross-section of the railway r@madthe embankment and the
cross-section) and types of a railway pavementtitre,
» availability of construction documentation or th@sgibility of inventory taking,
» archival measuring materials,
» access to buildings and individual rooms for measients.

Pre-implementation studies of the impact of vibratbns on representative buildings and
people in these buildings (dynamic background measements) and post-
implementation measurements

Both pre-implementation and post-implementatiordigtsi include measurements of railway
vibrations in representative buildings and assessrmokthe impact of these vibrations on
these buildings and on people staying in them. fBsés should be carried out under the
requirements specified in the PN-B-02170: 2016 &ntB-02171: 2017 standards. The
registration applies to vibrations with frequendiesn 0.5 to 100 Hz. The range of vibration
measurements in each building should include @ig.

» Measurement of kinematic excitation - a measuremehtthree vibration
components (X, y, and z) in a rigid node of thectrre located on the side of the
vibration source on the building foundation (palnin fig. 4) or on the basement
wall at ground level (point 2 in Fid).
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Measurement of vibrations affecting people - meama@nt of three components of
the floor vibrations (x, y and z) in the centertb&é ceiling of a large room (in
accordance with PN-B-02171: 2017, use a measuislg-drig. 5) on the ground
floor and on the top floor for permanent residepeeple (points marked with L in
figure 4); in the case of tall buildings, it mag@lbe necessary to measure vibration
and assess their impact on people on one or twonireidiate floors.

Pre-implementation studies (dynamic background oreasents) have a dual purpose:

They provide information on the current dynamic aofs on building structures
and on people staying in them for the purpose térl@omparison of these
influences with the results of post-implementattudies.

They provide data on the response of individualdmgs to kinematic excitation,
which allows verification of numerical models foorécasting the impact of
vibrations on buildings and people in buildingseafthe implementation of the
investment, and then, if necessary, proper desygafnvibration isolation in the
track using simulation calculations.

To ensure that the results of pre- and post-impigat®n tests can be compared, vibration
measurements before and after the investment shmmulchrried out at the same measuring
points. Therefore, among others during both tésts|ocation of the measuring points should
be clearly defined, along with a sketch to identifgse points. After each test (measurements
of vibrations in a given building), a test repohibald be prepared, the scope of which has
been specified in PN-B-02170: 2016 and PN-B-022D17.

Considering the second of the above-mentioned tges; the registration of vibrations at
all measuring points in the tested building (aslaglall the components of vibrations at these
points) must be carried out simultaneously.

Post-implementation tests are aimed at determimvhgther the requirements for the
protection of buildings and people in buildings iagavibrations have been met and whether
any additional measures are necessary to ensurindsa requirements are met.
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Fig. 4. A diagram of measuring points distribution (xzy, components of measured

vibrations)
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Fig.5. An example of a measu'rih'g disk for mesurict of vibrations on people

It should be emphasized that Art. 147a of the Aatvironmental Protection Law" of 2001
requires that emission measurements (in this dasenicerns vibration emissions) by an
accredited laboratory within the meaning of the Att30 August 2002 on the conformity
assessment system (Journal of Laws of 2004, Naq.igm 2087, as amended). That is, pre-
and post-implementation measurements, as theyegrered as part of the assessment of the
impact of vibrations on the environment, shouldpleeformed by laboratories accredited to
measure vibrations according to PN-B-02170: 2016RN-B-02171: 2017.

Forecast of impact of vibrations on representativebuildings and people in these
buildings

The forecast of the impact of vibrations causedheyoperation of the railway line on each of
the representative buildings should include:

1)

2)

3)

Determining the expected time course of vibratiohshe building foundations that
will be used as kinematic forcing in the dynamitcalations of the building. This is
one of the most important elements of the forecéise basis for determining this
forcing should be the results of vibration measwaets obtained for a similar existing
vibration source (from a measurement databasey @sinbration propagation model,
taking into account the function of the transitmihvibrations from the ground to the
building foundation. Note: railway vibrations arengplex vibrations and it is not
correct to numerically generate forcing e.g. inftven of a sine wave.

Preparation of a building construction model (FEdAtsal model is recommended) for
dynamic calculations.

Assessment of forecast dynamic impacts on the ingild

» using the SWD (Dynamic Impact Scale) scales giveRN-B-02170: 2016 if
the building qualifies for such assessment,

« if the building is not subject to assessment by SW¥dales, then dynamic
calculations should be performed on the buildingleddo calculate dynamic
forces (inertia forces) additionally loading theusture and checking the
effort of the structural elements.

4) Assessment of forecasted effects of vibrations eopfe on individual floors of the

building intended for permanent residence of peopler this purpose, dynamic
calculations should be made on the building moded @as a result of these
calculations, the most adverse effective values $RMIf acceleration (or speed) of
vibrations in one third octave frequency bandsccoadance with PN-B-02171.
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In the summary of the forecast, it should be indidain which buildings the criteria for

vibration protection are met, and for which builgsnit will be necessary to apply technical
measures limiting the impact of vibrations, e.gtha form of the use of vibration isolation in
the construction of a railroad (pavement).

Designing vibration isolation
Reducing the impact of vibration on neighboringldhuigs can be achieved, among others by
introducing vibration insulation into the railwatrgcture (Fig6).

The basic algorithm for designing vibration isadatiin the construction of a railway road
is shown in Fig7.
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Wprowadzenie wibroizolacji w drodze kolejowej do modelu
propagacji drgan i okreslenie prognozowanego
wymuszenia Kinematycznego budynku po jej zastosowaniu :

Wykonanie obliczen symulacyjnych drgan budynku
zakonczone oceng wptywu drgan na budynek i na ludzi
przebywajacych na poszczegolnych kondygnacjach
przeznaczonych na staty pobyt ludzi

Zmiana
parametrow
wibroizolacji

Kryteria
spelnione

Kryteria
niespelnione

Fig. 7. An algorithm for designing vibration isolationtime construction of a railway road
using the simulation calculation technique

The goal is to design vibration insulation so tinat effects of vibration on the building and
people in the building forecast after its applicatmeet the following criteria (see standards
PN-B-02170: 2016 and PN-B-02171: 2017):

« WODBX<1 indicator,

* WODL<1 indicator.

Where:

 WODB - buildings' vibration perception index - tlaegest among the values of the
ratio of maximum velocity/acceleration values detieed in individual 1/3-octave
bands determined by analyzing the vibrogram indbtawe bands to the velocity
value or acceleration corresponding to the lowaitlof taking dynamic effects on
buildings into account covered by SWD scales instlime frequency band; WODB
is expressed by two numbers: dimensionless, detedras above, and the value of
the central frequency of the band in which thigoratas determined (Fi@).

* WODL- human vibration perception index - the latgesnong the values
determined in individual 1/3-octave bands expreggshe ratio of the values of
effective velocity/acceleration values of vibragodetermined as a result of the
analysis of the vibrogram in 1/3-octave bands todffective velocity/acceleration
values corresponding to the threshold of vibratithysa human in the same
frequency band; WODL is expressed by two numbersedsionless, determined
as above, and the value of the central frequentlgeoband in which this ratio was
determined (Fig9).
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Pomiar 1a- Wymuszenie 38Hz 8mun - schemat 1
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Fig. 9. A method of determining the WODL indicator

It is worth noting that in the case of buildingseinded for permanent residence of people,
it is usually determined by the fulfillment of tisecond of the criteria, i.e. the fulfillment of
the condition regarding the impact of vibrationspamople (WODL<1) [1].
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Protection of neighboring buildings against vibratons from construction works related
to the implementation of the investment
Assumption: in the case of construction vibratiotiee impact on people is ignored, and
attempts to prevent damage to buildings near tha af construction works. The condition is
that work causing noise and vibration is not cdroet at night, i.e. from 10 PM to 6 AM.

The following tasks should be successively done:

 analysis of design and environmental documentatiordetermining what
technologies will cause vibrations, what requiretaeare included in the EIA or
ROS, situational plan,

* initial risk assessment ("a priori" opinion) andtetenining the scope of further
necessary actions analyzing the design and enveotah documentation -
determining what technologies will cause vibrationbat requirements are in the
EIA or ROS, situational plan,

» determining the extent of impact zones for indiabworks,

» professional damage inventory with photographic udeentation (before work
commences),

» control measurements of vibrations and assessnfie¢heio impact on neighboring
buildings,

» determination of safe distances to perform thesgksvand permissible operating
parameters of devices causing vibration,

» periodic (less often continuous) monitoring of timepact of vibrations during
construction.

Among the sources of construction vibrations cameationed:

» driving foundation piles into the ground or deepgnsheet piles by impact (slow-
fall hammer) or vibration (vibrating head, vibratdrammer),

» drilling piles in soil (especially rocky) and, at®ull, vibrating reinforcement for
these piles,

» compaction of the substrate with various typesibfating equipment, including

soil, foundation layers and surface layers withuke of road vibrating rollers,
» work of heavy equipment at the construction sitg, excavators,
» passage of heavy-duty construction cars,
» demolition works.

In the case of railway tunnels, there is a probtémibrations caused by tunneling. The basis
for assessment is the building vibration measurémmeaae following the principles set out in
point 6 of this paper and the requirements giverhm PN-B-02170: 2016 standard. The
assessment of forecast dynamic impacts on a bgildomsists of performing dynamic
calculations on a building model to calculate dymaforces (inertia forces) additionally
loading the structure and checking the effort of ®tructural elements. If the building
qualifies for the assessment using the SWD (Dyndmjzact Scale) scales given in PN-B-
02170: 2016, then the assessment can be madethss®scales.

Conclusions
The application of the above principles should IteBu harmonizing the approach to the
subject of the impact of vibrations on the enviremty both in the environmental
documentation and at the subsequent stages ofrptepaand implementation of railway
investments. It is particularly important to inctuthem in the tender documentation to clearly
define the requirements for the future contractdahe investment.
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One should be aware that work in the field of Milma measurements, simulation
calculations and forecasting the impact of vibragieon buildings and people in buildings, as
well as designing vibration isolation are highlyesplized. Therefore, their contractor should
be required to have experience in this area antbpppte permits (accreditation to perform
measurements following PN-B-02170: 2016 and PN-B7Q2 2017, certificates of
measurement sensors, building permits).
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