uuuuuuu

in Resilient Fastening for Metro Rail Track. In: Contemporary Issues of Concrete and Reinforced £ =2ELnus
Concrete: Collected Research Papers. Minsk. Institute BelINIIS. Vol. 9. 2017. pp. 80-95. https://
doi.org/10.23746/2017-9-6

Source: Shepelevich M., Kanaplitski A. Experimental Studies in Vibration-Insulating Properties of Blocks /\

Mikalai Shepelevich, PhD in Engineering Science, head of the scientific and
research laboratory, Institute BeINIIS RUE, Minsk (Belarus)

Aliaksei Kanaplitski, Master of Technical Sciences, Research Assistant,
Institute BeINIIS RUE, Minsk (Belarus)

LeneneBuu Hukonam UocudoBUY, KaHA. TEXH. HAYK, AOLEHT, 3aBEAYHO-
MM HayuyHO-UCCAeAOBaTeAbCKOM Aabopatopueint PYM  «MHCTUTyT
BeAHUUC», 1. MuHck (Benapycb)

KoHonAuukui Arekcet A€OHUAOBMY, MarucTp TEXHUUECKUX HayK, HayuHbli
cotpyaHuK PYTT «MHcTuTyT BeAHUNC», 1. MuHCK (Beaapycb)

EXPERIMENTAL STUDIES IN VIBRATION-INSULATING
PROPERTIES OF BLOCKS IN RESILIENT FASTENING
FOR METRO RAIL TRACK

SKCMNEPUMEHTAAbHbIE NCCAEAOBAHUA
BUBEPOU3ONALMOHHbIX CBOUCTB BAOKOB
YNPYIroro KPENAEHUA PEAbCOBOIO MYTHU
METPOMNOAUTEHA

ABSTRACT

The results of experimental studies in vibration-insulating character-
istics of a resilient rail track of metro are given. The studies were carried
out on fragments of a rail track made of reinforced-concrete slabs with
the dimensions 1.5 x 3 x 0.2 m, with the rail grid fragments installed on
them (in concrete), made of: 1- vibration-insulating blocks, EBS system;
2- concrete blocks with the resilient fastening system, 300 UTS Vossloh;
3— timber sleepers (the basic option). The static stiffness values of vibra-
tion-insulating blocks system were as follows: 17.9 kN/mm, for EBS type
blocks (the vibration-insulating pad and the resilient insulation layer),
and 17.2 kN/mm, for 300 UTS Vossloh type blocks (vibration-insulat-
ing pad stiffness). Tests were carried out by installing a vibration exciter
on the rail track, with the weight 75 kN, provided with two industrial
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vibrators: 1-with the exciting force 20 kN and frequency 50 Hz; 2—with
the exciting force 24.2 kN and frequency 25 Hz. The values of maximum
root-mean-square vibration acceleration readings taken in test points of
the concrete seat were used to assess the degree of vibration insulation
for rail track systems. The vibration acceleration levels were measured
in 31.5 Hz and 63 Hz frequency ranges; for this purpose, Oktava 101-
VM three-channel vibration meter was used. The software, R110, version
1.20, was used to process the signals from vibration sensors.

It was found that, from two types of concrete blocks, the highest vi-
bration insulation for the rail track seat is provided when EBS type blocks
are used. In the root-mean-square frequency range 31.5 Hz, the vertical
vibration level reduction to 4.3 dB was reached; in the frequency range
63 Hz, from 3.0 to 10.6 dB. The vibration level reduction in horizontal di-
rections was, respectively, from 2.7 dB to 13.8 dB and from 3.1 to 11.4 dB.

As compared with the rail track on timber sleepers, EBS type blocks
provide reduction of vertical vibration in 31.5 Hz frequency range from
3.2 dB to 11.1 dB. As for the vibration level in the rail track seat with
EBS type blocks in the horizontal direction (longitudinal and transverse)
at frequency 63 Hz, it is higher by 2.5-7.7 dB, that can be explained by
damping effect of timber sleepers due to their large size including pres-
ence of cracks.

AHHOTALMUA

IIpusedenbl pe3ynbmamsl 3IKCNEPUMEHMANbHBIX UCCAe008aHULL
8UOPOU3ONUPYOWUX XAPAKMEPUCMUK YNPY2020 PeabCo8020 nymu
Memponosnumena. HccnedosaHusi npogedeHsbl HA pazmeHmax peib-
€08020 MYMU, COCMOSAWUX U3 Jese300eMOHHbIX NAUM pA3MepoM
1,5 x 3 x 0,2 m, Ha KomopbLx ObLIU YcmaHos.ieHbl (8 6emoHe) pazmeH-
Mmbl pesibcosoll pewemku, cocmosiujell uz: 1—8ubpou3onayUoHHbLX b6J10-
ko8 cucmembl EBS; 2—6emoHHbLx 6J10K08 ¢ cucmeMoll ynpye020 ckpen-
nerust «300 UTS Vossloh»; 3—0epesaHHbix wnan (6asoswlii sapuarm).
Cmamuueckue dcecmkocmu 8uUOPOU3ONAYUOHHOU cucmembsl 0J10K08
cocmasasanu 17,9 kH/mm—ons 6aokoe muna EBS (8ubpousonsayuoH-
Has npokaadka u cioll ynpyeoti uzonayuu) u 17,2 kH/mm—ons 6210ko8
muna «300 UTS Vossloh» (scecmkocms 8ub6pou30AUUOHHOL NPOKAAO-
KWw). McnblmaHus 8blNONHeHbL ymem YCMAaHO8KU HA PelbCo8bLil nymb
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8ubpogo3bydumens secom 75 kH, cHabuceHHO20 08YMS NPOMbLULIEH-
Hbimu subpamopamu: 1—c svtHyncoarowetl cunoii 20 kH u uacmomoii
50I'y; 2—c ebinyncoarouetl cunoti 24,2 kH ¢ uacmomoti 25 I'u. O cme-
neHu 8UOPOU30NAYUU CUCTEM PeNbCO8020 MYMU CYOUNU NO BeJUUUHE
MAKCUMANBHBIX CPeOHeK8adpamuUHbLX 8UOPOYCKOPeHUTl, U3MePEHHBLX
8 KOHMPOJNbHbIX MOUKAX 6eMOHH020 OCHOBAHUS. YPOBHU 8UOPOYCKO-
peHull 3amepsiiu 8 uacmomusix noaocax 31,5 I'y u 63 T'y ¢ nomouibio
mpexkaHanbHoz20 subpomempa «Oxkmasa 101-BM». Obpabomka cuzHa-
7108 8U6PO0AMUUKO8 NPOU3BOOUNACH C UCNOI308AHUEM NPOPAMMHO-
20 obecneuerus—«R110 Version 1.20».

Yemanognero, umo u3 dgyx munog 6emoHHbulx 610k08 HAUbOOL-
was 8ubpou3oNAYUS OCHOBAHUS PelbC08020 Nymu docmuzaemcsi npu
npumeHeHuu 6210xk08 muna EBS. B cpedHek8adpamuuHoil uacmomHotl
nonoce 31,5 'y docmueaemcsi CHUJCeHUe YPOBHS 8epMUKANbHOU 8U-
6pauuu do 4,3 0B, a 8 wacmomwotii nonoce 63 I'y—om 3,0 do 10,6 OB.
Ypoegens subpayuu 8 20pU30HMANbHBIX HANPABAEHUSX CHUNCEH, COOM-
semcmasernHo, om 2,7 06 0o 13,8 06 u om 3,1 do 11,4 OF.

B cpasHeHUU ¢ pesbco8bLM NymeM HA Oepe8sHHbIX wnanax 6aioku
muna EBS obecneuusarom CHuxceHUe 8epMUKAIbHOU subpayuu 8 ua-
cmomHoti nosoce 31,5 I'y om 3,2 06 do 11,1 0. YpogeHd dce subpauuu
8 OCHOBAHUU Pesibco8020 nymu ¢ baokamu muna EBS 8 eopusoHmans-
HOM HanpassieHuu (8 NpodosbLHOM U nonepeuHom) Ha uacmome 63 I'y
svlute Ha 2,5-7,7 0B, umo modxcHO 06BsicHUMb demngdepHuim 3dPexmom
OepessiHHbLX WNnan cedcmaue ux 6016U020 06Bema, 8 m.uU. U HAAUYU-
eM mpewuH.

Keywords: vibration-insulating reinforced-concrete blocks, metro
rail track fragments, vibration insulation tests, vibration accelerations.

KiaroueBsbie ciioBa: BI/I6pOI/IBOJIHLII/IOHHbIe ’Kesle306eTOHHEIE 0J10-

K¥, pparMeHTHl PeIbCOBOTO ITyTH METPOITOJUTEHA, BUOPOU3OJIALIOH-
HbI€ UCIBITAHUSA, BUOPOYCKOPEHMUS.

INTRODUCTION

Until recent times, timber sleepers laid in track concrete were used
as a rail seat. However, the experience of operation of these structures
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has demonstrated that they have several inherent disadvantages; the
most significant are shorter service life and high maintenance expenses
(sleepers must be replaced frequently).

As for the current world practice in construction of new metro lines
and refurbishment of existing ones, widespread application is gained
by the so-called resilient rail track fastening systems with reinforced-
concrete blocks used in them; among these systems, the following are
noteworthy:

— LowVibrationTreck (LVT) system consisting of a concrete block

(a half tie), a vibration-insulating pad and a rubber cover
embedded in track concrete;

— EBS, the insulated rail system where a concrete support block is
set into a prepared tray (or a niche in concrete) with a resilient
vibration-insulating pad laid on its bottom, and filling compound
(resilient layer) is laid between the tray and the block;

— 300 UTS system including a concrete block and a rail fastening
set, 300 UTS Vossloh, provided with a vibration-insulating pad.

Each of the aforementioned systems has its advantages and
disadvantages (in terms of economic characteristics, manufacturing
technology, specific features of application at a construction site,
vibration reduction degree, operating costs etc.). When the designers
choose one or another resilient fastening system for the metro rail
track, they must carry out the comprehensive analysis covering all
characteristics including considerations of location of the metro
section to be designed [1-2].

For example, for Petrovshchina—Malinovka section in the second
line of the Minsk Metro, EBS system vibration-insulating blocks made by
Tines company were applied. Taking into consideration the experience
(in general, positive) of operation of the test section, this this resilient
fastening system for the rail track will also be used for construction
of the third line of the Minsk Metro. For this purpose, production of
vibration-insulating blocks will be arranged at the Reinforced-concrete
Articles Plant, Minskmetrostroi OJSC, and the task of preparation of
technical documentation for manufacturing of blocks was given to the
Institute BelNIIS Republican Unitary Enterprise (RUE).

The goal of these studies is the determination of vibration insulation
characteristics for various metro rail track systems and the selection
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of the most effective design (in terms of vibration insulation) of the
resilient fastening for the metro rail track.

DESIGNING VIBRATION-INSULATING BLOCKS

During the development of design solutions for blocks of the
resilient fastening for the rail track, two design systems were taken by
the Institute BelNIIS RUE as analogs:

— EBS, as having high vibration protection in vertical and horizon-

tal directions;

— 300 UTS, as more cost-effective in manufacturing and operation
of the rail track (vibration-insulating pads are easily replace-
able). See Figure 1-2 for the design solution for blocks of the
aforementioned systems.
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Figure 1. EBS type block design Figure 2. 300 UTS Vossloh type
1 - tray; 2 - cushion pad; 3 - support block; block design
4 - rail; 5 - insulation layer; 6 - rail pad; 7 - slab; 1 - block; 2 - screw; 3 - clamp;
8 - clamp; 9 - screw 4 - rail pad; 5 - steel plate;

6 - cushion pad;
7 - angle unit; 8 - rail

After all necessary R&D and experimental activities, the Research
Laboratory of Designs for Utilities in the Institute BelNIIS RUE has de-
veloped the working drawings and specifications for vibration-insulat-
ing blocks and has carried out the activities for their implementation in
production. The major conditions for the development of block designs
are: vibration insulation efficiency; operational reliability (interrepair
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time); cost. However, the first factor is critical for metro sections run-
ning in the direct vicinity of residential and public buildings.

PROCEDURE FOR DETERMINATION
OF VIBRATION INSULATION PARAMETERS

The procedure is based on determination (measurement) of
maximum root-mean-square vibration accelerations in test points at
a reinforced-concrete seat of the rail track fragments by bench tests.

The block-and-rail grid was tested by the combined impact of the
static (P) and dynamic (P,,) vertical loads. Three types of rail track
fragments were tested:

I — with vibration-insulating blocks, EBS type;

2 — with vibration-insulating blocks with 300 UTS Vossloh fas-
tening;

3 —with standard timber sleepers.

The static stiffness of vibration-insulating blocks in vertical direc-
tion (according to the results of tests of reference specimens) was 17.9
kN/mm, for EBS blocks, and 17.2 kN/mm, for blocks with 300 UTS
Vossloh fastening.

The rail track fragments are made by embedding the blocks in con-
crete on the seat made of reinforced-concrete slabs with the dimensions
1.5 x 3 x 0.2 m. The fragments were laid (on sand cushion, 30-50 mm
thickness) horizontally on the earth foundation and buried by 100 -150.
Each fragment contained four vibration-insulating blocks, with two
rails, R50 type, 1.5 m length. The distance between block axles in trans-
verse direction is 610 mm, the distance between rail heads is 1520 mm.

The static component of the load from the vibration exciter was
made by four concrete blocks, FBS (foundation wall concrete) block
type, laid on a support frame, with their main beams resting on a rail
grid of a fragment at the level of vibration-insulating blocks. The total
weight of blocks and the support frame was about 75 kN. The dynamic
component was made by two industrial vibrators:

— IV-105, with the frequency 25 Hz and the exciting force

Py = 24.2kN;
— IV-107-A, with the frequency 50 Hz and the exciting force
P,,, = 20 kN.
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The blocks were set in a conductor and fastened on a support frame,
prevented from shifting. The vibrators were rigidly fastened on inter-
mediate beams (symmetrically at two sides) of a support frame at the
level of a center of a rail head. Signal reading sensors were fastened on a
concrete seat by studs installed in the concrete seat in three directions: X
(across the rail), Y (along the rail) and Z (vertically). The sensor instal-
lation positions were located as follows: 1-rail seat (between blocks);
2-along the axle Z, on the concrete seat (near the block); 3—along the
axle Y, on the end surface of the fragment; 4—along the axle Z, on the
slab surface; 5—along the axle X, on the end surface of the concrete seat
(see Figure 3 for the fiagram).

4 3

Figure 3. Diagram of arrangement of sensors on the rail grid fragment

See Figures 4 and 5 for the appearance of rail grid fragments and
the testing equipment.

The three-channel vibration meter, Oktava 101-VM, with the read-
ing ranges 1...1000 Hz for frequency and 80...183 dB for vibration (re-
ferred to 10° m/s?), and the measurement error =0.5 dB, was used
to read the levels of vibration (vibration accelerations). The vibration
meter was set 6 m apart from the vibration stand, and connecting wires
were used to connect it to the notebook (for signal writing) and to the
sensors; see Figure 6.
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Figure 4. Appearance of a rail track fragment with EBS type blocks
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Figure 5. Appearance of a vibration exciter when it is installed on the fragment
made of sleepers
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Figure 6. Appearance of a rail track fragment with 300 UTS Vossloh blocks
and the testing equipment

The test was carried out in accordance with the procedure as
follows:

— switching on the vibrator IV-105 and writing the signal from

sensors No.1-3;

— switching off the vibrator IV-105 and stopping the signal writing

after 5s;

— connecting the sensors No.4-6, switching on the vibrator

IV-107-A and writing;
— switching off the vibrator IV-107-A and stopping the writing
operation after 5 s.

The same was the test procedure with the vibrator IV-107-A-1,5
(50 Hz). Signals from vibration sensors were written after receiving
the stable spectrum of vibration acceleration levels (on the notebook
screen). The signal averaging time interval was 1 s. Measurements were
repeated at each fragment of the rail grid. The software, R110, version
1.20 (used for OKTAVA type instruments), was used to process the
records from vibration sensors.
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VIBRATION TEST RESULTS

See Figures 7-8 for vibration records with root-mean-square val-
ues of vibration accelerations (in m/s?) received from the sensor No.2
(vertical) for three types of fragments of the rail grid in time intervals
(in seconds) before and after switching the vibrators off. The vibration
record for the fragment No.1 (with EBS blocks) affected by the exciting
force P;n=24.2 kN with the frequency v =25 Hz (the vibrator IV-105)
demonstrates smaller amplitude values («peak-to-peak») of vibration
accelerations as compared with similar vibration records for fragments
No.2 (with blocks using the fastening 300 UTS Vossloh) and the frag-
ment No.3 (with sleepers). When the fragments are affected by the
exciting force P,,, =20 kN with the frequency v =50 Hz (the vibrator
IV-107-A), the vibration acceleration amplitudes are slightly reduced.
Here, the fundamental mode in both cases corresponds to the natural
(fundamental) oscillation frequency for fragments, =16-17 Hz.
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Figure 7. Vibration records from the sensor No.2 for P,,= 24.2 kN and v = 25 Hz
a - rail track fragment with EBS blocks; b - rail track fragment with 300 UTS Vossloh

blocks; ¢ - rail track fragment with timber sleepers
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Figure 8. Vibration records from the sensor No.2 for P,,=20 kN and v = 50 Hz
a - rail track fragment with EBS blocks; b - rail track fragment with 300 UTS Vossloh
blocks; c - rail track fragment with timber sleepers

In Sanitary Regulations, as a rule, root-mean-square values
of the vibration speed (mm/s) or vibration acceleration (mm?2/s)
measured in the specified frequency range, or their estimated levels
(in decibels) referred to the specified (threshold) value [3], are used
for assessment of the vibration impact. For comparative assessment
of effectiveness of different vibration-insulating systems (as it is the
case here), as a rule, vibration levels (in dB) are measured in specified
frequency ranges.

Figures 9 and 10 demonstrate (for illustration) the diagrams of
vibration acceleration levels derived from records of signals received
from vibration sensors on the rail track fragment with EBS type blocks,
for Py, =24.2 kN and v =25 Hz, in 1/3 and 1 octave ranges.

Similar diagrams of vibration acceleration levels are plotted for
rail track fragments with blocks 300 UTS Vossloh and for the fragment
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with timber sleepers including the cases with P, =20 kN and v =50
Hz (not demonstrated here).

Root-mean-square levels of vibration acceleration values are
derived (measured) as referred to the threshold value, 1x10 ®m/s? (it is
preset in the signal decoding software). Permissible levels of vibration
accelerations listed in sanitary regulations, as a rule, correspond to
the threshold value 3x10 * m/s?, i.e. recalculation is necessary for
comparison.

See Table 1 for comparative values (difference between readings
of respective vibration sensors) of vibration acceleration levels for
rail grid fragments made of EBS type blocks and blocks with 300 UTS
Vossloh type fastening, and the fragment with the rail grid made of tim-
ber sleepers.

Figure 9. Vibration acceleration levels from sensors 1-3 on the rail track fragment
with EBS blocks
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Figure 10. Vibration acceleration levels from sensors 4-6on the fragment No.1

Table 1

EBS and 300 UTS Vossloh blocks | EBS blocks and sleepers

Vibrator IV-105 U2 (25 Hz)

Sensors, No. | 1 | 2 |3hor.| 4 |5hor.| 6 | 1 | 2 |3hor.| 4 |5hor.| 6
Reduction 31.5
(‘)/rdi‘;e [ Th12] 27 [+36] 55 [26] [79] 36 [-17.6] 75 [-111
63
| 30| 31|84 -54]106] |-07]|+85]-158] 9.7 [-120
Vibrator IV-107A-1,5 U2 (50 Hz)
Reduction 31.5
(‘)/r;]s; [ Th20] 85 [ 80 [-138] 43] [-107]-105] 20 56 [ -3.2
63
| 08]-114] 58] -62]76] |-24]+77]+40]+25] 0.2
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The analysis of results of vibration tests demonstrates that, from
two types of reinforced-concrete blocks with resilient fastening, the
maximum vibration insulation for the concrete seat of a rail track is
provided when EBS type blocks are used.

In the frequency range 31.5 Hz, reduction is reached for levels of
root-mean-square values of vertical vibration accelerations, from —-2.9
dB (minus means negative value) to 4.3 dB; in the frequency range 63
Hz, from 3.0 to 10.6 dB. The vibration level reduction in horizontal
directions (along and across the rail track) was, respectively, from 2.7
dB to 13.8 dB and from 3.1 to 11.4 dB.

It should be noted that the effectiveness of vibration insulation for
the rail track depends significantly on stiffness (static and dynamic)
of the resilient fastening. In vibration insulation systems under
consideration, vibration-insulating pads are used to provide required
stiffness in the vertical direction. In EBS system blocks, Sylodin
type vibration-insulating pads with the static stiffness 8.2 kN/mm
were installed. As a result, total vertical static stiffness of the system
(including the resilient insulation layer) was =17.9 kN/mm.

Static stiffness of the rail fastening 300 UTS Vossloh was 17.2
kN/mm, i.e. static stiffness values in vertical direction are similar for
both systems. However, EBS system blocks are fastened resiliently in
horizontal directions (along and across a rail) also, while stiffness of
the 300 UTS Vossloh system rail fastening in horizontal direction (e.g.
perpendicular to the rail) is significant. Thus, EBS type blocks provide
significant reduction of vibration in horizontal direction, while the
levels of vertical vibration for fragments differ insignificantly (due to
almost equal static stiffness).

As compared with timber sleepers, EBS type blocks provide
reduction of the vertical vibration level from 3.2 dB to 11.1 dB in the
frequency range 31.5 Hz. It should be noted that this frequency range
covers natural oscillation frequencies for reinforced-concrete floors in
residential and public buildings. This circumstance is the critical factor
for application of one or another type of the resilient fastening system
for metro rail track.

As for the horizontal vibrations (in longitudinal and transverse
directions) in the frequency range 63 Hz, it is higher by 2.5-7.7 dB
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for a rail grid fragment with EBS type blocks than for a fragment with
timber sleepers. This effect can be explained by damping effect of
timber sleepers (embedded into concrete in the seat) demonstrated
both along and across the rail track due to their large (as compared
with blocks) size including presence of cracks.

It should be noted also that the rail track on timber sleepers does
not provide the required reduction of the vertical vibration level in the
frequency range 31.5 Hz and does not meet up-to-date requirements
in terms of operational reliability due to short service life of timber
sleepers.

CONCLUSION

The results of vibration tests for rail track fragments have
demonstrated that, for arrangement of the resilient metro rail track,
preference in terms of vibration-insulating capacity shall be given to
EBS type blocks providing significant reduction of vibration levels both
in vertical and horizontal directions. The resilient rail fastening system
300 UTS Vossloh does not provide the rail track vibration insulation
in horizontal direction (longitudinal and transverse), and application
of this system is reasonable for sections where the level of impact of
horizontal vibration waves is not critical.

Rail track fragments with timber sleepers, as compared with
EBS type blocks, do not provide the required reduction of the vertical
vibration level in the frequency range 31.5 Hz, while this range covers
fundamental natural oscillation frequencies of reinforced-concrete
floors in residential, administrative and industrial buildings.

The EBS type blocks for resilient fastening of the rail track will
be used in the first starting-up section in the third line of the Minsk
Metro. It is expected that not only reduction of the vibration level
will be reached but also reduction of noise level at stations and in the
tunnel during movement of trains. Further studies in effectiveness of
application of vibration-insulating blocks will be carried out within the
scope of commissioning (starting-up operation) of the first section in
the third line.
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