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The article is devoted to the issue of research of the soil basement vibrocreep negative impact, which takes place under
dynamic loads. The results of on-site measurements of industrial facility underground structures forced dynamic vibrations
parameters have been presented. The influence of the dynamic vibrations value on the development of underground cable
channel precast concrete units uneven settlement has been analyzed. The interrelation between the value of the channel built-
up construction settlement at the point of measurement and the amplitude of forced vibrations at this point has been deter-
mined.
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JocaigkeHHs 0CiIaHb MiJI3eMHUX KOHCTPYKILii
MPOMHCJIOBOTO HeXY Bi Ail AMHAMIYHUX
HABAHTAKEeHb HOro 00/ 1aTHAHHSA
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CrarTs OpHUCBAYEHA MUTAHHIO TOCHIIIKEHb HETaTHBHOTO SIBUINA BIOPOMOB3Y4OCTI IPYHTOBOI OCHOBH, IO Ma€ Micle Mpu
JUHAMIYHUX HaBaHTaXCHHAX. JlOCIiPKeHHs IPOBOAMIINCS Ha 3aBOJI 3 BUPOOHHIITBA METAJONPOKATy 3 IIPUBOJY TPHBAIOUNX
HEpIBHOMIPHHUX OCIaHb IOBHOIIPOXIJHOTO ABOIIOBEPXOBOTO KaOEIHHOIO TYHENIO PO3TAIIOBAHOTO B MiJ3EMHIH YaCTHHI BH-
pobHum4oro nexy. Sk Oyno BCTaHOBIEHO HaHWK KaOeIbHUIT TyHENb MiIIaeThesl AMHAMIYHOMY BIUIUBY IIPH pOOOTI ABOX IMiJi-
TPUMOBHX CTaHiB, HA SKUX BUPOOJIOTHCS OE3IIOBHI rapsiaeKkaTani TpyOu Benukoro giamMerpa. CepHo3HICTh MMTaHHS OCiaH-
HS KaOeJIbHOTO TyHENS I BUPOOHUIITBA MOJISTa€E B MOKIMBOMY YIIKOKCHHI MIPOKIAACHUX Y HhOMY KOMYHIKaIlii BHACII-
JIOK HepiBHOMIPHOTO # HecTabii30BaHOrO OCigaHHs HOro 30ipHUX 3ai300€TOHHUX KOHCTPYKLIH. Y cTaHOBICHE, LIO i3 ABOX
PO3TAIOBAHKUX Y 30HI MPOXOKEHHS KaOeIbHOTO TYHEIIO MUIrPUMOBHX CTaHIB OJMH 3 HUX, MO3HAYCHUH y cTaTTi mig Ne2,
CIIPUYMHSE CYTTEBILUIMI BIUIMB HA BEIMYMHY aMIUNTYAM KOJNUBAaHb y BCIX HOTO TOYKax y SKMX NPOBOJMIIUCS BHUMIpH.
V crarTi BUKIaAeHI pe3yabTaTd HATYpPHUX BAMIPIB MapaMeTpiB BUMYIICHUX ANHAMIYHHUX KOJIMBAHb ITi36MHUX KOHCTPYKIiit
Ka0eNBFHOTO TYHEINIO IIPOMHUCIOBOTO IEXyY, sKi Oynu 3pobieni Ha BigMiTmi -5,200 Bix piBHS uncroi migmorn. Ceper iHIIOTO
OyJI0 BCTAaHOBIICHO, 1[0 MAKCUMaJIbHA aMILTiTya KOJMBaHb KaOeJbHOTo KaHay repedyBae B Touri Ned HaltOLIbII HaOIIDKE-
HO{ 710 miirpuMoBoro crany Ne2. YV pailioHi 3a3Ha9€HOI TOUKM TaKoX HepeOyBae it 30Ha 3 MAKCUMAIEHUM OCIIaHHSIM KOHC-
TpyKUiil TyHemo. [IpoaHani3oBaHo BIUIMB BEJIMYMHH IMHAMIYHUX KOJMBAaHb HA PO3BUTOK HEPIBHOMIPHOTO OCigaHHS 30ipHUX
3a11i300€TOHHHX CEeKILif MiJ3eMHOro KabeJIbHOTO TYHEN0. BCTaHOBIGHO B3a€MO3B'SI30K BEIMYMHU OCIAaHHS 30ipHOI KOHC-
TPYKLUil KaHATy B TOYIL BUMIPY BiJ BEUYMHHU aMIUTITYM BUMYIICHUX KOJIMBaHb Y JaHiil TOYII.

Kurouogi ciioBa: BiOporoB3ydicTh, IpyHTOBa OCHOBA, (yHIAMEHT, HEPIBHOMIPHE OCITaHHs, JMHAMIUYHE HABAaHTAKCHHSI, aM-
IUTITY/Ia KOJIMBaHb.
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Introduction

The increase in the productivity of metallurgical ma-
chines (new machines and the ones which are in op-
eration for a long time), is caused by a significant in-
tensification of their operation modes. At the same
time, both static and dynamic loads within machines
increase, which are fully or partially transferred to the
foundations and “absorbed” by the base on which this
machinery is installed. Due to acting loads, metallur-
gical machines are unparalleled among other heavy
machines.

One of the main methods of producing seamless
pipes of large and medium diameters with wall thick-
ness from 7 to 100 mm is rolling on pilger mills. A
wide range of pipes for almost any purpose is pro-
duced on pilger mills: oil pipes, casing pipes, boiler
pipes made of special steels and alloys, bimetallic
pipes. Seamless pipes of large diameter (up to 630
mm) with different wall thickness without using mill
expanders can be made only on pilger mills.

The pilgrim method is one of the most economical
and versatile methods for producing seamless pipes,
since switching to a different size of pipes on pilger
mills takes much less time than, for example, on a
continuous multistand mill. Therefore, despite the de-
mand for new rolling technologies, the production of
pipes on pilger assemblies continues to be one of the
most common in the world for producing
hot-rolled pipes of a wide range of sizes and steel
grades [1].

Technological loads of pilger mills are characterized
by short duration (less than 0.8 s.) and a pronounced
peak character, as well as significant amplitudes of vi-
brations transmitted to the base.

The values of the mechanical properties of soils of
different composition, structure and state in general
decrease depending on the mode of dynamic loads on
them. Vibration, shocks and other oscillating move-
ments typical for urban conditions, adversely affect
the geotechnical properties of foundations of buildings
and structures. Incoherent (sandy) soils are the most
sensitive to such impacts, especially in the water-
saturated state [2-4].

Review of research sources and publications

Geotechnics [5-7], by analogy with statics [8], dis-
tinguish three phases of base deformation depending
on the intensity of the combined static and dynamic
loads on it. The first phase takes place under small
static and dynamic loads, the settlement of the base
within it occurs due to a decrease in the soil porosityl.
The second phase is characterized by the development
of significant areas of plastic deformations in the mas-
sif (even under small dynamic loads, significant pre-
cipitation occurs with a tendency to their growth and
lengthening of the stabilization time [2—4]). These set-
tlements occur in sandy soils (including dense ones)
and clayey soils. In the third phase, the settlements are
destructive and have high speed — loss of stability or
immersion of the foundation in the ground as in a vis-
cous fluid [9 - 14].

Definition of unsolved aspects of the problem

When designing foundations for machinery with dy-
namic loads, the influence of vibration transmitted
through the base of the foundation on the ground
should be considered. It reduces their strength, in-
creases compressibility and, as a result, causes cracks
in structures when their strength limit is exceeded due
to a combination of static and dynamic loads. In addi-
tion to the frequency and amplitude of forced vibra-
tions of the machinery, the type and size of the foun-
dations, as well as the natural vibration frequencies of
structures and their elements affect the level of vibra-
tion.

Problem statement

It should be noted that if the structures of founda-
tions for heavy machines (in this case, pilger mills) are
often correctly designed for the perception and distri-
bution of significant dynamic loads, then with other
underground structures located in the zone of propaga-
tion of vibrations, the phenomena known as vibro-
creep can occur. The purpose of this paper is to iden-
tify the influence of amplitudes and frequencies of the
dynamic load on the value of the underground struc-
ture settlement, which is in the range of vibrations
transmitted by the foundations of heavy metallurgical
machines.

Basic material and results

Research of the parameters of dynamic vibrations in
the active industrial facility of the metallurgical plant
has been carried out in cable channels under the facil-
ity (mark -5,200) under pilger mills No.1 and No.2 in
connection with complaints of cable channels geome-
try violation in the zone of the dynamic loads on the
foundation grounds during operation of these pilger
mills. The scheme of the vibration parameters meas-
urement points is shown in Fig. 1.

To determine the vibration parameters, a set of
equipment has been used, which consists of a
vibrometer VIP-2 that includes a displacement sensor
D21A and a digital oscilloscope Oscill connected to
the vibrometer for spectral and visual analysis of the
vibration nature and recording of the oscillogram of
vibrations. The vibration parameters along the vertical
axis, perpendicular to the earth surface have been re-
corded as the most significant component in the case
of the base vibrocreep.

Next, the measured parameters of vibrations at the
points indicated in Fig. 1 have been considered.

Point No.1

At point No.l with the operating pilger mill No.1,
the following vibration parameters have been re-
corded: the maximum vibration amplitude has been
recorded at 30 pm at a frequency of a pulsed load of
1.2 Hz (see Fig. 2).

With inoperative pilger mills No.l and 2, at point
No.1, “background” vibration is observed at a level of
~ 10 um at a frequency of 15 Hz (between the pulse
peaks in Fig. 2 and 3).
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At point No.1 with the running piliger mill No.2, the
following vibration parameters have been recorded:
the maximum vibration amplitude has been recorded
at 15 pm at a frequency of a pulsed load of 1.2 Hz

(see Fig. 3).
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Figure 1 — The scheme of the points of measurement
of vibration parameters on a fragment of the plan of cable channels
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Figure 2 — Oscillogram of vibrations. Point No.1

Pilger mill No.1 is in operation. (1 div. Y axis =3.75 um, 1 div. X axis = 0.2 s)
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Figure 3 — Oscillogram of vibrations. Point No.1
Pilger mill No.2 is in operation. (1 div. Y axis = 3.75 um, 1 div. X axis = 0.2 s)

Point No.2

At point No.2, the following vibration parameters
have been recorded for operating pilger mills No.1 and
No.2: the maximum vibration amplitude has been
fixed at the level of 90 um (mill No.1) and 50 um
(mill No.2) at a pulse frequency of 1.2 Hz (each of the
mills separately) (see Fig. 4).

At point No.2 with the operating piliger mill No.1,
the following vibration parameters have been re-
corded: the maximum vibration amplitude has been
recorded at 100 um at a frequency of a pulsed load of
1.2 Hz (see Fig. 5).

With non-operating pilgrim mills No.1 and 2 at point
No.2, as well as at point No.1, “background” vibration
is observed at a level of = 10 pm at a frequency of 15
Hz (see the spectrogram in Fig. 6).
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Point No.3

At point No.3 with the operating pilger mill No.2,
the following vibration parameters have been re-
corded: the maximum vibration amplitude has been
recorded at 100 um at a frequency of a pulsed load of
1.2 Hz (see Fig. 7).

At point No.3, the following vibration parameters
have been recorded for operating pilger mills No.1 and
No.2: the maximum vibration amplitude has been re-
corded at 100 um (mill No.1) and 25 pm (mill No.2)
at a pulse frequency of 1.2 Hz (each of the mills sepa-
rately) (see Fig. 8).

With inoperative pilger mills No.l and 2 at point
No.3, as well as in other currents, there is a “back-
ground” vibration at the level of = 20 um at a fre-
quency of 15 Hz (see Fig. 9).

S.HiRes =500mV

Mill No.1

s

Figure 4 — Oscillogram of vibrations. Point No.2
Pilger mills No.l u No.2. are in operation (1 div. Y axis = 12.5 um, 1 div. X axis =0.2 s)
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Figure 5 — Oscillogram of vibrations. Point No.2.
Pilger mill No.1 is in operation. (1 div. Y axis = 12.5 um, 1 div. X axis = 0.2 s)
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Figure 6 — Spectrogram of the “background” amplitude of vibrations
with inoperative mills No.1 and No. 2. Point No.2.
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Figure 7 — Oscillogram of vibrations. Point No.3.
Pilger mill No.2 is in operation. (1 div. Yaxis =12.5 um, 1 div. X=10.2 s)
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Figure 8 — Oscillogram of vibrations. Point No.3.
Pilger mill No.2 is in operation. (1 div. Y axis = 1.5 pm, 1 div. X axis = 0.2 s)
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Figure 9 — Spectrogram of the “background” amplitude of vibrations
when the mills No.1 and 2 are inoperative. Point No.3.

Point No.4

At point No.4 with the operating pilger mill No.2,
the following vibration parameters have been re-
corded: the maximum vibration amplitude has been
recorded at 250 um at a frequency of a pulsed load of
1.2 Hz (see Fig. 10).

At point No.4, a “background” vibration at a level of
~ 30 um at a frequency of 15 Hz is observed, which is
somewhat higher than at other points and is probably
related to the approach to the source of these vibra-
tions while moving from point No.l to point No.4 (
see Fig. 11).

Thus, in the process of measuring the parameters of
vibrations in the pass-through cable tunnel under the
industrial facility at the mark -5,200 under the pilger
mills No.l and No.2, the following has been estab-
lished:

— The maximum amplitude of vibrations from the
operation of pilger mills has been determined when
pilger mill No.2 was operating at point 4 and is equal
to 250 pum at a frequency of a pulsed load of 1.2 Hz.

— High values of vibrations from mill No.2 at points
No.l and No.2 (located wunder mill No.l);
the vibrations from mill No.1 at points No.3 and No.4
(being under mill No.2) practically do not exceed
background vibrations. And also, the fact that the
maximum recorded value of the vibration amplitude
of the cable tunnel when pilger mill No.2 is operating
is 2.5 times larger than the amplitude of vibrations
when pilger No.l is operating suggests that the ma-
chine No.2 has more influence on the dynamic picture
of the cable tunnel.

— With inoperative pilgrim mills No.1 and No.2, the
amplitude of forced vibrations of the sections of the
pass-through cable tunnel is also non-zero and in-
creases from 10 to 30 um as it moves from point No.1
to point No.4 (apparently in the direction to the source
of vibrations), the frequency of this type of forced vi-
brations (called “background” in the article) is 15 Hz.
Despite their relatively small amplitude, these vibra-
tions can also contribute to the base deformation,
compared to the amplitude of vibrations from im-
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pulses during the operation of pilger mills, however
they have a greater number of effective impulses at a
higher frequency.

Apparently, the structure of the foundations of pilger
mill No.2 may have a zone of direct transmission of
dynamic loads on the structures of the cable channel.

199mS/div
200
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This assumption is also supported by the fact that the
greatest local violation of the geometry of the tunnel
(displacement of sections of prefabricated cable tun-
nels in a vertical plane relative to each other about 20
cm) is also located in the area of point No.4.

S.HiRes =500mv/

/ Mill No.2

10zE 2055

Figure 10 — Oscillogram of vibrations. Point No.4.
Pilger mill No.2. is in operation (1 div. Y axis =37.5 um, 1 div. X axis =0.2 s)
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Figure 11 —Spectrogram of the “background” vibration amplitude
when mills Nel and Ne2 are inoperative. Point No.4

Conclusions

The research of vibration parameters at various
points along the length of the cable tunnel in the range
of vibrations from pilger mills indicates a tendency for
increase of vibrations from point No.l to point No.4.
On the plan of an industrial facility, point No.1 is the
closest to pilger mill No.1, and point No. 4 is the clos-
est to pilger mill No.2. Based on the nature of the vio-
lation of the tunnel geometry, its uneven settlement is
observed from point No.l to point No.4 with an ex-
tremum near point No.4. By the nature of the meas-
ured parameters of dynamic loads, pilger mill No.2

makes a greater contribution to the dynamic load on
the cable tunnel structure with the maximum value
near point No.4, which led to the maximum displace-
ment of the cable channel sections near this point.
The current situation directly indicates the need for a
detailed account of dynamic loads not only when de-
signing foundations for metallurgical machines, but
also when constructing other underground structures
located in the zone of vibrations propagation.
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