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SOLUTION OF TASK OF THE MOBILE LOADING IN THE DYNAMIC
STATEMENT

Purpose. That is the feature of static work of tunnel constructions, that their stress-strain state is formed in inter-
action with a surrounding rock mass. But the dynamic component of stress-strain state of such constructions is also
large, as tunnel constructions are perceived, except for permanent action of surrounding rock mass, spectrum of the
dynamic loadings. Analyzing every type of dynamic action, it follows also to give him appraisement from position
of reflection in normative documents, as the account of most dynamic actions is only declared in them without de-
velopment of some methods. Methodology. For research of influencing of the mobile loading in the dynamic state-
ment model it is some changed in order to correctly attach loading between columns as an impulse. As well as at the
conducted research of the mobile loading in the static statement, in which it was found out, that his influence on the
station construction depended on the depth of contour interval, at the solution of the same task in the dynamic state-
ment explored two models — with the depth of contour interval 5 m and 10 m. Findings. It is possible to testify from
the conducted analysis, that the complex analysis of the station construction with conducting of static and dynamic
calculations allows to obtain more complete information about stress-strain state, which allows to estimate the state
of elements in different situations, some of which more reliable result in emergency situations and must be forecast.
Originality. Influencing of the mobile loading in the static and dynamic statements has been analyzed. Practical
value. The calculations of the underground stations of shallow contour interval are complemented by an important
calculation in the dynamic raising, and the results of such complex analysis can be considered more complete.

Keywords: column station; shallow contour interval; mobile loading; dynamic action; stress-strain state

Entry ly differs from static approach as a result of ac-
count of inertia component of the SSS forming.
The problem of dynamic tasks solution in the case
of tunnel constructions is complicated to those that
it follows to take into account added the soil mass-
es, at the same time, taking into account not only
an inertia component but also interaction with the
elements of construction.

Some tasks and ways of their solution in the
field of static or weak dynamic actions were al-
ready got and systematized by different authors;
however developed general systematization and
ways of dynamic tasks solution in the case of un-
derground construction were not elaborated [3-5].
In this field it is difficult to consider basic concepts
already in theory developed, but development of
methods of practical calculations is actual.

The field of dynamic actions for the stations of
underground can be classified like that.

That is the feature of static work of tunnel con-
structions, that their stress-strain state (SSS) is
formed in interaction with a surrounding rock
mass. But, in our turn, the dynamic component of
SSS of such constructions is also large, as tunnel
constructions are perceived, except for permanent
action of surrounding rock mass, spectrum of the
dynamic loadings. In this spectrum enter: 1) influ-
ence of the mobile motor transport loading (sta-
tions and running tunnels of shallow contour inter-
val); 2) mobile loading of train (tunnels on the
railways) or metro train (undergrounds); 3) special
dynamic loadings (cases of impulsive action in the
case of explosion or impact, loading from soil vi-
brocreep or vibroshrinkage [1-2]).

Complexity of tunnel constructions conduct
and of surrounding rock mass by the dynamic load-
ings considerably higher, than by static, as ap-
proach to the solution of dynamic tasks substantial-
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1. Dynamic action of metro train, which is pe-
riodic action both on the station support and on
basis. Vibrocompression (compression of basis
under tray part of the station construction), vi-
brocreep (phenomenon of increase of movement
under the tray of the station construction at action
of loading periodic or pulsation) is the results from
this dynamic action and strengthening of concrete
corrosion.

2. Dynamic action of the land transport, which
more active influences on the station constructions
of shallow contour interval, more frequent all ap-
pears on the stations of the one-arch and columnar
types of shallow contour interval (depth of contour
interval no more 20 meters).

3. Shock dynamic action in the case of some
masses falling within the limits of the station con-
struction. This type of action also more active in-
fluences on the station constructions of shallow
contour interval, however much some specific cas-
es of shock action also can influence on the deep
contour interval station (depth of occurrence more
than 20 meters).

4. Impulsive dynamic action. This type of action
is small studied in the field of calculations of the
station constructions, however is actual for the solu-
tions of their conduct by the special actions [6].

5. Seismic dynamic action [7].

6. Dynamic action of tectonic processes of the
earth's crust. This type of action is less than all
studied, as complexity in determination of tectonic
forces, their origin, forming and conducts, consists
not only in the receipt of analytical dependences
but also further their using in practical calculations.

Purpose

Analyzing every type of dynamic action, it fol-
lows also to give him appraisement from position
of reflection in normative documents (CINR and
SCN), as the account of most dynamic actions is
only declared in them without development of
some methods [8-10].

Methodology

For research of influencing of the mobile load-
ing NK-80 in the dynamic statement FEM-model it
is some changed in order to correctly attach load-
ing between columns as an impulse. As well as at
the conducted research of the mobile loading in the
static statement, in which it was found out, that his
influence on the station construction depended on
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the depth of contour interval, at the solution of the
same task in the dynamic statement explored two
models — with the depth of contour interval 5 m
and 10 m (fig. 1).

b)

Fig. 1. FEM-model for the NK-80 case (dynamic state-
ment) with the depth of contour interval:
a)—5m;b)—10m

The NK-80 loading is put on the same distance
between columns (fig. 2).
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Fig. 2. Parameters of the mobile loading NK-80
(98 kN/wheel)

In order that static statement of calculation on
the mobile loading, which is regulated SCN B.2.3-
7-2010. «Undergroundy, it follows to convert forc-
es from the wheels of the NK-80 loading on the
dynamic influencing. For this purpose we will con-
sider a situation, in which the mobile loading NK-
80, which in reality is a large lorry, at the move-
ment gets in small pit. In such situation of loading
force NK-80 transformation into the impulses of
forces, the values of which can be calculated, set-
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ting duration of interaction of wheel with soil.
Transformation to the impulses of all eight forces
of the NK-80 loading identical after the value is
some simplification, so as at a run-over a greater
impulse will get a wheel which got in pit. But such
simplification considerably changed for the worse
the situation of the NK-80 influencing which is
considered as an impulse.

Parameters of impulse of every force NK-80
(dynamic statement):

1. Weight of mass in the load node FEM-model
— 100 kN (one wheel NK-80).

2. Duration of interaction — 0,1 c.

3. Value of impulse — 9,8 kN s, is adopted an
impulse three-cornered form with a maximum in
beginning of interaction.

Nepoue... £
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For the account of the non-elastic behavior
FEM-model with damping of vibrations it follows
to set the coefficient of non-elastic resistance
which is equal 0,09.

Findings

After the task of the dynamic characteristics
FEM-model and parameters of the mobile loading,
calculations are conducted, minutes of which are
resulted in Addition. On fig. 3 and fig. 4 are pro-
duced results of calculation of the deformed state
of model on the mobile loading in the dynamic
statement.

Nepeme... |1
EEI

Fig. 3. Vertical movement in FEM-model only from action of the mobile loading NK-80:
a) — static statement; b) — dynamic statement

Horizontal
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Fig. 4. Isofields and isolines movement in the fragment of model with the depth of contour interval 10 m (fragment
of the station support) from own weight and NK-80 action

On fig. 3 are resulted for comparison of value
of the vertical movement FEM-model only for the
NK-80 influencing in the static and dynamic
statement. The comparative analysis of these sizes
gives possibility to testify that high-quality the pic-
tures of movement did not change, and in number

maximal stresses grew almost in three times (with
11 mm in static to 31 mm in the dynamic state-
ment). Sign «plus» near the vertical movements of
the dynamic statement it follows to be perceived
not as mathematical sign, and as his absence, so as
the dynamic movements from an impulse is given
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on the module, that is related to the specific of vi-
brations process, which has a scope (double ampli-
tude). Thus, 31 mm is the scope of vibrations, and
his half is amplitude, that 15,5 mm, and got in the
static statement it follows to compare 11 mm to
them. That the increase of movement in the pro-
cess of replacement of statement of task on dynam-
ic one takes place only on 1,4...1,45 times.

It is also visible from comparison of movement
in the static and dynamic statement, it is thus pos-
sible to mark the some changed character of their

Static statement
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distributing, and also practically identical quantita-
tive level (maximal vertical movement in the static
statement — 79 mm against 78 mm in dynamic). It
is thus possible to testify that on distributing of
movements the change of statement of task did not
influence practically.

For more detailed analysis there are the below
produced results of the stress state for the static
and dynamic statement (only for the case of con-
tour interval 10 m) (fig. 5).

Dynamic statement
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Fig. 5. Isofields and isolines stresses in FEM-models with the depth of contour interval 10 m (fragment of the station
support) from own weight and the NK-80 action

It is necessary to notice complete identity of
pictures of stresses for two statement, that high-
quality both static and dynamic statement are iden-
tical, that relationships, so as static force in the dy-
namic statement is regenerated on an impulse, but
not changed place of his supplement.

Except for a complete identity in a high-quality
plan, it is necessary to notice considerable quanti-
tative changes in the stress state: the horizontal
stresses in the dynamic statement unlike static one
was multiplied horizontal stresses in 1,96...2,0
times, vertical — in 1,98...2,0 times, tangential — in
1,95...1,96 times.

If to adopt possible an error in 5 %, it is possi-
ble to consider that all components of stresses grew
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in two times. Thus, if to divide dynamic stresses
into stresses in the static statement, we will get the
coefficient of dynamic, which is equaled p=2 and
answers the case of blow, which by us was substi-
tuted by an impulse.

From distributing of the stress components on
fig. 5 it is possible to testify that influencing of the
mobile loading NK-80 in the dynamic statement is
substantial. After equivalent stresses we will con-
duct a calculation as a table (table 1), on to the
points of stress concentration of the static state-
ment, which did not change the location (fig. 6).

Results of the table 1 testify that influence on
the stress state of the station construction NK-80
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(in the dynamic statement) is considerable — the
construction gets considerable cracking.
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Fig. 6. Points of stresses concentration in the station

construction

Thus, a calculation on the mobile loading at the
static statement, which SCN «Underground» regu-
lates as obligatory, can be considered verification,
and the case of the same loading in the dynamic
statement must be complex addition, which allows
to forecast possibility of the emergency situations,
which related to the large and extracurricular
trucks.

Table 1
Calculation of equivalent stresses after the fourth
theory of durability
Stresses, MPa Equivalent
stresses,
Numl_)er Normal | Normal | Tangential MPa/
of point on the on the on the Safety
axis X | axisZ | plane XZ coefficient
Point 1 28,5 10,6 -0,7 35/0,6
Point 2 -1,3 -65,2 -0,72 65,8/0,3
Point 3 -41,2 -33,6 -4.8 65,4/0,3
Point 4 -26,0 -52,6 8,6 71,0/0,3
Horizontal

Also we will conduct research of model which
is resulted on fig. 1, a, with diminishment of depth
of contour interval to 5 m. Before we will analyse
everything vertical stresses only from the NK-80
action (fig. 7), so as in the case of contour interval
5 m NK-80 already anymore operates on the sta-
tion construction, that it is visible from shorting of
isofield over a vault head and their distribution on

columns.
@-_;wth_\»,

Fig. 7. Vertical movement in a model from action of the
mobile loading NK-80 (dynamic statement)

On fig. 8 and fig. 9 results of calculation of the
station on the complex loading (own weight + dy-
namic moving from NK-80) of this model are re-
sulted. However the NK-80 influencing and in this
case remains insignificant in comparison with the
static statement. It testifies to the insignificant in-
fluencing of the NK-80 loading in the dynamic
statement on the deformed state regardless of depth
of contour interval.

High-quality character of distributing compo-
nents of stresses unlike a model with the depth of
contour interval changed considerably, also the
values of stresses quantitatively changed substan-
tially.

Vertical

Fig. 8. Isofields and isolines movement in the fragment of model with the depth of contour interval 5 m (fragment of
the station support) from own weight and the NK-80 action
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Fig. 9. Isofields and isolines stresses in FEM-models
with the depth of contour interval 5 m
(the fragment of the station support) from own weight
and the NK-80 action:
a) —normal on the axis X; b) — normal on the axis Z;
c) — tangential on the plane XZ
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However relationships of forming of the stress
state in the dynamic statement unlike static is fully
kept — high-quality character of isofields and iso-
lines is identical, and quantitatively in the static
statement is multiplied stresses on the coefficient
of dynamic, which is equaled p=2, that unlike stat-
ic was multiplied dynamic stresses in two times.
For this case also we will conduct a calculation of
equivalent stresses after the fourth theory of
strength (power) as a table 2.

Table 2
Calculation of equivalent stresses after the fourth
theory of durability
Stresses, MPa Equivalent
Number - stresses,
of point | Normal Normal | Tangential MPa /
on the on the on the Safety coef-
axis X axis Z plane XZ ﬁc}i,ent
Point 1 17,4 4,0 -0,46 19,8/1,1
Point 2 0,3 -43,0 1,52 43,0/0,45
Point 3 -22,6 -16,6 -3,2 34,6/0,6
Point 4 -22,6 -30,2 6,2 47,2/0,45
Conclusions

From findings in table 1 and table 2 it is visible,
that dependence of stresses on the depth of contour
interval is some nonlinear, so as stresses change
disproportionate depending on double diminish-
ment of depth of contour interval.

It is possible to testify from the conducted
analysis, that the complex analysis of the station
construction with conducting of static and dynamic
calculations allows to obtain more complete infor-
mation about SSS, which allows to estimate the
state of elements in different situations, some of
which more reliable result in emergency situations
and must be forecast.
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PEIIEHUE 3AJAYY NOJABUKHOMN HATPY3KH B JUHAMUWYECKOM
IHOCTAHOBKE

Heab. OcoOEHHOCTBIO CTATHYECKOI pabOThl TOHHENBHBIX KOHCTPYKIMH SIBISIETCS TO, YTO MX HAIPSKEHHO-
nedopMUpOBaHHOE cOCTOsIHME (POPMHUPYETCSl BO B3aMMOJICUCTBUU C OKPY)KaloIIMM maccuBoM. Ho nuHamudeckas
COCTaBJISIFOLIAst HANPSHKEHHO-1e(GOPMUPOBAHHOTO COCTOSIHUS TAKOTO POJia KOHCTPYKIMH TaKkKe 3HAYMTENbHAs, 110-
CKOJIBKY TOHHEJNbHbIE KOHCTPYKLHH BOCIPHUHHMAIOT, KpPOME IOCTOSHHOTO JEHCTBHSA OKPY’KAIOIIEro MAacCHBa,
CHEKTp AMHAMMYECKUX Harpy3oK. AHanu3upys KaxIbli BUI AUMHAMHUYECKOIO BOPAEHCTBHS, CIEAYET TAKXKE NaBaTh
€My OLICHKY C IO3UIUHU OTOOpa)KeHUs! B HOPMATHBHBIX JJOKyMEHTaX, HOCKOJIBbKY YUYeT OOJIBIINHCTBA TUHAMHYECKUX
JIEWCTBUH TOJIBKO JAEKJIAapHpyeTcsi B HUX Oe3 pa3paboTku Kakux-mnbo meroaunk. Meroauka. [l uccienoBaHus
BIIMSIHUS TIO/IBI)KHON Harpy3kd B TMHAMHUYECKOH IOCTaHOBKE MOJIENb U3MEHEHA JUIS TOTO0, YTOOBI KOPPEKTHO TPH-
JIOXKUTh HAarpy3Ky MEXly KOJIOHHaMH B BUAE UMITyJbca. Kak M MPOBEEHHOM HCCIIEIOBAHUH MOJBIKHON HATPy3KH
B CTaTHYECKOI ITOCTAHOBKE, B KOTOPOH OBLIO BBIACHEHO, YTO €r0 BIUSIHNE HA CTAHIIMOHHYIO KOHCTPYKIHUIO 3aBUCUT
0T NIyOMHBI 3aJI0KEHUsS, TP PEIICHUU ITOH K€ 331a4X B TMHAMUYECKOH IOCTAaHOBKE HCCIIEIOBAHBI JIBE MOJEIH C
riryOuHo# 3amoxenus S u 10 M. PesyabTaThl. 13 mpoBeneHHOr0 aHajln3a MOXKHO CBHIETEIHCTBOBATH, YTO KOM-
IUIEKCHBIM aHaJIN3 CTAHIMOHHON KOHCTPYKIMH C MPOBEJECHUEM CTATUYECKUX M JUHAMHUYECKUX PAcUETOB IO3BOIACT
HOJIy4uTh OoJiee MOJHYI0 MH(OPMAIMIO O HANpPSKEHHO-Ie(POPMUPOBAHHOM COCTOSHMH, KOTOpas IMO3BOJSET Olle-
HUTDb COCTOSIHUC 3JIEMCHTOB B PA3HLIX CUTYyallUAX, HEKOTOPLIC U3 KOTOPBIX BGpOﬂTHeﬁ MPUBOJAT K aBapHﬁHbIM CH-
TyaldsM ¥ JOJDKHBI ObITh mporHosupyembic. HayuHasi HoBW3HA. [IpoaHaIM3MPOBAHO BJIMSHUE IIOJABHKHON
Harpy3KH B CTaTHYECKOM M JUHAMU4ecKoil noctaHoBkax. IlpakTuyeckas 3Ha4MMOCTh. PacueTs! ctaHuuii MeTpo-
MOJIUTEHA MENKOM 3aKJIaJIKU TOMOIHSAIOTCS BaXXHBIM PAcdeTOM B JUHAMUYECKOM MOCTAHOBKE, a PE3yJNbTaThl TAKOIO
KOMIUIEKCHOTO aHaJI3a MOTYT CUNTAThCSI O0Jiee MOTHBIMU.

Kniouegvie crnosa: KONOHHAS CTAHIMSA; MEJIKOE 3aJI0KECHHUE; TTOIBIDKHASI HArPY3Ka; THHAMHYECKOE BO3ICHCTBHE;
HaIpspKeHHO-1e(OPMUPOBAHHOE COCTOSTHHE
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BUPIIIEHHS 3AJTIAYI PYXOMOI'O HABAHTAKEHHSI B
JUHAMIYHIA IIOCTAHOBIII

MeTta. OcoOuBICTIO cTaTHYHOI pOOOTH TYHENBHUX KOHCTPYKIIN € Te, 110 X HanpyXeHo-1e(hOpMOBAHUH CTaH
(opmyeTbCcst y B3aeMoii 3 HABKOJMIIHIM MacuBOM. AJle, y CBOIO 4Yepry, AWHAMIYHA CKJIQJI0OBa HaNpyXEHO-
J1e)OpMOBaHOTO CTaHY TAaKOTO POJY KOHCTPYKIIH TaKOXX BEJHMKA, OCKUIBKH TYHEJbHI KOHCTPYKIII CHpHUHMAIOTh,
OKpIM IOCTiIHHOI [Tii HABKOJIMIIIHEOTO MACHBY, CIIEKTP TMHAMIYHIX HaBaHTa)XCHb. AHANI3YI0UX KOXKEH BHJ AHMHAMI-
YHOI [ii, CITiJl TaKOXX JaBaTH HOMY OMLIHKY 3 TO3HIIii BiTOOpaKeHHS B HOPMAaTHBHUX JOKYMEHTaX, OCKUIBKH ypaxy-
BaHHS OUTBIIOCTI JUHAMIYHHUX Ail TUTBKH IEKIApY€EThCS B HUX 0€3 po3poOku Oyab-skux MeToank. Meroauka. J{is
JIOCTI/IKEHHS BIUIMBY PYXOMOTO HaBaHTAKCHHS B AMHAMIUHIN MOCTAaHOBIII MOJIENb 3MIHEHO ISl TOTO, 100 KOPEKT-
HO TPUKJIACTH HaBaHTAKEHHS MK KOJIOHAMH Y BHUITIAII IMITyJIBCY. SIK 1 MpOBEeAEHOMY IOCTIIKEHHI PyXOMOTO Ha-
BaHTaKCHHSI B CTATHYHIN IMOCTAHOBII, B sKii OyJi0 3’sCOBaHO, IO HOTO BIUIMB HA CTAHIIHHY KOHCTPYKINIO 3aJie-
KHTh BiJl TIIMOMHY 3aKJIafeHHs, IPH BUPIIIEHH] 1€l 5k 3aa4l B TUHAMIUHIH TOCTAHOBII JOCIIDKEH] AB1 MOjeNi 13
rnouHO0 3akianeHds 5 1 10 M. PesyabTaTn. 13 nmpoBeeHOro aHamizy MOXKHA CBITUMTH, 110 KOMILICKCHUAN aHaIi3
CTaHIIHHOI KOHCTPYKLIT i3 MPOBEICHHSAM CTAaTHYHUX Ta AUHAMIYHUX PO3PaxyHKiB J03BOJISIE OTPUMATH O1IbII IIOBHY
iHpOpMaIliI0 PO Hanpy>KeHO-1e()OPMOBaHUI CTaH, SKa JO3BOJISIE OLIHUTH CTAH €JIEMEHTIB B PI3HHX CHTYallisX,
JIesiKl 13 SIKMX BipOTiZHO NMPU3BOIATH N0 aBapiHUX CHUTYyallii i MoBHHHI OyTH mporHo3oBaHi. HaykoBa HOBHM3HA.
[IpoanamizoBaHO BIUTUB pPYyXOMOTO HABaHTAKEHHS B CTaTHYHIM Ta AWHAMiUHIA mnocTaHoBKaxX. IIpakTH4Ha
3HAYMMicTh. PO3paxyHKH cTaHLIl METPOIOJIITEHY MIIKOTO 3aKJIaJIeHHs JOIOBHIOIOTHCS BaKIIMBUM PO3PAaXyHKOM B
TUHAMIYHIA TOCTAHOBIII, a PE3yIFTATH TAKOTO KOMIUIEKCHOTO aHaJli3y MOKYTh BBaXKATHCS OLTBII IIOBHAMHU.

Knitouosi cnosa: KONOHHA CTaHIIA; MUIKE 3aKIAaJCHHSA; PyXOME HAaBaHTKEHHS, ITWHAMIYHA [Iis; HAIPYKEHO-
nedopMoOBaHUH CTaH
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