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ANALYSIS OF THE IMPACT

OF THE CONSTRUCTION TECHNOLOGY

OF A COLUMN-TYPE METRO STATION

ON THE STRESS-STRAIN STATE OF ITS STRUCTURE

Purpose. The purpose of the scientific research is to analyze the influence of the construction technology of the
metro column station on the stress-strain state of its structure. The achievement of this goal is based on the numeri-
cal analysis of the metro column station, during which the construction stages of the underground facility are taken
into account. Methodology. To calculate the stress-strain state of the column-type station structure at different stag-
es of the station lining construction, the modern LIRA-CAD calculation complex was used. Eight stages of the sta-
tion construction were considered, for which finite element models were developed. After creating finite element
models for the eight stages of the column station construction, a numerical analysis was performed. Findings. The
main results of the work demonstrate that the correctly selected construction technology is critically important for
ensuring the stability of the station structures and minimizing the risks of deformations in the soil. The study consid-
ers the stages modeling of the station construction using the LIRA-CAD software package. Thanks to this, accurate
data on the structural performance of the structure at different stages of construction were obtained. The results ob-
tained allow to state that the proposed construction technology provides high reliability and durability of the column
station, and also minimizes the negative impact on the rock massif. This is confirmed by low settlement values and
uniform stress distribution in the structure. Moreover, the proposed safety measures and recommendations for moni-
toring the condition of structures can be used to increase the efficiency of the station operation in the future. Origi-
nality. The originality lies in the fact that the analysis of the results showed that the greatest stresses occur in the
connection zones of the central and side tunnels, which requires special attention to the design and construction of
columns and lining of the station. Practical value. The practical value lies in the fact that the developed recommen-
dations for strengthening stressed zones allow to significantly increase the safety of operation.
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process as well as that of the rock massif (Kuesel,
King, & Bickel, 2012).

The structures of the column-type metro sta- The structural scheme of the column station
tions, that are constructed by a closed method with  (Fig. 1) involves combining the track tunnels and
the sequential construction of individual station the distribution hall into a single structure.
tunnels (Kolymbas, 2005; Chapman, Metje, & Thanks to this approach, unlike pylon stations
Stark, 2010), should be verified according to the (Bannixos, Kympiii, & Boruenko, 2021), the de-
calculation schemes that provide for different of sign of column stations allows for efficient use of
the stress-strain state (SSS) stages of the structure  space and materials due to the close arrangement
and its individual parts during the construction of tunnels (Liberati, Marques, Leonel, Almeida, &

© V. P. Kuprii, Baochun Chen, Dongdong Wang, S. V. Honchar, 2025 Creative Commons Attribution 4.0 International

78

Introduction




ISSN 2413-6212 (Online), ISSN 2227-1252 (Print)

MocTH Ta TyHelli: Teopisi, T10CHiTKeHHs, MPaKTHKa, 2025, Ne 27

MOCTHU TA TYHEJIIL: TEOPIA, JOCIIDKEHH, [TIPAKTUKA

Trautwein, 2019). It should be noted that the load
from rock pressure on the side station tunnels of
the column station changes during its construction
(Liu, Luo, & Mei, 2000).
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Fig. 1. Scheme of the column station:
1 — lining of the station tunnel; 2 — shaped blocks;
3 — lintel beam; 4 — column

During the construction of the side station tun-
nels, in addition to normal blocks, shaped blocks
are placed in the lining, on which the vault of the
lining of the central station tunnel rests. Thus, at
the stage of the central station tunnel construction,
the entire load from rock pressure on the station
lining is transmitted through them to the lintel
beam and to the columns.

For a long time, the force method was used to
calculate tunnel structures, in which the structure
was loaded with a design load, which replaced the
action of the rock mass. Most often, the structure
was calculated already at the operation stage, not
taking into account the construction stages, at
which the structures are subjected to greater loads
than at the operation stage. Also, tunnel lining cal-
culations involve many assumptions that simplify
the calculations and, as it is believed, reduce their
accuracy.

The use of the finite element method (FEM) al-
lows for tunnels to be calculated taking into ac-
count their interaction with the surrounding rock
massif (Pande, Beer, & Williams, 1990; Pang,
Yong, & Dasari, 2005; Deb, 2012).

Purpose

The purpose of the scientific research is to ana-
lyze the influence of the construction technology
of the metro column station on the stress-strain
state of its structure. The achievement of this goal
is based on the numerical analysis of the metro
column station, during which the construction
stages of the underground facility are taken into
account.

Methodology

To calculate the stress-strain state of the col-
umn station structure at different stages of the sta-
tion lining construction, the modern LIRA-CAD
calculation complex was used (Ilerpenxo, B. I,
Ierpenxo, B. ., & Trotekin, 2004; Kolymbas,
2005; Chapman, Metje, & Stark, 2010; Kympiii,
Trotekin, & 3axapuenko, 2017). The SSS results
are presented further in the form of isofields of
stresses and strains (Kuesel, King, & Bickel, 2012;
Sun, Dias, Guo, & Li, 2019; Zhou, Mei, Ke, Liu, &
Xu, 2024).

For the successful solution of the problem of
calculating the column station structures SSS at
different stages of construction, the type of calcula-
tion scheme adopted and the degree of idealization
of the actual station structure are of great im-
portance. The developed finite element model of
the soil massif has dimensions of 44x64 meters
(Fig. 2).

Eight stages of the station construction were
considered, for which finite element models were
developed:

Stage 1. The initial state of the soil massif is
calculated without any construction intervention.

Stage 2. The soil in the area of the left station
tunnel is excavated and the lining is installed.

Stage 3. Columns and lintel beams are in-
stalled.

Stage 4. The soil is being excavated in the area
of the right station tunnel and the lining is in-
stalled.

Stage 5. The columns and the lintel beam are
installed.

Stage 6. The soil of the upper ledge in the cen-
tral tunnel is excavated. The lining of the upper
vault is installed.

Stage 7. The soil of the middle ledge in the cen-
tral tunnel is excavated. Parts of the lining blocks
that extend beyond the columns into the central
tunnel are removed from the side tunnels.

Stage 8. The soil of the lower ledge in the cen-
tral tunnel is excavated. The invert of the lining is
installed.

Below are the finite element models according
to the stages of construction. Stage 1. The finite
element model of the column station and the soil
mass is calculated without any construction inter-
vention. The developed finite element model of the
soil mass is verified under the self-weight load.
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Fig. 2. Finite element model of a column station and soil massif

Stages 2 and 3. The soil is excavated in the area
of the left station tunnel with the installation of the
lining and columns with a lintel beam. A fragment
of the finite element model in the second stage of
the model calculation is shown (Fig. 3).
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Fig. 3. Finite element model for stage 3

Stages 4 and 5. At the design distance from the
left station tunnel, the soil is excavated in the area
of the right station tunnel and the lining with col-
umns and a lintel beam is installed (Fig. 4).
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Stage 6. After the installation of the lining in
the side station tunnels and the installation of the
columns with lintel beams, the soil of the upper
ledge in the central tunnel is excavated. The upper
vault lining is installed. A fragment of the finite
element model of the sixth stage is shown (Fig. 5).
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Fig. 5. Finite element model for stage 6

Stage 7. The soil of the middle ledge in the cen-
tral tunnel is excavated. From the side of the side
tunnels lining, part of the lining blocks that extend
beyond the columns into the central tunnel at the
passage point are dismantled.

During the passage of the middle ledge of the
central station tunnel, the elements of the tempo-
rary filling of the side station tunnels at the pas-
sageways are dismantled, but only after the instal-
lation of the upper vault. At this stage, all the load
from the linings is transferred to the supporting
shaped elements, and through them to the lintel
beam and columns. Fig. 6 shows a fragment of the
finite element model for the seventh stage of model
calculation.
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Fig. 6. Finite element model for stage 7

Stage 8. The soil of the lower ledge in the cen-
tral tunnel is excavated and the lining invert is in-
stalled. Fig. 7 shows a fragment of the finite ele-
ment model for the eighth stage of model calcula-
tion.
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Fig. 7. Finite element model for stage 8

After creating finite element models for the
eight stages of the column station construction, a
numerical analysis was performed.

Findings

At the first stages of the side station tunnels
construction, the influence of technology is insig-
nificant. The main increase in SSS in the station
elements starts with the development of the central
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station tunnel (the sixth stage, i.e. the development
of the upper ledge of the central tunnel). The anal-
ysis shows, that the forces increase asymmetrically
in the linings of the side station tunnels (Fig. 8).
Part of the load through the shaped tubing elements
is transferred to the columns, in which the com-
pressive forces increase by two times.
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Fig. 8. Force isofields in the lining (stage 6)

A significant increase in SSS in the station el-
ements occurs during the excavation of the middle
ledge of the central station tunnel and the disman-
tling of the lining parts of the side station tunnels at
stage seven. In this case, the entire load, both from
the side linings and from the vault of the central
tunnel lining, is transferred through the shaped tub-
ing elements to the columns, in which the com-
pressive forces increase several times (Fig. 9).
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Fig. 9. Force isofields in the lining (stage 7)

Fig. 10 shows a mosaic of the normal forces
values in the lining and columns of the station at
stages 6 and 7 of construction.
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Fig. 10. Mosaic of normal forces values in lining and columns of the station
at the sixth (left) and seventh (right) stages of construction
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At this stage, the greatest forces occur in the
column. The same forces are transmitted to the
lintel beam from each open ring of the side and
central tunnels in the passage openings. An im-
portant condition of the construction technology is
also the simultaneous inclusion in the operation of
both columns located in one cross-section of the

station.

Fig. 11 shows the scheme of loads impact on
the lintel beams above the passage opening and the
stress state in it at the stage of the central station
tunnel excavation. Forces are transmitted to the
lintel beam from the shaped supporting elements,
which are part of the station lining vaults.
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Fig. 11. Scheme of a column station at the passageways with a lintel beam:
1 — column; 2 — lintel beam; 3 — normal forces; 4 — shaped elements

According to the obtained calculation results of
all stages, it is possible to analyze the history of
changes in forces in each tunnel lining and each
column. The graphs of Fig. 12-13 present the
change in normal forces and bending moments,
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respectively, which allows to analyze the increase
in SSS in the station structures and clearly see the
transition of forces from the station linings to the
columns during the excavation of the central tun-
nel.
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Fig. 12. Graph of changes in the largest normal forces in linings and columns
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Fig. 13. Graph of changes in the largest bending moments in linings and columns

SSS analysis of the column station structure
and the surrounding soil massif at different stages
of construction allows to determine the maximum
forces and to change the technology of station
structures constructing depending on the stresses
and deformations occurring in them.

Originality and practical value

The originality lies in the fact that the analysis
of the results showed that the greatest stresses oc-
cur in the connection zones of the central and side
tunnels, which requires special attention to the de-
sign and construction of columns and lining of the
station. The practical value lies in the fact that the
developed recommendations for strengthening
stressed zones allow to significantly increase the
safety of operation.

Conclusions

The main results of the work demonstrate that
the correctly selected construction technology is
critically important for ensuring the stability of the
station structures and minimizing the risks of de-
formations in the soil. The study considers the
modeling of the station construction stages using
the LIRA-CAD software package. Thanks to this,
accurate data on the SSS of the structure at differ-
ent stages of construction were obtained.

The results obtained allow to state that the pro-
posed construction technology provides high relia-
bility and durability of the column station, and also
minimizes the negative impact on the rock massif.

This is confirmed by low settlement values and
uniform stress distribution in the structure. Moreo-
ver, the proposed safety measures and recommen-
dations for monitoring the condition of structures
can be used to increase the efficiency of the station
operation in the future.
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AHAJII3 BILIMBY TEXHOJIOT'I CIIOPY J’KEHHS
KOJIOHHOI CTAHIII METPOIIOJIITEHY
HA HAIIPYKEHO-IE®OPMOBAHUM CTAH ii KOHCTPYKIIII

Meta. MeTor0 HayKOBOTO JTOCHI/KEHHS € aHaJIi3 BIUIMBY TEXHOJIOTIT CIIOPYXKEHHS KOJIOHHOI CTaHIil METPOIIO-
JTEeHy Ha HanpyxXeHo-aehopMoBaHuii cTaH ii KoHCTpyKnii. JlocArHEHHS i€l METH IPYHTY€EThCS Ha TIPOBEICHHI YH-
CEJIHOTO aHaJli3y KOJOHHOI CTaHIii METpPOIOiTeHy, IiJ 9ac SKOTO BPaxOBaHO CTafii CIIOPYIKEHHS MiI3eMHOTO
00’exTy. Metoauka. /Iy po3paxyHKy HanpysKeHO-1e(opMOBaHOTO CTaHy KOHCTPYKIT KOJOHHOI CTaHIIT Ha Pi3HUX
CTalisfAX CHOPYMKCHHS CTAHIIHUX OIpaB BUKOPHUCTOBYBABCSA CyJacHHH po3paxyHKosuii komrmiekc JIIPA-CAIIP.
Bymno posrmsHyTO BiciM cTaii OyIiBHHUIITBA CTAHIII, A IKHX PO3POOISUIHUCS CKIHIEHHO-eleMeHTHI Moaeni. [licis
CTBOPEHHSI CKIHUEHHO-EJIEMEHTHUX MOJeJed Jilsi BOCbMH CTajliii OyAiBHUITBA KOJOHHOT cTaHLii OyB NMpoBeleHUi
yucenbHUi aHaii3. Pe3yabrarn. OCHOBHI pe3ynbTaTd poOOTH IEMOHCTPYIOTh, 10 MPAaBHILHO 00paHa TEeXHOJIOTis
CHOPYJUKEHHSI € KPUTHYHO BaXKJIMBOIO JUIs 3a0€3Me4YeHHs CTIHKOCTI KOHCTPYKLIHM CcTaHIil Ta MiHIMi3auii pu3MKiB
nedopmariiii y rpyHTi. Y poOOTi PO3IIISHYTO MOJEIIOBAHHS CTafiil OYIiBHHUIITBA CTAHINI 32 JOMOMOTOK IMPOrpaM-
Horo komrekcy JIIPA-CAIIP. 3apnsaku npomy Oyno orpumano touHi mai npo HJIC koHCTpyKIIii Ha pi3HUX eTamax
criopymkeHHsl. OTprMaHi pe3yabTaTH J03BOJIIIOTh CTBEPIKYBATH, IO 3alpPONOHOBAHA TEXHOJIOTiS OyAiBHUIITBA
3abe3nedye BUCOKY HaJiMHICTh 1 JOBIOBIUHICTh KOJIOHHOT CTaHIi, a TAKOXX MiHIMi3y€ HEraTUBHUI BIUIMB HA ripChb-
kui mMacuB. Lle miaTBepKY€EThCS HU3BKUMH 3HAYEHHSMH INPOCIIAaHHS Ta PIBHOMIPHUM PO3IIOJIIOM HAIPY>KEHb y
KoHcTpykuii. KpiM Toro, 3anponoHoBaHi 3axoau 0e3Meky Ta peKOMEHIAL] 110/I0 MOHITOPHUHTY CTaHy KOHCTPYKIIH
MOXYTb OyTH BUKOPHCTaHI JUIsl IMiIBUIEHHS e()eKTUBHOCTI eKCIuTyaTanii craHliid y MmaiioyrHroMy. HaykoBa HOBH-
3Ha. HaykoBa HOBH3Ha moJisirae B TOMY, 1110 aHAJI3 pe3yJIbTaTiB [T0Ka3aB, 1110 HAHOUIBII HAIIPY)KEHHS! BAHUKAIOTD Y
30HaX CIIOJYYEHHS IEHTPAJIbHOrO Ta OOKOBHX TYHEINIB, 10 BUMAarae ocoOJIMBOI yBar 10 MPOEKTYBAHHS Ta MOHTa-
Ky KOJIOH i1 ompaB ctaHuii. [IpakTu4yHa 3HaunMicTh. [IpakTidHa 3HAYMMICTB TOJISITAE B TOMY, IO pO3poOIIeHi pe-
KOMEH/IAIIi1 1010 TIOCUJICHHS HaNPYXEHUX 30H JI03BOJISIIOTH CYTTEBO MMiJBUIINTH O€3IEKY eKCIUTyaTallii.

Kntouogi croea: METpOTIONITEH; CTAHIIiSI KOJIOHHOTO THITY; HAallpy»XeHO-/1e(OPMOBAaHUH CTaH; MpoIec Oy IiBHUII-
TBA, YUCEIbHUM aHaIi3
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