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Abstract. Ukrainian cities and villages have
been forced to become testing grounds for studying
and researching the impact of blasts on buildings
and structures of different structural systems due to
the constant artillery shelling and bombardments by
the russian federation’s armed forces. Ukraine’s
seaports are strategic facilities, so port infrastructure
is often damaged by russian drone and missile
attacks. The Odesa’s city port is the largest seaport
in Ukraine, so for studying and researching, as a
typical example, one of the damaged buildings of
this port was chosen.

The object of research — load bearing structures
damaged due to blast exposure of missile strike by
the armed forces of the russian federation.

The purpose of the research is to determine the
actual technical state of the building’s load-bearing
structures; to check ability to repairment of the
building.

The research included such stages as:

-visual inspection of the survived structures
after the missile strike;

-determination of the real concrete strength by
non-destructive methods;

-verification finite element method (FEM)
analysis of the building’s structural system, taking
into account the actual technical state and real
material properties;

-design of strengthening schemes for the
survived structures.
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facilities damaged or collapsed by russian attacks is
increasing day by day. Case study presented in this
research is typical and can be recognized as a
solution for other buildings.

Keywords. Russian missile attack; assessment;
repair; reinforced concrete structures; damage;
structural analysis

DESCRIPTION OF THE BUILDING

Ukrainian civil residential buildings and
infrastructure facilities have been forced to
become testing grounds for studying and
researching the impact of blasts on buildings
and structures of different structural systems
due to the constant artillery shelling and
bombardments by the russian federation’s
armed forces [1-8].

The administrative 3-storey cast-in-situ
building, measuring 36x24 m in plan is shown
in Fig. 1. The structural scheme of the building
is a reinforced concrete frame with shear walls.

The foundation of the building is a
reinforced concrete slab 500 mm in thickness.

The grid of columns is 6.0 x 6.0 m. The

cross-section of the columns is 400x400mm.
Reinforcement of the columns: longitudinal
rebars — 4016 (20) mm A400C, transverse
rebars — stirrups 8 A240C.

The beams are arranged in the locations of
the stairwells. The cross-section of the beams is
600x400 mm. Beam reinforcement:
longitudinal rebars - 4 lower and 4 upper
22A400. Transverse reinforcement of beams —
rebars 8mm, with a step of 150mm.

The shear walls are L-shaped in plan, located
at the corners of the building and in the middle
symmetrically to the central axes. The thickness
of the shear walls is 200 mm. The shear walls
are reinforced with mesh rebars 10, with a
spacing of 200mm.The floor slabs are 200 mm
in thickness. Reinforcement of the floor slabs
with mesh rebars 10, 14 mm, with a spacing
of100 (200) mm. The reinforcing cages are
located in the punching areas of floor slabs.

The partition walls are made of aerated
concrete blocks. The thickness of the external
walls is 400 mm, the internal walls are 100mm
in thickness.

Fig. 1. General view of the building before the missile attack

Puc. 1. 3aransHuii BUrisg OyaiBili 0 PaKeTHOT aTaku

COLLECTION OF DAMAGE DATA

The investigated building was partially
collapsed as a result of a blast exposure due to
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missile attack by the armed forces of the russian
federation in May 2022. The epicentre of the
explosion was located right next to the building,
at a distance of up to 10 m from the external
wall. According to witnesses, the shell-hole
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was up to 8 m in diameter and up to 4 m in out after liquidation of the blast consequences

depth. Neighbouring buildings were also and urgent emergency works. The general view

heavily damaged. of the partially collapsed building is shown in
Investigation of the structures was carried fig. 2.

Fig. 2. General view of the partially collapsed building
Puc. 2. 3aranpHuil BUTTISA YaCTKOBO 3pYHHOBaHOT Oy iBIIi

the building. A numerous columns had
Mechanical damages such as concrete damages located in the upper punching zone of
fractures, baring, deformations, ruptures, visual floor slabs (Fig. 3).
elongation of steel rebars was recorded during
the examination of 1st and 2nd floor columns of

Fig. 3.Concrete fractures of columns at punching zone of floor slabs
Puc. 3. PyiinyBanus 6eTOHY y 30H1 IPOJAaBIIOBAHHSA IUTUT KOJIOHAMH

Ind floor columns 2-3/G and 3nd floor (Fig. 4, 5). Significant concrete fractures,
columns 1-2/A had vertical deflections baring of steel rebars, and cracks with a width
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of more than 2mm were recorded during the fractures of the shear walls is located in the
examination of the shear walls. The concrete upper punching zone of floor slabs (Fig. 6, 7).

Fig. 4. Concrete fractures of columns Fig. 5. Vertical deflections of concrete columns
Puc. 4. PyiinyBanHst 6eTOHY KOJIOH Puc. 5. BeprukanbHi nepemimieHHs KOJIOH

W’" 11—».’“&‘-—"& o e -
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Fig. 6. Concrete fractures of shear walls Fig. 7. Wall with cracks more than 2mm wide
Puc. 6. PyiinyBaHHs OCTOHY CTiHH Puc. 7. Crina i3 TpiliuHamMu moHas 2 MM
DAMAGE DATA ANALYSIS exposure and the recommended measures to

repairing are given in Table 1.
Information on the main damages of the
load-bearing structures as a result of the blast
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Table 1. Typology of damaged structural elements
Ta6.. 1. Tunm nomkoIKEHUX KOHCTPYKIIIH
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N Type of damage Measures to repairing structural elements
0.
Column
1. | Concrete fractures, baring of steel rebars, vertical Demolishment and replacement of damaged
deflections structural elements
2. | Concrete fractures at punching zone of floor slabs
3. | Deformations, breaks, visual elongation of steel
rebars
Shear walls
4. | Concrete fractures, baring of steel rebars, vertical Partial demolishment and replacement of
deflections damaged structural elements
5. | Deformations, breaks, visual elongation of steel
rebars
Beams
6. | Shear cracks at the support zones more than 2mm Demolishment and replacement of damaged
in wide structural elements
7. | Concrete fractures of the beam-column
connections, deformation and baring of steel
rebars
Floor slabs
8. | Concrete spalling with baring of steel rebars at Strengthening of the punching zones, repair
the bottom surface and restoration of the bottom surface
9. | Concrete spalling without baring of steel rebars at | Repair and restoration of the bottom surface
the bottom surface
10. | Cracks at the bottom surface Repair of concrete cracks by injections

Table 2 shows the calculated indicators of
physical wear of structural elements and the

entire building.

Table 2. The extent of physical wear of survived structural elements
Ta6a. 2. Ctyniap (Hi3MYHOTO 3HOCY BUUTITUX KOHCTPYKTUBHHX €JIEMEHTIB

N Structural Par;tc;ngS fentlre Physical wear of the Ye - D

0. element ve, % ' structural element, ®., % | /100, %

1 Foundation slab 10 10 1

2 Columns 15 52 8

3 Shear walls 10 43 4

4 Floor beams 5 57 3

5 Floor slabs 30 52 16

6 Partition walls 10 15 2

7 Flooring 15 65 10

8 Stairs 5 25 1
Total amount 100 45

MATERIAL PROPERTIES

A non-destructive method was used to
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determine the real concrete strength of the
structural elements during the research. The
results of concrete strength measurement with
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concrete test hammer and ultrasonic method are

shown in Table 3.

Table 3. The results of concrete compressive strength measurement
Taba. 3 PesynbTaty BUMIpIOBaHHS MIIIHOCTI OETOHY Ha CTHUCK

:;I Structural element Average compressive strength fom, MPa The coefficient of variation, V
1. Column 27.9 0.11
2. Column 30.2 0.11
3. Column 28.7 0.12
4, Column 334 0.07
5. Shear wall 35.0 0.11
6. Shear wall 334 0.11
7. Shear wall 35.8 0.05
8. Shear wall 31.0 0.13
9, Shear wall 34.2 0.13
3 Shear wall 326 0.07
STRUCTURAL ANALYSIS OF THE without a superstructure, scheme N2

DAMAGED BUILDING

Three restoration schemes of the building
were considered in this research: scheme Nel—

— 2-story reinforced concrete superstructure,
scheme Ne3— 2-story superstructure made of
steel structures (Fig. 8).

Fig. 8. The restoration scheme with a superstructure made of steel structures
Puc. 8. Po3paxyHkoBa cxema i3 HaOyIOBOIO 3i CTaJeBUX KOHCTPYKIIIH

Numerical analysis of the

restoration

schemes was developed taking into account the

reduced characteristics of

concrete

(compressive strength corresponding to C12/16
was taken instead of compressive strength
corresponding to C16/20) and reduced
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reinforcement due to damages caused by blast
exposure. Geometrical parameters of the
building, mechanical characteristics of
materials, loads and load combinations are
assumed to be the same for each restoration
scheme.
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The maximum values of longitudinal According to the results of the structural
internal force N in the columns for the most analysis of different restoration schemes and
unfavorable load combination were: national regulations [9-11] conclusion about the

e Without a superstructure — 1138 kN; possibility of 2-story superstructure made of
ewith  2-story  reinforced concrete steel structures without strengthening the
superstructure — 2100 kN; foundation was made. In addition, columns and
e With 2-story superstructure made of steel shear walls have to be strengthened. The
structures — 1942 kN. The minimum punching shear zones of floor slabs also have to
values of columns’ load-bearing capacity be strengthened.
ratio were:
e Without a superstructure — 1,15 (reserve is REPAIRMENT AND TECHNICAL
15%); SOLUTIONS
ewith  2-story reinforced concrete
superstructure — 0,78 (deficient load- The method of strengthening with steel casing
bearing capacity); has been recommended in order to restore the
e With 2-story superstructure made of steel load-bearing capacity and serviceability of
structures — 0,84 (deficient load-bearing damaged columns and shear walls (Fig. 9).
capacity).
sz 77y | o e
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Fig. 9. Recommended strengthening schemes of vertical structural elements: a — columns; b — shear walls
Puc. 9. PexoMeH10BaHI CXeMU MiICUIICHHS BEPTHKAIFHIX KOHCTPYKIIii: a) KOJIOH; 0) CTiH

The restoration of damaged areas of floor recommended to restore by using angle braces
slabs has been recommended to be accomplished (Fig. 10).
using the increasing method. The
punching shear zones of floor slabs have been
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Fig. 10. Schemes of strengthening recommended of horizontal structural elements: a — punching shear zones; b
— floor and roof slabs

Puc. 10. Pekomenn0BaHi1 cXxeMu MiJICUICHHS TOPU30HTAIBHUX KOHCTPYKIIH: a) 30HH [TPOAABIIOBaHHS; 0) MIUT
IIEPEKPUTTS 1 HOKPUTTS
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CONCLUSIONS

Based on the results presented in this
research, the following conclusions were
drawn:

1 Blast exposure due to missile strike
inflicted by the armed forces of the russian
federation caused partial collapse of the
building. The degree of damage (physical
wear) to the load-bearing structures of the
surviving building after the explosion is 45%
which corresponds to ‘unsuitable for normal
serviceability’ state. This state of building
requires to restoration and strengthening of
structural elements.

2 Numerical analysis of the restoration
schemes have demonstrated the possibility of
realization 2-story superstructure made of steel
structures, provided that columns, shear walls
and punching shear zones of floor slabs have
been strengthened according to recommended
methods.

3 Strengthening of damaged columns and
shear walls has been recommended by
performing steel casing. The punching shear
zones of floor slabs have been recommended
to restore by using angle braces.
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OIIIHKA TA BIJIHOBJIEHHSA
3AJIIBOBETOHHUX KOHCTPYKIIMH,
110 MOIKO/IY)KEHI BHACJIJI0OK
POCINCBHKOI PAKETHOI ATAKU

Bnaoucnas IIIEXOBI]OB,
Onee DECEHKO,
Bikxmop MAJIAXOB,
€seen JIMUTPEHKO

AHoTtanis. Yepe3 TOCTIiHI apTHIIEPIHCHKi
o0cTpiiu Ta OGoMOapayBaHHS 30POMHUMU CHIIAMU
Pociiicekoi @enepanii ykpaiHChki MicTa Ta cena
OyJu 3MYIICHI CTaTH MOJIITOHAMH JJISI BUBUEHHS Ta
IOCHIKEHHS BIDIMBY BHOYXiB Ha OymiBm Ta
CHOPYAX PI3HUX CTPYKTYPHHX cucTeM. Mopchbki
MOPTH YKpaiHU € CTPATeriyHUMU 00’ €KTaMHU, TOMY
MOpTOBA iHppacTpyKkTypa 4acTo 3a3Hae
MTOTIKO/DKEHb Bill POCIMCHKUX OE3IMIOTHUKIB Ta
paker. OngecbkUii MICBKHH TOPT € HaHOUIBILIUM
MOPCHKHM ITOPTOM YKpaiHu, TOMY JIJIsl BHBUEHHS Ta
JOCITDKEHHSI, SIK TUTIOBUH TPHKIaz, 0yiao oOpaHo
OJIHY 3 TOIIKO/KEHUX OYy/IiBeNb LHOTO MOPTY.

OO0’exT MOCHIKEHHS — HECy4i KOHCTPYKIIIi,
MOIIKO/PKEHI  BHACHIJOK BHUOYXOBOTO  BIUIMBY
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pakeTHoro ymapy 30poitHux cun Pocifickkoi
Ddeneparii.

MeTo10 IOCIIHKCHD € BU3HAYCHHS (PaKTHIHOTO
TEXHIYHOT'0 CTaHy HECYYUX KOHCTPYKIIii Oy TiBJIi Ta
nepeBipKa X MPUIATHOCTI 0 PEMOHTY.

JocnimkeHHs BKIIOYANO0 TaKi eTam, sK:

- BI3yaIbHHHA OTJIAN YHUIUTMX KOHCTPYKITiH
MIiCIIst pAaKETHOTO yIapy;

- BU3HAYCHHSI peEalbHOI MIIHOCTI OeToHy
HEepyHHIBHUMHU METOJaMU;

- TIepeBipOYHUI  aHami3  KOHCTPYKTHUBHOL
CUCTEMHU OYJiBJII METOJOM CKiHYCHHUX EJIEMEHTIB
(MCE) 3 ypaxyBaHHsM (PaKTHYHOTO TEXHIYHOTO
CTaHy Ta BJIACTUBOCTEW pealbHUX MaTepialis;

- TPOEKTYBaHHS CXEM IOCHJICHHS BILTLINX
KOHCTPYKIIii.

KinpkicTh LMBIIBHUX OyJIiBedb Ta 00 €KTIB
1H(GPACTPYKTYpH, TOIMIKOPKEHUX a00 3pyifHOBaHUX
POCIICEKMMU aTakaMH, 3pOCTa€ 3 KOXXHUM JIHEM.
[Ipuximaz, npencraBieHU# y IbOMY JAOCHTIHKEeHHI, €
TUIMOBUM 1 MOXe OYTH BU3HAHWU PIllICHHSAM ISt
IHITIIX OYTiBEIb.

Kuarouori caoBa. Pociiickka pakeTHa araka;

OLIHKA; PEMOHT; 3aJ1i300€TOHHI KOHCTPYKLII;
MONIKOJPKEHHS, PO3PaXxyHOK KOHCTPYKIIH

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 16/2025



