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Abstract. The article is devoted to the study of
excess (over)pressure acting on building floor slabs
when an explosion occurs at short distances from
their surface The relevance of the work is due to the
fact that the current codes and calculation practices,
in particular the provisions of the UFC 3-340-02 and
M. Sadovskiy formulas, are mainly focused towards
larger distances from the explosion and do not take
into account a local nature of the load that arises in
the case of a close detonation. This potentially leads
to significant deviations in assessing the real level
of blast impact on structural elements.

The aim of the study is to develop and
approximate a realistic relationship between the
peak overpressure, the distance to the floor surface,
and the mass of the explosive charge for explosions
at distances up to 2 m. To achieve this goal, a series
of numerical experiments was performed using the
Ansys software package. The computational model
represents a composite steel-reinforced concrete
floor slab with overall dimensions of 12 X 6 m,
supported by steel beams with perforated webs, first
considering all structural components and later in a
simplified form with different slab thicknesses.
TNT-equivalent charges of 50, 75, and 100 kg were
considered at stand-off distances of 0.5, 1.0, 1.5, and
2.0 m from the surface.

Obtained results demonstrates that most
commonly used codes significantly overestimate
the peak pressure at short distances: by 4-9 times
according to UFC 3-340-02 and by 2-5 times
according to M. Sadovskiy formulas compared with
the numerical simulation. A significant influence of
the slab stiffness on the pressure magnitude was
revealed. It was established that the pressure-
distance relationship has a distinct nonlinear
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dependency, while the dependence on the explosive
mass is almost linear.

Based on the obtained data, new analytical
relationships for estimating the peak overpressure
are proposed, including a generalized formula using
scaled distance parameter adapted for explosions at
short distances. The proposed expressions were
validated against series of numerical experiments
and can be used for engineering assessment of blast
loads on floor slabs at close distances from their
surface. In addition, the failure patterns of the
structure were studied, and the main directions for
strengthening were identified: increasing the slab
thickness and improving the anchorage of steel
beams to prevent uplift and separation.

Keywords: blast loading; composite structures;
hybrid structures; cellular beams; overpressure.

INTRODUCTION

Traditional approaches to assessment of
blast loads, both abroad [1, 2] and in Ukraine
[3], are focused on the averaged action on the
structure as a whole and do not reflect the local
effects typical for detonations at close distances
[4, 5].
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They are assuming explosions at relatively
large distances (tens and hundreds of meters
from the structure) and determining an
overpressure acting on the entire structure
rather than locally. According to DBN V.1.2-
4:2019 [3] most shelters are required to be
designed for the effect of an overpressure at the
front of the air shock wave of at least APs= 100
kPa (1 kg/cm?), and within the boundaries of
areas and sanitary-protection zones of nuclear
power facilities - APf = 200 kPa (2 kg/cm?).
Design requirements for critical infrastructure
facilities are set at levels between Ps= 100 kPa
(1 kg/cm?) and Pf = 500 kPa (5 kg/cm?),
depending on their type.

Ukrainian scientific publications [6, 7, 8] in
most cases refer to M. Sadovskiy formulas,
although some of them include wider selection
of methods [8]. General laws of explosion
scaling and shock waves reflection by
obstacles are systematized in engineering
handbooks for blast resistant buildings [10].
UFC 3-340-02 [1] document by U.S.
Department of Defens widely directly and
indirectly mentioned in articles [8, 9] and
guidelines makes it possible to -calculate
overpressure individually depending on the
type of explosion (airburst, surface burst, etc.)
and the distance to it. However, methods
intended primarily toward large distances have
a high probability for significant errors as the
detonation point approaches closer to the
structure. At small distances, the shock-wave
front undergoes substantial deformation, and
the contribution of reflected pressure increases
sharply, which is not taken into account in
simplified approaches suggested in commonly
used codes of practice [11, 12, 13].

As a part “Hybrid floor with castellated
beams under accidental (blast) loading” PhD
research it was decided to additionally
investigate overpressure levels created by blast
at small distances from the floor surface and
obtained values with existing common
practices. As some of the previous numerical
studies for protective structures also confirm a
significant discrepancy between analytical
formulas and the actual stress values for
explosions at small distances [14].
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RESEARCH PURPOSE AND GOALS

Purpose of this work is to approximate a
realistic relationship of peak overpressure from
the distance to surface and amount of
explosives for detonation points up to 2 m
above the slab surface. Previous studies [15, 16]
have shown that for detonations at small
distances local impulse on a structural element
dominates over the area-averaged pressure,
which justifies the need to develop separate
relationships for blasts at small distances.

Goals:

- to develop a sufficiently accurate model
of a composite floor slab with
castellated beams subjected to a blast
load with a detonation point at 0.5m
above its surface;

- to study the ways in which composite
floor failures under defined blast
loading and make a conclusions on
possible model/structural
improvements and further research
possibilities;

- to create a series of models simulating
explosions of 50, 75, and 100 kg of TNT
at distances up to 2 m from the slab
surface;

-to approximate the relationships
between peak overpressure and a
detonation point distance to the slab for
a constant (fixed) explosive charge;

-to approximate the relationships
between peak overpressure and the
explosive charge for a constant (fixed)
detonation point distance to the slab;

- to derive a general relationship for the
peak overpressure acting on the slab as
a function of two parameters:
detonation point distance to the slab and
amount of explosives.

OVERPRESSURE CALCULATION
PRACTICES ACCORDING TO
UFC 3-340-02 AND
M. SADOVSKIY FORMULAS

For a free spherical explosion of
trinitrotoluene (TNT) in air above the ground
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surface at sea level, UFC 3-340-02 [1] provides
graphs of the main blast wave parameters, as
shown in Fig. 1. To ensure that the relationships
simultaneously account for both the distance
from the explosion and the amount of
explosives, the scaled distance parameter Zis
introduced (1):

R
Z = : 1
W @
where R — distance to detonation point, in
feet;

W — amount of explosives in TNT
equivalent, in pounds.

Basic values on these charts are the incident
overpressure P,,and the reflected overpressure
from a perpendicular surface B.. In this case,
both values are defined in pounds per square
inch (psi).

As an example by using above method for
spherical air burst of 50 kg of TNT at a distance
of 0.5 m from a 12x6 m slab following
overpressure values are obtained:

Detonation point distance:

R = 0.5m (1.64 ft)

Amount of explosives:

W = 50kg (110.23 lbs)

Scaled perpendicular distance:

R 1.64 ft

W Y0z o st

P. = 40000 psi = 275.79MPa =
= 275790kPa
Similar  values were calculated for
detonation pointsat 1.0, 1.5, and 2.0 m from the
slab surface. Results are presented in Fig. 9 and
in the summary Table 1.

Z

Scaled l-:)uu:*c:z.- ‘R'\l‘;v "
Fig. 1 Positive phase shock wave parameters for a spherical TNT explosion in free air at sea level [1]
Puc. 1 [TapameTpu ¢a3u 1oJaTHOTO THCKY IS BUTBHOTO chepHIHOTO BHOYXY Y MOBITPi TPOTHIIY Ha PiBHI

mopst [1]

M. Sadovskiy formulas [6, 7, 8] introduce
similar relative distance parameter R (2):

AP _0,084+0,27+0,7
TR TR TR @)
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For detonation point at 0.5m from the slab

surface and 50kg TNT charge:

R = R _05 =0.136
¢ Y0

, _0,084+ 0,27 . 07
¢ 70136  0.1362 ' 0.1363
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= 293.49MPa = 293490 kPa

Similar  values were calculated for
detonation pointsat 1.0, 1.5, and 2.0 m from the
slab surface. Results are presented in Fig. 9 and
in the summary Table 1.

COMPUTATIONAL MODEL TO STUDY A
FAILURE MECHANISM

Recent studies demonstrate that the
evaluation of blast effects requires advanced
numerical approaches capable of accurately
reproducing shock wave propagation, nonlinear
material response, and structural damage
processes [14] . Using computational models to
analyse damaged structures allows a transition
from limit-stress assessment to the evaluating
actual residual load-bearing capacity of
elements after local failures [17].

Computational model was developed using
ANSYS software package [14, 18, 19].
Material properties were defined using
Engineering Data module, ANSYS
DesignModeler was used to create geometry
and numerical analysis was performed by
Explicit Dynamics module based on ANSYS
Mechanical.

To study failure mechanisms and summarize
possible improvements first model was done as
fully detailed hybrid 12x6m precast-steel floor
with 12m cellular beams at 3m spacing and
composite action provided. Slab thickness - 150
mm, concrete class - C35/40.

Beam considered to be produced by splitting
and welding back together UKB 406x178x74
rolled I-section according to the British cross-
section tables. Steel grade - S355, welded
section depth - 576 mm, web openings diameter
- 400 mm.

Slab considered precast with connecting
reinforcement loops going around the headed
shear studs welded to the steel cellular beam.
Reinforcement loops are 16 mm in diameter
and with B500B steel grade. Headed studs are
19 mm in diameter, 125mm heigh and are made
with  S235J2+C450 steel grade. Slab
reinforcement loops spacing is same as welded
studs spacing, which is equal to 305 mm.
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Structural system was initially designed for
a live load of 5 kN/m? and superimposed
permanent load of 1 kN/m?, which together
with slab self-weight gives a total of 4.8 kKN/m?2.
Design was carried out according to EN 1994-
1-1 (Eurocode 4) [20, 21, 22].

Model parameters:

- detonation point distance to the slab
surface: 0.5 m;

-type of explosives: trinitrotoluene
(TNT);

- amount of explosives: 50 kg shaped as
cube with a side dimension of 313 mm
(density 1630 kg/m?);

- computational limitation of the blast
zone: 1.5 x 5.9 X 11.9 m measured from
the lower flange of the beam;

- material behavior: elasto—plastic;

- failure criteria: relative strain of 0.15 for
steel beams and welded studs, and 0.05
for reinforcement loops and reinforced
concrete;

- additional element erosion criteria:
element time step below 5x107c (At =
0.9 - (L/c), where L - diagonal or linear
dimension of the element, and ¢ — speed
of sound in the material);

- total simulation time— 0,05¢;

- maximum allowable element velocity:
14000 m/s (approximately twice the
detonation velocity).

Model failure mechanism is shown in Fig. 2.
Two specific deformation zones can be
identified. Zone A of maximum overpressure,
which pierces the slab leading to it’s local
destruction. And Zone B where due to different
intensity of the overpressure slab separates
from the steel beam and reinforcement loops
disengage from the welded studs. Such division
into areas with localized destruction and
secondary damage is typical for blast and
impact loading conditions [5, 23]. Studies of
damage caused to protective structures by
impact projectiles also suggest similar division
into areas depending on type of failure [24].
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Fig. 2 Failure mechanism with two typical zones A and B: a — outline of two typical zones, general view;
b — outline of two typical zones, side view; ¢ — Zone A type of failure detail; d — Zone B type of
failure detail.
Puc. 2 Xapakrep pyiiHyBaHHs 3 TBOMa XapaKTepHUMH 30HaMU A i B! @ — BHOKpeMIIEHHS IBOX XapaKTepPHUX
30H, 3araiabHuil Bum; b — BHOKPEMIICHHS JIBOX XapaKTEPHUX 30H, BUI 3 OOKY, ¢ — A€TalbHHUN BUJ
pyiinyBanHs y 30Hi A; d — netanbHuil BU pyiHYBaHHS y 30Hi b.

Local penetration similar to Zone A can be
seen as a result of Shahed-136 drone striking a
boat with a metal hull (Fig. 3) [25]. In this case,
more ductile, rib-stiffened deck limited the
extent of damage. Therefore, two main
directions for improving the structure in Zone
A can be identified: increasing the deck
thickness to prevent penetration, and/or

188

adopting  multi-element,  highly  robust
structural systems to limit the damaged area. If
penetration cannot be avoided, the structure
must possess sufficient robustness limiting the
damage (i.e., prevent progressive collapse).
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Fig. 3 Penetration in metal boat hull as a result of
being hit with a Shahed-136 drone [25]
Photo by A. Bilyk

Puc. 3 [IpoOUTTS MeTaneBoro KOpIrycy 40oBHa 5K
HACJIIZIOK BiIy4aHHs apony tumy Shahed-
136 [25] Astop doto A. Binuk.

In cases where the structural system can be
modified, this implies to use such solutions as
continuous intersecting beam systems. When
changes to the structural layout are not possible
solution is to reduce beam span and spacing to
limit the damaged floor area when 1-2 elements
are excluded. This is consistent with the design
concepts for protective structures based on
damage localization and controlled
redistribution of blast energy [26, 27]. Same
logic is applied in modular reinforced-concrete
protective structures, where each block
functions as an autonomous element, limiting
damage extents [28].

This research examines a specific structural
system that intended to be improved but not

a
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fundamentally altered. Therefore, further
research for Zone A will be focused on defining
slab thicknesses sufficient to avoid floor system
penetration at standard reinforcement ratios.
Increasing thickness and introducing multi-
layered elements is one of commonly used
practices allowing to reduce blast-induced
damage [19].

For Zone B problem is addressed by
providing additional reinforcement or other
local strengthening around the welded studs for
pull-out resistance. The reinforcement may
consist of straight or bent bars welded to the
studs. These bars can be cast into the slab,
enhance the local load-bearing capacity, and
serve as a mechanical “lock™ that restrains the
reinforcement loops on the studs. Alternatively,
various steel plates may be used to fix the studs
and reinforcement loops together.

Model additionally indicated four important
findings:

- charge shape affects how the blast
wave is spreading and associated
pressure distribution (Fig. 4);

- for detonation point at 0.5 m peak
overpressure is reached within 0.01s
(Fig. 5), so for up to four times larger
distances (up to 2 m) a design time of
0.05s is used,

b

Fig. 4 Charge shape effecting on how the shock wave is spreading: a — shock wave shape after detonation,
general view; b - shock wave shape after detonation, side view.

Puc. 4 Brutue ¢opmu 3apsiiy Ha pO3MOBCIOPKEHHS BUOYXOBOT XBUJIi: & — PO3MOBCIOIXKEHHS BUOYXOBOT
XBHJTI TICJISL IETOHAILIT, 3araibHUN BH; D — pO3MOBCIOIKEHHs BUOYXOBOT XBHUJII MICIIS ICTOHAIIIT,

BUJI 3 OOKY.
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Fig. 5 Maximum pressure diagram over time of calculation
Puc. 5 Jliarpama MakCUMaJIBHOTO THCKY TIPOTSATOM Yacy po3paxyHKy

- once the slab is locally damaged, the
blast wave spreads into the space
beneath the structure (Fig. 6);

- the pressure-time development curves
closely match those found in other
studies (Fig. 7).

Fig. 6 Shock wave spreading into the space under the structure due to destruction/penetration of the floor

slab

Puc. 6 Po3noBcromkeHHss BUOYXOBOI XBWIII y MPOCTIp il KOHCTPYKLIIO 4Yepe3 pyHHYBaHHS/IPOOUTTS

IUIUTH NIEPEKPUTTS

Pt
l)
P |

Puc. 7 [lpuxian 3MiHN HAIUIAIIIKOBOTO THUCKY Y
yaci, 10 HaBOSTHCS B JTEpaTypi

Fig. 7 Example of how pressure changes over
time in literature sources
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Developed model shown itself to be
excessively complex for goal of assessing
pressure on the structure. For simplification,
beam web openings, headed studs, and
reinforcement loops were excluded from
further models. Composite action between
beams and the slab was ensured by a «bonded»
(joined) contact between beam top flanges and
the underside of the slab. Further simplification
all the way to plain slab is possible, but
excluding structural deformations would affect
pressure levels through deformation energy and
geometrical non-linearity. From the energy
standpoint, lower stiffness leads to lower
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pressure and larger deformations, whereas
higher stiffness results in higher pressure and
smaller deformations. Geometric nonlinearity
acts through surface curvature. So after first
simulations it is decided to simplify model
keeping general beam system and overall
structural layout, considering two slab
thicknesses (150 and 300mm) instead of one.

MODEL SERIES FOR PRESSURE
ASSESMENT

In addition to simplifying models
themselves, material failure criteria (strain
or/and ultimate stress limits) were excluded,
which made it possible to evaluate pressure
acting onto undamaged structure. Only erosion

LA213esk
o 25 5 ™A
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After comparing pressure diagrams/profiles
for 150 i 300mm slabs two key things were
noted:

1. The peak pressure difference between
the two slabs is significant (6.5-
27.0%), with consistently higher
values for the 300 mm slab. This
indicates that the more flexible 150
mm slab dissipates more energy

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026
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criteria kept is a element time step limitation
(excluding elements with time step below 5 X
1077s). This allowed to remove small and
severely distorted elements that would
otherwise reduce calculation speed
substantially.

First stage included comparing results
according to UFC 3-340-02 [1] and M.
Sadovskiy formulas [6, 7, 8] with finite element
simulations performed in Ansys [14, 18, 19] for
a 50 kg TNT charge detonating at 0.5, 1.0, 1.5
and 2.0m from the surface of 150 and 300mm
slabs. Pressure profiles example across and
along a 6 x 12 m slab for a detonation point at
1.5 m are shown in Fig. 8.

Fig. 8 Sample pressure profiles
transverse and along the
6x12m slab: a — pres-
supre profile along the
slab; b — pressure profile
trasnverse to the slab.

Puc. 8 Ilpuxknanu emwop pos-
ITOBCHOI’KCHHS TUCKY
MOMIepeK Ta B30BXK
IUIATH 6X12 M.
a-en}opa TUCKY B3IO0BIXK
IUTKTH; b — enropa THcKy
TMOIICPEK IIIIUTH.

through deformation at lower pressure
levels.

2. The stiffer 300 mm slab leads to
increased pressure levels and reduced
deformation-induced distortion of the
pressure profiles/diagrams making
stiffer 300mm preferable option for
the further study. Structure’s
influence on blast-wave parameters
confirms that slab is not a passive
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element but actively modifies the
nature of the explosive loading [29].
Since  previous  model  series
demonstrated an increase in pressure
with increasing structural stiffness, it
was proposed to further investigate the
pressure response of a 300 mm slab on
an ideally rigid base.

Results indicated similar pressure levels at
shorter distances of 0.5 m and 1.0 m, but
significantly lower values (by 43.5-55.4%) at
distances of 1.5 m and 2.0 m. Pressure maps and
distribution  diagrams analysis  revealed
idealised rapid reflection of the blast wave slab
on a rigid base, and a longer pressure growth
and development phase for slabs supported by
beams. This behaviour suggests deformation-
induced “sail effect” generated by beam-
supported slab systems. Similar deformation
effects on pressure development have been
reported for open-air blast scenarios [13, 30].

times for the 150 mm slab on beams,
by 3.54-6.58 times for the 300 mm slab on
beams, and by 4.18-9.67 times for the 300 mm
slab on a rigid base. M. Sadovskiy formulas [6,
7] show better agreement at detonation point
distances of 1.5 and 2.0 m, with ratios ranging
from 0.68 to 1.85 for different slab options.
However, they still significantly overestimate
pressure at shorter distances of 0.5 and 1.0 m,
with factors ranging from 2.38 to 5.50.

Second stage included overpressure
comparison for composite floor with only
300mm slab and detonation point distances of
0.5, 1.0, 1.5 and 2.0m with explosive charges of
50, 75 and 100 kg. Results were presented in
Figs. 10-11 and summarised in Table 1. The key
findings are:

1. The large discrepancies observed in the
comparison with UFC 3-340-02 [1] and
M. Sadovskiy formulas [6, 7, 8] are no
longer evident. Obviously as a result of
applying unified analysis/modelling

Five comparative data series were obtained approach.

as a result (Fig. 9). They confirm initial

assumption that UFC 3-340-02 significantly

overestimates peak overpressure by 4.49-7.00
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Fig. 9. Relationships between overpressure and the detonation point distance to the slab surface for a 50

kg charge

Puc. 9. 3aneHOCTI HAJUIMIIKOBOTO TUCKY BiJl BiICTaHi €MilIEHTPY BUOYXY A0 TIEPEKPUTTS AJIS 3apsiay y

50 xr.
2. At a fixed charge weight, detonation

point distance influences peak
overpressure in a nonlinear manner.

192

Although the graph segments between
2 mand 1 m are close to linear and
even nearly directly proportional, for
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example, halving the distance (from 2
m to 1 m) increases the overpressure
by 1.91-2.34 times. Thus, the
exponential nature of the growth is
primarily governed by the values
obtained at the minimum stand-off

3.

ISSN 2522-4182

Dependence on amount of explosives
is relatively close to proportional. For
instance, doubling the charge mass
(from 50 kg to 100 kg) results in an
overpressure increase of 1.72-2.67
times.

distance of 0.5 m.
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Fig. 10 Relationships (3.1-3.3) between overpressure and the detonation point distance to the slab surface
for charges of 50, 75, and 100 kg.

Puc. 10 3anexHocri (3.1-3.3) HaIUIIKOBOTO THCKY Bifl BiZICTaHI CMIEHTPY BHOYXY 110 TIEPEKPHUTTS JIJIsI
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Fig. 11 Relationships (4.1-4.4) between overpressure and amount of explosives for a constant detonation
point distance to the slab surface.

Puc. 11 3anexHocti (4.1-4.4) HaaIMIIKOBOIO THCKY BiJl KiJIBKOCTI BUOYXOBOI PEUOBHMHM IPU CTaNil
BIJICTaHi JI0 IEPEKPUTTA

BygiBentHi KoHCTpyKuii. Teopis i npakTuka * 18/2026 193



ISSN 2522-4182

Table 1. Summary table of calculated overpressure acting on the slab
Ta6auns 1. 3BeaeHa TabIMLS pe3yNIbTaTiB PO3PaxyHKiB HAUIUIIKOBOTO THCKY Ha ILTUTY

Peak overpressure acting onto slab, Pa
Amour_1t of D(_atonation point M. Sadovskiy Ansys, Ansys, Ansys,
explosives | distance to slab UFC[1] |formulas [6, 7 150mm slab + 300mm slab |300mm slab +
(TNT), kg surface, m ] "’ 600mm + 600mm rigid base
beams beams
0,5 275790 295277 42406 65445 66009
50 1,0 107560 38974 14421 16352 15158
1,5 41370 12205 8700 11691 6608
2,0 34470 5446 5775 7995 3565
0,5 - - - 106270 -
75 1,0 - - - 24342 -
1,5 - - - 15999 -
2,0 - - - 12729 -
0,5 - - - 142210 -
1,0 - - - 43702 -
100 1,5 - - - 20143 -
2,0 - - - 18670 -

Graphs obtained for constant amount of
explosives are well approximated by the
following power functions (3-5):

for 50kg: P = 20.706 - R~1:501 (3)
for 75kg: P = 31.530 - R~1552 (4)
for 100kg: P = 45.734 - R~1:546 (5)

where R — detonation point distance from the
surface of the slab, in m;
P — peak overpressure, in kPa.

For constant detonation point distances and

where W —amount of explosives, in kg;
P — peak overpressure, in kPa.

Since the exponent in the distance-
dependent expressions is consistently close to
1.5 (-1.546, -1.552, -1.503), while the mass
dependence is approximately linear (exponent
is 1). Therefore, instead of the scaled distance

parameter Z = R/YW (1) adopted in UFC 3-
340-02, a modified parameter Z’' = RS/
W (10) is suggested. The resulting dataset is
shown graphically in Fig. 12. Approximation
provides following expression for peak
overpressure as a function of the modified
scaled distance Z', in kPa (11):

variable amount of explosives, linear
relationships are sufficient (6-9): P = 03719 . 7'~1034 (11)
for 0.5m: P = 1.535- W — 10.506 (6) Alternatively, factors of distance-dependent
equations will be expressed as functions of
for 1.0m: P = 0.547 - W —12.893  (7) amount of explosives (Figs. 13 and 14).
Distance-based relationships are selected to be
for 1.5m: P = 0.169 - W + 3.266 (8) referential due to their consistent functional
similarity.
for2.0m: P = 0.214 - W — 2.882 9
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Fig. 12 Relationship (6) between overpressure and the modified scaled distance parameter Z' (10).
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Fig. 13 Approximation of relationship between factor and the amount of explosives
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Fig. 14 Approximation of relationship between the function exponent and the amount of explosives
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As a result, the following alternative A simplified analytical form is additionally
expression is obtained (12): suggested (13):
P =(0.50-W — 4.89)-R7150  (13)
P = (0.5006 - W — 4.8853) X
% R0-00005-W? - 0.0077-W — 1.228 (12) Obtained relationships (3-5, 6-9, 10, 11, 12)
are verified in summary Tables 2 and 3.
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Table 2. Verification of the obtained relationships.
Taobauus 2. [TepeBipka OTpUMaHUX 3aJICKHOCTEH

Amount |Detonation Peak overpressure acting onto slab, Pa
of _ point _ Amount of Modified
explosiv | distance Distance . scaled
es toslab | Ansys function | Deviation e?frllgtsi'gﬁs Deviation| distance | Deviation
(TNT), | surface, (3-5) (6-9) function
Kg m (11)
0.5 65445 58606.0 | -10.4% 66259.0 1.2% 62238.4 -4.9%
50 1 16352 20706.0 26.6% 14457.0 -11.6% | 21240.3 29.9%
15 11691 11266.3 -3.6% 11718.3 0.2% 11325.1 -3.1%
2 7995 7315.6 -8.5% 7793.8 -2.5% 7248.8 -9.3%
0.5 106270 | 92453.3 | -13.0% | 104641.5 -1.5% 94653.6 -10.9%
75 1 24342 31530.0 29.5% 28132.0 15.6% 32302.8 32.7%
15 15999 16804.7 5.0% 15944.3 -0.3% 172235 7.7%
2 12729 10752.9 | -15.5% 13131.3 3.2% 11024.1 -13.4%
0.5 142210 | 133546.2 | -6.1% 143024.0 0.6% 1274453 | -10.4%
100 1 43702 45734.0 4.6% 41807.0 -4.3% 43493.7 -0.5%
15 20143 244344 | 21.3% 20170.3 0.1% 23190.4 15.1%
2 18670 15662.0 | -16.1% 18468.8 -1.1% 14843.2 -20.5%
Table 3. Verification of the obtained alternative relationships.
Ta6muus 3. [lepeBipka oTprMaHUX aNbTEPHATHBHUX 3aJIEKHOCTEH
Detonation Peak overpressure acting onto slab, Pa
Amount of point Distance Distance
explosives | distance to function + - function + o . o
(TKIT), kg lslab surface, Ansys approximationDev'atlonapproximation,Dev'atlon Final (9) |Deviation
m (7) simplified (8)
0.5 65445 56505.9 -13.7% 56879.7 -13.1% | 65410.2 [ -0.1%
50 1 16352 20144.7 23.2% 20110.0 23.0% | 23126.0 | 41.4%
15 11691 11018.9 -5.7% 10946.5 -6.4% | 12588.2 | 7.7%
2 7971 7181.7 -9.9% 7110.0 -10.8% | 8529.8 7.0%
0.5 106270 93941.4 | -11.6% 92235.0 -13.2% | 106068.8 [ -0.2%
. 1 24342 32659.7 34.2% 32610.0 34.0% | 37501.0 | 54.1%
15 15999 17603.7 10.0% 17750.6 10.9% | 20413.0 | 27.6%
2 12729 113545 | -10.8% 11529.4 -9.4% | 13612.2 | 6.9%
0.5 142210 | 127596.3 | -10.3% | 127590.3 | -10.3% |1467275| 3.2%
100 1 43702 45174.7 3.4% 45110.0 3.2% | 51876.0 | 18.7%
15 20143 24609.9 22.2% 24554.8 21.9% | 28237.7 | 40.2%
2 18670 15993.8 -14.3% 15948.8 -14.6% | 18694.5 | 0.1%
The simplified distance-dependent of 1.15 is introduced (14), corresponding to a

approximation (13) provides the best balance
between minimising negative errors and ease of
practical application. To prevent
unconservative predictions, a safety coefficient

196

maximum negative deviation of 14.6%:

P=1.15-(050-W — 4.89) - R~150

= (0.575 W — 5.624) - R™1:50

CONCLUSIONS

(14)
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When studying separate blast loading affects
and parameters it is recommended to simplify
models within technically justified limits due to
high computational resource requirements for
blast analysis.

Future research should utilize spherical
charges to ensure more idealised and physically
consistent blast-wave spread.

Results confirm that UFC 3-340-02 [1] and
M. Sadovskiy formulas [6, 7, 8] overestimate
peak overpressure at small detonation point
distances. This does not indicate deficiencies in
the methodologies themselves but rather limits
their applicability to structural assessment at
larger distances.

Key practical result is the proposed
relationship for peak overpressure on steel
beam-supported slabs at distances up to 2 m,
consistent with the stated research purpose.

An important finding was the identification
of a linear, yet not strictly proportional,
relationship between peak overpressure and
amount of explosives, as well as a nonlinear
dependence on detonation point distance.

Furthermore, important observations were
made in relation to failure mechanisms of
prefabricated steel—concrete hybrid/composite
floor systems under blast loading. This allowed
to define first strategies for improving
structural blast resistance. These include
increasing slab thickness and implementing
measures to prevent pull-out failure of headed
studs from the slab.

Next prioritized research task is to define
how thick a slabs with standard reinforcement
levels should be to prevent blast-induced local
penetration. This will involve calculating slabs
of different thickness within reasonable
practical limits for blast loading at a minimum
detonation point distance of 0.5m. For each
amount of explosives (50, 75 and 100kg) a
certain  minimum slab thickness will be
determined as a result.

Reinforcement bars locally welded to the
shear studs appear to be the most rational
solution for preventing stud pull-out failure.
Reinforcing bar may be placed and welded
during installation in the case of a single-row
stud arrangement. For double-row stud layout,

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026
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the reinforcing bar may be either casted into the

slab along the seam or otherwise be made as

short links between adjacent studs/loops.
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MOPIBHSIHHS HAJUINIIIKOBOI'O
TUCKY HA NEPEKPUTTS ITPH
BUBYXY HA MAJIUX BIZICTAHSIX
BIJI HOI'O ITOBEPXHI

Muxuma BIJ/IAEB

AnoTtanist. CTaTTs MpUCBIYEHA TOCIIIHKCHHIO
HAQ/UIMIIKOBOTO THUCKY, IO /i€ Ha IEPEKPUTTS
OyxiBens y pas3i BHOyXy, SKHi BimOyBaeThCs Ha
MaJIUX BiICTaHsX BiJl HOTO MOBEpXHi. AKTYaJIbHICTh
poOOTH 3yMOBJICHa THUM, IO YHHHI HOPMATHBHI
METOAMKU Ta PO3PaXyHKOBI 3aleKHOCTI, 30KpeMa
nmostoxkennst cranaapty UFC 3-340-02 ta dopmyn
M. A. CanoBcbKOro, Opi€HTOBaHi NEPEBAKHO Ha
OlmbIN BifCTaHI BiJ emiNEHTPY BHOyXy H He
BPaxoOBYIOTh JIOKaJIbHUI XapakTep HaBaHTa)KECHHS,
0 BHHHUKA€ Yy BHIAAKY Onu3pkoro migpusy. Lle
MNOTEHLIHHO NPU3BOAUTH 10 3HAYHUX MTOXHOOK MpH
OILIHIOBAaHHI PEaNLHOTO PiBHS BHOYXOBOTO BILUIUBY
Ha eJIeMEHTH KOHCTPYKIIiH.

Meroto  gocmimkeHHs € mo0OymoBa Ta
anpPOKCHUMAIIiS PEATiCTUIHOI 3aJIEKHOCTI TIKOBOTO
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HAQ/ITUIIKOBOTO THCKY BiJl BIJIICTaHi N0 ITOBEPXHIi
MEPEKPUTTS. T4 MacH BHOYXOBOI PEUYOBUHM IS
BUOYXiB Ha BUCOTI 10 2 M. Jlns mocsarHeHHS 1€l
METH BUKOHAHO CEpil0 YHCIIOBUX EKCIIEPUMEHTIB i3
BUKOPHCTaHHIM TPOTPAMHOTO KOMILIEKCY ANSYS.
PospaxynkoBa Momenb mpejacTaBise  30ipHE
CTaJIe3a1i300€TOHHE MIEPEKPUTTS PO3MIpOM 12X6 M
MO MeTaJieBHX Oankax 3 mep(opoBaHOIO CTIHKOIO,
CIOYaTKy 3 ypaxyBaHHAM YCiX KOHCTPYKTHBHHUX
€JIEMEHTIB, a B MOJAIBIIOMY - Y CHPOIICHOMY
BUTJISIL 3 PI3HOIO TOBIIWHOIO IUTUTH. PO3TIsHYyTO
BUOYXH TPOTHIIOBOTO €KBiBaJieHTY Macoro 50, 75 Ta
100 xr Ha Bigcransx 0,5; 1,0; 1,5 1 2,0 M Bix
TTOBEPXHi.

OTpumaHi  pe3ynbTaTd  [OKAa3aly, 10
HOPMAaTHBHI ~METOJUKH CYTTEBO  3aBHINYIOThH
3HAYEHHsI TIKOBOTO THCKY MPY MAJINX BIICTAHSX: 32
UFC 3-340-02 - y 4-9 pa3is, 3a hopmymnamu M. A.
CantoBCBKOTO - Y 2—5 pa3iB MOPIBHSIHO 3 YHUCIOBUM
MOJICTIOBaHHSIM. BUSBIEHO ICTOTHWH  BIUIMB
JKOPCTKOCTI TICPEKPUTTS HAa BEIMYUHY THCKY.
BcTanoBneHo, Mo 3a1eXHICTh THUCKY Bill BiICTaHi
Mae BUpPaXEHWH HENiHIMHUI XapakTep, TOAl K
3QJICXKHICTE BiI MaCH BHOYXOBOT PEIOBHHH € Maiike
JHIHHOTO.

Ha ocHOBI OTpMMaHHMX HaHHX 3alPOIIOHOBAHO
HOBl aHAMITHYHI 3aJE€KHOCTI IS OLIHIOBAaHHS
MKOBOTO  HAIJIMIIKOBOTO  THCKY,  30Kpema
y3arajgpbHeHy (GopMyiy 4epe3 mapaMeTp BiIHOCHOI
BIJICTaHi, aJanToBaHy JO MaJuX JUCTaHIIH.
3anpornoHoOBaHi BHpa3W MPOHIIIM TEPEeBIpKYy 3a
cepisiMM YHCJIOBUX EKCHEPHUMEHTIB 1 MOXYTh
BUKOPHCTOBYBAaTUCS JUIA  IHDKEHEPHOI  OIIHKH
BUOYXOBOTO HABAaHTAXXCHHS Ha MEPEKPUTTS IPH
Oym3pkux migpuBax. J[oAaTKoBO MpoaHalIi30BaHO
XapakTep pyHHyBaHHSI KOHCTPYKIii Ta BH3HAYEHO
OCHOBHI HampsiMH 11 MICWICHHS: 30LIbIICHHS
TOBIIMHYU TUIUTH Ta yJIOCKOHAJCHHS aHKEPYBaHHS
CTAJIEBUX OAJIOK 3 METOIO 3amo0iraHHs BiApHUBY.

KiarouoBi  ciaoBa: BHOYXOBHH  BIUIWB,
cTaje3anizo0eTOHHI KOHCTPYKLii; KOMOiHOBaHi
KOHCTPYKIIii; mephopoBaHi Oamku; HaITATITKOBUN
THUCK.
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