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RESOURCE SAVING OF ADHESIVE JOINTS OF STEEL
AND CONCRETE IN MONOLITHIC SLABS

Abstract. The article analyzes the results of research into rational methods of combining steel and concrete in
load-bearing composite structures. The experience of using traditional embedded parts, anchoring, and stud bolts in
comparison with adhesive joints based on multicomponent polymers to ensure the joint operation of steel and concrete
is studied. The technology of installing monolithic reinforced concrete slabs on a profiled flooring, which acts as a fixed
Jormwork, is investigated. A methodology for determining the shear force between a concrete block and reinforcement in
bent steel-reinforced concrete elements using normative approaches and the theory of composite rods is considered and
tested. The key technical and economic indicators of steel and concrete connections that affect the efficiency and resource
efficiency of composite load-bearing structures are analyzed, defined, and calculated. A monolithic slab subjected to
significant loads was chosen as a design example. Two technologies for the manufacture of the floor are considered:
using traditional anchoring means and the method of gluing freshly placed concrete mix using acrylic glue applied to
a metal part that serves as a fixed formwork. Hilti stud bolts were chosen as anchors. Their physical and mechanical
characteristics are guaranteed by the manufacturer and do not require additional research. The cost of the means to
ensure the joint operation of steel and concrete was chosen as the average market price. The analysis of labor costs
took into account the main technological processes of steel and concrete joints in composite structures. A comparison
of the main characteristics of anchor and adhesive joints of reinforced concrete floor components on a profiled flooring
was made, according to which the economic efficiency of the adhesive joint along with anchoring reaches almost 30%.

Key words: adhesive and anchor joints, composite structures, technical and economic characteristics, resource
saving, efficiency.

TI'op6 Ounexcannp, IaauBoga Ogaexcanap, IlonoyoBnmii Makcum. PecypcoomagnicTs KieiioBHX
3’€AHAHb CTaJi Ta 0eTOHY B MOHOJIITHUX MePEeKPUTTAX

Anomauyia. Cmamms micmums aHaniz pe3yiomamis 6UUYKY8aHb payioHAIbHUX CNOCO0i68 NOEOHAHHS CIMANT ma
Oemomy 8 HeCyuUxX KOMRO3UMHUX KOHCIMPYKYISIX. Busueno 00ceio 3acmocy8anis mpaouyiHux 3aKiaoHux oemaiell,
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AHKEPYBAHHSL MA CMA0-O00AMIe y NOPIGHAHHI I3 K1etosUMU 3 €OHAHHAMU HA OCHOBI 6A2amoKOMNOHEHMHUX NOTIMe-
pis 0ns 3abe3neuents cymichol pobomu cmani ma 6emony. JJocaiodnceno mexHono2io enaumy8anHs MOHOMIMHUX
3a1i300€MOHHUX NAUM NEPeKpUmms no npo@itb08anomy HACMULY, AKULl 6UCMYNAE 8 POl HE3HIMHOI OnanyoOKu.
Posensnymo it anpobosano memoouxy usHaueHHs1 3CY8aAl0U020 3yCUNLIS Midc OemMOHHUM OIOKOM I aPMYBAHHAM Y
BIPHYMUX CMane3anizoo0emorHux enemMeHmax 3a 00NOMOo200 HOPMAMUSHUX NIOX00I8 | meopii CKIAdeHuUx cmepiic-
nis. Ilpoananizoeano, eusHaueno ma pos3paxo8aHo KIOH08i MeXHIKO-eKOHOMIUHI NOKA3HUKU 3 €OHaHb cmaii ma
Oemony, sKi GNIUBAIOMb HA eeKMUBHICMb i pecypcoouwdaoHiCmb KOMROZUMHUX HeCY4ux KoHCmpyKkyit. [lns pos-
PAXYHKOB020 NPUKAAOY 6Y10 GUOPAHO MOHONIMHE NepeKpummsl, Ha sike Oilome 3Ha4Hi Hasanmaoicents. Pozenanymo
08I MEXHONO2IT USOMOBTICHHS NEPEKPUMMSL: I3 3ACMOCYBAHHAM MPAOUYITIHUX AHKEPHUX 3AC00i6 T Memoo npuKie-
108AHHSL CBIAHCOYKIAOeHO! DemoHnOI cyMiuti 3a O0NOMO20I0 AKPUTI0B020 K1el0, HAHECeHO20 HA Memanesy Yacmumy,
AKA GUKOHYE POIb He3HimHoT onanybku. Sk ankepyeanns 6yno eubpano cmao-6onmu xomnanii “Hilti”. Ixui ¢hizuxo-
MEXAHIYHI XapaKmepucmuKy 2apanmosani 6UPOOHUKOM I He nompedyioms 000amKo8ux 00cioxiceHv. Bapmicmb
3acobis 3abe3neuents cymicHoi pobomu cmani ma 6emony subupanacs cepeoms punkosa. I1io uac nposedenms
ananizy 3ampam npayi Oynu paxoeani 0CHOGHI MEXHOI02IUHI NPOYeCU GLAUNMYEAHHS 3 COHAHHA CIAl ma 6emony
8 KOMNO3UMHUX KOHCPYKYIAX. BUKOHAHO nopieHAHHA OCHOGHUX XAPAKMEPUCTNUK AHKEPHUX | K1euo8ux 3 €OHAHb
KOMROHEeHmMI6 3a1i300emMOHH020 NepeKpumms no npopintb08anomy Hacmumy, 32i0H0 3 AKUM eKOHOMIYHA eheKmug-

HICMb KI1eti06020 3 €OHAHHI NOPSIO 3 AHKepy8aHusam csazae matioce 30%.

Knrouosi cnosa: xnetiosi i ankepHi 3’ €OHAHHS, KOMNO3ZUMHI KOHCMPYKYIL, MEXHIKO-eKOHOMIUHI Xapakmepuc-

MUKU, PecypcoowaoHicms, eqoeKmugHicmb.

Introduction. Constructing durable and
resilient structures requires engineers to select
the best joining techniques for various materi-
als. Two prevalent methods for joining steel and
concrete coverings are anchoring and adhesive
joints. These methods impact not only the techni-
cal efficiency — encompassing strength, stability,
and durability — but also the economic efficiency
concerning costs, labor, and maintenance. This
article delves into both the technical and eco-
nomic aspects of these joining systems, explor-
ing their effectiveness in contemporary construc-
tion.

Anchoring joints involve mechanical connec-
tions that secure steel components to concrete,
typically using bolts, dowels, or other fastening
systems. The anchors create a rigid connection,
allowing the transfer of loads effectively between
the two materials.

The choice between anchoring and adhesive
joints in steel and concrete coverings ultimately
depends on the specific needs of a project [1-8].
For applications requiring high load capacity
and structural integrity, anchoring systems are
favored. Conversely, adhesive joints may be the
better option for applications demanding flexibil-
ity and ease of installation.

Ultimately, evaluating both the technical
and economic efficiencies of these joining
methods is essential for making informed deci-
sions that will benefit the long-term perfor-

mance and cost-effectiveness of construction
projects. As technology advances, hybrid sys-
tems that combine the strengths of both meth-
ods may also emerge, further enhancing the
efficiency and versatility of joining techniques
in the construction sector.

The aviation industry stands as a testament to
human innovation and engineering prowess. Cen-
tral to this industry are its production buildings,
which serve as the backbone of aircraft manu-
facturing, maintenance, and assembly. These
structures are meticulously designed to meet the
rigorous demands of aviation production while
ensuring safety, efficiency, and sustainability.

The study of steel-reinforced concrete struc-
tural elements, in which the joint operation
of steel and concrete was ensured by bonding,
proved the feasibility of their use in construction
practice. Since the work was aimed at testing the
obtained methods of joining steel and concrete,
the technology for manufacturing steel and rein-
forced concrete elements based on it, and the cal-
culation algorithm, the work was accompanied
by the design of real structures (Fig. 1).

Materials and methods. As an example of
the calculation, a fragment of a steel-reinforced
concrete floor of a five-story industrial building
with a maximum span of 6 800 x 6 000 mm was
taken. So, taking into account the area of the slab
resting on the crossbar, the calculated span length
is 5 800 mm.
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Fig. 1. Installation of floors on profiled flooring: a) installation of flooring;
b) installation of stacked bolts; ¢) concreting; f) leveling

The slab consists of a monolithic reinforced
concrete slab, which is concreted over steel cor-
rugated board of H75-750-0.9 grade, which,
after concrete has reached the specified strength
(C 25/30), 1s used as external reinforcement. The
slab rests on reinforced concrete girders without
ensuring their joint operation with additional
anchoring means or embedded parts. The design
scheme is assumed to be single-span, since the
sheets are joined along the girders without over-
lap and riveted joints.

The length of the maximum span of the slab is
6 m, which is permissible if the deck is addition-
ally calculated at the installation stage or when
temporary supports are installed for the period
of concrete concreting and concrete curing. Steel
profiled decking used as slab reinforcement has
a reliable adhesion to concrete, which is ensured
by gluing the freshly placed concrete mix with
an acrylic polymer of the appropriate composi-
tion. This eliminates the need for much more
expensive stamped corrugated board and special
anchoring devices, which eliminates the problem
of burning through the sheet steel when installing
anchors.

20

The sheets are joined in width by overlap-
ping the side edges of the corrugated board, con-
necting them with special self-tapping screws in
300 mm increments. In the places of technologi-
cal openings and openings for local reinforce-
ment of the slab, additional flexible reinforce-
ment is installed in the form of separate rods
located along the contour of the opening, which
are taken according to the calculation. The lower
longitudinal rods of the working reinforcement
are installed in the corrugations of the corrugated
board without breaking along the span. The dis-
tance from the end of the flexible reinforcement
to the end of the sheet at the extreme supports is
15 mm.

Since there is no pressure reinforcement, a
3 mm diameter anti-shrinkage mesh made of Vr-I
wire with a rod spacing of 200 mm in both direc-
tions is used. The mesh is placed with an inden-
tation from the upper surface of the slab by the
amount of the protective layer of concrete equal
to 15 mm. The thickness of the concrete shelf of
the floor slab above the profiled flooring is deter-
mined according to the calculation and indica-
tors of technical and economic efficiency and is
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50 mm. The profiled flooring is oriented with
wide corrugations downward to accommodate
two rods of additional longitudinal reinforce-
ment.

kN
Design load on 1 m? of the slab is 7 212? ,

then the distributed load for one wave width 0,1875 m
will be equal to p=5,8-0,1875-12= 13,05k—]\2] )
m
Find the maximum bending moment M ,
which occurs in the middle of the span, according
to the formula:

2
M, =25 (1)
where p — uniformly distributed load; 1 —

length of the span panel.
Therefore:

13,05-5,8°

=54,88kNm.  (2)

The design resistances of the materials are
assumed to be 240 MPa for steel and 17 MPa for
concrete with a strength class of C 25/30. Tradi-
tionally, we calculate the anchoring means in the
form of periodic reinforcement pieces or special
bolts that are mounted with pyro cartridges.

The bearing capacity is tested for one conven-
tional beam, which is a wave of a profiled deck
with an upper edge width of 187,5 mm. The cal-
culation is performed according to the theory of
composite rods, taking into account a 2,5 mm
thick adhesive joint. As a result of the calcula-
tions, for the section chosen for structural rea-
sons, the value of the shear force is T = 382 kN,
the area of the additional rod reinforcement is
24 cm?, for which we take two rods with a diam-
eter of 40 mm.

The determination of the required number of
anchors begins with the calculation of the shear
force that they will absorb. The calculation is
carried out in several stages, during which the
shear resistance of the anchorage on the sup-
ports at the ends of the deck is checked, depend-
ing on the type of anchors, the resistance of the
reefs to crushing, tearing out the deck around
the anchor.

Shear resistance of anchoring on supports at
the ends of the deck made of periodic reinforce-
ment:

max

T =kkn, A, R

an*“an” "y

)

where k, = 0,8 — coefficient that takes into
account the joint operation of the slab and beam,;
k,= 1,0 — beam calculation without taking into
account the joint operation with the slab.

. 4,753R, @
(1+0,154, )R,

where n,, — number of vertical rod anchors in
one corrugation at the end of the deck; R —design
resistance of anchor steel; A — cross-sectional
area of one vertical rod anchor, cm?.

Tear-out resistance of the decking around the
anchor (for the extreme span):

T2 = Rylzmt 4 (5)

where I, — the cross-sectional area of the
deck, which is calculated for tearing around the
anchors.

Tensile strength of the deck in the anchor
welding zone:

T,=R,(b+h,)t.

(6)

Table 1
Limit shear force per 1 stud-bolt, kN

Estimated steel Stud bolt diameter, mm
resistance of the bolt,
R, MPa 12 16 19
400 28,94 |51,45 |72,55
450 32,56 |57,88 |81,61
500 36,17 |64,31 |90,68

The shear anchoring resistance on the supports
at the ends of the deck made of stacked balls is
determined by the formula:

T,=0,64R A n 7)
2

nd .
where A, =— — cross-sectional area of the

stud bolt; d — diagleter of the straddle bolt; e —
the number of stud bolts in one corrugation; R, —
calculated steel resistance of the stud bolt.

The resistance of reefs to scour is determined
by the formula:

T, =y R,A e, 3

where A, — the area of concrete crushing
on the side surface of one reef (A, =0,5cm’);
Y. — operating conditions factor (y, = 0,5);
n, — the number of reefs on the walls of one
corrugation along the length of the deck sec-
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tion from the section under consideration to the
nearest end.

In the presence of rod reinforcement in the ribs
of the slab, the number of reefs that are entered
into the calculation is taken along the length of
the section, reduced by the height of the slab
section.

Table 2
Limit compressive strength of concrete
for one stud bolt

Cubic strength of Stud bolt diameter, mm
concrete, MPa 12 16 19
25 29,17 51,86 73,13
30 31,96 56,81 80,11
35 34,52 61,36 86,53
40 36,90 65,60 92,51
45 39,14 69,58 98,12

Based on the value of the shear force obtained
as a result of the calculations in accordance
with Tables 1-2, selecting the stud bolts with a
diameter of 16 mm, we will obtain their number.
In order to absorb the shear force, a minimum of
8 stud bolts are required in one corrugation of the
selected span.

Using the results of the experimental stud-
ies presented in Section 2, we select the shear
strength of the adhesive joint for concrete with a
strength close to C25/30, which is used to deter-
mine the minimum required area of the adhesive
joint. We take the safety factor, which takes into
account the rejection rate when applying acrylic
adhesive, equal to 1,5 and get the minimum area
of its application equal to 0,285 m?>. With a layer
thickness of 2,5 mm, the adhesive consumption
will be about 0,7 liters per corrugation, the num-
ber of which in the largest span is 36. Thus, the

total polymer consumption per span will be 25,2
liters.

Disscussion. Based on the designed steel-
reinforced concrete slab, we will check the
economic feasibility of using an adhesive
connection instead of traditional anchoring
means. The main indicator that characterizes
the economic efficiency of reinforced concrete
structures with external reinforcement is the
reduced cost of covering one floor of a given
parking lot or a specific selected span. Since the
advantages of the selected floor are well known
in comparison with steel or precast concrete,
we will only define the parameters that will be
affected by a change in the way steel and concrete
work together.

In this case, the cost of fire resistance for steel
and reinforced concrete structures was not taken
into account. Reinforced concrete structures
with conventional reinforcement are more fire-
resistant. Their use is allowed in all buildings.
This is their advantage over steel and reinforced
concrete structures. However, the fire resistance
of reinforced concrete structures has not been
studied, so their use is limited to the area of
application of unprotected steel structures.

The chosen method of joining steel and con-
crete will have an immediate impact on the first
point due to the appearance of an additional
consumable material — acrylic glue, the retail
cost of which is about 300 UAH/I. Since the
calculations are performed for one span, the
total cost of the adhesive will be UAH 7 560,
and the cost of anchoring means will be UAH
10 540, taking into account the cost of one
anchor with a pyro cartridge, which is UAH
36,6. The total consumption of glue per span is

Table 3

Technical and economic indicators of the installation of steel-concrete connection
in monolithic floor slabs over profiled flooring

Type of product .
Name Acrylic glue Anchoring Difference, %

Materials consumption 25,21 288 units —

Unit cost 300 UAH/1 36,6 UAH/unit -

Application of special unnecessary necessary B

equipment

Labor intensity, man-hours | 17 20 18

Cost, UAH 7 560 10 540 28

22



Airport Planning, Construction and Maintenance Journal

Bunyck / Issue 1(5) ,2025

25,2 liters, and the total number of anchors is
288 units (Table 3).

Results. Thus, the difference in the cost of
materials alone is UAH 2980, or the glue is
1.3 times cheaper than anchoring. This is the
main cost item when connecting floor com-
ponents. The use of glue requires much less
skilled workers and, accordingly, lower wages
than when installing stud-bolts, which use spe-

cial equipment that is expensive to maintain.
However, these costs are significantly lower
than the cost of materials, but this affects the
overall duration of the work, which is reduced
by 15-20% when applying glue, even when
taking into account the time spent on mixing
the mixture. This reduces the labor costs for
making an adhesive joint compared to install-
ing anchors.
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