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In order to reduce steel consumption in the installation of support nodes of cantilevered pipe reinforced concrete advertising
structures, the optimal ratio of the base plate size and the diameter of the support node anchor bolts of an existing advertising
structure was calculated. The analysis of the calculations revealed the total cost dependence of the support node and anchor
bolts on the overall node dimensions and the anchor bolts diameter. With an increase in the size of the support node, the cost
of the support node metal increases much faster than the cost of the anchor bolts decreases. For more efficient use of materials,
it is necessary to reduce the size of the node and increase the diameter of the anchor bolts accordingly. As a result of the
research and calculations, the most efficient support node was determined. The savings in the total cost of such a node is 8.9%
compared to the existing support node of the studied advertising structure.

Key words: wind load, support node, bolted connection, cantilever construction.

AHaJ1i3 po3paxyHKy 00JITOBHUX 3’€IHAHb OMIOPHUX BY3JIiB KOHCOJIbHUX
CTaJ1e32J1i300€TOHHHUX CTIOK
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3 METOI0 ONTHMI3allii BUTpAT CTali P BIAMITYBaHHI OMOPHUX BY3JIiB KOHCOJIFHUX TPYOOOETOHHUX PEKIAMHUX KOHCTPYKIIiH
OyJ10 po3paxoBaHO ONTHMAIbHUI BapiaHT CIIBBIJHOIIEHHS PO3Mipy ONOPHOT IIACTHHHM Ta AiaMeTpy aHKepHHUX OOJITiB onop-
HOro By3Jna. JIist po3paxyHKy JiaMeTpy Ta mepepisy aHKepHHUX OOJITiB OyJI0 MOpaxoBaHO HABAHTAXKCHHS HA BY30J1 OOMHPaHHS
peKIIaMHOT KOHCTPYKIIi JUIst 11’SITH Pi3HUX 3Ha4YeHb BITPOBOTO TUCKY. [IpoaHasi3oBaHO BIUIMB 3MIHH PO3Mipy ONOPHOI IuIac-
THHU KOHCOJIbHOI KOHCTPYKIIi Ta BiAMOBIHO BiICTaHb MK aHKEPHUMH OOJITAMHU HA PO3PAaXyHKOBI HAaNPYXKEHHS B aHKEPHHUX
OoJrax AJs I SITH BITPOBUX paiioHiB Ykpainu. B pesynbsTati aHamizy po3paxyHKiB OyIi0 BUSBICHO 3aJISKHICTh 3aralbHOI Bap-
TOCTi OTIOPHOTO BY3JIa Ta aHKEPHUX OOJTIB BiJ rabapUTHUX PO3MIpIB By3Ja Ta JiaMeTpa aHKepHHX OonTiB. [Ipu 30ibIIeHH]
PO3MIpiB OMIOPHOTO BY3Ja BapTiCTh METAy OMOPHOTO BYy3Ja 3pOCTAE 3HAYHO MIBHUIIE HIXK 3MEHIIYETHCS BAPTICTh aHKEPHHUX
OouriB. J{7st 0BT €)EeKTUBHOTO BUKOPUCTAHHS OyIIBEIbHUX MaTepiaiiB HEOOXITHO 3MEHIITUTH ra0apuTHI PO3MipH OTIOPHOTO
By3Ja i BiMOBIHO 30UNBIINTH JiaMeTp aHKepHUX OoNTiB. {1 KOXKHOTO BITPOBOTO paifoHy iCHye ONTHMajbHE CIiBBIIHO-
IIeHHs po3Mipy 6a3u, TOBUIMHM 0a3u Ta JiaMeTpy aHKepHHX OONTiB. B pe3ynbraTi mpoBeieHNX DOCIIKEHb Ta PO3paxyHKiB
ICHYIOYO01 peKIaMHOI KOHCTPYKIIIT 3 peKJIaMHHUM IIUTOM po3mipom 6,0M Ha 3,0M 110 po3mitieHo Ha BucoTi 4,0M (y M. [Tonrasa)
HalOLIbII e)eKTHBHUM BHSBUBCS By30J OOMHMpaHHs 3 TabapUTHUM po3MipoM 6a3u koo 500x500MM B koMOIHAIT 3 aHKe-
pHIMHE Oontamu miameTpoM 36MM. ExoHoMis 3aranpHOI BapTOCTI Takoro By3ia CTaHOBUTH 8,9% B MOpIBHSHHI 3 BapTiCTIO
ICHYIOYOTO BYy3J1a OOTHpPaHHS IOCITIHKYBaHOI peKiaMHOT KOHCTpYKIii. [lomanpire 3MeHIIeHHsT rabapuTHAX PO3MIpiB By3Ja
oOmupaHHs Bele 10 30UTBIICHHS 3aralbHOi BapTOCTI By3Jia OONMMpPaHHS 3a paXyHOK 30UIBIICHHS TiaMeTpiB Ta BIAMOBIIHO i
BapTOCTi aHKEPHUX OOINTIB.

Ki1i04oBi cjioBa: BiTpOBE HAaBaHTAXKEHHsI, OTIOPHHUIT By30J1, GOJITOBE 3’ €IHAHHS, KOHCOJIbHA KOHCTPYKILisl.
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Introduction

The support nodes of cantilever structures serve to
properly transfer forces and moments from the metal
structure of the post to the structure foundation. Most
often, bases with traverses are used, where the traverses
serve as additional elements that contribute to the uni-
form loading of the base plate.

The peculiarity of cantilever nodes is the high torque
moment acting on the nodes and the relatively low ver-
tical load, unlike the support nodes of industrial build-
ings, where the nodes perceive high vertical loads from
the weight of the supporting structures and the payload
of the building.

In cantilevered structures, the connection between the
column and the foundation must be rigid, i.e., ensuring
that the column base is connected to the foundation
without turning the column in relation to the founda-
tion.

Cantilever support nodes are widely used in
advertising structures throughout Ukraine and are most
often installed on free-standing reinforced concrete
foundations.

More than seventeen thousand cantilever advertising
structures have been installed in Ukraine. Given the
large number of existing advertising structures and the
constant installation of new ones, this task is urgent, as
cases when the support units do not withstand the de-
sign loads are not at all rare.

b)
Figure 1 — Advertising structures that did not
withstand the load (a, b).

And since advertising structures, for greater
commercial effect, are mostly placed in places with
large crowds of people or a large flow of cars, the
reliability of such structures is very important.

Examples of advertising structures that failed to with-
stand the load (see fig. 1).

In most of the cases analyzed, it is the cantilever
structure's support node that fails to withstand the load.
Review of the research sources and publications

Ensuring the reliability and failure-free operation of
buildings and structures depends to a large extent on the
standardization of wind loads. To correctly calculate
the forces acting on a structural support node, it is
necessary to calculate the wind load on a cantilevered
structure.

The issue of calculating wind pressure on structures
is covered in the work of Pichugin S.F. [1]. The wind
zoning of the territory of Ukraine takes into account the
significant territorial variability of the wind load. The
territorial zoning of the territory of Ukraine according
to the characteristic values of the wind load includes
five territorial districts with calculated characteristic
values from 0.4 to 0.6 kPa. The lowest wind loads are
observed in the central and northwestern regions of
Ukraine, as well as in Zakarpattia. The highest wind
loads are realized in the Carpathians, Prykarpattia and
coastal areas.

The methodology of administrative-territorial zoning
of climatic loads on building structures based on the
establishment of a single design value for a certain
administrative region is described in the work of
Pashinsky V.A. [2].

The methodology for determining loads and impacts
on building structures based on the data of a local
network of weather stations is covered in the work of
Pashinsky V.A. [3], where the methodology for
determining loads and impacts on building structures at
a given local weather station is improved by
introducing reserves that take into account the random
scatter of data from the nearest weather stations.

Foreign researchers have also covered the issues of
calculating the wind load on cantilever advertising
structures. In particular, the article “Wind Loads on
Solid Signs” [4] calculates the wind load taking into
account the overall dimensions of the advertising
structure, the height of placement above the ground
with the use of correction factors. The calculation of
wind loads on buildings and structures is described in
[5-6].

A parametric analysis of wind effects on tall buildings
according to European, American, and Australian
standards was conducted in work “A parametric
analysis of wind effects on tall buildings according to
European, American, and Australian standards” [7].
The calculation of wind loads takes into account
various factors, including wind speed, effective wind
speed, orographic factors, dynamic factors, load gust
factors, and shape factors. All of these factors vary
slightly in different design codes. The impact results
are compared using computer programs to find out the
similarities and differences in the different design
approaches.

Examples of calculating bolted joints for strength
depending on the forces in the bolts and the tensile
strength of the bolts are given in the textbook Steel
Structures in Construction [8].
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An increase in the safety margin of threaded
connections operating under variable loads is
highlighted in the work by Nevdakha Y.A.,
Pyrogov V.V., Nevdakha N.A., Oleinichenko L.S.,
Vasylkovsky M.O. [9]. When calculating the ultimate
working load acting on a bolt, which varies according
to a pulsating cycle for a tightened threaded connection,
the conditions of no fracture and no opening of the joint
are determined, and the relationship between the safety
margin of the bolt and the value of the initial tightening
is revealed, which is of great practical importance. The
correct choice of the initial tightening value, ceteris
paribus, provides the highest safety margin, which is a
condition for reliable operation of the bolted joint.

Foreign researchers have also highlighted the
problem of calculating bolted connections of the
cantilever structure's support node. The calculation of
the bolted connection of the end cantilever beam is
presented in the article Bolted Connection of an End-
Plate Cantilever Beam: The Distribution of Operating
Force [10], which presents an alternative method for
calculating the distribution of operating forces on bolts
and the calculation results were also confirmed by
measurements of actual forces in the bolts. The problem
of calculating bolted connections of the column support
node is also considered in the article “Tensile Behavior
of Asymmetric Bolted Square Hollow Section Column
Splices” [11].

Modeling of bolted connections is also discussed in
other articles [11-12].

Definition of unsolved aspects of the problem

The reliability of an advertising structure largely
depends on the reliability of the support node.
Calculating all the loads acting on the support node and
determining the optimal ratio between the calculated
overall dimensions of the support node and the
diameter of the anchor bolts is the key to efficient use
of building materials and ensuring the standard service
life of the cantilever advertising structure.

Problem statement

The purpose of the study is to optimize the size and
types of cantilever support nodes and calculate their
performance depending on the type of the nodes usage
and the load on the nodes for the most rational use of
building materials and labor while maintaining the
bearing capacity of the support node throughout the
entire standard service life of the structure.

Basic material and results

A large number of advertising structures in the region
were studied and it was found that most of the existing
supporting units of advertising structures have similar
dimensions and fundamental solutions. According to
the calculations, the total number of existing cantilever
advertising structures (billboards) located in Poltava is
more than 350.

The general view of the advertising structure accepted
for further research is shown in Figure 2.

3000

3000 L

7000

4000

1t Ph

Figure 2 - General view of the cantilever advertising structure.
1 — supporting structure, 2 — supporting node of the advertising structure, 3 — stand, 4 — advertising board.
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According to the analysis of the sizes and types of
existing structural bases, it was found that more than
half of the cantilever structures have the same size and
design scheme of the sup port nodes, as shown in Fig. 3.

S

b)
Figure 3 - The most common support nodes
(a, b).

For further study and demonstration of the calculation
methods, the most common support node in the form of
a column base measuring 750x750 mm with a base
plate thickness of 20 mm was chosen. The studied
advertising structure stand is made of a steel pipe with
a diameter of 219x8 mm. For rigidity, the assembly has
four stiffeners with a thickness of 8 mm each.

The design scheme of the studied node is shown in
Figure 5.

The anchor bolt was chosen as one of the most
common among the studied support nodes, with a
metric thread M27, with a total length of 1000 mm, of
which 200 mm is used to secure the base, 400 mm is
buried in the concrete foundation and 400 mm is bent
at an angle of 90 degrees to securely fix the anchor bolt
in the foundation. The most common height of the
foundation slab in the studied advertising structures is
500 mm, and the overall dimensions of the foundation
itself are 1800x2200 mm.

To calculate the diameter and cross-section of the
anchor bolts, the load on the support node of the
advertising structure was calculated for five different
wind pressure values.

The wind load is a variable load for which two design
values are established: the limit and operational design
values. The limit design value of the wind load is

calculated according to formula 9.1 of DBN B.1.2-
2:2006 “Loads and Impacts” [14]:
vaz’Yfm'VVO'C

where, Y — reliability factor of the designed wind
load limit value, determined according to 9.14 [14]. Y
=0,82;

Wy — characteristic value of wind pressure,
determined according to 9.6 [14]. W =400 Pa;

C —coefficient is determined according to formula 9.3
[14].

C=Caer Cn- Car - Cret - Cair - Ca

where, Cyer — acrodynamic coefficient;

Ch — height coefficient of the structure, determined
according to Table 9.02 [14], adopted for the II type of
terrain;

Car — geographic altitude coefficient, determined
according to 9.10 [14];

Crel — relief coefficient, determined according to 9.11
[14];

Ciir — directional coefficient, determined according to
9.12 [14];

Cyq — dynamic coefficient, determined determined
according to 9.13 [14];

The coefficient C for the stand element and for the
billboard will be fundamentally different, so we divide
the structure into two parts. Part I is the stand, and part
II is the billboard. Determine the wind load for each
part separately. Division of the structure for calculation
into parts I and II (see Fig. 4).
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Figure 4 - Division of the structure into parts I and
I1. Points of determination of the building height
coefficient Ch.

Wind load for part of the structure I (stand).
Determine the value of the coefficient Cr.
Cr1=Caer * Cn1 * Cart * Cret * Cair - Can

were, Ch1 = 1,2; Cat=1; Cres = 1; Cgir = 1.

Cq4 — the dynamic coefficient is taken according to the
graph shown in Fig. 9.8 [14]. Since the graph data are
not available for such a structure (diameter 0.22 m,
height 4.5 m), the value of 1.2 is taken; the dynamic
coefficient is taken according to the graph shown in
Fig. 9.8 [14]. Since the graph data are not available for
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such a structure (diameter 0.22 m, height 4.5 m), the
value of 1.2 is taken;

Caer — the aerodynamic coefficient for a round pipe in
the plan is in the form of Cx — drag coefficient and is
determined according to Annex I, Figure 14 [14].

Ci=k Ci»

where, k is determined according to Table 1 of
Scheme 13 of Annex I [14];

Ciw is determined according to the graph in Annex I,
Figure 14 [14].

Determine k:

To determine k, we need to find the value of A and A.

A is determined according to Table 2 of Figure 13 and
is equal A, = 2 A, where A = L/b.

L=4mb=022m
Ae=2-(4+022)=364

By interpolating the values from Table 1 of Figure 13,
we determine that k = 0.86.

Determine Ci:

To determine the value of Ci. from the graph, it is
necessary to find the value of Reynolds number Re
using the formula in the table of Scheme 12a of Annex [
[14].

Re=088-d- W, k(2)-y,, -10°

where, d = 0.22 m (diametr);
ke =Cni = 1,2; ym = 0.82; Wo =400 Pa.

Re =0,88-0,22-/400-1,2-0,82 -10° =3,84-10°

According to the graph of Figure 14 [14], we find the
value of Ci., which is 0.45.

We ignore the value of A, since in this calculation the
range of determination from the graph does not depend
on the specified indicator.

Thus, the drag coefficient Cx is equal

Cx=0.86 - 0,45=10.387
Now we calculate the coefficient Cr:
Ci=0387-12-1-1-1-1,2=0.557
Calculate the wind pressure on the stand
W;=0.82-400-0.557=183 Pa
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Wind load for part of the structure II (billboard)

Taking into account the height of the billboard above
the ground, the billboard structure is divided into three
points (#2, #3, #4, see Fig. 4) to more accurately
determine the wind load.

Ci= Caeri - Cni - Care * Crel - Cair - Ca

Where, Cat = 17 Crel = 1, Cair = 1;

1 — the number of the point for which the calculation
is performed

Cq — is determined according to Figure 9.8 [14] and is
equal to 1;

Cn2 =.2; Cn3 =1.2; Cps =1.35;

Caer — has the form C. and is defined in Annex I,
Scheme 1. This coefficient takes into account drag pres-
sure (C') and wind pressure (C) and will have the
same value for all points, namely C*=0.8, Ce=
-0.6.

We calculate the coefficient C; for each of the points,
taking into account drag and wind pressure:

Ch=08-12-1-1-1-1=0.96

Cy=-06-12-1-1-1-1=-0.72
3=08-12-1-1-1-1=0.96
C3=-06-12-1-1-1-1=-0.72

%=08-135-1-1-1-1=1.08
C4=-06-135-1-1-1-1=-0.81
Since the actual movement of the structure due to
drag and wind pressure is in the same direction and to
reduce the number of calculations, we add these two
coefficients for each of the points. The calculations
show that the values of the coefficients C for sections 2
and 3 are identical, so we further assume the values at
these points to be equal.
Cy3=Ch3+|C23=0.96+0.72=1.68
Cs=C"4+|C4=1.08+0.81=1.89
Calculate the wind pressure on the billboard:
W23=0.82-400 - 1.68 =551 Pa
W4=0.82 -400 - 1.89 =620 Pa.
Thus, the maximum calculated value of wind pressure
on the billboard Wy, is 585.5 Pa.
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Figure S - Design scheme of the studied support node:
1 — supporting structure, 2 — anchor bolt, 3 — supporting node of the advertising structure, 4 — stand.
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The dimensions of the base plate in the plan depend
on the design requirements for placing the column
cross-section, traverses and stiffeners on the plate. The
slab works as a plate on an elastic base that absorbs the
pressure from the column and the traverses.

The thickness of the slab was determined based on
its bending behavior in the areas between the traverses.
The thickness of the base slab was calculated using
formula 11.1 of DBN B.2.6-198:2014 [15]:

Sn: 6.Mmax.7n
R, -7,

The maximum and minimum stresses in the base plate
of the support node are determined by the formula:
o =N/A+M/W
The length of the compressed zone of the slab is
calculated by the formula:
c= (Gmax/ (Gmax+ |Gmin| )) -L

The distance from the equidistant compressed zone to
the center of the bolts of the tensile zone is:
y=L-c/3-¢ [8]
The force in the tensile anchor bolts is determined by
the formula:
Z=M-N-a)ly
The following condition must be observed:
z/(n-S)<Ru0,8
The tensile resistance of anchor bolts (Rya) is taken
from Table D6, Annex D, DBN B.2.6-198:2014 [15].
At the next stage, we calculated the loads acting on
the support node of the advertising structure and,
accordingly, on the bolted connections, depending on
the location of the advertising structure in different
wind regions of Ukraine. The calculated values of the
loads of the existing advertising structure located in
different wind regions of Ukraine are shown in Table
1.

Table 1. Calculated load values of an existing advertising structure located in different windy
regions of Ukraine.

Wind pressure Maximum design value Moment at
W11.1dy characteristic of wind pressure on a the bearing F.o rees in ten-
regton value Wy, Pa billboard W, Pa node, sile bolts, kN
0 m kN*cm

1 400 585,5 6171,0 106,14

2 450 658,7 6941,0 120,24

3 500 731,8 7712,0 134,35

4 550 805,0 8484,0 148,49

5 600 878,2 9255,0 162,61

Rigid column bases should have at least four anchor
bolts, which prevents the column from turning on the
support after the bolts are tightened.

At the next stage of the research, the size of the
column base was reduced and increased, and the loads
acting on the support node of the advertising structure
were calculated to determine the optimal ratio. In total,
eight variants of the size of the support nodes were
calculated for five windy regions of Ukraine.

The effect of changing the size of the base plate of the
structure and, accordingly, the distance between the
anchor bolts on the calculated stresses in the anchor
bolts for five windy regions of Ukraine was analyzed.

The results of calculations of the base size changing
effect and, accordingly, the change in the force in the
anchor bolts for the third wind region of Ukraine
(Poltava) are shown in Table 2.

As a result of the calculations, the following
dependencies were noted: with an increase in the
overall size of the base and, accordingly, an increase in
the distance between the anchor bolts, the stress in the
anchor bolts decreases, which means that their diameter

decreases, but the total weight of the support assembly
increases and, consequently, its cost.

Given that the cost of anchor bolts per unit weight is
one and a half times higher than the cost of metal
structures per unit weight of the support node, there is
an optimal ratio of base size, base thickness, and anchor
bolt diameter for each wind region.

The analysis of the calculations revealed the
dependence of the total cost of the support node and
anchor bolts on the overall dimensions of the assembly
and the diameter of the anchor bolts.

The verification calculation of the bearing capacity of
the existing support node under study (type 5), column
base size 750x750 mm, and anchor bolt diameter 27
mm) showed that the anchor bolts with a diameter of 27
mm used in this assembly cannot withstand the design
load for the third wind area. The force in the anchor
bolts is 1.6% greater than the design resistance of the
anchor bolts. It was proposed to increase the size of the
column base to 800x800 mm (type 6) - in this case, the
force in the anchor bolts is less than the maximum
resistance.
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Table 2. Estimated values of loads and cost of different sizes of the advertising structures supporting

nodes.
) ) ] L %} L ] W ]
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o o = o = o & o = o = o = o o =
£E% |£2 |2 |£% |2z |£% |£% |E%Z |E%
a a [=) a a a a a [=)
. 1000x
Overall size of the
mm (400x400| 500x500 | 600x600 | 700x700 | 750x750 | 800x800 | 900x900
support node base 1000

Distance between

mm |250x250| 350x350 | 450x450 | 550x550 | 600x600 | 650x650 | 750x750 | 850x850
anchor bolts

Force in two

kN 285,25 | 215,84 173,66 145,31 134,35 124,94 109,61 97,64
stretched bolts

Resistance to

stretched bolts, 2 kgﬁc 12,73 13,23 10,64 12,95 14,64 13,61 11,94 13,83
pcs
Weight of the sup-
port node with an- kg 120,34 | 104,04 110,40 118,32 121,87 126,87 133,37 147,63
chor bolts

Cost of the support
node with anchor UAH | 15923 13411 14115 14413 14514 15069 15791 17151
bolts

Percentage of an-
chor bolt cost in the % 46,55 40,56 38,54 26,18 20,71 19,95 19,03 13,88
support node cost

Percentage of an-

hor bolt weight i
CROr DORWEISALIN 1o | 3623 | 3076 | 2899 | 1876 | 1451 1394 | 1326 9,48
the total weight of
the support node
Anchor bolts desi
MEROr DOTS Aesign 1 m 4 36 36 30 27 27 27 24
diameter
Cost of anchor bolts | UAH | 7412 | 5440 5440 3774 3006 3006 3006 2380
Cost of the support
node without anchor | UAH 8511 7971 8675 10639 11508 12063 12785 14771
bolts
Design thicknessof | | 403 28,9 20,5 16,3 15,8 14,4 12,1 10,3
the column base
Accepted thickness | | 460 30,0 25,0 20,0 20,0 16,0 14,0 12,0

of the column base

After analyzing the results of research and (type 5), which costs 14514 UAH, is not optimal in
calculations of different sizes of the column base, we  terms of material efficiency (see Fig. 6).
can conclude that the existing support assembly
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As the size of the support node increases, the cost of
the support node metal increases much faster than the
cost of the anchor bolts decreases.

For more efficient use of materials, it is necessary to
reduce the node size and increase the diameter of the
anchor bolts accordingly.

As a result of the analysis and calculations, the most
effective was the support node type 2, the overall size
of the column base is 500x500 mm in combination with

anchor bolts with a diameter of 36 mm. The cost of
such a unit is UAH 13411.

The savings in the total cost of such a node is 8.2%
compared to the existing support node (type 5).

A further reduction in the overall dimensions of the
bearing node leads to an increase in the total cost of the
bearing node due to an increase in the cost of anchor
bolts.

—&— Cost of the support assembly with anchor bolts

20000 The cost of anchor bolts
The cost of the support node
18000 17151
E 15923 i 15791
16000 5 I 15069 14771
S H 14115 | 14413 | 14514
wv 1 o <
14000 8 1 0 v 12785
b 12063
i 11508
12000 I 10639
]
10000 i 8675
8511 1 7971
8000 :
]
1 5440
6000 /412 : 244D
: 3774
3006 3006 3006
4000 : 5350
g1
2000 g
S|
0 1 TYPE OF OVERALL SIZE OF THE SUPPORT NODE BASE
1 2 3 4 5 6 7 8

Figure 6. Dependence of the the support node cost on the support node base size and anchor bolt
diameters for the third wind region of Ukraine.

Conclusions

For each wind region, there is an optimal ratio of
base size, base thickness, and anchor bolt diameter. As
a result of the calculations, and analysis of the graphs
presented in Figure 6, the most efficient support node
for Poltava was proposed. The savings in the total cost
of such a node is 8.9% compared to the cost of the
existing support node of the studied advertising
structure.

In particular, in our opinion, filling the advertising
structure's stand with concrete has relatively low

financial costs, but it can significantly improve the
bearing capacity of the support node, and therefore the
bearing capacity of the cantilever structure as a whole,
which will positively affect the reliability of the node
and may increase its failure-free time.

If the destroyed tubular advertising structures that
were destroyed due to the failure of the support node
had been filled with concrete, half of the node failures
could have been avoided.
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