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Abstract. Cold-formed steel (CFS) profiles are widely used in light steel-framed
buildings, particularly for low- to mid-rise construction, where CFS strap-
braced frames serve as key lateral load-resisting systems. This research focuses
on the seismic performance of strap-braced walls incorporating CFS members,
with a particular emphasis on optimising stud elements to function efficiently
as beam-columns. A typical cross-section, derived from commercially available
profiles, is selected and refined to maximise structural capacity while adhering
to industry standards and practical limitations. Finite element (FE) models are
developed for two strap-braced wall frames, where the sections are used for
both the studs and chords: one frame uses commercially available CFS sections,
while the other employs optimised sections aimed at enhancing seismic
performance. While conventional designs include gravity loads, they often
overlook P-A effects; this study addresses that limitation by applying different
axial compression levels to assess the impact of P-A effects on both developed
models. The structural performance is evaluated based on lateral drift
compliance and the avoidance of premature failure caused by P-A effects in the
chord studs. The outcomes offer valuable insights for enhancing the seismic
design of CFS structures, presenting a systematic optimisation strategy that
improves ductility, reliability, and structural integrity under seismic loading.
Keywords: Cold-Formed Steel; Strap-braced wall panels; Optimization, Gravity
loading, Seismic performance
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Introduction

CFS is widely valued in construction due to its excellent strength-to-weight ratio, long-lasting
durability, and recyclability, qualities that contribute to its sustainability and cost-effectiveness [1-
2]. Its lightweight characteristics enable easier transportation and faster installation. Additionally,
CFS’s adaptability allows for efficient section design and off-site manufacturing, which reduces
material waste and shortens construction durations. In multi-storey buildings, CFS members
frequently act as the primary lateral force-resisting elements, effectively supporting both vertical
and lateral loads from wind and seismic forces [3-7]. In these systems, lateral load resistance is
commonly provided by strap-braced stud walls [8-10], which are available in various forms such
as X-bracing [11], K-bracing [12], knee-bracing, or combinations thereof.

Several researchers have investigated the behaviour of CFS strap-braced walls, particularly
under monotonic and cyclic loading conditions. Al-Kharat and Rogers [11] performed experimental
tests on light, medium, and heavy CFS strap-braced walls and found that heavier panels showed
inadequate ductility. Likewise, Zeynalin and Ronagh [13] examined strap-braced walls with a 1:1
aspect ratio, focusing on the effects of strap quantity, angles, and bracket design under cyclic loads.
Their results indicated that these walls maintained stable hysteretic behaviour and could be
considered structurally dependable. Although shake-table tests conducted by others [14] have
contributed valuable insights into CFS wall behaviour, the combined impact of gravity and lateral
loads has often been neglected. Rad et al. [15] addressed this gap by performing full-scale cyclic
tests on two-story CFS strap-braced systems, demonstrating robust elastic-plastic responses when
appropriate detailing was implemented.

Optimization methods are commonly applied in structural engineering to enhance load
capacity and stiffness or to reduce cost, weight, and carbon emissions. Depending on the design
goals, various algorithms (such as metaheuristic, deterministic gradient-based, or hybrid
approaches) can be employed. For example, Ye et al. [16-187] increased the load-carrying capacity
of beams by optimizing cross-sectional designs incorporating edge and intermediate stiffeners and
segmented folded flanges. Similarly, Mojtabaei et al. [19-20] developed a metaheuristic-based
methodology to optimize CFS beam-column members, maximizing their load capacity while
maintaining consistent material usage in compliance with Eurocode 3.

This study focuses on improving the load-bearing capacity of CFS strap-braced walls by
substituting the commercially available stud and chord sections with optimized alternatives. The
optimization process was constrained by material usage limits, specifically the total coil width and
thickness of the chosen sections. FE models of walls with both commercially available and
optimized stud sections were created and analysed under combined gravity and lateral loading to
assess seismic performance. The subsequent sections of this paper include Section 2, which details
the design process for the CFS beam-column elements; Section 3, which describes the optimization
methodology and associated constraints; Section 4, covering the development and validation of the
FE model; and Section 5, which presents the seismic performance evaluation.

The methodology
CFS beam-column element design

The design of CFS elements has been extensively investigated in previous studies using both
prescriptive code-based methods and data-driven approaches [21-23]. In this study, the capacity
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of the CFS beam-column element was determined using the EN1993-1-1 [24] and EN1993-1-3 [25]
standards. The cross-sectional resistance was evaluated by considering both local and distortional
buckling modes, while the member resistance accounted for global instabilities.

Local-distortional buckling and cross-section check

The Effective Width Method (EWM) outlined in Eurocode 3 addresses local buckling by
reducing the load-bearing capacity of compressed plate regions. This reduction may cause a shift
in the centroid position and result in additional bending moments. When the member is subjected
to bending, an iterative procedure is employed to determine the neutral axis and compute the
bending strength based on the effective partially plastic section modulus. Distortional buckling,
which frequently occurs in stiffened plates under flexural or flexural-torsional loads, involves both
in-plane and out-of-plane deformation modes. Eurocode 3 manages this phenomenon by
decreasing the effective thickness of the stiffener and the adjacent plate areas. The buckling stress
is then calculated by modelling the stiffened section as a compression element resting on an elastic
foundation.

The cross-section of a CFS beam-column under axial compression and bending moments
must satisfy the following criteria:

Ngq + My gq + AM,, g4 + M, pq + AM, g <1 (1)
Nc,Rd Mcy,Rd Mcz,Rd

where N, rq denotes the design compressive resistance of the cross-section, while M., g4 and
M, rq design moment resistance about the major (y-axis) and the minor (z-axis) axes, respectively.
The additional moments are calculated as AM,, gy= Nggey, and AM, ;= Ngqey,, where ey, and ey,
are the shifts of the y- and z-axes, respectively.

Member resistance requires various calculations for both pure compression and pure bending.
In this regard, global buckling is considered for pure compression, while lateral-torsional buckling
is assessed under pure bending. Additionally, member stability was evaluated using the equations
provided in EN 1993-1-3.

The optimization in this study utilized the code developed by Mojtabaei et al. [19], which is
based on the Particle Swarm Optimization (PSO) technique. The primary goal was to keep the
material consumption, specifically the total coil width, consistent with that of the commercially
available reference section used as a baseline. Using this reference, an optimized cross-sectional
design was created to improve the load capacity under combined axial compression (Ng4) and
bending about the major axis (M, ;). The bending moment was applied by introducing an
eccentricity (e, ) to the axial compressive load, thereby maximizing the axial capacity Ng; under
conditions that closely simulate real-world loading (M,, g = Nggq X ey).

During the optimization, a beam-column element with simply supported end-fork supports
was modelled, which permitted rotations and warping at its ends but restricted twisting along the
longitudinal axis. The study focused on a lipped channel section and explored various parameters,
such as section thicknesses of 1.16, 2, 3, and 4 mm, as well as eccentricities of 0, 100, and 300 mm.
These variations were analysed to assess and compare the enhancements in axial compressive load
capacity for each scenario. To maximize the axial load capacity, the cross-sectional optimization
combined the Eurocode Design Procedure for Beam-Column Members with a Particle Swarm
Optimization tool implemented in MATLAB.

Figure 1 illustrates both the original and optimized cross-sectional designs. Furthermore,
Table 1 outlines the specific restrictions and requirements imposed by industry standards and

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N93(152)/ 2025 11
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



Muhammed Cosut

manufacturing processes. The design variables primarily involved the lengths of the flange and lip,
which were limited according to these standards and production considerations. The angle 6 was
set to /2. Additional constraints were introduced to accommodate the installation of hold-down
devices (Simpson S/HD10 S with a depth of 59 mm) on the CFS strap-braced wall. These
constraints ensured that the spacing between the lips of the chord members provided sufficient
clearance for the hold-downs to be properly installed without causing any interference with the
chord cross-sectional shape, as detailed below:

spacing = h—2 X c¢ =60 (2)

where h denotes the web height and c represents the lip length.

Table 1. Optimization design variables, constraints and limitations

Design variables Constraints based on EC3 Manufacturing & practical limitations (mm)
02<c¢/b<0.6
_ b/t <60 b =30
))::1:272 c/t <50 c>10
z- h/t <500 h = 2csin(9)

n/4 <60 <3n/4
Design variables which are X; and X, ratio ranges were computed based on the standard and
manufacturing process. X; was set between 0.2 and 0.6, while X, was determined based on the
total coil width and material thickness. The maximum ratio for X, was limited using two different
arrangements to reduce the computational time by narrowing the range.

60Xt
bmin L
< X, < min 3
L 2 bmsx ( )
L
bmsx =L — Rmin — 2 X Cpin (4)

where b,,;, was set 30 mm, L is the total coil width (300 mm), t, h,,in, Cmin represent the
thickness, minimum web height and minimum lip length, respectively.
b=50

o

NGRT b=60 _
2 N
Il
=
L I
(a) (b)

Figure 1 Cross-section of (a) commercially available, (b) optimised section

Particle Swarm Optimization (PSO)

Particle Swarm Optimization (PSO) is a metaheuristic technique rooted in the collective
behavior observed in nature among groups like birds, fish, and ants. This method belongs to the
broader family of swarm intelligence algorithms. In PSO, each particle adjusts its velocity by
considering both its personal best experience and the best performance achieved by the swarm as
a whole. This approach enables a balanced integration of individual adaptation and collaborative
decision-making, making the algorithm highly effective for solving complex optimization problems.
FE modelling: descriptions and properties.
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Abaqus [26] is well-established for its effectiveness in precisely replicating the structural
response of CFS structures, significantly reducing the reliance on large-scale physical testing [27-
30]. Following the optimization of the C-lipped section with zero eccentricity (e= 0), FE models of
CFS strap-braced walls were developed using both commercially available and optimised stud
sections. Each wall model measured 2.44 m x 2.44 m and included top and bottom rigid plates,
tracks, chords, studs, X-shaped straps, bridging members, hold-downs, L-brackets, and anchor rods
(see Figure 2).

Element type and material characterization

The cold-formed steel (CFS) strap-braced wall models were developed using four-node S4R
shell elements, which are well-suited for analysing thin-walled components. To ensure accuracy
and efficiency, a mesh sensitivity study was conducted, resulting in a mesh size of 15 mm x 15 mm
for most structural elements, while rigid plates were assigned a coarser mesh of 20 mm x 20 mm
to optimize computational performance. Material properties were obtained from experimental
tests, and stress-strain data were converted to true stress-strain relationships for accurate Abaqus
input. The elastic modulus is 203 GPa, and the Poisson’s ratio is 0.3. Strap and track have the same
yield (f;,) and ultimate stress (f,,) as 296 and 366 MPa, respectively. Also, stud and chord have the
same f, and f, of 325 and 382 MPa, respectively. In addition, the isotropic hardening model was

used for the monotonic analysis.

Table 2: Material properties

fy fu
(MPa) (MPa)
Strap
Track 296 366
Stud
Chord 325 382

Boundary conditions, loading, and connection modelling
In the FE model, the hold-downs (Simpson S/HD10 S) and tracks were connected to reference
points positioned at the anchor locations. These reference points at the base were fully fixed, while
those at the top were permitted to move laterally within the plane. However, their out-of-plane
translations and rotational degrees of freedom were restrained. A monotonic load was applied
incrementally until the inter-storey drift reached a maximum limit of 5%. To replicate gravity
loading, a 20 mm thick plate was added above the top track, facilitating even distribution of vertical
loads. This top plate was subjected to uniform pressure, scaled based on the compressive capacities
of the vertical members, as outlined in EN1993-1-3 [25]. The connections between tracks and
studs, as well as straps and chords, were simulated using empirical formulations proposed by
Pham and Moen [31]. Within Abaqus [26], screws were modelled as discrete fasteners, with the
connector influence radius enabling the transfer of displacements and rotations from surface
nodes to the fastening locations.
Geometric Imperfection
Initial geometric imperfections were incorporated by scaling the first buckling mode shape
from an eigenvalue buckling analysis [32-35]. Slack in tension straps was simulated by applying
unit lateral displacements at anchor points, inducing initial compression in the diagonals. Chord
stud imperfections were omitted due to their negligible impact, enhancing computational

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N93(152)/ 2025 13
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



Muhammed Cosut

efficiency in multi-storey models.

Figure 2. FE model
Findings/Discussion

In the optimization process, three different values of e (0, 100, and 300) were considered, along
with four thicknesses (1.16, 2, 3, and 4) for the C-lipped stud element. These combinations were
analysed to explore the relationship between e and thickness. The results show that as e increases,
the capacity improvements between commercially available and optimised sections become
smaller. To exemplify, the capacity improvement for e=0 ranges from approximately 42% to 91%,
while for e=300, it ranges from about 8% to 25% (see Figure 3). Consequently, the differences in

average capacity improvement of approximately 45% and 12% can be observed between e=0 and
e=300, as well as between e=100 and e=300, respectively.

100

Capacity Improvements (%)

1.16 2 3 4
Thickness

Figure 3 Optimization results based on thickness

Once the CFS strap-braced wall frames using both commercially available and optimised stud
sections were created in Abaqus, the gravity load, calculated based on commercially available
sections considering the total compressive strength of the vertical elements (N, ;), was applied to
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both frames across a range ofload levels. This was done to examine the P- A responses of the models
and to assess whether they reached the maximum allowable drift. Figure 4 illustrates the FE
analysis results, showing the effects of applying gravity loads ranging from 0% to 50% Nj,; on both
frames. The analysis was conducted using 2 mm thick straps and 1.16 mm thick chords, and studs.
The CFS strap-braced frame equipped with the optimised section (see Figure 4 (b)) demonstrated
consistent performance, with most frames achieving the maximum allowable drift. However, the
frames subjected to 43% and 50% Np,; are unable to reach this limit. In contrast, the CFS strap-
braced frame equipped with a commercially available stud section (see Figure 4 (a)) showed a
noticeable reduction in performance, failing to reach the maximum allowable drift at several load
levels between 22% and 50% Ny ;.

Drift (%) Drift (%)

0.0 1.0 20 31 41 5.1 6.1 7.2 0.0 1.0 2.0 3.1 4.1 5.1 6.1 7.2
75 T T T T T T 75 T T T T T

60

—y
—ast # " 7% Ny
i N,
e 22% Ny
S—
- 3% N,
—T

o
wemmennnen 50% N,

45

P (kN)
P (kN

30

15

0

0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
A (mm) A (mm)

Figure 4 Monotonic response of (a): commercially available; (b): optimised models

The stiffness (k) (kN/mm) and ductility (u) values were computed using the bilinear curve,
which follows the Equivalent Energy Elastic-Plastic (EEEP) approach [36]. These values are
determined as follows:

k= (5)
A,
B= A, (6)

where P, is the yield load, 4,, is the yield displacement, and A, is the ultimate displacement.

. - . v 15
—o—Ductilty-Commercially available
= ~Ductility-Optimised
- Stiffness-Commercially available
-4~ Stiffness-Optimised

0 7 14 22 29 36 43 50
% N

Figure 5 Evaluation of ductility ratio () and stiffness (k) of the commercially available and
optimised section under varying Ny, .

Based on monotonic analysis results, the stiffness and ductility of both CFS strap-braced
frames, equipped with commercially available and optimised stud sections, were evaluated under
varying vertical load ratios (% Nj ) (see Figure 5). The stiffness of both models exhibits a similar
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decreasing trend, with a gradual reduction as the vertical load increases. For frames with
commercially available stud sections, ductility shows a slight decline from 0% to 14% N,, ;, followed
by a significant drop beyond this point. In contrast, frames with optimised stud section maintains
higher ductility up to 36% N, ;, with a noticeable reduction occurring only at higher vertical load
levels. A sharp drop is observed particularly at 50% N_(b,t), where the ductility value reaches
approximately 1.4.

Conclusion

This study aimed to enhance the performance of CFS strap-braced frames by optimising

stud (beam-column) sections within design and manufacturing constraints. The optimised cross-
section was applied to both studs and chords, and FE models were developed in Abaqus using
both commercially available and optimised stud sections. Combined gravity and lateral loads
were applied to the frames, with the total gravity load calculated based on the compressive
strength of the vertical elements (i.e., chords and studs) in the commercially available section.
This reference value was then used to define gravity load levels ranging from 0% to 50% of Ny, ;,
and consistently applied to both frames. This approach enabled a consistent comparison of
stiffness, strength, and ductility across configurations. The findings demonstrate that variations
in eccentricity (e) and thickness during beam-column element optimization significantly
influence the improvement of the load-bearing capacity, revealing clear differences between the
optimised and commercially available sections. Moreover, increased eccentricity results in
reduced capacity.

While low vertical loads have a minimal impact on lateral performance, higher gravity loads
considerably enhance the peak strength, ductility, and stiffness of frames incorporating the
optimised section, in contrast to those using commercially available section.
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Myxammea KocyT

MexaHuKa/1blK, a3poFapbiuimblK HCIHE A3aMAMMbLK UHMCeHepusi mekmebi, Llledpduao
yHugepcumemi, lllegpdpund, ¥avi6pumaHus

OnTuMu3anMaIaHFaH KuMasiapbl 6ap CFS (KasbinTa CybIKTal HiJIreH 60/1aT) KAFaLl
6ailJlaHbICTapbIMEH KaObIpFaJIapAblH, CEMCMHUKAJIBIK, 9CEPiH 6arasiay

Anpartna. Cysikrait uinren 6osat (CFS) npodunbaepi xeHin 601aTTaH KacajfaH KaHKaJlbl
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FUMapaTTap/ia KeHiHeH KoJIJaHbLIa/ibl, dcipece a3 »KoHe opTa KabaTThl KypblabICTapAa, MYH/Ja
CFS xkuraw 6aiyiaHbicTapbl 6ap paMajap KeJlleHeH, XYKTeMeJiepre Kapchl HeTi3ri xyWesep
6osbin Tabbliaabl. byn 3eptTey CFS anemeHTTepi eHrisisireH Kufrall OailslaHbICTapbl 6ap
KaObIpFaJap/blH, CeMCMHUKAJbIK KYMBICBIH 3epTTeyre OafFbITTa/faH, acipece Tipeyill
3JleMeHTTepAi TUIMAI TypAe 6aFaH-Cyprill peTiHJe KyMbIC icTeTy yllIiH OHTalJaH/bIpyFa 6aca
Hasap aygapbuiaabl. Cayaaza 6ap npodusibjep HerisiHje ajblHFAH XXoHe HaKTblJIaHFAH TUNTIK
KMMa TaHZJaJblll, CaJa/blK CTaHAApPTTAp MeH NpPAaKTUKAJIBIK LIeKTeyJepll CaKTaul OTBIpHII,
KeTeprillTiK KabiseTTi 6apbIHIlIA apTThIPY Ke3jeareH. Kurau 6ailsiaHbicTapbl 6ap eKi paMasblk,
Kyhe yuIiH COHFbl 3seMeHTTep dfici (CIO) OoHbIHILIA MoJesbJep d3ipseHai: 6ip pampa
KOMMepUUsIbIK KospkeTiMAi CFS  KuMasnapbl KOJIJaHbLICA, €eKiHIUICIHAEe CeMCMHUKAJbIK
TYPAaKTbUIBIKTBl apTThIpyFa OaFbITTa/IFaH OHTAWJIaHABIPbUIFAH KHMaJap MaijajaHblLI/bl.
JacTypJi x06asapzia aybIpJblK KYUITEPi ecKepisireHiMeH, kebiHece P-A acepJsiepi HazapAaH ThIC
KaJlazibl; OYJ1 3epTTey/e OyJ1 eKTey apTypJii OChTiK KbICY JieHTeliepiH KosaHbln, P-A acepiHiH,
eKi MoJje/ibre bIKNaJblH 6aFasay apKblibl LIellisireH. KypbuUIbIMABIK )XYMbIC KaObIpFa BIFbICY
1ieriHe coliKecTiriHe »xoHe xopAa Tipeyimrepinzeri P-A acepiHeH 60s1aTbIH Mep3iMiHeH OYPbIHFbI
icTeH wWBIFyABI GoJJblpMayFa Herizzesin 6GarasaHgbl. HoTukenep CFS KypblabIMapbIHbIH
CelCMUKaJbIK K00aayblH XeTiNipyre KyH/Abl YCbIHbICTAp Oepeji »KoHe MJIaCTHKa/bLIbIFbIH,
CEeHIMJIJIITIH K9He CeUCMUKaJBIK J>KYKTeMeJsiep Ke3iHZJeri KypbUIbIMABIK TYTaCTbIFbIH
apTThIPAThIH XXYyHeJli OHTalJIaHAbIPy CTPATErusaChblH YCbIHA/bI.

TyiiH ce3aep: CybIKTal HisireH 60JaT; KUfall 6GailjiaHbIChl 6ap KAaObIPFa/bIK MaHe bJep;
OHTaMNJIaHJbIPY; aybIPJIbIK }KYKTeMeCi; CEiCMUKAJIbIK TYPaKTbIIbIK,

Myxammea KocyT

LlIkos1a MaWUHOCMPOEHUS, A3POKOCMUYECKOU U 2paxic0aHcKol UHX ceHepuu, YHugepcumem
Llle¢ppund, llledppund, BeaukobpumaHus

OneHKa ceiiCMUYeCcKo# peaKIjuM CTEH C PaCKOCaMM M3 XOJIOAHOTHYTHIX MPOoQuIei ¢
ONTHMHU3MPOBAHHBIMHU CEYEHUSAMU

AHHOoTaumsa. XosioaHOorHyThle cTasbHble (CFS) npoduan mMpoKo NPUMEHSIOTCA B
KapKacCHBIX 3/IaHUSAX U3 JIETKOW CTaJIi, 0COOEHHO B MaJIO- U CpeJHEITAKHOM CTPOUTEJIbCTBE, T/
pambl ¢ packocaMu u3 CFS ciyaT OCHOBHBIMHU CHCTE€MaMHU BOCIPUATUS TOPU30HTAJIbHBIX
Harpy3ok. B jaHHOM ucciiefjoBaHMU pacCMaTpUBAETCA CEMCMUYECKasi paboTa CTeH C paCKoCaMHU
u3 CFS, c oco6pIM BHMMaHMEM K ONTUMH3ALUMU CTOEUYHBIX 3J1€MEHTOB /Jifl UX 3QPeKTUBHOU
paboThl B KayecTBe 0aJOK-KOJOHH. B kKadecTBe HMCXOAHOr0O BbIOpAaH W YTOYHEH TUIMWYHbBIN
nonepeyHbld MNpodU/b, OCHOBAHHBIM Ha KOMMEpPYECKH [JOCTYIHBIX CeYeHHUX, C LeJblo
MaKCUMM3allMi HeCyllel CHOCOOHOCTM TMpU COOJIIOJAEHUHU OTpacjeBbIX CTaHAAPTOB U
NpaKTU4YeCKUX OrpaHUWyYeHUH. [lyig ByX paMHBIX CHCTEM C packocaMd pa3paboTaHbl MOJesd
MeTO/I0M KOHeYHbIX 3jieMeHTOB (MK3), rie BbiOpaHHbIe ceueHUsI UCNOAb3YIOTCH KaK [/ CTOeK,
TakK U AJi XOp/: O/lHA paMa UCIOoJib3yeT KoMMepueckd aoctynHble npoduau CFS, a gpyras —
ONTUMHU3UPOBaHHbIE CEYEHM S, ODUEHTUPOBAHHbIE HA MOBbIIIEHUE CEHCMUYECKON YCTOUYUBOCTH.
B To BpeMs Kak TpaJULIMOHHbIE KOHCTPYKL WU YIYUTBIBAIOT JeiCTBUE BEPTUKATbHBIX Harpy3okK,
OHU 4acTo UTHOpUpYT 3ddekTol P-A; B JaHHOU paboTe 3Ta nmpobJsieMa peliaeTc MyTEM
NPUJI0KEHUS PA3/JIMYHBIX YPOBHEN 0CEBOT0 C:KaTU [/l OLleHKU BaMsAHUSA 3¢ dekToB P-A Ha 06e
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pa3paboTaHHble MoJesd. Hecymasa cnoco6HOCTh KOHCTPYKIIUM OLLleHUBAETCA M0 COOTBETCTBUIO
KpUTepUsM MpeJeabHOro JApedda M NpefOTBpALEHUI0 IpeXJeBPEMEHHOr0 pa3pylleHHs,
BbI3BAaHHOI0 3ddexkTaMu P-A B CTOeyHBIX 3JIeMeHTax XOpA. Pe3ynbTaThl [alOT LEeHHbIE
pPEKOMEeHJIalMK 110 COBEPLIEHCTBOBAHMIO CEMCMOCTOMKOro mnpoektuposaHusa CFS-cTpykryp,
npepJarasg CUACTEeMAaTHYeCKyH CTpaTervil ONTUMM3aLvM, YAY4YIIAKLYH0 [JIACTUYHOCTD,
HaZEXHOCTb U KOHCTPYKTUBHYIO LIeJIOCTHOCTD IIPY CEUCMUYECKUX BO3/leH CTBUSAX.

KiroueBsle c/10Ba: X0JI04HOTHYTAas CTa/lb; CTEHOBbIE NIAHEJU C PACKOCAMH; ONITUMHU3aLUs;
BepTUKa/IbHAs HArpy3Ka; ceMCMHUYecKasd yCTOUYUBOCTb.
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