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Awnorauis. [Ipang npucssiuena aHamtisy ocoOGaMBOCTEN POOOTU JIETKUX CTAJIEBUX Ta CTaJIe3ani300eTOHHUX
KOHCTPYKIIiH#, IO MPamiooTh B YMOBaxX CKJIQJHOTO HAMPY’KEeHO-/e(hOPMOBAHOTO CTaHy, B TOMY YHCJi — ¥
BY3JIax 3'€/lHaHb eJIeMEHTIB Ta TIPH /1ii 3TUHY 3 Kpy4eHHsAM. HaBesieHi pe3yibraTii IpoBeieHOTO TUKJITY eKCIepy-
MEHTATBHUX JIOCJI/UKEHb TAKOTO TUTTY KOHCTPYKTUBHUX €JI€MEHTIB, BUKOHAHUX i3 Z-momibHux mpodinis. Ha
OCHOBI cepii eKcriepuMeHTaIbHUX JOCTIIKEHb BCTAHOBJIEHO XapakTep po6oTH 6aJIOK 13 Z-NOMiOHIX eJleMEHTIB,
3'€[IHAHUX 3a JIOMIOMOIOI0 HAKJIAJOK Ta 60aTiB. EKCIIepUMEHTAIbBHO 0OIPYHTOBAHO €(DEeKTUBHICTD BUKOPHUC-
tanus JICTK B moeananHi 3 JETKMMU TEIIOI30IAMINHIMK GeToHaM (JIETKUX CTale3ali306eTOHHNX KOHCT-
pyxiiii — JICJKBK) 3 MeTot0 mTiIBHTIIEHHS MiCIIeBOI CTIHKOCTI KOHCTPYKIIiH i3 TOHKOCTIHHUX CTaleBUX MTpodiiB
B YMOBaX CKJIaJHUX BUIB eOPMYBaHHSA — POOOTH Ha 3TMH i3 KPYYEHHSIM, a TAKOK 3aIIPOTIOHOBAHI CITOCOOM
aHKepYBaHHS YaCTHH KOMILJIEKCHOTO TIepepisy.

KiouoBi ciioBa: JieTki ctajseBi KOHCTPYKITii, TOHKOCTIHHI X0101H0(GOpMOBaHi cTasesi mpodisi, Z-momioHi
npodisi, 6oNTOBI 3'€IHAHHA Ha HAKJIAAKAX, JIETK] TEIIOi30sIiiiHi 6eTOHH, KOMIUIEKCHI KOHCTPYKILII,
aHKepHi 3ac00M, CKJIaIHI BUAN 1e(OPMYBAHHS, 3TUH 3 KPYIEHHSIM.

KOMIIJIEKCHBIE ORCITEPUMEHTAJIbBHBIE NCCJIENOBAHUA
JIETKUX CTAJIbHBIX 1 CTAJIESKEJIESOBETOHHbIX
KOHCTPYKIIUI 13 Z-OBPA3HBIX ITPO®UJIEN, PABOTAIOIIUX B
YCJIOBHUAX CIIOKHOTO HAIIPAKEHHO-AEDOOPMUPOBAHHOTI'O
COCTOAHUA
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A]-[HOTa].lPIS[. CraTbst IocBAlleHa aHaJIu3y ocobeHHOCTel pa6OTI)I JIETKUX CTAJIbHBIX U CTasekene300eToH-
HbIX KOHCprKHHI;,I, pa60TaIOH_[I/IX B YCJIOBUAX CJIOJKHOTO HaHpSI)KeHHO'ZlerOpMI/IPOBaHHOI‘O COCTOsAHUA, B TOM
4qucJjie — B y3JaX CO€IMHEHUS 3JIEMEHTOB U IIpU JefCTBUMN usrnba ¢ Kpy4deHueM. HpI/IBeZ[eHI)I PeE3yJIbTaThl
IIPOBEAEHHOTO ITUKJIA SKCIIEPUMEHTAJTbHbBIX HUCCHeIOBAaHUI TaKkoro Tuia KOHCTPYKTUBHBIX 3JIEMEHTOB, BbI-
TIOJIHEHHBIX 13 Z'O6D33HI)IX HpOd)HHeﬁ. Ha ocHose CEpUU IKCIIEPUMEHTAJTbHBIX uccyae0BaHni YCTaHOBJIEH
XapaKTep pa6OTI)I 6anoK u3 Z'06p33HbIX 9JIEMEHTOB, COEAUMHEHHDbIX C ITOMOIIbIO HAKJIaJIOK N 60JITOB.
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IKcnepruMeHTaIbHO 060CHOBaHO 3bdexTuBHOCTD Ucnoab3oBanust JICTK B couetanuu ¢ JErKUMU TEILIO-
U30JISIIIUOHHBIMU GeToHaMu (JIerKuX crasieskese306eTortbix KoHceTpykimii — JICJKBK) ¢ unenbio mosbiie-
HUS MECTHOUM YCTOMYMBOCTH KOHCTPYKIIUI M3 TOHKOCTEHHBIX CTAJTBHBIX MPOMUIEH B YCIOBUSIX CIOKHBIX
BuUI0B fiehOpMUPOBaHst — pabOThl Ha M3THO ¢ KPyYEHUEM, a TAKIKE IPEJIOKEHBI CIIOCOObI aHKEPOBKY YacTei
KOMIIJIEKCHOTO CeueHHSI.

KioueBsie cioBa: jieTkue CTaabHbIe KOHCTPYKIIUU, TOHKOCTEHHbIE XOJTOAHO(DOPMOBAHHbBIE THYTHIE
cranbHble Tpoduan, Z-o6pasnbie poduan, 60JTOBbIE COCAMHEHNs Ha HAKJIaAKaX, JETKUe
TETION30JIATIHOHHBIE GETOHBI, KOMIIJIEKCHBIE KOHCTPYKITUH, aHKEPHBIE CPEICTBA, CJOKHBIC BUJIBI
nedbopMUpoBaHUs, U3rUG C KPYUYEHUEM.,
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Abstract. The paper is devoted to the analysis of peculiarities of structural behavior of light steel and
composite structures under compound stress, including joints and influence of bending with torsion. The
results of an experimental test cycle on such structural elements made of Z-shaped elements are derived.
Structural behavior character of beams made of bolted Z-shaped elements with onlays is determined on the
basis of a series of experimental research. The efficiency of using light steel thin-walled structures with light
insulating concrete (light composite structures) for the purpose of local stability enhancement of thin-
walled steel profiles under complex deformations — bending with torsion, — has been experimentally

corroborated. Complex sections anchorage methods have been proposed.

Keywords: lightweight steel structures, thin-walled cold-formed steel structural profiles, Z-shape
sections, sleeved bolted joints,lightweightinsulating concrete, composite structures, anchoring, complex

types of deformation, bending with torsion.

Actuality of research on a theme of behavior of
load-bearing structures with cold-formed thin-
walled steel profiles

In modern construction practice of Ukraine and for-
eign countries constructions using steel thin-walled
cold-formed profiles (cold-formed structures — CFS)
[9, 14, 16] are becoming more common. Among the
most common types of cross-sections of cold-formed
profiles should be allocated the C-sections used pri-
marily as load-bearing structures of ceilings and
walls of low-rise buildings, as well as Z-shaped
(Z-profiles), the scope of which are purlins and wall
coverings.

Despite the fact that the design of LSF in the
recent literature is given a lot of attention
[11, 12, 15], today there are still a number of unre-

solved issues, including the calculation and design
of connections of elements, in particular bolted
joints. It should be noted that unlike other coun-
triesin Ukraine there isno needed national regula-
tory framework devoted to the design of light steel
structures, which will surely slow down their imple-
mentation in modern construction practice in
Ukraine. In European standards [8] the calculation
rules for determining the bearing capacity of indi-
vidual connections are provided for elements such
as bolts, screws, rivets, while no recommendations
concerning the behavior of the bolted connections
under bending. In general, the use of CFS in the
load-bearing structures has a number of features
caused primarily by their thickness and specific form
of section and consequently some signatures of this
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type of elements: the possibility of local buckling of
flanges and walls under bending due to axial com-
pression; the necessity to considering a bending tor-
sion during deformation analysis owing to the work
of flexural and compressed members with eccentrici-
ties; significant thermal conductivity of solid pro-
files which leads to forming of heat-conducting
inclusions. In this connection, one of the ways to
increase the carrying capacity of this type of struc-
tural elements may be filling them with a lightweight
concrete. In this case, the complex structure formed
in this manner (in fact — lightweight composite
structure [10, 13]) allows using the advantages of
each of the componentsin the most efficient way by
combining a carrier and heat-insulating functions.

Thus, the main objectives of these studies are to
obtain data on the features of the sleeved bolted
connections of CFS, and experimentally validate the
efficiency of using the CFS combined with light-
weight concrete (light composite structures) in or-
derto increase the local stability of thin-walled steel
profiles under complex types of deformation — work
under bending with torsion.

To achieve the objectives within these studies
was conducted a series of experiments, the testing
program included experiments on sleeved bolted
joints of CFS and complex light steel-
concretecomposite structures working under bend-
ing with torsion.

Analysis of behavior of sleeved bolted
connections of cold-formed elements

In order to expand the use of cold-formed structural
elements, in PoltavaNTU a series of experiments to
study the behavior of bolted joints of thin-walled
steel profiles was conducted.

This article presents the main findings of the ex-
perimental study of joints of Z-profiles with sleeves.

Analysis of regulatory documents [ 8] shows that
the rules for determining the carrying capacity are
represented there for single elements such as bolts,
screws, rivets, while there are no recommendations
regarding the behavior of bolted connections under
bending.

However, static operation of bolting system is
critical in the design of structures, as this signifi-
cantly influences the bearing capacity of the struc-
ture as a whole. Nevertheless, nonlinear behavior of
jointsishard to predict due to the intermittent prop-
erties of an attachment point.

In [4, 6, 7], the authors noted that the use of
extra onlays or connecting plates (muffs) in the
joints leads to the appearance of considerable non-
linear properties when uploading. Recognizing the
fact that they are difficult to quantify accurately,
the authors developed simplified methods for deter-
mining the rotational stiffness of sleeved joint. The
proposed method uses an ideal elastic-plastic model
ofthe «moment-angle of rotation» to verify the re-
sults of the test. However, experimental data was
not sufficient for the rotational stiffness or resis-
tance moment of sleeved connections formulae deri-
vation.

Comparatively to the sleeved joints, much more
attention to the research of overlapped joints is
given in the literature [1-3, 5]. The first who has
presented the research results was Bryan [1] pro-
posing to use the linear model for joint stiffness. He
suggested that the center of rotation coincides with
the center of group of bolts, and the amount of force
in the joint is proportional to the element mounting
distance from the center of rotation. Despite suffi-
cient ease of use, this model overlooks the nonlinear
properties of connection and ignores the complex
work of ajoint asa whole, considering only the con-
nection of two bolted steel overlapped plates.

However, in the studies of connections of over-
lapped Z-profiles performed Chung and Ho [3, 5] it
was concluded that the bending stiffness at the ini-
tial stage of loading is greater than at its final stage.
It is also noted that the resistance moment of the
joint may be increased by increasing the overlap to
the height of a profile ratio. The authors propose the
conception of flexural stiffness — a. The flexural stiff-
ness of the connection is usually compared to the
corresponding solid sample, and the ratio of these
values actually determines the effective flexural stiff-
ness a = (EI). / EI, (where (EI), is the value of
connection's stiffness during uploading and ETis the
control value of stiffness). Dubina [2] proposed a
calculation method for the initial evaluation of the
flexural stiffness of bolted joints in CFS consider-
ing their main type of failure — crushing.

Thus, in the literature discussed above rather
little attention is given to the study of sleeved con-
nections of cold-formed Z-profiles, despite the wide
experience of their practical using.

To study the structural behavior of sleeved
bolted joints a 700 mm beams were made using
coupled Z-sections connected via self-tapping self-
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drilling screws set with a pitch about 200230 mm. 10 mm. Considerable damages of the thread can
Junction of the composite beams was carried by plates be seen on the body of the bolts as a result of a
(pads) of a thickness of 2 mm using a precision 5.8 M8 complex work of connection. Failure load was
bolts. On Figure 1 the following dimensions and des- equal to 2 000 kg (Fig. 3b). When comparing the
ignations are described: £ = 1 200 mm; a = 350 mm; carrying capacity of the beam with no gapsin the
b =500 mm; D-1, D-2 — deflectometers installed in- joint B-1 and B-2 beam with a gap of 10 mm, it
plane and out-of-plane of loading of beams respec- can be seen that the gap does not effects on the
tively, G-1,G-2 — dial gauges mounted on the lower bearing capacity but significantly increased the
flanges of Z-profile to measure the opening width of deformability of the beam at theinitial loads.
thejoint. Loading was carried out in steps of 100 kg — B-4: fracture mode — a shear of the lower bolt in
until the failure of connection. the tension zone of the beam, the maximum de-
In total, to study the strength and deformation flection was 28 mm, the width of the joint open-
characteristics of bolted joints 5 samples loaded with ing — more than 13 mm besides the beam gap of
two symmetrical forces were tested. 10 mm. Considerable damages of the thread can
Adopted bending test methodology simulated be seen on the body of the bolts as a result of a
mechanical loading conditions typical for many de- complex work of connection. Load had an
sign elements and reveals the properties of the sur- amount of 1 480 kg at the fracture. The presence
face layers, the most stressed at failure. The samples of the washers significantly affected on the car-
were loaded on the scheme of pure bending rying capacity since the thickness of the shear
(Fig. 1a).Results of the bending test (Fig. 2) are pack acting on the bolt's body considerably in-
represented on P-f plot,where P — bending load and creased, which in turn had a way negative im-
f— displacement. pact on the carrying capacity in comparison with
Asaresult of experimental research authors com- beams B-1 and B-3, and accelerated the shear of
piled a brief description of the behavior of connec- the bolt (Fig. 3c).
tionsin the following samples: — B-5: fracture mode — shear of the upwardmost
— B-1: the maximum beam deflection was 8.6 mm bolt, the maximum deflection was 32 mm, the
and the joint opening width was more than width of the joint opening — more than 13 mm
11 mm at the failure load of 1 960 kg. Fracture besides the beam gap of 10 mm. Failure load was
occurred as a shear of the bolt in the tensioned equal to 1 520 kg. Structural behavior of con-
zone of the beam (Fig. 3a). nection was similar to the B-4 specimen
— B-3:fracture mode — a shear of the lower bolt in (Fig. 3d).
the tension zone of the beam, the maximum de- — B-6: shear of the lower bolt in the tension zone
flection was 27 mm, the width of the joint open- of the beam, the maximum deflection was
ing — more than 13 mm besides the beam gap of 25.5 mm, the width of the joint opening — more
a) b)
P | P2
1 1
1 ]
> 4 D-2
s :‘ | 2 _ ] @ |
| : | R
| ] o
1r ‘ ' ® o1 @ 0
| D-1
e ‘ | | : I

Figure 1. Test model: a) design model of a bending test; b) measuring devices layout.
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Table 1. Geometrical properties of complex beams' cross-sections
. . Complex beam cross- N
Cross-section |Description . Parameter Value
section
H=150mm . . 12.27
5 A Cross-section area P
B B4=60mm cm
| ! | = :
- SE— . Moment of inertia 445.9
¥ I\» By=68mm Iy . 4
o |+ aboutcentral axis Y1 cm
B Moment of inertia about | 244.10
k| C=20mm I, \ 2
central axis 7.1 cm
ravi nter rdin
v 1 | t=2mm - Gravity cente 090 dinate 11.47 cm
_‘ 04 | | on Y axis
B A=6,03 p L e | o | Gravity center coordinate 5
2 Zm ; 9.12 cm
cm on Z axis

Table 2. Bolted connections specimens family

Beam sketch

Connection properties

Number of bolts: 8pcs.
Gap: none

Washers: none

Number of bolts: 8pcs.
Gap: 10mm

Washers: none

B-4 | _ ¥

Number of bolts: 8pcs.
Gap: 10mm
Washers: 24mm

B-5 ofa

Number of bolts: 8pcs.
Gap: 10mm
Washers: 16mm

Number of bolts: 16pcs.
Gap: 10mm
Washers: none

than 13 mm besides the beam gap of 10 mm.
Considerable damages of the thread can be seen
on the body of the bolts as a result of a complex
work of connection. Load had an amount of
3 200 kg at the fracture (Fig. 3e).
Based on the results of the tests, the following con-
clusions can be drawn:

— the fracture of bolted joint occurs over the action
of the bending moment in the beam, while its cross-
section remains geometrically unchanged under
load. Effective flexural stiffness of connection is
mainly governed by the length of the sleeve and
the number of bolts disposed thereon;

— basing on the experience of preceding research
it is planned to develop a computational method
for determining the stiffness of the joints of this
typeand to conduct a further research.

Experimental studies on light steel-concrete
composite structures using thin-walled cold-
formed profiles

With a view of a more effective use of CFS in mod-
ern construction (increasing the carrying capacity
while reducing the thermal conductivity) the au-
thors propose to fill the open cavities of thin-walled
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Figure 2. Test curve: a) load to displacement dependence on D-1 deflectometer; b) load to out-of-plane displacement
dependence on D-2 deflectometer.

Figure 3. Testing of specimens: a) B-1; b) B-3; ¢) B-4; d) B-5; ¢) B-6.
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steel structures with light insulating concrete, cre-
ating light steel-concrete composite structures.

In order to study this issue, experimental research
were carried out in PoltavaNTU which included the
testing of unfilled profiles (CFz family) and sections
filled with concrete — complex light steel-concrete
composite structures (CFCz family), see Fig. 4.

All specimens were composite beams made of
two Z-profiles interconnected with self-tapping
screws, open cavity of which was filled with poly-
styrene concrete with up to 10 kg/m? density. Thus,

Figure 5. Experimental setup and measuring devices layout.

thin-walled steel profiles operate as external sheet
reinforcement in a complex steel-concrete structure
(see Table 3). To provide joint action of cold-formed
profiles with concrete several ways of anchoring of
elements of complex cross-section were developed
using horizontal (CFCzv family) and vertical
V- shaped anchors (CFCzl family). All specimens
were a cantilever beams with rigid attachment on
support tested on bending with torsion. On the free
edge of beams the concentrated load was applied
with ashoulder of 0,2 m, which creates torque (Fig. 5).
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Table 3. Experimental specimens’ description

Family External sheet reinforcement cross-section Photo
(type)
36,5 36,5
I (CFz) { m“ "'l
Il (CFCz) .
/35]5 1
I“ FF 4444 F & 2 8+ 260804
(CFCzl)
/8x3m. 6 x5 M /8x3m./
WY P
(CFCzv) :
| | | | |

Thus, theadopted experimental research program
allows simulating a structural behavior of elements
of facade beams and girders of low-rise buildings
and other structures that are subjected to asymmet-
ric loading and work in a complex stress-strain state.

Duringthetest, deflections of the specimens were
measured with two deflectometers installed in per-
pendicular planes, twist angles measurement was
carried out using two clinometers allocated along
the beam length, and resistance strain rosette gages
were used to determine the strains. Asa result of the
tests it was found that filling CFS with light poly-
styrene concrete almost doubles the load-bearing
capacity when using the beams in bending with tor-
sion. Moreover, the proposed type of light compos-
ite beams were characterized by considerably lower
(compared with unfilled steel samples) displace-
ments at equal loading (Fig. 6).

Analyzing the work of experimental specimens it
should be noted that light steel-concrete composite

beams without anchoring devices (CFCz type 11
family) were characterized by a disturbance of the
joint work of the external steel reinforcement and
concrete filling observed in the early stages of load-
ing, accompanied by delamination of the steel pro-
file (wall) prior to the formation of the first cracks
in the concrete. On the load-displacement plot
(Fig. 6) the solid line shows the elastic stage — up to
formation of the first cracks in the concrete. In gen-
eral, for complex steel-concrete beams a more plas-
tic structural behavior nature was observed
comparing to the unfilled specimens.

Regarding the proposed ways of anchoring com-
ponents of a complex cross-section, it can be con-
cluded that using a horizontal anchors (CFCzl type
ITI specimen) is more effective considering a 27 %
greater bearing capacity comparing with the V-
shaped anchors (CFCzv type IV family) and
46 % greater than that of the elements without an-
choring (CFCz typeII family). Similar conclusions



Complex experimental investigation into light steel and steel-concrete composite structuresmade ... 73

a)

degree
35

]
i
30 {
i

25 o

20 &

15 Ry

b)

nmin
3130

225

{
2120 t

115 e

110 - -

0 10 20 30

50 60 80

Figure 6. Experimental dependence of displacements of light steel (type I) and complex (type II—IV) beams on
loading: a) twisting angle to load plot; b) vertical deflection to load plot.

can be drawn by analyzing the displacements of pro-
totypes (Fig. 6) and their structural behavior under
load. It should also be noted that although the
samples with various types of anchors are charac-
terized with a former cracking, it was not accompa-
nied by delamination of a steel shell, which confirms
the consistency of the whole operation of complex
cross-section until fracture.

Thus, the results of experimental studies con-
firms the possibility of taking into account an op-
eration of light heat-insulating concrete when
designing the composite beams with CFS, which
is especially important for the design of roofing

structures. The absence of sufficient anchorage of
steel and concrete parts of the complex cross-sec-
tion significantly reduces the load-carrying capac-
ity and increases the deformability of the composite
element asa whole.

Conclusions

The results of experimental studies on the complex
light steel and composite structures made of
Z-shaped cold-formed profiles, operating in a complex
stress-strain state, including joints of elements and
action of bending with torsion allows concluding;
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1. The fracture of bolted connection of abeam takes

place in consequence of the bending moment
while the beam cross-section remains geometri-
cally unchanged under load.

. Effective flexural stiffness of connection is main-

ly governed by the length of the sleeve and the
number of bolts disposed thereon.

. Filling CFS with light polystyrene concrete al-

most doubles the load-bearing capacity when
using the beams in bending with torsion.

. Lack of sufficient anchorage of steel and con-

crete parts of the complex cross-section signifi-
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composite steel-concrete beams with CFS, which
is especially important for design of roofing
structures.
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Cemko Bonoaumup OuekcaHapoBuy — KaHAWIAT TEXHIYHUX HAYK, CTAPIINiT HAYKOBUHU CTiBPOGITHUK Kadeapu
KOHCTPYKIIH 3 MeTaxy, mepeBa Ta maactMmac [lonraBcbkoro HalioHATHHOTO TeXHIYHOTO YHiBepcuteTy iMeHi IOpis
Konapatioka. HaykoBi inTepecu: mpoekTyBaHHs OyiBEJb Ta CIIOPY/I i3 JIETKUX CTajleBUX TOHKOCTIHHUX KOHCTPYKILiiA,
MOCT/PKEHHST TETJIOTEXHIYHUX BJACTUBOCTEN OTOPOKYBATLHUX KOHCTPYKITH, BUPINIEHHST TPAHCIIOPTHUX MPOOIEM
CYYaCHHUX MICT TIJISIXOM BHKOPUCTAHHS AJbTEPHATUBHUX BUJIIB TPAHCIIOPTY.

Bockoo6iiinuk Osena IlaBaiBHAa — KaHAWAAT TEXHIYHUX HAYK, CTAPIIUN HAyKOBUil cniBpoOITHUK Kadenpu KOHCT-
PYKIIif 3 MeTamy, fepeBa Ta miaactMac [losraBepkoro HamioHasBHOTO TexHIYHOTO YHiBepcuTeTy iMeHi IOpis Kormpa-
Tioka. HaykoBi iHTepec: IpoeKTyBaHHS CTae3a1i300eTOHHUX KOHCTPYKILH; PO3pOOJEHHS KOMIIEKCHUX METO/IB
OIIHIOBAHHS HAIHOCTI Ta KePYBaHHS PU3UKAMM; [iarHOCTYBAHHST Ta OIIHIOBAHHST TEXHIYHUX CTaHiB, 0OCTEKEHHS Ta
iICHJIeHHsT Oy IiBEJIbHUX KOHCTPYKILiit, Oy/iBeJb Ta CIIOpY/I.

Ckuba Onexcanapa BanepiiBna — acmipant kadeapu apXiTeKTypu Ta Micbkoro OyaiBHuirTBa I101TaBCHKOTO HAIli-
OHAJILHOTO TeXHiuHOTO yHiBepcuTetry iMeni IOpis Konzapatioka. Haykosi iHTepecn: crane3amizobeToHHI KOHCTPYKITT,
KPYYEHHS CTAIe3ai300eTOHHUX KOHCTPYKILH.

Illymeiiko Katepuna OsexcanapiBHa — acrmipanT Kadeapu apXiTeKTypu Ta Michbkoro 6yaiBHuITBa IloaTaBcbKoro
HaIlloHATBHOTO TexXHiuHOoTrOo yHiBepcuteTy imMeni IOpist Konapparioka. HaykoBi iHTepecu: Jierki ctaseBi TOHKOCTIHHI
KOHCTPYKIIi, 3'€/ITHAHHS JIETKUX CTAJeBUX TOHKOCTIHHUX KOHCTPYKIIA.

IIpoxopenxo JImutpo AuzpiiioBuu — acripanT Kadeapu apxXiTekTypu Ta Micbkoro GyaiBHuITBa I[ToaTaBCHKOTO
HaIlioHATBHOTO TexHiuHOoTro yHiBepcuteTy imMeni IOpist Konzpparioka. Haykosi inTepecu: jerki crajseBi TOHKOCTIHHI
KOHCTPYKITi1, MpoiJboBaHi HACTUIIHN, TIOKPIBJI Oy/IiBEJb.
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Cemko Biagumup AsnekcaHIpoBUY — KaH/U/IAT TEXHUYECKUX HAYK, CTAPIINI HAYYHBIN COTPYAHUK Kadeapsl KOHCT-
PYKIIMI U3 MeTaJlIa, /iepeBa 1 1uacTMace IlosraBekoro HaIlMOHAIBHOTO TeXHUYECKOTO yHUBepcuTeTa umenu IOpusa
Konzpatioka. Hayunble nHTEpecs: IpoeKTUPOBaHUE 3/[aHUI U COOPY’KEHUN M3 JIeTKUX CTAJbHBIX TOHKOCTEHHBIX
KOHCTPYKINI; UCCIeIOBAaHUE TEIJIOTEXHIMYECKUX CBOMCTB OrPaskKJA0NIMX KOHCTPYKIUI, pellleHre TPAHCIIOPTHBIX
npobJieM COBPEMEHHBIX FOPOJIOB MYTEM HCIOJIb30BAHUS AJTbTEPHATHBHBIX BUIOB TPAHCIIOPTA.

Bocko6oiinuk Enena IlaBaoBHa — KaHAMIAT TEXHUYECKUX HAYK, CTAPIIUN HayYHbBIA COTPYAHUK Ka(eapbl KOHCT-
PYKIMIT U3 MeTasIa, epesa 1 miactMace IlosraBeckoro HalfMOHAIBHOTO TEXHUYECKOTO yHUBepcuTeTa nMenu IOpus
Konznparioka. HayumHble mHTEpeCH: MPOEKTHPOBAHNE CTAIEKEIe300eTOHHBIX KOHCTPYKIMMH; pa3paboTKa KOMILIEKC-
HBIX METOJ[OB OIleHWBAHUS HAZEKHOCTU U yTPaBJEHUS PUCKAMI; ANATHOCTUPOBAHME U OIeHIBAaHUE TEXHIMYECKUX
COCTOSTHUH, 0OCTIEI0BAHNE U YCUIEHUE CTPOUTENBHBIX KOHCTPYKIIMIL, 3IaHUI U COOPY KEHUIA.

Ckuba Anekcanapa BamepbeBHa — acniupaHT Kadeapbl apXUTEKTYPbI U FOPOIACKOrO CTPOMTENbCTBA [loTaBckoro
HAIMOHATBHOTO TeXHMYeCKOoTo yHuBepcuteta nmenu IO0pust Konzapatioka. Hayunbie MHTEPECH: CTaleKene300eTOH-
HbIe KOHCTPYKIIUH, KPYUEHIEe CTATEKeTe3006TOHHBIX KOHCTPYKITUIA.

IlIymeiixo Exarepuna AsnexkcaHapoBa — aclupaHT Kadeapsl apXUTEKTYPBl M TOPOJCKOTO cTpouTesnbeTBa [lomras-
CKOTO HAIlMOHAJIBHOTO TeXHUYeCKOTo yHuBepcuteta umenu IOpusi Konapatioka. Hayunble mHTEpECHL: JIeTKIe CTalb-
HbIe TOHKOCTEHHbIE KOHCTPYKI[UH, COEJANHEHUS JIETKUX CTATbHBIX TOHKOCTEHHBIX KOHCTPYKIIHIL.

IIpoxopenko JImutpuii AHApeeBUY — acTpaHT Kadeapbl apXUTEKTYPBI U TOPOACKOTO cTponuTenabcTBa IlomTaBeko-
TO HaI[MOHAIBHOTO TeXHIUYecKoro yHuBepcutera nmenu IOpus Konzaparioka. Hayunble nHTEpecsH: TeTkie CcTaJbHbIE
TOHKOCTEHHbIe KOHCTPYKIINH, PO UINpOBaHHBIE HACTHJIBI, TIOKPBITUS 3[aHUH.
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