ISSN 1814-5566 print
ISSN 1993-3517 online

METAJIEBI KOHCTPYKIIII
METALVNIMYECKUE KOHCTPYKIIUN
METAL CONSTRUCTIONS

2013, TOM 19, HOMEP 3, 163-172
YK 624.074.43

(13)-0294-2

OBI'PYHTYBAHHA EKCITEPUMEHTAJIBHUX TOCJAIZKEHD
BIIJINBY JIOKAJIBHOI BOTHYTOCTI HA HAC OBOJIOHOK
METAJIEBUX TUMOBUX TPYb

B. B. I'y6anos, A. H. Kyabunipkuii, A. B. Toxikos
Jonbacvka nayionamvna axademis 6ydisnuymea i apximexmypu,

sya. Jdepacasina, 2, m. Maxiiexa, /loneyvka obracmo, Yepaina, 86123.
E-mail: a.kulchytskyy@gmail.com

Ompumana 29 nunns 2013; npuiinama 27 eepecns 2013.

Auorauig. Y cTaTTi BUKJIaieH] pe3yJIbTaTu HATyPHUX OOCTeKeHb MeTaJeBUX NMMapiB. BussieHi ocHOBHI
reoOMeTPUYHI BiAXUIeHHsI 0O0JOHOK MeTaleBUX AnMapiB. BUKOHaHa cucreMarusallist JaHUX reOMeTPUYHUX
BIIXUJIEHb 1 BIU3HAYeHa YacToTa iX BUHUKHEHHS. [IJIs mpoBeeHHsT 1abopaTOPHUX JOCHIKEHb 3a BUSHAUEH-
HSM BIUTHBY JiokabHOi BorayTocTi Ha HI[C 06010HOK MeTaeBux AnMapis OyJia BU3HAYeHO i 06rpyHTOBA-
HO eKBiBaJIeHTHe BITpOBe HaBaHTa)keHHs. Ha 1mizctaBi umcesbHUX JOCTIIKeHb Oysa po3pobieHa i BUTOTOB-
JieHa J1abopaTopHa yCTaHOBKA JIJIst AOCJIIPKEHHST BIUIUBY JIOKaubHOI BorHyTocTi Ha HJ[C 060/0HOK MeTtase-
BUX AMMapiB. BusHauena mocii0BHICTh NPOBEIEHHS Jab0PATOPHOTO EKCIIEPUMEHTY.

Kmouogi cnoBa: auMoBa Tpy6a, TeOMETPUYHI BiJIXUJICHHS, €KBIBAJIEHTHE HAIPY/KEHHS, MiCLeBi
HAIPY’KeHHsI, MacIITabHAa MOJIeJb, KOHIEHTPAILiSI HATIPYKEHb.
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AHHOTa].lHﬂ. B cratbe u3ioskeHb! PE3yJbTaTbl HATYyPHbBIX O6CHel[OBaHHﬁ METAJIJINYECKUX JTbIMOBBIX pr6
BrisiBJIeHBI OCHOBHBIE reoMeTpruideCKue OTKJIOHEHUA 000JI09€K MeTaJ/INYeCKUX JIBIMOBBIX pr6 HpOI/ISBe—
J€Ha CUCTeMaTu3aluda JaHHbIX T€OMETPUYECKUX OTKJIOHEHUH U oIrpejiesjieHa 4aCTOTa UX BO3SHMKHOBEHMU .
I[JISI IIpoBe/IeHUA J1a60paT0prlx nccye/loBaHui 1o OIpeae/IEHUI0 BJAUAHUA JIOKAJIbHOU BOTHYTOCTH Ha HZ[C
000JI04eK MeTaINnYeCKIX JAbIMOBBIX pr6 ObLIa oIrpejesieHa 1 000CHOBaHA SKBUBAJIEHTHAS BeTpoBasd Ha-
Ipy3ka. Ha ocHoBanuu 4ncleHHBIX UCCAET0BAHUIN ObLna paapa60TaHa 1 U3rOoTOBJIEHA JIa6opaTopHa;1 ycCTa-
HOBKa [ MCCJIeIOBAHUS BJIMSIHUST JIOKAJIbHON BOIHYTOCTU Ha H[[C 000JI04eK MeTaIJIMYECKIX JbIMOBBIX
pr6 Onpeaeneﬂa I10CJIe/10BaTE/IbHOCTD IIPOBEAECHU A JIa60paTOpHOI‘O IKCIIEpUMEHTA.

Kiiouessie cioBa: AbIMOBas1 pr6a, TeOMETPHUYECKUE OTKJIOHEHU A, DKBUBAJIEHTHbIE HalIPAXKEHUA, MECTHbIE
HallpAKEHUA, MacirrabHas MO/Z€Jib, KOHIEHTpaluA HaHpSI)KeHHﬁ.
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Abstract. The results of field surveys of metal chimneys are presented in the article. The basic geometric
imperfections metal chimney’s shells are revealed. Systematization of the data of geometric imperfections is
performed and their frequency is determined. For the laboratory research on determining effects of the local
dimple on the stress-strain state of metal chimney’s shells the equivalent wind load was identified and
substantiated. A laboratory setting for studying the influence of local dimple on the stress-stain state of
shells metal chimneys were designed and manufactured on the basis of numerical studies. The sequence of a

laboratory experiment is determined.

Keywords: steel chimney, geometrical imperfections, equivalent, local stresses, scale model, the stress

concentration.

Formulation of the problem

Metal chimneys and flue trunks — are high rised
cylindrical thin-wall shell structures, intended for
the removing exhaust gases into the upper layers
of the atmosphere and their subsequent dispersion.

Methodology of calculating these structures on
the strength, stability [1, 7, 9, 12, 13], determi-
nation of the dynamic response of structures
[9, 11] are developed fully enough.

Calculation of sheet structures, which include
metal chimneys and flue trunks must be made
according to the normative regulations [1, 12],
which provide guidance on the need of considering
the geometrical deviations.

These instructions are not complete and do not
cover all types and sizes of geometric deviations.

The boundary dimensions of these deviations
(tolerances) are given in these sources, but in
actual structures, the sizes of the deviations occur
beyond the limits of these tolerances.

From the sources [3, 4, 5, 11] it is known that
in areas with geometric deviations local voltage
spikes arise.

Therefore, the actual task is to determine the
size of geometrical deviations and their
contribution to the overall stress-strain state of
the structure.

According to the normative documents [4] and
the technical literature [5, 6] the metal chimneys
should be calculated as a cantilever beam-curved
rods rigidly clamped at the base.

As the works [3, 4] show, it is not always
justified, especially during the checking
calculations at the operation stage of this kind of
structures, when there is a need to consider the
different types of the geometric deviations in the
form of various dimples, burnouts, docking drawer
side with eccentricity, ellipticity of drawer side.

Investigations on studying and determination
of the local stress in the areas of metal chimneys
initiated in [3, 4, 5].

Tolerances on geometrical deviation in form of
local dimple, which depend on the fabrication
tolerance quality class, the concavity depth and
the length are given in [12]. These limits have
insignificant parameter of variation.

According to the [12] the dimple tolerance
parameter varies from 0,006 to 0,016 for the
different fabrication tolerance quality class.

The aim of the study

Determination the characteristics of stress-strain
state of metal chimney’s shells with geometric
deviations.
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The objectives of the study

1. To determine the most common geometric
deviations on the basis of surveys of metal
chimneys.

2. To substantiate the feasibility of using an
equivalent wind load for experimental studies
on the basis of numerical studies.

3. To develop and produce a laboratory setting
for investigation the impact on stress-stain
state of shells of metal chimneys.

The object of the study

Characterization of the changes of stresses in areas
with geometric deviations.

a)
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The subject of study — the stress-strain state
of metal chimneys with geometrical deviations (in
the case of the geometric deviation in the form of
local dimple).

The basic material

Metal chimneys and flue trunks, which are
operated with different kinds of defects and
damage, reducing the carrying capacity, and hence
the life of the structures, have been identified in
the survey.

Some defects or damages that are typical for
these structures are shown in Figure 1.

Later, defects and damages associated with
changes in geometry of the structure are called as

b)

Figure 1. Defects and damages: a) gas exhaust trunks: a,) burnout in support frame; a,) burnout in a shell of gas
exhaust trunk; a,) destruction of the supporting basement; b) metal chimneys — backstays, provided by the project,

are absent.
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«geometrical imperfection>. The main types of
geometrical deviations for this type of structures are:
ellipticity, eccentricities and a local dimple of a shell.
The most common of them are presented in Figure 2.
On the basis of surveys of 15 structures in the
Donetsk region, 9 of them were chimneys and 6
were gas exhaust trunksin the lattice frame (metal
pipes in the frame), the most common geometric
deviations were identified. Quantitative chara-
cterization of which is shown in Figure 3.
Some causes of geometrical deviations can be
distinguished between the following:
— during the design process — the case of abrupt
change of thickness of abutting elements;
— during the manufacturing process — depends
on admittance of the equipment for the rolling
and welding of elements;

a)
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— during transportation — low quality fixing of
structural elements, leading to changes in
geometry, for example to appearance of
ellipticity or changing a radius of rolled sheet;

— during mounting — depends on the quality of
manufacturing and qualification of employees
performing the work;

— during the operation — depending on the power
factor, in which structure is operated (e. g., for
chimneys with a larger diameter, the local
distribution of wind load on the perimeter of
the shell can lead to ellipticity).

During the survey of these structures there have
been identified a local dimple with the following
parameters:

— depth of a dimple Awvaries between 4 to 10 mm.

— length of a dimple /, varies between 100 to 400 mwm.

9)

Figure 2. Geometrical deviations: — metal chimneys: a) convexity/dimple on the shell; b) eccentricity; — gas exhaust

trunks: ¢) concavity of a shell; d) withdrawal of edges.
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Figure 3. Numerical characterization of geometric deviations, where: 1. Destruction of elements of foundation.
2. Violation of corrosion protection. 3. Concavity of a shell. 4. Eccentricity. 5. A local reduction of a shell thickness.
6. Weakening of a tension of braces. 7. Withdrawal of edges of docking drawer side. 8. Burnout in metal shell.

Therefore, the parameter of tolerance on the local
dimple U, , . varies between 0,013 to 0,1. From
the obtained results it is evident, that a real
maximum value of tolerance on the local dimple is
4TO peajbHOe MAKCMMAJbHOE 3HAYEHUE JIOMYCKA
Ha JIOKAJbHYI0 BOTHYTOCTH approximately 6.0
times greater than the value given in [12].

Justification of the applicability of the
equivalent wind load for experimental
researches

To obtain reliable results, concerning new studies,
it is necessary to compare numerical and
experimental studies.

According to the resultsobtained in [6], taking
into account the influence of geometrical
deviations on stress-stain state of metal chimney's
shells, there should be performed a spatial design
model. Metal chimney is modeled as a thin-sheet
cylindrical shell with transverse stiffeners. Wind
load is modeled uneven, both in height and the
perimeter of the computational model, according
to [1].

For the numerical studies, the wind load is
modeled quite simple, but for experimental
research on large-scale models, its modeling is
almost impossible. It is also possible to carry out
researches on the real metal chimneys or on the

scale models in a wind tunnel. In the first case, we
cannot guarantee the appearance of the wind in
the desired direction for us and with the required
value of the wind speed, for example, to determine
the maximum value of stress concentration in the
area with a geometric deviation. Also, we cannot
determine the limiting values of the wind speed,
at which the design could be destroyed, in order
to determine the actual bearing capacity of the
construction and the safety factor. Investigations
in the wind tunnel exclude the application of strain
gages, which are sensitive to extreme temperatures
and to the direct influence of the wind. Also, a scale
model must have the small thickness (about
0,1 mm) to make the wind speed in the wind tunnel
be sufficient to fracture the scale model. The
manufacture of such structuresin vitro, is virtually
impossible.

To solve this problem, a question about
replacing a real wind pressure to the equivalent
was raised. Using the equivalent wind load, close
in value, equivalent stresses and displacements in
structural elements will occur.

Studies were conducted on the metal chimney
height of L =60 m and a diameter D = 1.2-3.0 m
by 0.3 m and a thickness ¢ = 10 mm.

The calculations were performed taking into
account the construction of its own weight and
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wind load, the characteristic value is taken
according to [1] W = 600 Pa.
Replacement scheme of the wind pressure on
the equivalent wind load is shown in Fig, 4.
Order of transition from of the wind pressure
(qw0, Pa.) to the equivalent wind load (P1-P4,
H) as follows:

1. Dividing the calculation schemes of chimney
into 4 equal parts. Accordingto [ 1], taking into
account circuit 12b determines the estimated
wind pressure on each calculated site (qwi1-
qw4, Pa);

2. Moving from the wind pressure (qw1—qw4, Pa)
to unevenly distributed load adjustment
(q1-q4,N / m)
where,

q1-4 = qwi-a'D. (1)

3. Transitioning from unevenly distributed on the
height of the load (q1-q4, N / m) to the
horizontal forces (P1-P4, H).
where P1-P4 are defined by:

B=q,-1*13=¢q-113, (2)
P =(q,-2213-P,-1)1 21, (3)
P =(g,-3713-P,-1-P,-20)/3I,  (4)

P, =(g,-417 13- P,-1-P,-21-P,-31)/ 41. (5)

q(w0)

/4

—

b

Pi

V4

—

Figure 4. Scheme of replacement the wind pressure by
the equivalent one.
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For example, we obtain the values of the equivalent
strength to the chimney with parameters: L = 60 »,
D =3m.

According to [1] g , = 250 IIa, ¢, = 500 Ila,
q,,=7501a,q = 1000 ITa. Using the formula 2
we can determine the values ¢g,—¢q, where,
q,=750 H/m, q, = 1500 H/w, g, = 2 250 H/n,
g, = 3 000 H/m. Then, using formulas 2-5 we
determine equivalent horizontal forces P7—P4,
where, P,=3750 H, P, 13 125 H, P,= 23750 H,
P,=34687,5 H.

Comparing the results of the calculations using
real wind pressure and the equivalent wind load is
shown in Fig. 5. Because the maximum wind stress
occurs at the base of the structure, we present the
results for 1, heights of the building.

Calculation of the models with diameters
ranging from 1.2 m to 3 m showed similar results.

Considered plot (v4length of model), conditionally
can be divided into three equal areas. Zone 1 is equal
to 1/3 of the area (for the model 5 m). The variance
under equivalent stresses was about 10 %. In
zone 2, the maximum difference for equivalent
stresses was 3 %, and the third — 10 %.

From the obtained results, we can conclude,
that while creating the test facility and a
laboratory model, we must consider that the
minimum difference in equivalent voltages from 2
types of load is observed at ¥2 height of the first

-
RN

6MPa

Figure 5. Comparison of the results using wind pressure
and wind load equivalent (distribution ceq).
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settlement area. Therefore, to obtain reliable data
in the laboratory, the concavity need to be modeled
precisely at this height.

Development of the laboratory setup for
laboratory researches.

A laboratory setup and scheme of application of
the load to the studying model developed based
on the obtained studies and data. The main
geometrical dimensions of the laboratory setup are
shown in Fig. 6.
Scale models of chimney with the following
parameters will be used in the studies:
— height of the models L = 7 000 mm,
— diameter of the models D = 120 mm;
— thikness of the models ¢ = 0,5 mm;
— material — 08X18H10.
Basic relations of a scale model L / r = 16,7,
t/r= 120, that correspond to the relations of metal
chimneys.
General view of the laboratory setup with the
main structural elements is shown in Fig. 7.
Using a template, on the particular above /
previously height, it is performing a dimple of
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specified size, after that, it is performing an
installation of the model on supporting part,
followed by applying the load.

To determine the influence of the local dimple
on stress-stain state of shells of metal chimneys,
tensoresistance sticker with sensors and a base of
3 mm is produced in an area with a dimple. A
pinout of wires to the strain gauges and their
subsequent connection to the module of input
signals to strain gauges MB110-224.4T[I is
produced at the test site. This system allows taking
24 load cells in one time.

The order of application and load transfer is
following:

— studied model (Fig. 7a) mounted on a support
portion (Fig. 7d);

— support portion locked via 5-mm bolts @10 to
a laboratory setting (Fig. 7a);

— support rings (Fig. 7b) are attached to the
studied model;

— cable is attached to the support rings on each
mark, which passes through the rollers (Fig. 7)
mounted on the support portion;

—a plummet is being hung to the rollers,
whose mass is calculated according to the
formulas 2-5.

+1.030
:_lf g(Wa)
é’ < o

+(, 780 -

_l‘ E:
] B
r.:) ——

+0,530 |

_L I_I o
] )
o) -

+0,280 |

_L I: o
—— F’! )
O] L?‘ ]
0.000 040x2 -
—j( (- \
5 5T
225 200 200 200 200 275
1300

Figure 6. General dimensions of the laboratory model.
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Application of the load will be carried out step by
step, with equal steps, until the destruction of the
studied model.

The equivalent stresses in the area with a local
dimple, as well as the critical buckling force, will
be determined on the basis of the obtained results.

Conclusions

1. The basic geometric deviations, namely, local
concavity, eccentricity and ellipticity have been

b) a)
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identified and defined on the basis of surveys
of metal chimneys.

. The value and type of the equivalent wind load

is determined on the basis of the numerical
studies. The given equivalent load is recom-
mended to use in further experimental studies.

. The laboratory setting, which allows to

investigate the influence of local dimple on the
stress-stain state of shells of metal chimneys are
designed and manufactured for laboratory
experiments.

Figure 7. General view of the laboratory setup and main structural elements: a) laboratory setup with a studying
model; b) roller for load transfer; ¢) support rings; d) support part.
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Iy6anos Bagum BikTopoBuu — K.T.H., I01EHT Kadeapu MeTaleBUX KOHCTPYKIiN JIoHOachKOI HAlliOHAIBHOI aKa-
nemii OyaiBaunTBa i apxitexkrypu. Yiaen [ucruryty Inxenepis Byaisenbrukis (The Institution of Civil Engineers,
Besmko6puranis). Haykosi iHTepecu: ekcIuryaraiiiiHa HagiiHicTh OyIiBeJIbHUX METATIEBUX KOHCTPYKIIiH, po3paxy-
HOK Ta MPOEKTYBAaHHS BUCOTHHX CIIOPY/I.

Kyabuuupkuii Aprem MukonaitoBuu — acriipanT xKadeapu MeTaneBux KOHCTPYKiiil JIoH6aChKOI HAI[IOHAIBHOI aKa-
nemii OyaiBHUITBA i apxiTekTypu. HaykoBi iHTepecu: 36i/blIeHHST TePMiHY €KCILTyaTallii BACOTHUX CIOPY[ Ha OC-
HOBI BIOCKOHAJIEHHSI KOHCTPYKTUBHUX PillleHb i METO/IB PO3PaxyHKYy, AOCJIKEHHS AICHOI poOOTH CIIOPYA 3 ypa-
XyBaHHS T€OMETPUYHUX BiJXUJIEHb.

Tonikor Onekcanap Bosoaumuposuy — acripant kadeapy MeTaleBUX KOHCTPYKILii J[oHOachKOi HalliOHAIbHOI aKa-
nemii OyzniBHuiTBa i apxitektypu. HaykoBi iHTepecu: BIOCKOHANIEHHsS KOHCTPYKTUBHUX PillleHb Ta METO/IB PO3pa-
XYHKY BUCOTHUX CIIOPY/IL.

Iy6anoB Bagum BUKTOpPOBHY — K.T.H., IOLEHT Kadeapbl METAIMIECKUX KOHCTPYKIHi JJOHOGACCKON HAIlMOHAIbHOM
aKaJleMUH CTPOUTENbCTBA M apXuTeKTypol. Ynen Uucrturyta Nmkenepos Crpounteneit (The Institution of Civil
Engineers, BesukoGpuranust). HayuHble HHTEPECHI: 9KCIUIyaTAIlMOHHAS HALEKHOCTh CTPOUTEIbHBIX METa/LInYec-
KHX KOHCTPYKIIUI, PACUeT U TPOEKTHPOBAHUE BBICOTHBIX COOPY KEHHIA.

Kyabunuknit Aprém HukonaeBuy — acnmpanT Kabeapbl METATHYECKIX KOHCTPYKINi JloHOacCKON HAI[MOHATb-
HOI aKaZieMU¥ CTPOMTENBCTBA N apXUTeKTypbl. Hayunble MHTepecH: Mpo/jTeHre CpoKa dKCILTyaTalii BBICOTHBIX
COOPY’KEHUH Ha OCHOBE COBEPIIEHCTBOBAHNS KOHCTPYKTHBHBIX pelleHUN M METO/IOB pacdéra, MCCIeoBaHue /eli-
CTBUTEILHON PabOThI COOPYKEHUIT ¢ YUETOM TEOMETPHUECKUX OTKJIOHEHUI.

Tonukos Anexcannp BramgumupoBuy — acniupadT Kabeapbl METATMIECKUX KOHCTPYKINi Jlombacckoi Hatmo-
HAJIbHOU aKa/[eMUH CTPOMTEIbCTBA U apXUTEKTYPbl. HayuHble HHTEPECHI: COBEPIIEHCTBOBAHNE KOHCTPYKTUBHBIX pe-
HIEHUII U METOJIOB pacyeTa BBICOTHBIX COOPYIKEHU.
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