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ASSESSING THE INFLUENCE OF LOCAL CORROSION
IN THE JOINTS OF COMPONENTS ON THE LIFE
OF MULTIELEMENT ROD STRUCTURES

Purpose. The paper analyzes the reasons resulting in destruction of multielement metal structures. Attention is
paid to the impact of deformation types on the corrosion of components of such structures as well as to their poten-
tial safe operation. Influence of local corrosion in the joints of rod structure members of rod on the terms of its bear-
ing capacity exhaust has been studied. Methodology. To solve the life problem, a 16-rod flat frame has been con-
sidered as a simulation structure with design parameters, material characteristics, geometric outline, boundary condi-
tions, and loading conditions. Results. A frame life problem has been considered taking into consideration local
corrosion in the joints of rods. The problem involves two calculation schemes with common formulation but having
proper peculiarities. Its common is in the availability of inverse association within the calculation models. The dif-
ference is as follows. If the number of parameters describing a corrosion process within the frame components is
finite during the simulation process in the rod section, where it is fixed, it can be considered as a fragment of flatly
stressed plate (FSP) where corrosion velocity depends upon stresses. Since stress-strain state is nonuniform in terms
of its area, the number of such parameters tends to infinity. It is the peculiarity defining difference of the research
from the majority of the known studies. Scientific novelty. Certain reasons of origination of typical defects and
damages of rod metal structures have been considered inclusive of simulation of processes of damage formation as
well as defect location. The tendency potential is to expand opportunities while forecasting the structure life with
regard to its operational conditions. Practical value. Local corrosion neglecting in the rod joints gives rise to the
substantial overestimation of analytical life value. In such a way, structural destruction does not result from bearing
capacity exhaust of its component. It results from the broken ties between its separate components despite the fact
that a reserve of their bearing capacity is still sufficient.

Keywords: deformation; local corrosion; trouble-free operation; metal structure defects; load-bearing capacity;
finite element; plane stressed plate

Introduction is a property of the structure to maintain its overall
bearing capacity under local destructions.

To test strength of metal structures, Building
Design Standards and Standards for organizations
use elasticity condition for nominal stresses (condi-
tion of plastic deformation non-achievement ac-
cording to von Mises or Saint-Venant) as well as
strength criterion limiting absolute values of the
principal stresses with the help of a flow stress.
Impact of the defects and stress concentrators on

Over time, bearing capacity of structures goes
down due to accumulation of damages or origina-
tion and development of defects. Hence, determi-
nation of bearing capacity reserve becomes an im-
portant practical problem. Failure (destruction) of
one or several system components cannot be con-
sidered as termination of its operation. Conse-
quently, such an idea as ‘vitality’ (ITepeasmyTep,
2007; Boctpos, 2009) is popular today. The term
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the strength and life of structures is not considered;
moreover, decrease in bearing capacity due to pro-
gress of macrocracks, resulting from defects, is not
taken into consideration. Consequently, the Stand-
ards involve implicitly a ‘damage-free operation’
concept (IBH B.2.6-198:2014, 2014; IBH B.1.2-
14:2018, 2018). However, requirement for com-
plete defectlessness of metal and welded joints is
not supported by the current means of nondestruc-
tive control. They operate with cracks and corro-
sion. Moreover, there are defects with marginal
dimensions which cannot decrease strength com-
ponents of metal structures (lvanova, Hapieiev,
Shapoval, Zhabchyk, & Zhylinska, 2021). Calcula-
tion techniques, involved by the building codes,
complicate determination of life, structural safety,
and vitality of metal structures since they do not
include definitely consideration of a time factor as
the basic calculation parameter on the limiting
states.

Rod metal structures have a special place
among construction structures; they are widely
used by different industry sectors. Such structures
are influenced by quazistatic, cyclic, dynamic, and
random loads. They operate in corrosion environ-
ments and experience temperature drops. The fac-
tors results in the decreased bearing capacity as
well as in the reduced analytical life of the struc-
ture.

The main reasons, giving rise to destruction of
rod metal structures, are defects of installation or
manufacturing defects; use of metal which charac-
teristics are lower than the design values. Never-
theless, the most important factors are incomplete
consideration of possible loads and insufficient
system of structural bonds. Almost 60 % of fail-
ures take place during building process when not
all structural components are assembled, and fixed
in joints and nodes.

Destruction reasons of rod metal structures are
as follows:

— stability loss — 41 %;

— destruction of nodes — 46 %:;

— other reasons — 13 %.

Failure analysis of steel structures with fragile
and quazi-fragile destruction of their members
supports the idea of influence of operational period
of structures on the potential of fragile crack initia-
tion and development. For example, 50 % of all
failures happen during the first operational winter;
14 % happen during the second winter; 8 % — dur-

ing the third one etc. Up to 80 % of all the failures
fall on the first five years of operation.

Depending upon the nature of influence on
bearing capacity, structure damages can be divided
into following types:

— varying cross-section geometrics;

— varying nature of stress-strain state of struc-
tural components;

— damages varying a structural scheme due to
the broken connectivity between constructive
members.

With regard to metal structures, just corrosion
is among the most important factors causing their
destruction. In contrast to problems, formulated
classically, numerous constants, characterizing
features of any element in neutral medium, are
functions if the element operates in an aggressive
environment. In this context, a degree of their vari-
ations is dissimilar for different structural points.
Hence, the aggressive environment impact results
in the induced (i.e. time-dependent) nonuniformity
of geometrical and in some cases mechanical char-
acteristics in terms of the structure (3emenuos,
2002).

Processing of results of engineering survey of
metal structures in Kryvyi Rih mines has shown a
dependence of type of deformation, experienced by
a structure component, upon its corrosion damage
(Fig. 1).

50

bend tension compr

deformation type

Fig. 1. Dependence of corrosion damages
upon a deformation type

Bending rods have demonstrated maximum
amount of corrosion damages. The abovemen-
tioned is explained by the fact that bending de-
creases a cross section of element in the com-
pressed area; increase is typical for a tension area.
That also concerns tension rods. It is possible to
assume the following: increase in the rod length
results in the increased area contacting aggressive
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environment, i.e. ‘scale effect’ takes place (MBano-
Ba, 2013).

Recently, the building sector has demonstrated
a tendency to structural complication of buildings
and facilities, i.e. spans become longer; heights
increase; new materials are applied etc. accumula-
tion of damages as well as initiation and progress
of defects reduce bearing capacity of structures.
Consequently, large size and multielement system
run the risk of their bearing capacity failure in ad-
dition to the reduction of the lifetime.

As applied to metal structures, the idea of mate-
rial defectiveness depends directly upon corrosive
wear resulting in failure of certain structural com-
ponents. In particular, local damages sometimes
involve failures of bearing capacity of the whole
structure; if the component is the primary and load-
carrying then the structure may ruin.

Purpose

The research purpose is to analyze influence of
local corrosion, arising in the joints of rod struc-
ture, on life of both the structure, consisting of rods
under tension or compression, and certain rod sec-
tions as fragments of flatly stressed plate (FSP)
where stress field is of the non-uniform nature.

Methods

Various techniques are applied to joint rod
members. Regardless of engineering solutions, the
section where rod is connected with another rod or
joint member may be considered as a FSP frag-
ment weakened by holes for fasteners. Then, the
structure destruction can take place not in any rod
on the whole but within the joint due to breaking of
bonds between members. Since designing general-
ly uses sample profiles with the specified sizes,
thickening with no additional production steps is
possible if only profiles having larger cross section
thickness are applied as well as those having larger
size and a running meter area. It is obvious that
such a solution cannot be rational.

It seems expedient to define life of the whole
construction, consisting of rods under tension and
compression, and life of certain rod sections as
FSP fragments where stress field is of non-uniform
nature. In the latter case, the solution is imple-
mented as a part of a flat stress problem
(3emenmnos, & Pamyins, 2005).

Results

To solve the life problem, 16-member frame
has been considered as a model structure. Fig. 2
demonstrates its boundary and loading conditions.

6 (13) 7 (149 8 (15 9 (16) 10

M)"12) =

(@ (10)

™ (8

Fig. 2. 16-member rod structure

Design parameters and material characteristics
are as follows: L=600 cm; H;=150 cm; H,=
250 cm; E= 2.1x10° MPa; and [6]=240 MPa. The
applied load is Q=15 kN. Corrosion velocity is
1=0.1 cm/year; and k= 0.005 MPa™ is coefficient
of the model equation of corrosive wear (Haymoga,
& OBumHHHKOB, 2000).

Table 1

Shows member parameters for the analytical model
(Fig. 3)

Section of diago-
nal components
and top boom
members

Section of
fixed members

Section of lower
boom members

Unequal angle Equal angle
#14 #9

In this context, the frame life is 3.02 years. The
problem solving has assumed that corrosive wear
within the rod joints is similar to those one taking
place within the whole structure. Below, you can
find local corrosion consideration in the joints.

To analyze corrosion processes within the rod
member joints consider frame rod fastening to a
gusset plate by bolts (Fig. 3).

Equal angle #11

Fig. 3. Member joints within the frame nodes

A frame life problem taking into consideration
local corrosion within the areas of rod joint in-
volves two analytical models with the same formu-
lation. However, each of them has its own features.
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Their common characteristic is inverse association.
Again, they differ in the following. If the number
of parameters, describing corrosion process within
the frame members, is finite then the process simu-
lation in the section where rod is fixed may be con-
sidered as a FSP fragment where corrosion veloci-
ty depends upon stresses. Since stress-strain state is
nonuniform significantly in terms of its area then
the number of such parameters tends to infinity.
This is the feature determining the research differ-
ence from the majority of the known studies.

Irrespective of structural concepts, the case
demonstrates the necessity to use FSP analytical
model. The availability of holes for members to be
connected stipulates the necessity to take into con-
sideration stress concentrators which may influ-
ence heavily the problem solving.

Algorithm to solve the problem of FSP life.
A finite element method (FEM) is applied tradi-
tionally to solve a problem of corrosive structure
life. For its implementation, computation algorithm
to calculate FSP relies upon following hypotheses:

1. A corrosion mechanism is similar for each
construction point. If it is not specifically men-
tioned, the process nonuniformity depends only on
the stress field nonuniformity;

2. There is some equivalent stress in terms of
which the corrosion process velocity under com-
plex stress conditions coincides with its velocity
under simple one;

3. Influence of changes in geometry on the
stress increase surpasses by far the influence of
changes in the internal power factors.

The paper proposes to use a triangular finite el-
ement (FE) with the graduated thickness and
twelve degrees of freedom described in detail by
paper (3emenmon, & Pamyms, 2005). It gives the
opportunity to develop more accurate model of a
corrosion process using the second approximation
order of a thickness function.

The model of corrosive wear assuming member
thickness in the node points as the varying geomet-
rical parameters is

d[H
%:—vo(Hk-(t)), [Hl_,=[H],, @

where [H] is Nxn matrix of geometrical param-
eters of the structure members; N is FE number in
the structure model; n is number of the parameters
determining the member geometrics (being n=6 for
the proposed FE); and o is absolute value of the
equivalent stress.

For model (6), paper (JIBbH.2.6-198:2014,
2014) has developed analytical formula of life of a
flat stress element subjecting to corrosive wear

_-Ge
Vo Geq (I+ k- 6er) Opgq - 6eqo)

Equivalent stress is maximum prime stress o;
— stress intensity oj,, combination. They are effi-
cient stresses according to von Mises. Hence,

Geq =0Ojy + @ (61 ~ Oint )5 (3)

where o is constant o € [1;0]. In this context,

6,+GC G, —0C 2
o, = X2 L [ X2 yj +r§y, 4)

2 2 2 22
Ot = \/GX +0y —00, +31,. (5)

For a case of analytical FSP model, life calcu-
lation also involves semianalytical algorithm of
DES solution applying formula (2).

Consider a fragment of a rod angle in the
neighborhood of joint as a FSP weakened by circu-

lar cutouts for the connecting elements (Fig. 4).
L; L;

L,

7

o :

fan)
\JV

L
H

\

Fig. 4. Analytical model and finite element FSP model
(299 nodes; 513 FEs)

Geometrical dimensions for a fragment of angle
#11 are: Ly =Ly = 195 cm; L, =L, = 6.3 cm;
Ls=18 cm; H=11cm; D=1.3 cm; and d=0.8 cm.
Maximum  permissible  stress  value is
[6]=240 MPa.
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Calculation of joints of rod members should in-
volve knowledge of internal efforts arising within
the frame members. For numerical illustration,
rods where internal forces (in terms of absolute
value) were maximal were selected from each of
four groups of rod members (Fig. 3): P, =3.65 kN;
P,, =3.65KkN; and P. = 3.65 kN.

Table 2

Demonstrates calculation results of rod member
fragments within their joint areas.

Rod member Section tvoe Life,
number P years
Lower boom Unequal angle #14/9 2104
(member 1) (h=1.0 cm) '
Top boom Equal angle #11 1178
(memberl13) (h=0.8 cm) '
Vertical beams Equal angle #9 1792
(member12) (h=0.8 cm) '
Struts (mem- Equal angle #11 1.870
berll) (h=0.8 cm) '

Scientific novelty

The tendency potential is to expand opportuni-
ties while forecasting the structure life with regard
to its operational conditions. The results help con-
clude that local corrosion neglecting within the
areas of rod joints results in substantial overestima-
tion of the analytical life value obtained from the
previous problem solution (i.e. 3.02 years).

Consequently, structural damage takes place
not because of exhaustion of bearing capacity by
some member but because of breaking of bonds
between certain rods whereas their bearing capaci-
ty reserves are still significant.

Conclusions

1. Operational conditions and local damages
have a destructive effect on the rod metal struc-
tures. In this context, the current normative base
takes into consideration only some share of the
actions resulting in destruction. In this connection,
the task to study more profoundly the behaviour of
metal structures under the conditions nonscheduled
by standard influence becomes topical. Among
other things, it concerns partial damage and de-
struction of certain members.

2. The research findings have helped conclude
that calculation of corrosive rod metal structure

life, required to obtain reliable assessment of the
life, should involve analytical FSP model simulat-
ing a corrosion process within the joints in addition
to analytical model of the system. Use of analytical
model alone results in substantial overestimation of
its life.

3. One of the ways improving the efficiency to
calculate rod structures is the possibility to identify
dependence between the operational period, load-
ing parameters, aggressive environment, and cur-
rent state of any structural component. The tenden-
cy potential is the expanded opportunities to fore-
cast life of the structure as applied to its operation.
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OITHKA BIIJIUBY JIOKAJIBHOI KOPO3II
B MICLISIX 3°€JTHAHHS EJIEMEHTIB HA TJOBI'OBIYHICTD
BATATOEJIEMEHTHUX CTPM)KHEBUX KOHCTPYKIIN

Mera. B craTTi aHami3yl0ThCS NPUIMHY, IO MPU3BOIATE O PYHHYBaHHS 0araToeJIeMEHTHHX METaJICBHX KOHC-
TPYKLiH. YBary MpuIiIeHO BIUTUBY BUAY Acdopmariii Ha KOpO3iHHMI 3HOC €IeMEHTIB TaKIX KOHCTPYKIIIH 1 MOXITH-
BiCTh 1X Oe3aBapiiiHol excrtyaranii. JlociiiKeHo BIUIMB JIOKAIBbHOI KOPO3il B MiCLSX 3’€JHAHHS €JIEMEHTIB CTPUX-
HEBOI KOHCTPYKIIT Ha TePMiHM BHUYCpIIAHH 11 Hecy4oi 3maTHOCTi. MeToauka. J{jisi BUPIIICHHS 3aBJaHHS TOBrOBiY-
HOCTI B SIKOCTI MOJENIbHOI KOHCTPYKLIi pO3IIISIHYTa CTEP)KHBOBA IUIOCKa (epMa, sKa CKIIANAeThes 3 16 eneMeHTIB.
Jnst Hel HaBeeHI MmapameTpu KOHCTPYKIi, XapaKTepUCTHKK MaTepiajly, FeOMeTpHYHa CXeMa, IpPaHu4Hi YMOBH 1
YMOBH HaBaHTaxxeHHs. Pe3yabTaTH. PO3risiHyTO 3a/1auy JOBrOBIYHOCTI (epMHU 3 ypaxyBaHHSM JIOKAILHOT KOPO3ii B
MicusIX 3’€/THAHHs CTPHIKHIB, sIKa BKIIIOYAE B ceOe JBl pO3paxyHKOBI CXEMHU, [TOB’s13aHi €IMHOIO MOCTAHOBKOIO, aje 31
CBOIMH OCOOJMBOCTSIMH. 3arajibHe Uil 000X CXeM — HasSBHICTh 3BOPOTHOTO 3B’SI3KYy B MOJEIAX PO3paxyHKy. Bin-
MIHHICTb MOJIATA€E B TOMY, SIKIIIO YHCIIO ITapaMeTpiB, IO OMUCYIOTh Ipoliec KOpo3ii B eneMeHTax (hepMi KOHEYHO, TO
IIpU MOJICITIOBAHHI IIOTO MPOIeCy Ha MIUISHIN CTPIDKHS B MICIli HOTO KPIIJICHHS, BIH MOXE pO3TJLAaTHCA SIK (hpar-
meHT [THII (mmockoHanpyXeHol IIacTHHH), ¢ MIBHIKICTh KOPO3ii 3aJIe)KHUTh Bill HaNpyXeHb. OCKUTBKU HaNpyKe-
HO-AeopMOBaHHI CTaH iICTOTHO HEOJHOPIIHUNA O HOTO 007acTi, YMUCIO TaKUX MapaMeTpiB MparHe 10 HECKiHYEH-
HocTi. Came 151 0cOOJIMBICTh 1 BU3HAYAE BiIMIHHICTD JAHOTO JOCIIKEHHSI BiJl OUIbIIOCTI BijoMux pobit. HaykoBa
HOBH3HA. BU3Ha4€HO NPUYMHKA BUHUKHEHHS XapaKTepHHUX Je(EKTiB i NOIIKOIKEHb CTPUIKHEBIX METAIOKOHCTPY K-
it i1 9ac MOJIeNTIOBaHHS MPOIIEeciB pOpMYBaHHS MOIIKO/DKEHb 1 po3TainyBanHs qedekTiB. [lepcrekTHBHICT LIBOTO
HaNpsIMKYy TOJISITa€E B PO3MIMPEHHI MOMIIMBOCTEH MPOrHO3YBAaHHS JIOBFOBIYHOCTI KOHCTPYKI[I CTOCOBHO yMOB ii
ekcrutyatariii. [IpakTu4Ha 3HauUMMicTh. ITHOpYBaHHS JOKaJIbHOT KOPO3ii B MicIAX 3’€JHAHb CTPUKHIB IPU3BOJUTH
JI0 ICTOTHOTO 3aBHIICHHS PO3PaXyHKOBOI'O 3HAUEHHS JOBIOBIYHOCTI. TaKUM YMHOM, pyHHYBaHHSI KOHCTPYKIIi Bij-
OyBaeThCsl HE BHACIIIOK BHUYEpIIAHHS Hecydoi 3AaTHOCTI Oynb-sKMM ii €JIeMEHTOM, a NpH PO3pHBI 3B’S3KIB MIX
OKpEMHMH €JIEMEHTaMH, B TOH 4ac sIK X 3amac Hecy4oi 3/1aTHOCTI 1€ 3HAUHUH.

Kouosi crnosa: nedopmariis; okanrpHa KOpo3ist; O€3BIIMOBHICTh €KCILTyaTallil; 1e(GeKTH MeTaJIOKOHCTPYKIIii;
Hecyua 3/IaTHICTb,; KIHIIEBUI €JIEMEHT; IUIOCKO HaIpyXeHa IJIacTHHA
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