The Impact of the Transition Radius
Lower Flange-Web on Local Stress of
Monorail Crane Girder

Wide flange I-beams with parallel flange contours, which are now

predominantly used in production of monorail crane girders, are

Goran M. Cvijovi¢ characterized by a relatively large radial transition between flange

A IHeidmaster contour and rib contour. Therefore, the influence of the radius on the
viation B(;?gggg stress state, due to the local bending caused by the action of crane trolley

wheels, is more pronounced in wide-flange I-beams (IPB) than in
conventional (I) and mid-wide (IPE) I-beams. This paper presents the
results of numerical-analytical and experimental research of local
stresses in the lower flange-rib transition zone at wide flange I-beams. It
was found that the highest values of the considered stresses occur at the
start of the transition contour, and not in the fictive point of intersection
of the rib contour and the upper contour of the lower flange, as stated in
relevant literature and current technical regulations (standard SRPS EN
15011: 2014). In addition, research results show that the absolute values
of local stresses on the lower and upper contours of the lower flange are
not equal.
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1. INTRODUCTION of the rib contour, while the referent point, where stress

state caused by local bending occurs, is placed on lower

The concept of a monorail girder, along which the crane
wheels travel, has predominantly used classical I-beams
with inclined flange contours for many decades. The
incline, depending on the standard, ranges between 12%
and 16.7%. The transition radius from flange contour to
rib contour is usually numerically equal to the rib
thickness. For all conventional I-beam girders, the ratio
of transition radius (R) and flange thickness (¢) is
R/t=0.6, and R/t=1.4 for mid-wide IPE I-beams with
parallel flange contours. The observed ratio for wide-
flange I-beams with parallel flange contours (HE)
depends on the dimensions of the cross-sectional area:
for HE-A 300 R/t=1.9; for HE-A 1000 R/t=1.0; for HE-
B 300 R/t=1.42; for HE-B 1000 R/t=~0.83. According to
the presented ratios, we may conclude that the impact of
the radius on the stress state in the transition zone is
more pronounced in I-beams with parallel flange
contours than in conventional I-beams. Current standard
SRPS EN 15011:2014 [1] in Annex E defines the stress
state caused by the action of crane trolley wheels on
flange contour and thereby takes parallel flange contour
I-beams type IPB and IPE, as well as I-beams with
inclined flange contour (classical I-beams) into
consideration. It neglects the influence of the transition
radius in the zone of transition between the flange and
the rib in parallel flange contour — cross section “0-0*”,
Figure 1. Section “0-0*” is positioned on the extension
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flange contour (point “0”). Furthermore, it is stated by
the standard that the absolute values of local stresses on
the lower and upper contours in the observed section are
equal. Tensional stress values in points “1” and “2” are
not the subject of this paper.
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Figure 1. Cross-section points, referent points and loads
on parallel contour I-beam [1]

With the significant impact of flange-to-rib
transition zone for I-beams with parallel flanges in
mind, we have considered the value of local stresses in
the cross-section “0”, determined in compliance with
SRPS EN 15011:2014 standard. According to the
mentioned standard, local stresses in longitudinal (x)
and transverse (y) directions are determined in
accordance with the following expressions,
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where the parameter values of the wheel position (1) and
stress coefficients (Cx i Cy) are calculated according to
the formula
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The remainder of this paper presents the results of a
finite element analysis of local stresses in flange-to-rib
transition zone and comparative analysis with the data
in SRPS EN 15001:2014.

2. FINITE ELEMENT ANALYSIS OF I-BEAM HE-A
360 WITH THE ASSUMED TRANSITION RADIUS
OF R=0

Finite element analysis has been carried out on a wide-
flange I-beam HEA-360: A=350 mm, b=300 mm,
t=17.5mm, s=10mm, Figure 1. The estimated domain
has been discretized with different sizes of tetrahedral
finite elements. Dimensions of finite elements in zone
influenced by the local stresses (zone 1, Figure 2) are
2.5 mm, 5 mm in zone 2, and 10 mm in zone 3. The
load (2x10 kN) is caused by the action of wheels
(diameter 125 mm), which are located at the distance
i=20 mm away from the edges of the free flange.
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Figure 2. Model schematic

The maximum longitudinal stress value in the
flange-to-rib transition zone occurs at the upper flange

contour and is equal to 0';5 =4.543 kN/cm’, while
stress on the lower contour is equal too, 5 =-2.035

kN/cm?, Figure 3. Flange-to-rib transition zone for R=0
causes high stress concentration, where the value of the
geometric concentration factor is:
*
Oy5 4.543

Oys5= |

=2 =2232, 6
os| [-2.035] ©

which means that the value of the stress on the upper
contour is 123.2% greater than the absolute stress value
on the lower contour.
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Figure 3. Local longitudinal stresses (R=0)

Stress field oy, Figure 4, suggests the existence of stress
concentration in the transition zone. The value of the
geometric concentration factor in the transverse direction is

oys  10.426

5 =m=m=1.355, ()

ay
where the stress value on the upper contour is 35.5%
greater than the absolute value of stress on the lower
contour.
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Figure 4. Local transverse stresses (R=0)

Accordingly, if we ignore the impact of the
transition radius (i.e. R=0), we may notice significant
difference between values of local stresses on the upper
and lower contours, Figure 5, which is contrary to the
results obtained with the application of SRPS EN
15011:2014 standard. Namely, for the basic geometric
parameters of I-beam HE-A 360, by applying the
expressions (3)-(5), we obtain: A=0.138, C,,=0.194,
C,,=—1.818, respectively,

00 =Cro % = 0-194&'02 =0.634 kN/cm?, (8)

e =—0.634 kN/em?, )

OFy0 =Cy0%=—1.818 10'02 =-5.936 kN/cm?,  (10)
Iy 1.75

Oy (e =5.936 kN/em?. (a1

In addition to differences in stress values in the
transition zone, the results of a finite element analysis
indicate that the tensile stresses occur on the upper
flange contour and compressive stresses occurs on the
lower flange contour. Therefore, the results of a finite
element analysis are in accordance with the results
presented in [2-4] and, at the same time, in contrast with
the results presented in [5,6], on the basis of which the
standard SRPS EN 15011:2014 was established. Based
on the above-mentioned facts, we may conclude that the
expression (4), defining the value of the stress
coefficient C,y, is not correct.
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Figure 5. Local stresses on upper flange (ox*, oy*) and
lower flange (ox, oy) for R=0

In terms of local transverse stresses in the zone of
transition, the results of a finite element analysis are in
accordance with the results of all relevant authors [2-6]
and the standard [1].

Comparison of the local longitudinal stress values,
obtained with the finite element analysis and those
obtained according to the standard would not be
sensible, due to different stress characteristics. If we
adopt stress values obtained by applying the standard as
the basis for comparison, then the percentage
differences in local transverse stress values are equal to

om0l o
AG . = Y Y,

50 (12)
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100 =-34.2%,
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5.936-10.426

5.936

AO—yO* =

100 =-75.7%.

According to the expressions (12) and (13), we may
conclude that the stress values obtained based on
recommendations in the standard are lower than those
obtained with the use of finite element method.
Furthermore, it can be observed that the influence of the
local stress concentration in the transverse direction
already starts to diminish at a distance =10 mm away
from flange-to-rib transition, Figure 4. At the distance
of 27 mm (corresponding to transition radius of an
actual HE-A I-beams) local transverse stresses have the

same absolute value of (0';0:5.656 kN/em?;

O, =—5.647 kN/cmz) , which is =4.8% lower than the

value obtained for cross-section “0-0*“ according to the
standard.
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3. FINITE ELEMENT ANALYSIS OF AN ACTUAL I-
BEAM HE-A 360 (R=27 mm)

Based on the finite element model formed on the basis
of the geometry of an actual I-beam HE-A 360 (all
dimensions are the same as in model analysed in
Section 2., except the transition radius R=27 mm) the
identification of local stress state has been performed.
Constraining of the model, continuum discretization,
and loading the same as in model shown in Figure 2.
Local stress state in the referent cross-section of the
flange-rib contour (cross section “0-0*“, according to

the standard), is extremely low: 0':’5 =0.079 kN/cm?,

0.5 = -0.891 kNlem®, o5 = 0.054 kN/em’, 0, 5=

-3.982 kN/cm?, Figures 6 and 7. Those values of local
stress are considerably lower than the values of stresses
at the start of the transition radius of flange-rib profile,

which equal to: 0';0 =1.798 kN/em?, 0,0 =-1.410
kN/cm?, 0';0 =7.136 kN/cm?, 6y50=—6.336 kN/cm?,

Figures 6 and 7. The results shown above indicate that
the referent cross-section in the transition zone should
be positioned at the beginning of the transition radius.
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Figure 6. Local stress state in longitudinal direction (R=27
mm)
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Figure 7. Local stress state in transverse direction (R=27
mm)

The values of geometric concentration factors of
local stresses in the cross-section, corresponding to the
beginning of the transition radius of the flange-rib
profile, Figures 6 and 7,
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are considerably lower than the corresponding values of
the geometric factor of local stress concentration for
R=0, expressions (6,7).
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Figure 8. Local stress state in the upper (ox*, oy*) and lower
flange (ox, oy) for R=27 mm

According to the presented results of a finite
element analysis, we may conclude that the influence
of the flange-to-rib transition radius is twofold: (1) it
moves the cross-section with the greatest local impact,
compared to the cross section “0-0*“, defined by the
standard; (2) it reduces the difference in absolute
values of stresses on the upper and lower flange
contours.

It is important to note that local longitudinal stresses
in point ,,0° in the transition zone are compressive,
Figure 8, in contrast to those obtained with the
procedure of identification of local longitudinal stresses
presented in the standard.

If we adopt the stress values obtained by the
standard as the basis for comparison, the percentage
differences in local transverse stress value equal to

[ors0]Jos|

¥ 100 =
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and they are considerably lower than the percentage
differences determined for R=0, expressions (12,13).
Furthermore, the values of local stresses in the cross-
section, for R=27 mm, determined by the application
of the standard, are lower than the values obtained by
finite element analysis, i.e. they are not on the side of
safety.
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4. EXPERIMENTAL RESEARCH

Tensometry research on the wide-flange IPB I-beam
HE-A 360 were performed on the originally-designed
test table, Figures 9 and 10.

Measuring points (MP) 6 and 7 are positioned on the
upper flange contour in the transition zone, while MPs 9
and 10 are positioned on the lower flange contour,
Figure 10. Based on the measurement results, and the
application of equations for biaxial stress state, the
values of local stress in transition zone have been
calculated:

oMPoT =2 2kN 1 em? (18)
o777 =8.2kN [ cm? (19)
oMP910 = 1 7kN | em? (20)
oMPI0 = 7 4kN 1 em? 1)

Character of local stresses in the transition zone,
determined by the results of a finite element analysis,
expressions (Figure 6-8) correspond to the character of
observed stresses determined by tensometry researche,
expressions (18-21). Therefore, longitudinal stresses on
the upper contour are tensile, and compressive on the
lower contour, which confirms the statement from
Section 2, that expression (4) for determining stress
coeficient according to the standard [1], is not correct.

Figure 9. Test table

Deviations of experimental results compared to
numerical values of certain local stresses are explained
with the inevitable errors in the positioning of the strain
gauges, and the material and geometric imperfections of
the test girder. In addition, the stress values derived
from the tensometry measurements were determined
under the assumption that the values of modulus of
elasticity and Poisson’s ratio are E=21000 kN/cm” and
v=0.3, respectively. Mendel, however, in his analysis of
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the experimental results, states [3,4] that the possible
variations of those materials’ constants range between
AE/E=%0.05 and Av/v=+0.1.
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Figure 10. Measuring points

5. CONCLUSION

Based on the presented results of research, we may
conclude that the transition radius of the flange-rib
profile plays an important role in the distribution of
stresses caused by local bending of loaded flange I-
beams with parallel contour flanges. Reflecting on the
relevant standard SRPS EN 15011:2014 (“Crane -
Bridge and portal cranes”) which, in Annex E, provides
expressions and recommendations for the stress
estimation caused by local bending of a single-flange
crane girder, the aim of this research, whose brief
overview has been presented in this paper, was to point
out the following facts:

— The influence of the transition radius must be taken
into account in the identification of local stresses in
the transition zone;

— The character of local stresses in the longitudinal
direction, determined by using the standard [1], does
not correspond to the real nature of the said stresses;

— The values of local stresses in the transition zone,
determined by using the standard [1] are lower than
the values obtained by finite element analysis and
tensometry measurements, which means that
standard EN 15011: 2014 gives results that are not
on the side of safety.
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YTULAJ PAINJYCA TPAH3UIIUJE 10U
MMOJAC-PEBPO HA JIOKAJIHE HAITIOHE

I'. IBujoBuh, C. bommwak

[IupokomnojacHe mpoduie ca MapajleIHOM KOHTYPOM
mojaceBa, KOjU ce JaHac JOMHHAHTHO KOPHCTE 3a
W3pajay jeAHOIIMHCKUX HOcaya AW3alHLa, KapaKTepulle
pETaTHBHO BENMKH PAAWjyc TpaH3HIHje KOHTYpe mojaca
y KOHTYpY pebpa. YpaBo 300T Tora, yTHIIaj TOMEHYTOT
pagujyca Ha HAllOHCKO CTame H3a3BaHO JIOKAJTHUM
CaBHjambeM yCIIe/I J1ejCTBA TOYKOBA TU3ANNIHAX KOJHUIA
3HATHO je Wu3paxeHWju Koja mupokonojacHux (IPB)
npoduna, y onHocy Ha kinacuuHe | mpodune u cpenme
mmpoke (IPE) mpodune. YV pany cy mnpeseHTHpaHH
pe3yiITaTH HYMEpUYKO-aHaJUTHYKOT W EKCIIepUMEH-
TAJIHOI MWCTPaKHMBama JIOKAJHUX HAIOHA Yy 30HH
TpaH3ULHUje JOKmU Iojac/pedpo KOA MIMPOKOIOjaCHUX
npoduna. YrBpheno je nma ce Hajehe BpemnHocTH
pa3MaTpaHHX HAllOHA jaBJbajy Ha MOYETKY TPaH3HIHje
KOHTYpe, a He y Taykd (UKTHUBHOT IIpeceKa KOHTYype
pebpa 1 Home KOHTYPE MOMET ojaca, Kako ce HaBOIH Y
peNeBaHTHO] JMTEPAaTypd W AaKTYyeNIHO] TEXHUYKO]
perynatuBu (ctanmapa EN 15011:2014). Ocum Tora,
pe3yiaTaTH HUCTpaKuBamba JOKa3yjy Ja alcoJyTHe
BPEIHOCTH JIOKAJHUX HAlOHA Ha JO0HKO] U TOPHO]
KOHTYPH HHCY je/IHaKe.
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