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Abstract— A Delta Hollow Tubular Flange Beam(DHTFB) is
an I-shaped steel beam with the addition of two edinuous
diagonal plates welded to the compression flange dnveb to
form a two-celled continuous triangular. When compaed to the
I-shaped steel beam Hollow Tubular Flange Beam prote more
strength, stiffness, and stability than a flat pla¢ flange with the
same amount of steel. Flanges resist the applied ment,
whereas web plates resist the induced shearing farén addition
to maintaining the relative distance between the and bottom
flanges. I-shaped steel beam have the thicknesstbé web plate
is much smaller than that of the flanges. Consequéy, the web
panel buckles at a relatively low value of the appd shear
loading. Hence stiffeners are introduced in the DHTB.
Stiffeners are used to bear high loads and to incasing the
shearing capacity of Hollow Tubular Flange Beam. Thei
parametric study examined the effect of stiffenersgeometrical
imperfections, and the shear strength of HTFGs. Theetected
beam is analyzed for concentrated loading and simplsupported
condition by using ANSYS software. The shear strengs and
displacement of the hollow tubular flange plate giders are
determined from the finite element models and thenompared to
the experimental study. Graphs will be plotted for each
condition to get comparative results.

Index Terms— I-shaped, Stiffeners, Shear strength, Tubular
flange.

I. INTRODUCTION

A. GENERAL

Historically, the triangular hollow flange beam (FFB)
was the first beam with tubular flanges to emergeaa
structural member .These THFBs were formed fromdse
elements [1]. After that, a number of differentagmf girders
with hollow tubular flanges have been developedbiidges
and buildings. These THFBs have different shapdgeyT
were initially proposed for increasing the flexwitalrsional
resistance of the girders by replacing the flahdkss by
different shapes tubes, so that the radius of igyraof
compression flange is increased [3].

girder section - web, top and bottom flanges - witie
addition of two continuous diagonal plates weldedthe
compression flange and web to form a two-celledinanus
triangular, or delta-shaped, box.

Stiffeners are used to increasing the shearingoitgye
Hollow Tubular Flange Beam (HTFB) I-section platedgrs
(IPGs), are generally fabricated by welding togettweo
flanges, a web and a series of transverse stifefidanges
resist the applied moment, whereas web platest rédsis
induced shearing force in addition to maintaining telative
distance between the top and bottom flanges.

B. ELEMENTS OF TUBULAR FLANGE BEAM

The following are the elements of a typical Delta
Hollow Tubular flange Beam,
Web
Flanges
Stiffeners

Figure 1.1 Delta Girders

Webs of required depth and thickness are providdweép
the flange plates at required distances and tetrths shear in
the beam.

Flanges are required width and thickness are pealvid
resist bending moment acting on the beam by deirgop
compressive force in one flange tensile force itlaer
flange.

Stiffeners are provided to safeguard the web ag&nal

The triangular hollow flange beam (THFB) also ddlle buckling failure and web buckling due to shear witea

as delta hollow flange beam which comprises a ljzlate
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height of the web exceeds certain limits.
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C. TYPE OF STIFFENERS

The web is subjected to shear force which tendseto
buckling when the height of the web exceeds celimits. In
such cases, web stiffeners are provided. The séiffe may
classify as

Transverse stiffeners
Longitudinal stiffeners

longitudinal
stiffeners

I

transverse
stiffeners

Figure 1.2 Types of Stiffeners

Transverse stiffener also known as web verticH#fiesers
their main purpose is to prevent web buckling [1®he
vertical stiffeners will be subjected to bendingmemt about
the center of the plate if the load is not in tlenp of the web,

or a transverse to the bending moment .The shear fl

between them must be effectively resisted by thmmeotion.

Longitudinal stiffener also known as horizontaffetiers.
As the depth of the web increases the web buckéindency
increase more rapidly and provision of closely splaertical
stiffeners may not be a good or economical sitmatio

Transverse stiffeners are classified as below;

Bearing stiffener
Intermediate stiffener

End bearing stiffeners are provided to transfer ltad
from beam to support. If concentrated loads anagcin the
beam, intermediate bearing stiffeners are reqyitdt

D. FINITE ELEMENT ANALYSIS

The Finite element Method (FEM) is a numerical

technique to find approximate solutions of patidfierential

equations. In a structural simulation, FEM helpprioducing
stiffness and strength visualizations. It also &étpminimize
material weight and its cost of the structures. Fdd an in
built algorithm which divides very large problenis ferms of
complexity) into small elements which can be solhied
relation to each other. The solution is obtaine@lbyinating
the spatial derivatives from the partial differahtquation.
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i. ANALYSIS SOFTWARE-ANSYS

ANSYS is a general-purpose finite-element
modeling package for numerically solving a wideiegr of
mechanical problems. These problems include static/
dynamic, structural analysis (both linear and nwdr), heat
transfer, and fluid problems, as well as acousticd a
electromagnetic problems.In general, a finite-eleme
solution may be broken into the following threeges

Preprocessing
Solution
Post processing
The major steps in preprocessing are;
Define key points/lines/areas/volumes,
Define element type and material/geometric
properties
Mesh lines/areas/ volumes as required.

Assigning loads, constraints, and solving. Heregs it
necessary to specify the loads, constraints, arallyi solve
the resulting set of equations.

Post processing means reviewing the results of an
analysis. It is probably the most important stefhaanalysis,
because you are trying to understand how the apjbiads
affect your design, how good your finite elemensmes, and
so on.

. METHODOLOGY

A. GENERAL

The methodology is the general research strategy th
outlines the way in which research is to be undtertaand,
among other things, identifies the methods to el us it. It
is the systematic, theoretical analysis of the odshapplied
to a field of study.
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Fig 2.1 Flow chart for methodology
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[ll. DESIGNOF DELTA HOLLOW FLANGE BEAM

A. GENERAL

2) They must be sufficiently strong to withstan@ tbhear
transmitted by the web.
Since it is quite common to use the same stiffefoenmore

| shaped steel plat girders are normally desigoned than one task (for example, the stiffeners provigeidcrease

support heavy loads over long spans in situatiomsrevit is
necessary to produce an efficient design by prowgidjirders
of high strength to weight ratio [2]. Transversdfesters
improve the shear buckling resistance.

shear buckling capacity can also be carrying hegaant
loads), the above conditions must also, in suchs;asclude
the effect of additional direct loading.

E. SPACING OF STIFFENERS

Plate elements do not collapse when they buckle;

they can possess a substantial post-buckling resefv
resistance. For an efficient design, any calcutat@ating to
the ultimate limit state should take the post-bingklaction

into account [3]. This is particularly so in theseaof a web
plate in shear where the post-buckling resistansag from

tension field action can be very significant.

B. DESIGN CONSIDERATIONS
The principal functions of the main components fibim
plate girders may be summarized as follows:
Flanges resist moment
Web resists shear
Delta stiffeners resist longitudinal shear at ifstee
Vertical stiffeners improve shear buckling resisan

C. DESIGN OF DELTA STIFFENER

To achieve an effective design, i.e. a plate giafdnigh
strength/weight ratio, it is usually necessary tovje
intermediate transverse web stiffeners [21]. Anlidn
standard only allows the application of the tensfaid
method to give a significantly enhanced load resis¢, when
the web is stiffened. The IS 800 also specifieg thach
stiffeners must be spaced such that the stiffepacisg/web
depth ratio (a/d) is within the following range:

1,0 a/d 3,0

Transverse stiffeners play an important role iowilhg the
full ultimate load resistance of a plate girdeb&achieved. In
the first place they increase the buckling resistaof the web;
secondly they must continue to remain effectiverafte web
buckles, to provide anchorage for the tension fiéilshlly
they must prevent any tendency for the flanges twven

| shaped steel beam welded with two diagonal platéewards one another.

that is called delta stiffener. That is this wid btiffen by like
this means it will be joined like this and thisMié joined like
this right. So, this is called delta girder rigitnd this

improves the lateral rigidity improves lateral diy. The

advantage of this is to improve the lateral rigidio, these
are some typical welded connected plate girdet.righilure

modes of Delta girder depend on the thickness iunati®n of

Delta stiffeners.

F. DESIGN FOR SHEAR STRESSES

Let us take the case of a ‘Delta hollow flange beam
subjected to the maximum shear force (at the supgfoa
simply supported beam). The external sh¥awvaries along
the longitudinal axis ‘xof the beam with bending moment as
V=dM/dx. While the beam is in the elastic stage, theriatke
shear stresses, which resist the external shear, V, can be

Generally, failure mode is one of the following orritten as,

combine of these modes: (a) Lateral deformation), (b

Elesto-plastic deformation at Delta portion of s@tt Delta
Stiffeners could be used as efficient stiffeningthmefor
girders in comparison with longitudinal stiffenensl-shaped
girders with thicker web. But, optimum values faoss
sectional parameters should be considered witheotsio
modes of failure.

= VQ/lt

Where;

V = shear force at the section

| = moment of inertia of the entire cross sectionualbioe
neutral axis

Q = moment about neutral axis of the area that i:héyhe
fiber at which is

Weld connecting the flanges angles and the web wigalculated and't’ is the thickness of the portiowaich is

be subjected to horizontal shear and sometimeg&keibads
which may be applied directly to the flanges far thfferent
cases such as depending upon the directly applaitb the
either web or flange and with or without considienatof
resistance of the web.

D. DESIGN OF TRANSVERSE STIFFENERS

Intermediate transverse stiffeners are providegravent
out of plane buckling of web at the location of #idfeners

due to the combined effect of bending moment arehish

force. Intermediate transverse stiffeners mustrbpgrtioned
S0 as to satisfy two Conditions;

1) They must be sufficiently stiff not to deformpapciably as
the web tends to buckle.
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calculated. Web carries a significant proportiostegar force
and the shear stress distribution over the web iareaarly
uniform. Hence, for the purpose of design, we cssume
without much error that the average shear stress as

av=V/tw.dw
Where;
tw = thickness of the web
dw = depth of the web

The nominal shear yielding strength of webs is basethe
Von Misses vyield criterion, which states that fon a
un-reinforced web of a beam, whose width to thisknetio
is comparatively small (so that web-buckling fadluis
avoided), the shear strength may be taken as
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y=0.58 fy
Where;
fy = yield stress.

When the shear capacity of the beam is exceeded, th
‘shear failure’ occurs by excessive shear yieldihthe gross
area of the webs. The factored design shear fdriethe
beam should be less than the design shear strehgib.

IV. ANALYTICAL AND EXPERIMENTAL RESULTS

A. MODELLING AND ANALYSIS A I S

substance into smaller parts by mathematics oc liogorder , stiffener

P
o B B @it 1y

to gain a better understanding of it. The shediopmance of
steel beam with and without web stiffener is anatyzising
ANSYS15 software. Totally 4 models were analyzedirtd
shear stress and displacements for different sectio

1.Top tubular flange beam with stiffener.
2.Top tubular flange beam without stiffener.
3.Bottom tubular flange beam with stiffener.
4.Bottom tubular flange beam without stiffener.

These FE Models are analyzed with respect to the
maximum shear stress and the total deformatidnselastic

perfectly-plastic material is used for the stemlte elastic Fig4.2 Model of Delta !—Iollow Flange beam with web
range, Young's modulus is 200 GPa and Poissoiissdl.3. . stiffener
In the inelastic range, Von Mises yield criteriaused to i. Shear Stress

define isotropic yielding. The current study congaifour
HTFB models generated by ANSYS FE program covetieg
following parameters;

Shear stress is a stress that causes shear. When th
shear capacity of the beam is exceeded, the ‘dhdare’
occurs by excessive shear yielding of the grosa afethe
webs. The design resistance for shear (VS) fotitfarsed or
stiffened webs is the sum of the contributions fribvra web
and the flanges. Hence, the authors believe tleaude of
hollow tubular flanges instead of flat plates wikrease their
contribution in the final design shear resistan¢s)(of the
HTFPGs.

1. Span length (L); 4m

2. Tubular flange depth (Df); (100mm)
3. Thickness of web (tf); (11.2mm)

4. Thickness of flange (21.3mm)

These different cross-sections for the tubular dvoll
flanges as well as top tubular and bottom tubdarges are
used in the current modeling. Simply supported blam
conditions are applied to the end sections. At eawt
section, the vertical displacement of the nodethefbottom
wall of the bottom tube, the lateral displacemerfitall nodes
along the line through the web mid-surface, and tttist
rotations about 2-axis of all nodes on the sectiwe
restrained.

Figure 4.3 Shear stress of Top tubular Delta Hokdange
beam without web stiffener
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e — Shear force and shear resistance of the current
- DHTFBs are studied. Top tubular flange beam welhtthe
bottom tubular flange beam. DHFBs with stiffenezajrshear

resistance 5% than the without stiffeners.

PG S

Q <P
Figure 4.4 Shear stress of Top tubular Delta Hokdange
beam with web stiffener FE Models

Max.Shear
stress(Mpa)

Top tubular flange beam is a type of steel bearh it
hollow tubular cross section. Top portion of theatmehas Figure 4.7 Shear stress for various models
hollow section which is known as top tubular flartggam.
Bottom portion of the beam has hollow section whish
known as bottom tubular flange beam. Displacement is the degree to which a structusaheht is
displaced under a load. It may refer to an angia distance.
The displacement distance of a member under a isad
directly related to the slope of the deflected hap the
member under that load, and can be calculatedtbgriating
the function that mathematically describes the eslop the
member under that load. Displacement can be cadxlilay
virtual work method, direct integration method, @g®one’s
method, Macaulay's method or the direct stiffnesthod.
The displacement of beam elements is usually catiedlon
the basis of the Euler — Bernoulli beam equatiorSXIS- 15

: - introduced to create FE models. Four models deeeldpr
Figure 4.5 Shear stress of Bottom tubular Deltddwol  the present study which is differentiated by stiéfes and by
Flange beam with web stiffener the tubular sections. Simply supported boundaryditimms

are applied to the end sections.

iii. Displacement

s s s TR
C ] [T w

s w1 @8

(AN L

Figure 4.6 Shear stress of Bottom tubular Deltddwol
Flange beam without web stiffener

Figure 4.8 Deformation of Top tubular Delta Holl&lange
beam without web stiffener

These different cross-sections for the tubular dvoll
flanges as well as top tubular and bottom tubuéarges are
used in the current modeling. Simply supported blemy
conditions are applied to the end sections.

ii. Results for Shear Stress
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ISSN (ONLINE): 2454-9762
ISSN (PRINT): 2454-9762
Available online at www.ijarmate.com

IJARMAT International Journal of Advanced Research in Manag  ement, Architecture, Technology and
wenniees Engineering  (IJARMATE) Vol. 4, Issue 1, January 2018

Total deformation

(=]
ro

(=]
.
w

o
—

(=]
(=]
(v

o

Total deform ation(mm)

modell ‘ model2 | model3 | model4

0.138 ‘ 0.182 0.124 0.132

. . Figure 4.12Deformation for various models
Figure 4.9 Deformation of Top tubular Delta Hollghange

beam with web stiffener B. EXPERIMENTAL INVESTIGATION

In this chapter experimental details also enumdrate

The shear stress, deflection, and shear capacity stedied.
Two type of models were experimentally tested wiaightop
tubular flange beam with web stiffener and top tabflange
beam without web stiffener. Based on the analytieallts
bottom tubular flange beam had more deflection beop
tubular flange beam only tested under simply sujggor
condition.

i. Experimental Test Procedure

The models are tested by using loading frame. The
steel beam models are made of rolled wide flangéler The
one of the model beam welded with web stiffenere Tdp
: ) tubular flange beam with and without web stiffemendel
Figure 4.10 Deformation of Bottom tubular Delta ldol o0 experimentally tested. Material propertieshaf steel

Flange beam without web stiffener beam taken from the code book (SP: 6(1)-1964).

The test specimen is set in the loading frame with
concentrated load under simply supported end dondithe
constant vertical point load applied at the cenfrthe beam
by the testing machine.

Deflection of the beam increased with respect & th
application of load by adjusting the hydraulic jaDleflection
of the beam measured by the dial gauge and the
load-deflection curve was plotted by the measurgsnen

The top tubular flange beam with and without web
stiffener model were experimentally tested. Loafledéion
curves for the two models were obtained from the
measurements.

A IO LA 0

Figure 4.11 Deformation of Bottom tubular Delta ldol
Flange beam with web stiffener

iv. Results for Deflection

Top tubular flange beam has more shear strengtierrat
than the bottom tubular flange beam. Bottom tubfiaxge  Figure 4.13 Deformation of Top tubular Delta Holl&lange

beam has more deflection than the top tubular @aream. beam without web stiffener
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The top tubular flange beam with and without web
stiffener model were experimentally tested. Wheplyipg
load at the centre of the beam, deflection is nsed.
Maximum deflection of the beam is measured under
maximum applied load.

C. COMPASRISION OF RESULTS

In this section analytical and the experimentalitssare
compared with one another. The two parametersasishear
stress and deflection of the delta hollow flangearbe

Figure 4.14Deformation of Top tubular Delta Hollow Flangeinvestigated analytically and experimentally. Conigzn

beam with web stiffener results about experimental and analytical resuksciearly
explained in this chapter.
i. EXPERIMENTAL EVALUATION Shear stress and deflection of the delta hollowgia

beam investigated analytically and experimentdgdel 1 is
the top tubular flange beam without web stiffeodel 2 is
the top tubular flange beam with web stiffener.

The models experimentally tested under simpl
supported condition. The models are experimentadijed by
reducing the scale 1:4 ratio. Four models as taplaritom
tubular flange beam with and without stiffeners #ested

under axial load. When applying lo#t stiffeners prevented o8
twist at the support, and connected the HFB speatimehe 96
top plate, allowing rotation about the minor axighaut ® Experi
lateral deflection. The stiffener also transmitthd reaction 94 P .‘11
force from the web directly to the support, preusmtocal 92 Inent:
bearing failure of the bottom flangé/hen the DHFBs under -
simply supported end condition maximum shear stsess Model 1 Model 2
calculated from the expression;
VOt Figure 4.15 Comparison results for Shear stress

Where,

V=Shear force 0.15

I=Moment of inertia 0.1 = without

The factored design shear fol& the beam should 0.05 stiffener
be less than the design shear strength of web. 0 B with

iii. EXPERIMENTAL TEST RESULTS Deformatior stiffener

The deformed shapes displayed how the top and
bottom hollow tubular flanges deform in a way sanito a
simple beam with a slight difference in the initiakation
between them; the top flange relatively rotatesentban the Top tubular flange beam 20% better shear capacity
bottom one. This differential rotation results inshear than the bottom tubular flange beam. Without stiéfiebottom
deformation near the support, which finally leadsthe tubular flange beam has 10% more deformation then t

Figure 4.16 Comparison results for Deflection

formation of shear plastic hinges. others.Bottom tubular flange beam has 26% more=clidin
_ than the top tubular flange beam.However, the coatpa
Table 4.1Experimental Test Results results .From the average values, it could be obseahat the

percentage of increase of the shear stress isrhighe the

MODELS SHEARSTRESS DEFORMATION corr_espondlng percentage of the increase of _thde/ut_ross
sectional area. Hence, the shear amount carri¢debgirder

With stiffener 96Mpa 0.1mm is increased more than the increased amount of. Stke
analysis of the results indicated that reducingatsgect ratio

Without stiffener 92.1Mpa 0.14mm of the flange increases the shear carried by thEREGS.

Furthermore, the shear strengths of them rise thyaiag the
spacing between the transversal stiffeners.
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In this project, Delta Hollow Tubular Flange Beam

(DHTFBs) with and without transverse stiffeners wal
analyzed with the help of analyzing software ANSB%hd
experimentally also tested. The variation in steteess and
displacement, while changing the tubular sectiotheflange
was studied. The stress results from Models weezlsd

with the design criteria, and the results from eipental
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stiffener bottom tubular flange beam has 10% more

deformation than the others. Bottom tubular flahgam has
26% more deflection than the top tubular flangenielt's

concluded that the Delta Hollow Tubular Flange Beaith

web Stiffeners is well accepted for heavy loadetlgtrial

buildings, long span girders and multistoried dines,
where generally span is more satisfactory shedoqmeance
than | shaped steel beam.
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