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ECONOMIC ASPECTS OF COMPOSITE
BEA
TRAPEZOIDAL WEB PROFILED SECTI%N%SING
WITH UNEQUAL FLANGE

E . _Dr. Ir. Anis Saggaff, MSCE!
IResearchers, Civil Engineering Department, Faculty of Engineering, Sriwijaya University

T h lytical d

This paper presents the analytical design method on Compos; -

(CTV{)'P) as composite beam.with full shear connection, Fl:n;:cejr};;asxeeztg:::ia\lav‘:’se:dir‘fﬁd
Jetermine the moment ca_pacny of the beam as outlined inBS 5950-1:2000. In this metl?od tho
web of the CTWP beam is ass}lmed not to contribute the moment capacity of the beam as th:
web of TWP section is too thin and classified as semi-compact section. Normally, the to
flange of TWP beam is neglected due to the effect of discontinuity between top ﬂa;nge ang
bottom flange. As a result, the steel area of top flange is not necessary be the same as the
bottom flange. Therefore an unequal flange of TWP section is proposed for composite beam
design. A series of parametric study has been carried out to compare the design of CTWP
with the design of composite beam using hot-rolled British sections, The beam spans ranging
between 6m to 12m were designed for both types of composite beam. The results showed that
the percentage savings in steel weight by comparing CTWP sections with composite beam of
hot-rolled section were in the range of 1.01% to 23.09% depending on the length of beam
span. It can be concluded that the use of TWP section as composite beam contributed to the
saving in steel weight by designing the beam as unequal flange.

Keywords: Composite Beam, Composite Web Profiled Sections, Hot-Rolled Sections, Service
Limit State, Ultimate Limit State.

L. INTRODUCTION

To obtain more economic structural design against the bare steel beams, com'posite beam. is
one of the popular alternatives which incorporating the strength of concrete slab into composite
beam by the use of headed studs. The composite action due to the interacuqn of steel beam agd
concrete slab with shear connectors increases the load-carrying capacl:ty and stiffness ot: composite
beam. These advantages of composite beam contributed to the dominance of composite m:;i
the commercial building in steel construction industry. Th_e advantages are further enhancedl i
the use of trapezoidal web profiled sections. TWP beam is generally a bmlt-l:: s:ee ;h BPEP
Where the web is corrugated at regular intervals into Lrapgzondal shape along the c:]temative e
The shape of the TWP is shown in Fig. 1. The introduction of TWP section as asw b
taditional hot-rolled stee section is due to the use of thin corrugated web 5‘::":10& reducmd ed“‘:'“ma
steel weight of the composite beam. As aresult, the cost of construcu:;ty > . /M
Paper presents the analytical design method mainly on the moment “ll: el 5Colp~mv ! 3(2). The
il shear connection by adopting the flange only method as p Y :
Clastic section properties of the composite section are adop e at
“oncrete and steel. The deflection of the composite section was &
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limit as stated BS 5950 Part 1 :2000[3]. The moment capacity and the deflection of the composite
beam are very much depends on the geometrical aspects of TWP sections. The geometrical
aspects of TWP sections are tailor made as to the needs of the design engineers.

2. GEOMETRICALASPECTS OFTWPSECTIONS

A trapezoid web profile plate girder s a built-up section made up of two flanges connected
together by a thin corrugated web as shown in Fig, 1[4](S]. The web and the flanges comprised
of different steel grade depending on design requirements. TWP section is also classified as a
prefabricated hybrid steel section as the section is comprised of two different types of steel grade.
The size of flange and web could be varied as any conventional flat-web plate girder. However,
due to machinery constraint, the web thickness is allowed to be 3mm to Smm thick; the flange
thickness could be up to 60mm; flange width ranging from 100 to 500 mm; and the beam depth
varies from 200mm to 1600mm.

The steel grade of the flanges is designed for S355 steel whereas the web is designed for $275
steel. The use 0f S355 steel grade is intended to maximize flexural capacity of the beam. The stee]
grade of the web is designed for S275 so as to reduce the cost of steel material and the capacity of
shear is not that critical in the design of the beam[5]. The use of thick and high strength flanges, thin
corrugated web and deeper beam for TWP section compared with hot-rolled section of the same
steel weight leading to higher load capacity and greater beam span. Based on the configuration of
the structure, TWP beam can offer substantial saving in the steel usage, and in some cases of upto
40% as compared to conventional rolled sections [4][5]. It is more significant when there is a need
fora column free, long span structural system, such as portal frames for warehouses, girder for
bridges, floor and roof beam for high-rise buildings, portal frame for factory.

FLANGE
S355

CORRUGATED
WEB

Figure 1. Shape of TWP section

3. COMPOSITE TWPBEAM DESIGN USING “FLANGE ONLY METHOD"

ThF su-ugluml system pf acomposite beam is essentially a series of T beams with wide W_
The onmlullqll of the section 1sdesigned in such way that the concrete flange is in compressiot _‘ﬂ
the steel beam is largely in tension. In ultimate limit stage, the bending strength of the beamis that
from its plastic Cllpl\Cll)’..WhICh assumed that the strains across the section are suﬂicwﬂww jesign
the steel stresses are at yield ulu\)ughuul the section and that the concrete stresses are at their &
strength. But, this is only applicable under certain limitation of beam size to avoid loal buckhng ¢
web or of steel flange. Beyond these limits, the *plastic moment capacity’ may subject @
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reduction, of, the moment capacity is determined elasti ally[1]. By incorporating the TWP beam in
composite system, ﬁwwﬂuguwwebwmmdwmmmwmerm.uh
web is very thin, The lateral torsional Mkmmommmmmw
mme«wmguedwebsmucapaciwmwbedaammedmmaho@mbyedmwm
beam desiga [4, 3] The deflection limits, serviceability criteria and natural frequency limit are the
same as the conventional composite beam [2, 3]. Attention is needed to d ine the ultimate
moment capacity and elastic section properties in the design.

4. MOMENT CAPACITY OF CTWP BEAMS (FULL SHEAR CONNECT! 10N)

Since the comugated web is flexible in longitudinal direction of the bear, the moment resistance
ofthe beam is merely contributed by the conerete slab and the flanges of beam as shown in Fig.2,
where the web depth is the gap between the top flange and bottom flange. This discontinuity of top
flange and bottom flange due to this gap should be concerned in the plastic section analysis.

0.0035 0457,

<010 Py [
Strain distribition Actual Idealized
Flgure 2. Plastc apalysis of composite section

Consider both flanges are located undemeath the plastic neutral axis wheress the resistance
ofconcreie R_is larger than the resistance of the sum of both flanges R . Both flanges are subject
(o ension foree and the p portion concrete subject to compression. The strain distibutes hnearly
from top of beam, crossing the vertical neutral axis, to the bottom of beam (see Figure 3 - strain
distribution), The strain i botton: fange was found to be proportonally larger than the strain in
top flange. The deeper the gap between flanges, the larger the strain is. This implies that the
bottom fange may exeeed its safie strain limit that is 0. 1 0mm or even failed before the top flange
reaches its yielding strsin, Beyond the safe strain lmit, all forces which previously taken by the
whole system will immediately transferred to the conerete slab and top fange and result to the:
sudden filure of the bean, Therefore, the safe fiilure mode should be taken as the point where
the bottom fange is complictely vields,

Since the top flange did not contribute in moment resistance (also in fexural soffess), tis
Suggested that the top Bange of the beam is only considered in the design during construction stge.
Since the top Bange size required fon these loading is relatively smaller than the bottom Hange size
SRuired fon composite stage loading, anunequal fianges section is therefore suggested.

R 2R, the boisom Binge sty vield and Rl shear conestion (R, > R,)

M =R, +D-05T, - 0.5%) (W
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=(D,~ D)R,/R,, is the concrete yield depth
=BT p, . is theresistance of bottom flange
is the resistance of shear connectors
is the width of bottom flange
is the thickness of bottom flange
is the design strength of flange
is the overall depth of TWP beam
is the overall depth of slab
is the metal deck profile depth
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Figure 3. Plastic analysis of CTWP beam section under positive moment (Case Al )
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The position of plastic neutral axis should lies in concrete flange once the R,>R, andR >
when the bottom flange firstly yields, The position of plastic neutral axis may lies in top stee)
when R,_<R, if full shear connection is provided,

5. PARAMETRICSTUDY.

The parametric study carried out in this paper was based on the comparison on the design of
composite beam between composite trapezoidal web profiled section, and universal beam of
composite beam. The geometrical aspects and the results of CTWP are listed in Table 1, The
design of CUB are not shown in this paper as the design method has been established in Steel
Construction Institute publication(][], Computer programming has been established to carry out the
calculation of CTWP and CUB, The computer program was designed base on the optimization of
section which take into account the minimum section for the size of top and bottom flanges of the
CTWP section. Inthe design ofCTWPandCUB,CheoklhavebemdomonmcnpectofUW
Limit State and Service Limit State a5 required by the code of practice,

6. DISCUSSION OF RESULTS

The results of percentage steel weight saving by comparing the design of CTWP and CUB ar
presented in Table 2, The results showed that the increase imircen(agg‘minywu'inﬂw
ol{%lo%’/.dependin}gon the length of span, The longer the span the higher the percentage
saving, Tlnpamlmmmisrelmivclylﬁww the increase of the length of the span. The
mddwbmmWPmMWwdmmmmmmMMofM
of the beam. As aresult percentage saving of CTWP increases,
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Table 1

Geometrical aspects and results Oof CTWP sections
| Span L L in m) ey 2 s I
ol SN e S e S 2 s 1
| (© 0 m) 280 M| 3w w0 | s10 ss0 &0
‘i '\‘\\":Mmu w > X | ; = : '\%\
[ Bomom Range wiith i | 7 o ) '\3'\,
L (BY in mam) 108 | 120 140 | 155 |
T ‘ - 18 4 ] e
| thickeess (T inmm) | | w | 0 | 10 ! 10 10 10
Top fange width (Bt i | ] e
| in o) w0 | 100 | 10 00 | 130
| Top Range thickness | | | ! = =
[ (Tin ) 1 1 n | n | 0 0 n
| Moment in compasite 248 760 T3
| N - S B . Y ww | ms| 3
| Shear foree Ry | 1329 M| | 3069
| cormagannd wed (kN) 282§ e I 204 | 2w@ss e )
Deflection | T
Sompasire (L3S0 ’ | 129 | | 188
| ma) i 897 ] wal s | el (5] 1738 2
| Totl deflection (L2200 | I | . 27
| i mem) 2% ] ne@! 3 | as! «e 88 7
ISressinbomom Bange | 333 | 3503 ] RSy ! EEY
(8 = Nomar) S a3 feu 3t —a3Sisailaaaan 152 1
| Stress i concrere (R ; | '
@ Nma® | 300 | 2m 2% 268 25 23 2%
| Natural froquency } | ! ‘
{ iz (H2) | el sa L% ) s a8 48
Table 2
CWMM&&CI\VPmWBmm&Nw@L
‘ { Extra steel mass
- against CTWP, day (kg'm)
Span. L(m) | 1]
[ &"{"7: SMevs SMo-SMere LSRN
]
!
6 | 2m| aum o =
1t
| 7 2656 2320 2 (59
i 3 2920 310 iN 2%
! 9 31 20 .2 18%
r m o %0 %2 A%
1 966 230 s 2N
12 401 8710 pat ) H%
7. CONCLUSION REMARKS
A series of analytical fonnula to determine flexural behavi Tapezoidal wed

profiled beam has been shown: in this paper. The determination of moment.

the
mor&hnhﬁem«muﬂah

ccount the contribution of 1op flange in normal cases. The approach of cakulating the moment
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eapacity of CTWP is merely similar to composite truss design. Due to the over-flexibility nature of
the TWP beam, the elastic deflection of CTWP beam may be increased by 10% from the normaj
deflection determination formula. From the study it can be concluded that Trapezoidal Web
Profiled section is suitable to be used in the design of composite bearm.
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