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EVALUATION OF THE RESISTANCE MOMENT FOR THE INITIAL
STAGE OF COMPOSITE STEEL TRUSS AND CONCRETE BEAM

Sérgio P. P. A. Roque”, Paulo M. M. Vila Real®, Paulo A. G. Piloto® and Giovanni A. Plizzari’

%< IDMEC, Polytechnic Instifute of Braganga, Portugal
b ; ABEST, University of Aveiro, Portugal
4 University af Brescia, Italy

Abstract. Composite Steel Truss and Concrete Beam (CSTCB) are composite elements
designed to resist bending, consisting of a steel truss encased in concrete casted in place, with
a steel base plate or pre-casted concrete plate. Design resistance moment was determined for
the initial constructive stage, using simply supported truss beam with three-point bending
load. Two different typologies were compared for three different beam-lengths, using three
dimensional finite element analyses. Critical load was determined for different buckling mode
shapes, using linear elastic analysis. The first mode and two other particular buckling mode
shapes were considered as initial imperfection modes. The resistance moment was calculated,
based on geometric and material non-linear analysis.

1. Introduction

CSTCB beamn elements present a wide variety of building solutions, being characterized by
two constructive stages. This element is able to support its own weight and the weight of the
slabs without any provisional supports, during the initial stage. The design should follow the
general rules of Eurocodes for steel structures [1]. The final stage considers the steel truss
encased by concrete that behaves similarly to a reinforced concrete (RC) beam [2].

CSTCB have been widely used in Italy in particular for industrial and special structures.
The first reference to this product date back to 1967, referenced by Salvatore Leone patent.
Different production rules and assessment methods were defined since then, [3].

Fig. 1 represents the first building stage using typical steel base plate, welded to two plane
trusses, using two or more reinforcing longitudinal bars.
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Fig. 1: Original CSTCB wi 3]

Longitudinal reinforcement at the bottom and at the top side depends on chosen
configuration. Usually two upper bars require on plane steel truss (type 1), while three bars or
more require more steel trusses (type II), see Fig. 2. These cross sections were selected to
evaluate bending resistance.

i G, I
~—— 14 }
|
| Q10
o014 J
1 ('I’i"f ¢
= } [ l
200 50 1 100 ! 50

Fig. 2: Different confipurations for the initial stage of CSTCB
(Type I and Type I}

CSTCB present advantages when compared to traditional steel and concrete solutions. The
prefabrication of the steel truss reduces construction time, the steel truss is self-carrying
avoiding any type of formwork and temporary supports during construction. These types of
CSTCB are able to support higher loads and bigger spans [2].

Eurocodes [4,5] do not provide particular design solutions for these elements. Without any
prescriptive design regulation, structural engineers required guidelines for the best practice
[6]. This last document presents the recent Italian research about CSTCB, as well as new
desipn procedures for both stages, taking in to consideration the material and structural
behaviour, serviceability limit state (SLS) and ultimate limit state (ULS).

In the recent work of Leopoldo Tesser [3], three sets of experiments were developed. The
first set considered 4 tests designed for Steel Truss (ST) and more 4 tests with complete
CSTCB. The main objective was to investigate bending and shear failure modes. The second
set used similar tests for a different steel truss type. Two of them used ST stand-alone while 6
of them used CSTCB. The third set used pre-stressed concrete base plate with steel truss
without concrete cast to analyse cracking damage and propagation.

The best practice of Eurocodes [1,4,5] were also used by Quaranta et al [2] to verify the
structural safety of CSTCB at room temperature; they defined simply supported beam to the
initial stage, using the design loads from self-weight of the truss and dead loads from the
floors.
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Regarding the ULS of the steel truss, safety should be verified against element instability
(lateral torsional buckling) or any local instability (buckling of each element diagonal or
longitudinal bar) during building construction, according to EN1993-1-1.

2. Objectives

The main objective of this paper is to determine the bending resistance of CSTCB during the
initial stage of construction, using two different types of cross section (Type I and Type II)
and three different beam lengths (L=1.21 [m], L=2.80 [m] and L=5.04 [m]).

Two different types of analyses were developed: the elastic buckling analysis was used to
determine critical buckling load and buckling mode shapes; the geometric and material non-
linear analysis was used to determine bending resistance. All simulations were performed
with ANSYS [7].

3. Geometry, loading and material

The steel trusses were very similar and their dimensions are reported herein. Three different
beam lengths were considered for each cross section type. Load was applied at mid span,
using simple supported beam model with lateral restrain on each extremity, see Fig. 3.

The loading conditions do not correspond to real loading cases; nevertheless this approach
foreseen experimental test campaign. Two point loads were applied on the top surface of the
plate.

| Ls/2

Fig. 3: Loading and supporiing conditions

The top chord of this ST is usually built by round or squared bars, welded together with the
web truss (ny=1 or n,=2) which is usually built with round bars; the latter are composed by
two sequences of bars that are bent in the top nede truss and cut at the bottom node which is
welded to the steel plate. The longitudinal distance between two consecutive nodes is 26=374
[min] (see Fig. 4 for details).

354 26=374 _ -3,
e | ] {d SRR e L) !
I/
ol 218 | o8=34 | i [ as=a7a | o718 50
b s b |
Lt |

Fig. 4: Steel Truss (ST) geometry
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All other geometric details are in accordance with Fig. 2. Table 1 represents the list of
elements to be analyzed.

Table 1: Beam type and length
Beam type  Length [m]
1.21
I 2.80
5.04
1.21
I 2.80
5.04

The design material properties correspond to grade S355. The elastic modulus
E=2.1%10" [Pa] and Poisson ratic v=0.3 were used for elastic buckling analysis. For
nonlinear analysis, elastic-perfectly plastic model was used, considering the elastic limif equal
to f, =355 [MPa].

4. Numerical analysis

This analysis required the use of three dimensional finite element model, based on finite
SOLID 185 ANSYS element, with enhanced strain calculation method. This element presents
eight nodes, having three degrees of freedom at each node (franslations in each coordinate
direction). The enhanced strain calculation method prevents shear locking in bending-
dominated problems and volumetric locking in nearly incompressible cases.

Two different types of meshes were built according to each cross section type (see Fig. 5).
The round bars were approximated by regular geometry (squared) with equivalent cross
sectional area.

T

Typel Type I
Fig. 5: Finite elemeni model

1 = v

The convergence of the mesh was established by reducing the element length in each part
of the beam model.

4.1 Elastic buckling analysis

The main objective in the elastic buckling analysis is to obtain the critical buckling load (Fc)
and buckled mode shapes (the characteristic shape associated with a buckled structure’s
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response), by solving the associated eigenvalue problem. Eigenvalue buckling analysis
predicts the theoretical buckling strength of an ideal linear elastic structure.

The main buckling modes associated to each critical load are summarized in Table 2.

The first buckling mode shape for beam type T was associated with upper bars in
compression, with buckled shape in the horizontal plane (HB). The second mode shape was
associated with the same bars in compression, with buckled shape in vertical plane (VB). All
previous buckled mode shapes were considered as local instabilities. The additional buckling
mode for global instability, attained by lateral torsional buckling (L'TB), was found for higher
mode shapes.

The first buckling mode shape for beam type II was associated with upper bars in
compression, with buckled shape in the vertical plane (VB). No local mode shapes were
detected for horizontal buckling of the upper bars. The additional buckling mode for global
instability was also found for higher order mode.

Table 2: Critical load and main buckling modes

Beam Length | Mode Fe  Shape [ Mode F.  Shape | Mode Fe Shape
type  [m] IN] [N] [N]
1.21 1 71982 HB 2 78926 VB 26 509650 LTB
I 2.80 1 26111 HB 2 28852 VB 22 99551 LTB
5.04 1 13961 HB 2 14749 VB 29 45628 LTB
1.21 1 124658 VB - - - 39 776010 LTB
II 2.80 1 46442 VB - - - 25 175971 LTB
5.04 1 23876 VB - - - 37 81247 LTB

The buckling modes are represented in Fig. 6, for the case of both cross section types (type

T and type II) and beam length equal to 2.80 [m].

Type I (Mode 1) Type I (Mode 2) Type I (Mode 22)
Type H (Mode 1) Type O (Mode 25)

Fig. 6: Mode shapes for type [ and I1, in ST with L=2.80 [m]
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4.2 Nonlinear analysis

The nonlinear collapse analysis was performed on each beam with imperfections built in to
the model, to determine the bending resistance. The imperfections were introduced by using
an amplification factor to eigenvectors, from previous analyses. The eigenvector determined
is the closest estimate of the actual mode of buckling. The imperfections remove the sharp
discontinuity in the load-deflection response. The imperfection factor was determined for the
relevant buckling length for each mode (Lch or Ler, respectively as buckling length of top
chord or buckling length of beam), according to Table 3.

Table 3: Imperfection factor

Mode Lch/Ler
shape  Maximum amplitude
HB 25
VB 38
LTB L

The incremental and iterative solution was considered to determine bending resistance
associated to each imperfection. The convergence criterion was defined by force, with a
tolerance value equal fo 0.1%.

Fig. 7 represents the bending resistance for each cross section type, for each beam length,
using local imperfection (Mode 1) and global imperfection (Mode LTB).

Mg er" -l-Typ:Ii.\lédcl) O Type H (Mode 1) @Type [{LTB) -O-Type II(LTH) |

30000 —— e — -

25000 - H o o
—i
20000 4
- :'\= °
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10000 | f
5000 - - g \
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0

] 1 2 3 4 s [4
L (m}

Fig. 7: Bending resistance moment
All beam were designed in such way that the smaller bending resistance accounts for local

instability of the upper bars. The bending resistance for this mode of imperfection was always
smaller when compared to the other mode of imperfection.

5. Conclusions

Stability of CSTCB was verified for the initial stage of construction (ST). Two different types
of cross section were used, based on steel truss with one and two plane frames.
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The design of this cross section was made to obtain a local mode of instability in the upper

chord of the truss. Different dimensions could be used on the diameter of the upper bars to
prevent this local instability and to promote global instability.

The critical load was determined for different buckling modes.
Bending resistance moment was determined for each beam length.
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