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A columndesignmethod has been developed for use in braced frameswith discontinuous columns using flexible
cap and base plates and floor beams that are either simply supported or continuous. The proposed method is
intended to be used with shallow floor construction with concrete or steel/concrete composite slabs in which
the floor slab occupies the depth of the floor beams and is fully grouted to the beams so that the slab restrains
the full depth of the beams. It was developed to simplify the design of square hollow sections discontinuous col-
umns in framesusing asymmetric beam (ASB) typefloor construction. Floor beams are designed to carry the floor
loadswithout interactionwith the columns; columns are then designed to resist the floor beam reactions assum-
ing a deformed shape derived fromend-rotations equal to the slope of thefloor beams at the top or bottomof the
column, whichever is the greater. The method incorporates the elasto-plastic behaviour of columns subject to
axial compression and large end-rotations and has been verified by physical tests on full-scale square hollow sec-
tions columns andfinite element analysis usingnon-linear geometry andmaterial properties and including resid-
ual stresses.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

In braced steel frame construction it is usual practice for a single
length of column to extend over two or more stories and for the
beams to frame into the continuous column and be connected by con-
nections designed for vertical shear. Recently a new form of braced
frame has been used in the UK for residential construction in which
the columns are discontinuous [1]. Columns are fabricated in single sto-
rey lengths and fitted with horizontal plates (known as cap- or end-
plates) at the top and bottom in order to bolt the column directly to
beams below and above which are continuous over the column. Square
hollow sectionswith the smallest possible size are used for the columns
so that they can be hidden in the thickness of the walls. Because the
beams are continuous, passing uninterrupted over the column lines,
they benefit from the efficiency of continuity but without the extra fab-
rication cost associated with forming a full strength and rigid connec-
tion between discontinuous beams and continuous columns. The
continuity of the beams across the tops of the columns induces rotation
at the top and bottom of the column under some loading arrangements
resulting in curvature of the column,whichmay reduce the resistance of
the column below that of an equivalent pin-ended strut, and therefore a
design method for this form of construction is required. A method has

been published [2] but this uses nominal moments and does not explic-
itly consider the magnitude of the slopes of the beams at the top and
bottom of the column. This paper describes the development and vali-
dation of a new designmethod for square hollow section discontinuous
columns which is safe, gives economical column sizes and is easy to
apply by designers.

1.1. Braced frames with discontinuous columns

A typical frame using discontinuous columns is shown in Fig. 1
(much larger frames than that illustrated have been constructed, up to
14 storeys high). Each column piece is only one storey high and to pro-
vide a shallow construction depth, the floor, which may be composite
construction using deep profile decking or pre-cast concrete, is support-
ed on the bottom flange of asymmetric beams. Being built-in between
the beams, the floor stabilises the beams (provided that precast units
are fully grouted). This type of construction has a number of benefits in-
cluding shallow floor construction [3,4] and reduced building height,
beam continuity achieved with inexpensive connections [1], slender
columns that can either be hidden in walls (or are of low visual impact
if not hidden) and safe, easy crane hook access when lifting in pre-cast
concrete floor units or metal decking because the columns do not ex-
tend above the floor beams until the next storey is erected. Set against
these benefits are the disadvantages of: the greater number of individ-
ual column pieces to lift, so more crane time for column erection is

Journal of Constructional Steel Research 128 (2017) 233–244

⁎ Corresponding author.
E-mail address: j.davison@sheffield.ac.uk (J.B. Davison).

http://dx.doi.org/10.1016/j.jcsr.2016.08.017
0143-974X/© 2016 Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Journal of Constructional Steel Research

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcsr.2016.08.017&domain=pdf
http://dx.doi.org/10.1016/j.jcsr.2016.08.017
mailto:j.davison@sheffield.ac.uk
Journal logo
http://dx.doi.org/10.1016/j.jcsr.2016.08.017
http://www.sciencedirect.com/science/journal/0143974X


required; continuous beams give fewer pieces but greater piece
weights, possibly increasing the crane requirements; column piece la-
belling is critical wherever different wall thicknesses of the same col-
umn sizes are used because all the columns appear to be identical but
have differentwall thicknesses; the design of the columns is problemat-
ic and guidance is required.

None of the design methods currently available are ideal for the de-
sign of discontinuous columns in braced frames. A new design method
is required because (i) frame analysis with varying joint stiffness is too
complex for routine design and (ii) methods based on nominal mo-
ments are uncertain and often give very conservative approximations.
Research by Gent and Milner [5,6] and later by Davison et al. [7] and
Gibbons et al. [8] demonstrated that the partial restraint inherent in
nominally pinned columns is sufficient to increase the buckling resis-
tance. (Readers interested in tracing the development of this work on
‘moment shedding’ are referred to Nethercot [9]). This earlier work sug-
gested that it ought to be possible to devise a simple yet economic col-
umn design method for discontinuous columns. This paper details a
study leading to the development of a proposed design method for
square hollow section discontinuous columns in braced frames.

1.2. A new column design approach required

When considering the behaviour of discontinuous columns two fac-
tors are of particular interest (1) the rotational stiffness of the column-
beam joint (2) the effect of bending moments in the columns on the
compression resistance. The axial compression in the columns in the
upper stories of a building will be relatively small and if thin cap-
plates are used, the connections will be flexible so the beam can rotate
relative to the columns. This would result in higher sagging moments
in the beams than would be calculated in a rigid frame analysis. In the
lower stories of a building, the larger axial compression clamps the col-
umns and beams so that very little rotation of the beam relative to the
column is possible, so the frame resembles a continuous one. Elastic
analysis as a continuous frame requires the designer to either determine
the stiffness of the joints accounting for the effect of axial compression
or to specify cap-plates so thick that the joint is practically rigid even
for low axial compression. The bendingmoments in the columns calcu-
lated by elastic analysis of a continuous frame can be of such a magni-
tude that they cause a significant reduction in the resistance to axial
compression. Larger column sections are then required, increasing the
bending stiffness further and attracting even more bending moment.
This may lead to heavy columns, negating one of the attractions of the
construction method i.e. to have small column cross-sections to allow
them to be hidden in walls or limit the visual impact of exposed
columns.

Modification of traditional design approaches, such as simple con-
struction [10] where the columns are assumed to be pinned, or contin-
uous construction [11] using elastic analysis of a rigid frame, are
unsatisfactory. The former is potentially unsafe due to the effects of

imposed end-rotations on the column which leads to reduced axial ca-
pacity; the latter requires heavy connections to realise the design as-
sumptions and attracts too much moment to the columns which are
desired to be kept small. A radically new approach is proposed in
which the beams may be designed independently of the columns but
the columns are designed taking account of the end rotation imposed
on them by the slope of the beams.

The column design method exploits the moment-rotation relation-
ship in beam-columns which (i) are subject to end-moments in the
elastic domain but are not required to resist these end-moments to
maintain static equilibrium of the structure and (ii) may be strained be-
yond the elastic limit.

Gent [5] and Gent and Milner [6] investigated the behaviour of col-
umns under these conditions. Their test program applied moments to
the end of the columns through a turnbuckle system (see Fig. 2(a)) in
which the load relaxed as the end-rotation increased, thus the end-
moment reduced as the curvature of the column increased. Initially
the column was loaded by application of end rotations through the
turnbuckle system. Next axial load was applied gradually up to failure
of the column by buckling while the end-moments were measured.
The end moments were seen to decrease as the axial compression in-
creased, as shown in Fig. 2(b). This occurred because the axial compres-
sion had to be resisted by the column to maintain static equilibrium
whereas the end moment did not need to be resisted to maintain static
equilibrium because increasing rotation of the column end allowed the
turnbuckle system to relax and reduce the applied end-moment. Gent
referred to this behaviour as “moment shedding”. The phenomenon
was also seen in large scale tests conducted by Davison et al. [7] and
Gibbons et al. [8] and was incorporated in a proposed design method
[12].

This behaviour is not what is commonly assumed in the design of
beam columns. The common assumption is that the end-moments cal-
culated by elastic analysis must always be resisted together with the
axial load. In many cases this is appropriate, especially where the:

Fig. 1. Columns and beams in a typical frame with discontinuous column.
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Fig. 2. Moment shedding from increasing axial load [6].

234 C.M. King, J.B. Davison / Journal of Constructional Steel Research 128 (2017) 233–244



Download English Version:

https://daneshyari.com/en/article/4923590

Download Persian Version:

https://daneshyari.com/article/4923590

Daneshyari.com

https://daneshyari.com/en/article/4923590
https://daneshyari.com/article/4923590
https://daneshyari.com

