UNIVERSITI SAINS MALAYSIA

KEJURUTERAAN AWAY

Editor:

Nor Azam Ramli

Ahmad Farhan Mohd Sadullah
Hamidi Abdul Aziz

Badorul Hisham Abu Bakar
Ismail Abustan

Leong Lee Vien

Mohamad Razip Selamat
Megat Azmi Megat Johari
Wan Hashim Wan Ibrahim
Wan Muhd Aminuddin Wan Hussin
Choong Kok Keong

Shafida Azwina Mohd Shafie

Kampus lﬂlll'lll&l‘ﬂllll
Universiti Sains Malaysia

Ninong Tebal, Pulau Pinany 78




KEJURUTERAAN AWAM 50 TAHUN KEMERDEKAAN

FENGEDAR

Puil Pengape Kojurstornas Awa

Kaspus Kepurutersas, Universb Saon Maley us
Nabong Tebal, Pulm Pamyg, Masaa

€ Penerbl Post Posgapuan Fopunserasn Awan, Usversts Sais Maleowa, 2007

Halopts terpeturs Tonls bahague Lanpads terbian o boleh Lilebdm enuls, dunpa el poogd aran w2u
diterenabian Ldas wbarang benluh s desgm Al e jus pun, wima s socwrs slebbosd, melek, pmbe,
ralang mado visal dan wchagsary s Lige bebonarm danpads peaogag haapla ta lobd dalulu

Perpuataban Negans Malnsia it Pomplatudonpan - didam - Pomrbatan

KEJURUTERAAN AWAM 30 TAHUN KEMERDERAAN
{ editor Now Acsss Romli [ al |

[SBN 9785341 9000 | Bk Elotrondd )

19 (kM

Puist Fengapas Keporueram Awan
Kanpu Keporsieraan Univeruti Sam Maayua
Neboey Tebul, Pulsw Posng, Maloyus



B\ Y%

P

Cdemmeg r e -

Prosiding Kebangsaan Awam'07, Lang kawi, Kedah, 20% - 31" Mei 2007

Moment Resistances of Extended Endplate Connections with Trapezoid Web Profiled
Steel Sections as Beams
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81310 UTM Skudai, Johor.
*Department of Civil Engineering, Sriwijaya University,
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Abstract

Conventionally, steel frames are designed either using the approach of simple construction or
continuous construction. Apparently, there is another alemative approach that has been rec-
ognized and encouraged by the standards (BS 5950 and EC 3) called the semi-continuous
construction, which is usually associated with the use of partial strength connections. The
beam-to-column joints are generally formed using end-plate connections (either flush or ex-
tended), hot-rolled universal columns, and hot-rolled universal beams. In this investigation,
Trapezoid Web Profiled (TWP) sections were used as beams and exiended endplates were
used as connections. A series of experimental test was set up to study the moment rotation
relationships of extended endplate connections with TWP beams under monotonic loading.
This paper presents findings on the behaviour of partial strength joints in term of the moment
capacitics of the extended endplate connections. The experimental results were validated by
theoretical results establish based on the ‘component’ method suggested by Steel Construc-
tion Institute. The development of the component method was in line with the code of prac-
tice of EC 3 and BS 5950:22000 Part 1. The results indicate that the moment capacities, ob-
tained from the experimental investigation using the conservative 'knee-joint’ method, are
higher than the theoretical values, Therefore, it can be concluded that the proposed extended
end-plate connection has met the requirement of pantial strength connection and suitable 10 be
used in semi-continuous construction.

Keywords: Extended End-plate Connection, Beam-to-Column Connection, Trapezoid Web
Profiled, Semi-Continuous Construction, Partial Strength Connection.

1.0 Introduction proach is wermed as the semi-rigid design.
Here, the semi-rigid design offers a more
realistic behaviour of sieel frame. A certain
degree of rotational stiffness is assumed but

Conventionally, steel frames are designed
whether as pinned jointed or rigidly jointed.

When designed as pinned jointed, the
beams are assumed simply supported and
the columns are assumed 10 sustain axial
load and nominal moments (moments from
the eccentricities of beam’s end reactions).
The connection is simpler but the size of
the beams obtained is bigger. On the other
hand, rigidly jointed frame results in bigger
columns due to higher end moments and a
more complicated connection.

An approach, which creates a balance
between the two extreme approaches men-
tioned above, has been introduced. The ap-

full continuity is achieved by the connec-
tions. By using this approach, the steel
t'mlim can therefore be designed economi-
cally.

The introduction of hybrid sections as
beams contributes further to the cconomic
aspects of seel frame. By the same oken, a
beam with trapezoidally corrugated web
called Trapezoid Web Profile (TWP) is in-
troduced with the semi-rigid design of con-
nection in the semi-continuous construc-
tion,
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1.1 Research development

The interest in the behaviour of connection
has dated back 10 1917 when Wilson and
Moore conducted an experiment on riveted
structural connection. The interest in semi-
rigid action and behaviour darted after
1970s of which noticeable works were re-
ported. [Chen el al.(1989), Abdalla et al
(1995), Davison et. al. (1988), Jaspan,
(2000)].

One of the carliest experiments on cor-
rugaled web profiles was carried out in
1956 by Frasr who investigated the
strength of multiweb beams. In 1969, Eas-
ley and McFarland made several experi-
mental investigations on shear diaphragms
of panel with trapezoidally corrugated
webs, In Sweden, the siudies on buckling
behaviour of trapezoidally comugated webs
were camricd out at Chalmers University of
Technology by Luo et. al (1995). Beams
and girders with trapezoidally corrugated
webs have been investigated also in the
United States [Elgaaly et al. (1996,
1997)). In Malaysia, studies on the matter
were mostly carried out since 1998, but
similar to other previous works, concen-
trated only on the individual capacitics
such as shear, bending, local flange buck-
ling, lateral beam buckling, stability of col-
umn, foundation pile capacity, fatigue and
composite floor syvstem [Osman (2001)).

A study on partial strength connections,
which usage has been encouraged by BS
5950 (2000} and EC 3 (1992), were carried
out by Md Tahir (1995) using hot rolled
sections as beams The study indicates that
significant savings of the total frame weight
could be achieved if partial strength con-
nections are used. In this study, the behav-
iour of partial strength endplate connec-
tions with Trapezoid Web Profiled (TWP)
sections as beams is studied.

2.0 Background
2.1 Type of connection

Extended endplate connection consists of
an endplate welded 1o the cross-sectional

face of a beam in the workshop, and bohed
to the column on site. The endplate is usu-
ally extended above the top flange of the
beam 1o accommodate another row of bolts,
though the bottom pant could also be ex-
tended if the joint is expected 1o sustain re-
versal of moment. This type of connection
can provide some 30% to 50% the capacity
of the connected beam, which is suitable
for the semi-continuous construction [SCI
(1996)]. For this reason, the connection is
also referred to as the partial strength con-
nection. A typical extended endplate con-
nection is shown in Figure 1.

UC Column

Endplate

Figure 1: Extended endplate connection
with TWP section

2.2 Theoretical behaviour

The moment transmitted by an extended
flush end plate connection is through the
coupling action between the tension forces
in bolts and compression force at the centre
of the bottom flange. Each bolt above the
neutral axis of the beam produce tension
force whereas the bolts below the neutral
axis are dedicated to shear resistance only.
EC 3 suggests that the bolt forces distribu-
tion should be based on the plastic distribu-
tion instead of the traditional triangular dis-
tribution. Figure 2 shows the forces in the
connection and the cormresponding plastic
distribution.

According to SCI's (1996) publication,
the capacities of each critical zone must be
checked. The process involved can be con-
sidered iterative. In tension zone, the resis-
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tance of cach bolt is calculated onerow at a
time and the lesser of the force will be cho-
sen. These checks are: beam and column
web ension, and endplate and column
bending and bolt strength. As for the com-
pression zone, typical web bearing and
buckling are checked. The horizontal panel
shear forces are then checked for shear
zoncs. As for vertical shear on bottom
bolis, the effect is not critical and assumed
adequate.

2.3 Theoretical moment capacity

The moment capacity of connection is cal-
culated by multiplying each bolt forces
with the lever arm measured from the cen-
tre line of the botiom flange of beam.

Mr i E[F;-ix'&f'

3.0 Experimental works

The experiment is designed 10 study the
behaviour of extended endplate connection
in term of the moment-rotation relationship.
A series of four arrangements of extended
endplate connection were tested. Depend-
ing on the siz¢ of the beam, two sizes of
endplates were used which are 200 mm x
12 mm and 250 mm x 15 mm. The thinner
plates, which are for smaller beams, were
connected using M20 8.8 bolis whilst the
thicker plates, which are for larger beams,
were connected using M24 8.8 bolis. The
thickness of the weld connecting the flange
and the web of beam to the end plate are 10
mm and 8 mm respectively. The details of
the four arrangements are given in Table |,
Figure 2, on the other hand, shows the con-
figuration of the extended endplate connec-
tions.

Tahble 1: Details of specimen

Elements  Speci- Size
men
Name

WP EZR20F 400x140x39.7/12/4
Beam 1
E3R2Z0P  450x160x50.2/12/4
1
E2R24P S00x180x61.9/16/4

2
E3RZ4P 600200805/ 16/6
2
UC Col- Al 305:305x118
i
End- E2R20P 200x 12/M20 88
plate/Bolt 1
E3R20P 200x 12M20 88
Eqn.(1) !
E2R24P 250x 1S¥M24 88
2
E3R24P 250x 15M24 88
2
Weld All 12 mum to beam's
flange and 10 mm
to beam's web

With the exception of the rotational in-
clinometer, all of the other devices were
connected directly to the data logger. The
rotational values of the beam and column
were recorded manually from the digital
display unit of the rotational inclinometers.
One inclinometer was mounted midway at
the web of the beams at a distance of about
100 mm from the face of the column
flange. This inclinometer provided the ro-
tational values of the beam, ¢, upon load-
ing. The other inclinometer was placed at
the centre of the column panel shear thus
provided the rotational values of the col-
umn, ¢.. The overall rotation of the joint
¢ was then taken as the difference between
éoand @.

$=b,- ¢, @
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Figure 2: Configurations of endplate
connections

Linear variable displacement transduc-
ers (LVDTs), which are used to measure
the lincar displacements along the beam
and the column, were placed at several
specified locations, Besides measuring the
deflections of the beam and the translations
of the column, measurements obtained
from LVDTs can also be used to determine
the rotations of the joint The loads were
applied on the beam by using a single inlet
hydraulic jack and measured by a load cell.
Figure 3 illustrates the set-up and layout of
the arrangement adopted for the experiment
showing the locations of the column, beam,
inclinometers, LVDTs, hydraulic jack, and
load cell. The load was applied at a dis-
tance of 1.3 m from the face of the column
with an increment of 5 kN for all tests.
Figure 4, on the other hand, shows the test
rig devised to carry out the experiment.

13m

L=135m

Mot o cale

Figure 3: Test set-up
o,

Figure 4: Test rig

4.0 Results and Discussion

A computer program was designed using
excel spreadsheet o delermine the moment
resistance for cach connection. All steps
involved and procedures for checking ca-
pacitics in each critical zone were based on
the *component” method as described in the
SCI's publication (1996).

Experimentally, the result obtained, in
this case, the absolute rotation of the beam
with respect to the column was ploned
against the moment applied 1o the connec-
tion. Figure 5 shows the individual mo-
ment-rotation curves plotted for each of the
extended endplate connections. The ex-
perimental value of moment resistance of
the connection, My was determined using
the so-called ‘knee’ method. In this
method, a tangent line representing the lin-
car elastic region is drawn on the curve
from the origin. Another tangent line is also
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drawn on the curve 1o represent the non-
lincar region. The intersection of the two
lines then can be taken as the value of the
moment resistance of the connection as
shown in the figures,

Each curve shows that the connection
behaved lincarly at first before changing
into a non-lincar behaviour, Then, gradu-
ally, the connection started losing the stiff-
ness with the increase of rotation. Fig. 6 il-
lustrates the moment-rotation relationships
for all of the extended endplate connec-
tions. From this figure, it is clearly shown
that the rigidity of an endplate connection
increases as the number of bolts, the end-
plate sizc and the diameter of bolt in-
creases. As for the moment resistances, the
values obtained experimentally are higher
than the theoretical values in the range of
1.14 10 1.46 when normalized. Table 2 list
in details the results obtained.

The failure mode of the firg and second
specimen was endplate vielding. But, for
the third and fourth specimen, besides the
endplate vielding, a slight slipping of bolts
al the wp was noticed.
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Figure 5: Individual moment-rotation
relationships
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Figure § (Cont.): Individual moment-
rotation relationships
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Figure 6: Moment-rotation relationships
for all connections

Table 2: Summary of resulis

Speci- My My My ME) MAE)
men M (EY (B} /MdT JMAT
Name ) I

E2R20 123 140 190 114 1.54
Pl
E3R20 180 210 266 1.17 1.48
Pl
E2R24 261 380 3554 146 212
P2
E3R24 413 490 540 119 1.31
P2

My ~ Moment Resistance, My ~ Moment URimake
T - Theoretical, E - Expenmental
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5.0 Conclusions
This study indicates that it is possible o
predict the moment resistance, Mg of par-
tial strength extended endplate connections
with TWP sections as beams by adopting
the method proposed by SCI (1996), even
for different geometric parameters. Ductil-
ity was also assured based on the modes of
failure observed and the amount of rotation
recorded. The overall results of the moment
resistances  obtained experimentally in
comparison to the theoretical values show
an increase in the range of 14% 10 46%.
And if the values of moment ultimate are
compared, the differences are even more,
Therefore, it can be concluded that the
proposed extended end-plate connection
has met the requirement of partial strength
connection and suitable to be used in semi-
continuous construction.
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