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INTRODUCTION

Fo(atypnlsme(htmdmg!m,mecmnectmbetweentbebeam
2nd column is either assumed as pinned, where only nominal moment
from the beam s transferred to the column, or rigid or full strength,
where full cont of moment transfer exists. Alternatively, EC 3
(ENV 1993-1-1: 2002)[1] allows building frames to be designed as semi-
rigidm:gmepamalsvmgxh ion, provided that the moment

of the ion can be ifie Vihen i into
mm\xﬁmdamﬁm,wwdcﬁnmmm!%

rotational stiffness (rigidity), to be established prior to its usage in
design. In this research, the behaviour of partial strength connections.
with TWP sections as beams was studied, The purpose of using TWP sec-
tions is to raheaovamageo!mebermnsoﬂeredbytlwseaiom in gen-
€72l 200 the effect of using partial strength connection in the design of
the beam.

BACKGROUND

Partial Strength Connections

By definition, if the moment resistance Of capacity of a connection is
lower than the moment. capacity of the connected beam, the connec-

ton is referred 1o as the partial strength connection. Two types of par-
tial strength connections that are commonly used are the flush endplate

{.

u»eﬂaleuextendedabmememngenlabeamandwmmwwof
bolt in case of extended endplate connection.

In the design of braced multi-storey steel frames, the steel weight of
the connections may account for less than 5% of the frame weight; how-
ever,mecostolmefabvican’misinmerangeofmmmdtfw
total cost . The fabrication of partial strength connections may be mar-
ginally more expensive since some degree of rigidity has to be provid-

Ings of frame weight could be acquired . In Malaysia where the cost of
lzbour is relatively low compare to Europe, the use of the proposed
connections will be an added advantage. It was reported that the say-
ings in steel weight of using partial strength connection alone (non-
composite) in multi-storey braced steel frames using British hot-rolled
section wzs up to 12%. The overall cost saving was up to 10% of the con-
struction cost, which is quite significant 2according to the cost of labour
in the United Kingdom.

Trapezoid Web Profiled (Twp) Steel Sections

Atrapezoid web profile plate girder is built-up section made up of two
flanges connected together by a thin corrugated web usually in the
range of 3 mm to 8 mm. 1hewebiscormga:edalanangleol45ttgyee
and welded to the two flanges using automated machine.

can be increased, whilst the steel grade of the web is usually designed
for 5275, so that the cost of steel material can be reduced since the
shear capacity is usually not critical. The use of different steel grades
in the fabrication of TWP section leads to further economic contribu-
tion in addition to the contribution from using partial strength connec-
tions. The thick flanges, thin web and deeper beam of a TWP section
in comparison to a hot-rolled section of the same weight lead to larger
load carrying capacity and greater beam span.

EXPERIMENTAL TEST PROCEDURES

The aim of the experiment is to study the effects of partial restraint
provided by the partial strength connections on the ultimate and ser-
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mm&memlmumlwaxsmmwmw&a
sub-frame column of multistorey steel frame.  The column was
restrained from rotating at both ends Whitst the beam was restramed
mammam»mem 0 the isolated tests,
the load was applied at a distance of 1.3 m from the face of the cole
wmn. This distance was deeined adequate to cover the distance of the
wmwmmm\wmﬁwem“mtd‘mmtw
the positive moment of the beam. As for the sub-assemblage tests, the
load was applied on the & m beam using a hydrawtic jack at the mid-
Span, and was converted o a two-point toad using a spreader of 1.8
m ing distance. This distance was Stil within the standard dis-
mumumumum«hamemmmnmmsmm
was assured.

After the instrumentation system had been set-up and the specimen had
been securely located in the rig, the data collection software W the

Nrsoing: P
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COMPUTEr was checked to make sure that atl channels connecting to the

Table 1: Detalls of specimens
WEtraments on the specimen indicated a proper warking condition.

Larrection facton from calibration and gauge factors from manufactur Nkl Boaan Sig Columa See  Commwction Bl low Bl o
B were UL INto the software prior to each test, A § kN increment Newe we L fipe o oty P
was adoptedd In order to have a gradvally applied loading condition, =
Each specimen was then loaded until a substantial deflection of the Dhalated Teat
beam was observed. The toad application was continued at this point o . wea M
But adopting a 2 mim Increment in the deflection instead of the load as R VORI s ;‘il':u/
Defore. This procedure was continued until the specimen had reached ) Ll WO e W
1t fallure condition. The failure condition was considered to have been
reached when an abrupt o significantly large reduction in the applied 10 asienblge Tt
toad or when a large Increment in the deflection of the beam has been FRERX0 FRE WA ::W o
attained 0 o s
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DESCRIPTION OF SPECIMENS
Isolated Tests

In the solated joint tests, two sets of beam-to column joints, which
consisted of a 1.5 m beam, were tested, Each of the beam specimens
Was connected to the column flange using different types of partial
strength connections, The first arrangement was a flush endplate con:
nection (FEP) as shown in Figure 2(a), whilst the other arangement was
an extended endplate connection (EEP) as shown in Figure 2(b), The
geometry of the two connections was identical except that there were
two additional bolts on the extended part of the extended endplate
connection, Details of the specimens for the two arrangements in the
Isolated joint tests are as shown in Table 1.

Sub-Assemblage Tests L]

For the sub-assemblage tests, two new arrangements, which consisted
of a beam with a typical length of 6 m, were tested, The beam in each
arfangement was connected to the column flange at both ends using the
identical FEP connection and EEP connection as in the isolated joint
tests,

The full-scale tests were conducted using a 6 m length beam so as to f:lgé’l::(hzc;ansg’:;i(sw configuration afi partial
observe the Influences of the mid-span deflection on the behaviour of o

the connections. Those Influences can be listed as followed;

1) On the moment resistance

i) On the rotational rigidity

1) On the ductility




DISCUSSION OF RESULTS

The results of the experiments were focused on the behavioural charac:
teristics of the flush endplate and extended endplate connections in iso-
lated tests, and the deflection at mid-span and the applied loads of the
beam in sub-assemblage tests, The deflection at mid:span was com-
pared with the deflection limit suggested by BS5950: 2000, Part 1 as
L7360 for brittle materfal and L/200 for other than brittle.the moment
fesistance and rotation of the connections that associated with the mid-
span deflection and load were also observed. The behaviour in term of
the moment-rotation relationship of both types of connections was
obtained from the fsolated tests results,

Results of all tests are shown in Table 2. Figure 3 shows the plots of
moment versus rotation for the FEP and EER, whereas Figure 4 and
Figure 5 show the plots of load versus mid-span deflection and load ver-
Sus rotation for the two sub-assemblage tests, |t Was noticed that

6(a and b) and Figure 7. The connections possessed a ductility charac-
teristic with a rotation Capacity of 33.5 mRad for FEP and 32.8 mRad for
EER. The moment Capacities, on the other hand, are 95 kNm for FEP,
Wwhich are 0.28Mp and 225 kNm for EEP, which is 0.67Mp. These values
are between 25% and 100% of the capacity of the connected beam,
which categorise both connections as partial strength connections,
Theoretically, the plastic moment, Mp or capacity of the beam is calcu-
lated to be 335.8 kNm.

Table 2: Test results

Reference

Moment Capacity (kNim)
Rotation Capacity (mRad)

| Initial
| Max Load (kN)

ifthess (KNm)

Mid-Span Deflection at Max Load (i)
 Rotation at Max Load (mRad)

Moment Resistance at Max Load (kNm)
Failure Mode of Isolated Specimens

Failure  Mode
Specimeny

of - Sub-Assemblage

| F2R2001
95
13
[ 30770
1235
J23
1520
185
Endplate yielding
. (Flgare 6(w))

| midsspan (Flgure 7)

| E3R20P1

25

150
Endplate yielding  pius

- bolt sipping (Figure o(h)

Buekling of top flange ot
mid-span followed by end
plate yielding (Figure 7)

1




Figure
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Moment versus rotation of FEP and EEP

of FEP

'd EEP

(b)

Figure 6: Failure mode of a) FEP and b) EEP

Figure 7: Failure mode of beam on
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