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ABSTRACT: Connections are usually designed as minmieich associated with simple construction ordigi
which is associated with continuous constructioowever, the actual behaviour falls between theseexy
treme cases. The use of partial strength or segit-donnections has been encouraged by EC3 code and
studies on hot-rolled steel sections on semi-cantis construction for braced steel frames havegorthat
substantial savings in steel weight and the overaiktruction cost. The objective of this papdbigresent
the performance of full scale testing of sub-asdagesteel beam and isolated beam-to-cloumn wittiaba
strength connections for Trapezoid Web Profiled @)V8teel sections. The TWP steel section is a bpilt
section where the flange is of S355 steel sectiuh the corrugated web of S275 steel section. Tvilo fu
scales testing with beam set-up as sub-assembhagleemm-to-column connection have been carriedoout
flush and extended end-plate connections as pattetgth connections. It was concluded that tlecofi®x-
tended end-plate connection has contributed tdfgignt reduction to the deflection and significamtrease
to the moment resistance of the beam than fluskpéatd connection.
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Web Profiled (TWP) sections as beams had been
studied. The purpose of using TWP sections is to
1 INTRODUCTION take advantage of the benefits offered by the mesti

. o . which has thin and corrugated web. The advantages
For a typical steel building frame, the connectier ¢ ihe TWP will be explained later in this paper. |

tween the beam and column is either assumed &gygition, the use of partial strength connectiothwi

pinned, where only nominal moment from the beamryp section has not been studied vet as far as the
is transferred to the column, or rigid or full stgeh, knowledge of the authors.

where full continuity of moment transfer exists- Al

ternatively, Eurocode 3 1993-1-1 (Eurocode 3, 2005)

allows building frames to be designed as semi-rigi CONNECTIONS

using the partial strength connection, provided tha

the moment resistance of the connection can bBasically, a beam-to-column connection can be iden-

guantified and the failure mode of the connectiortified by understanding the behavioral charactiesst

should be ductile. When incorporated into the conef the particular connection. Conveniently, these b

struction of a whole frame, the type of constructio havioral characteristics can be represented bjaa re

that uses the partial strength connection is refieto  tionship between the joint moment and the rotation

as a semi-continuous construction, due to thegdarti of the connected member. This useful and important

continuity that exists between the beam and columnrelationship can be depicted by a curve called a mo
Unlike the conventional design approaches (simment - rotation curve (M-curve). Figure 1 show a

ple and rigid), semi-rigid design requires the mo-typical moment-rotation curve for a bolted connec-

ment-rotation relationships of partial strength contion which varies Based on the moment-rotation

nection, which includes the moment resistance andurve, a connection can be classified as full stitgn

rotational stiffness (rigidity), to be establishedor  partial strength, and pinned joint connection.

to its usage in design. In this research, the behav

of partial strength connections with Trapezoidal
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Figure 1. Typical moment-rotation curves for beareolumn L\l Zone
connection.

Figure 2.: Critical zones checks in ‘component rodth

A full strength connection is defined as a connec-
tion with a moment resistance,rMit least equal to 2.1 Partial Strength Connections

the moment resistance of the connected member gf_rh , tal K the behavi fth .
moment resistance of the beam (llen, P., Mike F, € experimental works on the behavior of the semi-

1994) A partial strength connection, on the o,[herrlgld (partial strength) connections have consyantl

hand, is defined as a connection with moment resiep-e'ng conducted _smce then till the_ present time.
tance less than the moment resistance of the CO§_ome of the experimental works carried out by other

nected beam member. Whereas, a nominally Ioinner(;j:searchers on connections are described in this pa
is defined as a connection, that Yis sufficientiyxi per. Beget al. (2004) carried out a series of tests and

ble with a moment resistance not greater that 26% &umerlcal simulations. An analytical method was

the moment capacity of the connected member. IIqresented of which was fully consistent with the-pr

understanding the behavior of any connection, data®nt rules of EC 3 in e_:stlmatlng the moment resis-
nce of the connections. Anderson and Najafi

on the moment and rotation of the connection has t 1.994) | tioated th ; f i
be studied. Usually, the data is obtained through e ) Investigated he performance of composite
onnections on major axis using end-plate joints.

perimental works. Observation and important value . :
pe study has found that the moment resistance in

such as the failure mechanism and the resistance . : . o

the tested connection are then determined from ompos[te connection has_ increased significantly.

curve plotted as moment versus rotation of the co sernuzzi et al. (199.6). (_:arrled out research on the
performance of semi-rigid connections under cyclic

nection. . . ; . :
Historically, moment connections have been de_revgrsal I_oadmg with t_he_- aim of developmg S'.T“p'e
design criteria for semi-rigid steel frames in ses

signed for resistance and stiffness only. It waly on . .
g y ay ones. De Carvalho et al. (1998) investigated en th

quite recently that rotational capacity of momen o )
connections have been regarded as important es olted semi-rigid steel connections that used angle
to connect the bottom flange and the beam’s web to

cially for designing partial strength joints or wmd .
seismic conditions. Eurocode 3 1993-1-1 (Eurocodéhe. column. De Lima et al. .(2.002) have cqnduct_ed a
series of tests followed by finite element simuas

3, 2005) and Steel Construction Institute (Allen, P : o . .

Mike F, 1994) have recognized it's important and” p_redlctlng _the moment resistance and rotation ca
suggested a so called ‘component method’ for gePacity t(')f m'rX;rJ ak>)<|_s tbe?m-ztgc-)céoll:]mn SGI‘(;]I-I’;QI(?
termining the moment resistance of the connection§2NNec ']??S't i ab“ € ?' ( I ) has cor:_ ucte t?
This component method takes into consideration thger1es or tests on beam-lo-column connections Sub-
failure mode of each component that interacts toLecu.Ed o elevated temperature with the aim of pro-
gether to the formation of the connection. Theufail ducing moment-rotation-temperature curves for va-

mode of each component is checked base on tﬁée%r)f fS(tarr]nl—rlgldkconneEtlonz. iousl
failure zone that divided into three major zones. ol th€ works mentioneéd previously were car-

namely tension, shear, and compression zone d out with hot-rolled sections _as_the connected
P eams and columns. However, Ribeatoal. (1998)

shown in Figure 2. .

had conducted an experimental study on the struc-
tural behaviour of end-plate connections with 12
cruciform welded profiled beams. Several observa-
tions had been drawn which indicated that the thick
ness of end-plates and diameter of bolts slightly i
fluenced the rotations of the beams and end-plates
(about 4% between the extreme cases).
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In this paper, the experiment works on connectioi997; Couchman, G. H, 1997). In Malaysia where the
have been further extended to the use of partiglost of labour is relatively low compare with therépe,
strength connection with Trapezoidal Web Prothe use of the proposed connections will be anadde
filed(TWP) steel section. Two types of partial vantage. It has been reported that the savingde@a s

strength connections that are commonly used are eX:
tended end-plate connection and flush end-plat

connection as shown in Figure 3(a and b) were pr

eight of using partial strength connection alonent

composite) in multi-storey braced steel frames gisin
British hot-rolled section was up to 12% (Tahir9I%

Ohe overall cost saving was up to 10% of the cowstr

posed for the experimental tests. These connectioggy cost, which is quite significant accordingthe cost

consist of a plate, which is welded to the beamt e

of labour in the United Kingdom (Tabhir, 1997). Téev-

in the workshop, and then bolted to the column ofing in the overall cost can be further enhancethieyuse

site. In the case of extended end-plate, the péate

of standardized partial strength connection asrtegdy

extended above the flange of a beam and with on&llen (Allen, P., et al, 1994) as described below:-

row of bolt.

Figure 3(a) Extended end-plate connection

Figure 3(b) Flush end-plate connection

2.2 Why partial strength connection?

In the design of braced multi-storey steel franmtbg
steel weight of the connections may account fag than
5% of the frame weight; however, the cost of tHeita-
tion is in the range of 30% to 50% of the totalto@s-
len, P., Mike F, 1994). The fabrication of pars&length

* A reduction in the number of connection types may
lead to a better understanding of the cost and ¢§pe
connection by all steel players such as fabricater,
signer, and erector.

* A standardized connection can enhance the devel-
opment of design procedures and encourage in the
development of computer software.

e The use of limited standardized end-plates tinjs
can improves the availability of the material leayli
to reduction in material cost. At the same timeyilt
improve the order procedures, storage problems and
handling time.

* The use of standardized bolts will reduce theetoh
changing drills or punching holes in the shop which
lead to faster erection and less error on site. The
drilling and welding process can be carried out at
shop as the geometrical aspects of the connection
have already been set. This leads to fast andtguali
fabrication.

2.3 Trapezoid Web Profiled (TWP) Steel Sections

A trapezoid web profile plate girder is a built-sgc-

tion made up of two flanges connected together by a
thin corrugated web usually in the range of 3 mm to
8 mm. The web is corrugated at an angle of 45 de-
gree and welded to the two flanges by using auto-
mated machine as shown in Figure 4. Since the web
and flanges may comprise of different steel grades,
TWP section is also classified as a hybrid steel se
tion. The steel grade of the flanges is usually de-
signed for S355, so that the flexural capacityhaf t
beam can be increased, whilst the steel gradeeof th
web is usually designed for S275, so that the abst
steel material can be reduced since the shearitapac
is usually not criticaDsman, M. H. (2001)The use of
different steel grades in the fabrication of TWIe-se

connections may be marginally more expensive sincéion leads to further economic contribution in addi

some degree of rigidity has to be provided. Howgelgr
using partial strength connections instead of stngaln-

tion to the contribution from using partial stremgt
connections. The thick flanges, thin web and deeper

nections, beam sizes could be reduced and significapeam of a TWP section in comparison to a hot-rolled

overall savings of frame weight could be acquireah(r,
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section of the same weight lead to larger loadyearr ‘%5?"5 o
ing capacity and greater beam span. T 10
M il ]
Flange welded one- L
sided to the web . PR 111
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Figure 5. Test rig set-up for isolated tests
Web corrugated at 45

angle Table 1: Details of specimens
Model Beam Size Column Connec- Bolt End Beam
Figure 4. Trapezoidal Web Profiled Steel Section Name  TWP Size tion Row Plate /Lengt
uc Type (Top- Bolt h(m)
Bot)
Isolated Test
3 EXPERIMENTAL TESTS F2R20 200x15
P1 FEP 2(4-4)/ M2o B
(N9) 450x160x50305x305x1
The experimental tests were divided into two testsE3R20  2/12/4 18 200x1
A series of two isolated bare steel beam-to-column P! EEP 3(6'4)/|\/|20 1.5
joints and two bare steel sub-assemblage beam-tg N7)
. . ub-assemblage Test
column joints were tested on a full-scale basis. Fs-
F2R20 FEP 2(4-4)2/03’;%)‘ 6.0
3.1 Isolated Tests N10) 4 50x160x50305x305xt
The first test was an isolate beam-to-column conne 3R-20 2/12/4 18 200x12
tion whereby a point load was applied to the end of EEP  3(64), oo 60

the beam as shown in Figure 5. The purpose of thigyyo)
test is to obtain the relationship between moment r
sistance and the rotation of the connection whéch i
also known as M- curve. From this M- curve, the
moment resistance of the connection can be ob‘f’i'2 Sub-Assemblage Tests

tained. The test also showed the failure mode ®f thThe second test was carried out to represent a full
connection that will indicate the ductility of tiken-  scale beam connected to a column at both ends as
nection. The height of the column was kept at ®m tshown in Figure 6. The type of connection is the
represent the height of a sub-frame column of multisame connection used in the isolated test. Theo&im
storey steel frame. The column was restrained frorthe test is to study the effects of partial restraro-
rotation at both ends whilst the beam was restdainevided by the partial strength connections on the ul
from lateral movement as shown in the Figure 5. Théimate and serviceability of the TWP beam. The test
load was applied at a distance of 1.3 m from tkee fa rig was designed and erected to accommodate a col-
of the column. This distance was deemed adequatann height of 3 m and a beam span of up to 6 m.
to cover the distance of the contra flexural pbiet  The rig consists of channel sections pre-drillethwi
tween the negative end moment of the joint and th22 mm holes for bolting purposes. The sections were
positive moment of the beam. Two types of connecfastened and bolted to form loading frames, which
tion namely flush end-plate (FEP) and extended endwvere subsequently secured to the laboratory strong
plate (EEP) connection were tested with the geomefloor as shown in Figure 6 A load was applied on
rical configuration of the connection is given ia-T the 6 m beam using a hydraulic jack at the mid-span
ble 1. Table 1 also presents the geometrical config and was converted into a two-point load using a
rations of the sub-assemblage beam that will use ttspreader beam of 1.8 m. This distance was still
same connections proposed for the isolated tests. within the standard distance of one third of the

58



LSE Electronic Journal of Structural Engineering (8)Q®

International

length of the beam so that a bending situation was

assured. N et I
For both tests, the instrumentation system had T 1 HE
been set-up and the specimen had been securely lo- g ] 1 [ el

cated in the rig, the data collection softwarehie t
computer was checked to make sure that all channels,
connecting to the instruments on the specimen indi-
cated a properly working condition. Correction fac-
tors from calibration and gauge factors from manu-
facturer were input into the software prior to each
test. An increment of about 5kN was adopted in or-
der to have a gradually applied loading condition.
The specimen was then loaded up to one-third of thegyre 6. Test rig set-up for sub-assemblage tests

analytically calculated moment of resistance, and

was expressed in term of the point load applied for

easier monitoring. After reaching the one-third

value, the specimen was unloaded and then ré& DISCUSSION OF RESULTS

loaded. This sequence was done so that the specimen

was set-up to an equilibrium state before actuaddo

ing was applied. After re-initializing the instrume The results of the experiments were focused on the
tation system, the specimen was loaded as describb@havioural characteristics of moment versus rota-
above, but the load applied was not restrictechéo t tion curve for the flush end-plate and extended end
one-thirds value. Instead, the specimen was furthgate connections in the isolated tests, and the mo
loaded until there was a significantly large deftee ~ ment resistance and the deflection at mid-span for
of the beam observed. The load application was corihe beam in sub-assemblage tests.

tinually applied after this point but the increment

were controlled by the deflection instead of thadlo

as before. A deflection of 3 mm was adopted as @ 1 |solated beam-to-column tests

suitable increment at this stage. This procedure wa
continued until the specimen had reached its filur
condition. The ‘failure’ condition was deemed to
have been reached when the beam deformed at tBS

mid-section of the beam. All important data such A%, all the tests. This was expected since the apli

the e_lpplled load, the dgflectlon of the beam amnl_ thtion of loads was intended for all components ef th
rotation of the connection were recorded. Readings

: : . oint to be ‘embedded’ in the arrangement (or to be
from the load cell and linear variable dlsplacemen*n equilibrium) prior to the commencing of the ac-

transducers (LVDTSs) were recorded via the data Iogfual test. In addition, this stage was also meant f
ger on to the hard disk of the computer. ’

However. the rotational values of the beam an hecking all of the instrumentation system prior to

g ._the actual commencement of the tests. During the
column were recorded manually from the digital dis-, g

lay unit of the Lucas rotational inclinometers.isTh tests, there was no occurrence of any verticalatip
pay ' the interface between the end-plate and the column.

:ts t())?cca(l;snee;[:?i?] mtztrtl;rgzr;tts?oes Qfggg\izggredﬁ%pabljhis was mainly due to the adequate tightnesseof th
y g 99 bolts carried out during the installation and aftex

measurements directly. One of the inclinometers WaS, v initi . ,
. -very initial stage of loading. The applied load was
mounted mid-depth at the web of the beams at a di hen released at about one third of the prediciad |

]E;r;]cee OfTahti)(s)uitn%:ﬁgoangtgromrg\]/? df;lcetﬁé t?st;:t?é%rgl'?or all specimens to ensure that the behaviouhef t
ge. P connections was in a linearly elastic state at plaat

values of the bean, upon loading. The other in- ticular range. It was found that the recovery & th

, : Noads in all specimens was in a linearly elastiema
thus provided the rotational values of the colufn, o \yhich corresponded to the initial stiffnesshef

The overall rotation of the joinf, was then taken as connections. Even after failure, when releasing the
the difference betweefy and7.. applied loads, the slope of the drop of the loads w

Connection Hydrauiic Jacl

Beam Spreader

s
[ M
'
|

Base Plate.

000 000 000
e-ao | 900

000 000 000 000 || Ld==h | |l000
Base Beam oo | 000 000 000 000

Strong Floor

4.1.1 Modes of Failure
At the very initial stage of loading there were
finitely no apparent visual deformations observed
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still corresponded to the initial stiffness of tben- extended end plate in the form of a ‘Y-shape’ de-
nections. formation of specimen N7 at failure. There was
The first visible deformation observed washardly any deformation on the connected column
around the vicinity of the connection; and this dethroughout the experiment test for the isolatetbtes
formation was limited to the tension region of theThis was as expected since the columns for allispec
joint due to the tension forces exerted through thenens (UC 305 x 305 x 118) for both flush and ex-
top bolt rows. For the flush end-plate connectiortended end-plate connection were designed to ade-
(N9), the form of the deformation was the transiati quately sustain the compression force from the
of the tip of the end-plate away from the facelef t bottom flange of the beam.
column. This corresponded to the first sign ofddel
ing of the end-plate, which could lead to the defor
mation of end-plate failure. The deformation of the
connection appeared to be symmetrical on both sides
of the connection when looking from the plan view
of the joint. Further loading of the specimens tes
sulted into more deformation of the tip of the end-
plate. Figure 7 shows the deformation of the flush
endplate of specimen N9 that brought about the fail
ure mode of the connection.

Figure 8 Deformation of end-plate for N7 specimen
(E3R20)

4.1.2 Moment versus rotation curves (M€urves)

The data gathered from the test results are pegent

by plotting the moment versus rotation curves. Fig-
ure 9(a) is the curves for FEP connection whereas
Figure 9(b) is the curves for EEP connection.

Figure 7 Deformation of end-plate for N9 specimen
(F2R20)

My = 158kNm

For the extended end plate connection tests N7 _ 200.0
(E3R20), higher capacity was expected due to the
addition of one row of bolts at the extended top po
tion of each end plate. Hence, at the initial stafye
loading, there was apparently no visible defornmatio
in all specimens even up to the one third of the pr.\\ /" \ 0.0
dicted load. Gradually, however, at about two third otation (mRad
of the predicted load, the end-plates (at the ¢tensi 5.2(rotation from U 4SSEBIAGE)

region of the CpnneCtlo.nS) had begun to show somlf’\lgure 9(a) Moment-rotation curve for FEP connettio
small deformation. Unlike the flush end-plate, sinc

there existed one row of bolts at the extended top

portion of the end plate, the deformation of tha-co

nection translated the end-plate away from the face

of the column in a ‘Y-shape’ form. Again, this de-

formation corresponded to ductile typed of mode of

failure and appeared to be symmetrical on bothsside

of the connection when looking from the plan view

of the joint. Figure 8 shows the deformation of the

N
a
o
o

100.0

Moment (KNm)

40.0 60.0 80.0
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Figure 9(b) Moment-rotation curve for EEP connettio

4.2 Sub-assemblage tests

The isolated tests alone are not adequate enough to
represent the behaviour of a beam in a typicatstru
tural steel frame since the tested specimens were
only 1.5 m in length setting up as cantilever. Bs d
pict the actual or ‘close-to-reality’ situation, bsu
assemblage tests were carried out with a beamhlengt
of 6 m. In addition to the information obtained as
those in the isolated joint tests, the observatvas

also focused on the effect of a long beam, specifi-
cally, the mid-span deflection and the moment resis
tance of the beam. To quantify the deflection and

moment resistance of the beam, the result from the
The maximum load of each plot clearly representssolated tests were be used which will be described
the ultimate load that can be sustained by theeesp later in this paper. The sub-assemblage tests con-
tive joint. A method known as ‘knee-joint’ was sisted of two specimens with the geometrical con-
adopted to predict the moment resistance of the coffiguration is shown in Table 1. For the first speen
nection (Tahir, 1997; Brown, 1996, Kim 1988) This (referred to as N10 or FS-F2R20P1), the beam was
method is basically base on the intersection betweeconnected to the column using a partial strength
straight line drawn from linear and non-linear mte flush end plate connection. This joint actually is
action. The capacity can then be determined by pradentical to specimen N9 in the isolated tests. The
jecting horizontally from the intersecting point-be other specimen (referred to as N12 or FS-E3R20P1)
tween these two lines to the vertical axis of momenwas fabricated with a partial strength named as ex-
As a result, the predicted moment resistance of theended end plate connection, which is identical to
connection was established. The result was thespecimen N7 in the isolated tests.
compared with the theoretical value calculated from
the component method proposed by Steel Construc- ~ 4.2.1 Mode of Failure.
tion Institute. Table 2 summarizes the results tasept the very initial stage of loading, there were no

on the moment versus rotation curves for the specipparent visual deformations observed in both ex-

mens and the calculated theoretical moment resigseriments. As in the isolated tests, this was etegec

tance from component method. since the application of loads was intended foo#ll
the components of the joint to be ‘embedded’ in the

Table 2. A summary of experiment moment and themset configuration (or to be in equilibrium). In additip

moment. . . .
this stage was also meant for checking all of the i

;ﬁ’ee: '(\I"EU ) ?I"ER ) ('\4; ) My (Exp) Mg (Exp) strumentation system prior to the actual commence-

Xp Xp eo
(kKNm)  (KNm) (KNm) Me(Exp) Me(Theoy| MENLOfthe test. .

F2R2 158 132 120 12 11 Each specimen was loaded gradually until @here
0P1 was an indication that a ‘failure’ has been obtdjne
E3R 266 210 180 15 1.2 and the test was brought to a stop. During alhef t
20P1 tests, there was no occurrence of any verticalalip

the interface between the end-plate and the column.
The results indicate that the predicted momensyesi This was .malnly due_ to the c’_:ldequat.e tightnesseof th
tance of the connection from the experimental testgltS carried out during the installation and afte
using knee-joint method has a good agreement witfitial stage of loading. The only significant defo
the moment resistance calculated from the compdnat'on was the deflection at the centre of the beam

nent method as proposed by the SCI. The ratio bdPoticeable from the reading of mid-span LVDT).
tween Myexp and Meexg are in the range of 1.2 to The unloading of the loads was done at about one

1.5 and the ratio betweengdyp) and Mkrheo are in third of the predicted loads for both specimense Th
the range of 1.1 to 1.2. recovery of the loads in all specimens was in @-lin

arly elastic manner, which corresponded to théainit
stiffness of the connection.
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The first visible deformation around the vicinity
of the connection was limited to the tension region
of the joint. For specimen N10 (FS-F2R20P1), the
form of the deformation was a typical flush end@la
connection deformation, where end plate deformed
away from the face of the column. This corre-
sponded to the first sign of yielding of the endtel
The deformation of the connection appeared to be
symmetrical on both sides of the connection. How-
ever, this deformation only occurred after thetfirs
limit of the mid-span deflection had been reached.
The first limit is the limit suggested by BS . .
5950:2000 Part 1 for brittle material underneath th F9ure 10. The buckling of the top flange of spaain10.
beam and the loading is meant for un-factored im-
posed loading only. The first limit was taken as:

L _6000+300

=175 mm,
36C 36C
where,L is taken as the distance from centre-to-
centre of column. At about the same time of yigjdin
of the end-plate occurred (= 164.2 kN andd =
15.68 mm), there was a ‘bang’ sound. The loading
sequence was stopped and the specimen was
checked for any unexpected deformation. No appar-
ent deformation was found and the experiment was
continued. A possible explanation of this was the
sound might be due to the ‘natural’ adjustmentef t
specimen against the bending of the beam and the
tension of bolt in the connection. Figure 11. Small deformation of the end-plate &f tonnec-
Further loading was applied to the specimend®™
which has resulted into more deflection at the mid- As for specimen N12 (FS-E3R20P1), a larger

span of the beam. A small deformation was observe : :
on the tip of the end-plate. The second limit of deI((j:)ad is expected in order for the extended enceplat

flection was set at this stage. The second limit i%o deform significantly as the resistance of EER-co

suggested by BS 5950:2000 Part 1 for beam WitHeCtlon is greater than the FEP connection. A ajpic

other than brittle material underneath the beane Thextended end plate connection deformation 'S I the
limit is taken as: form of translation of the top part of the end elat

a 'Y’ shape manner away from the face of the col-
umn. The deformation of the connection, which was
L :6000+ 300 =315 mm, symmetrical on both sides of the connection, corre-
_ 20C 20C _ _ sponded to the first sign of yielding of the endtpl
At this stage, a sudden drop in the applied la@&l h gince 4 larger load was expected, the deformation o
been observed even though the mid-span deflectiofe extended end-plate was not apparent at all when

had increased. A careful visual inspection on thene first limit of deflection was reached. The firs
specimen revealed that a local buckling had ocdurre; it was taken as in the previous test (specimen

at the top flange of the beam. In addition, it was N10), which is 17.5 mm. Ironically, at about the

served that the buckling had occurred on the sidg;me time as in the previous teRt 243.7 kN and

where the width of the outstand element of the TWF, _ 15 49 mm), a ‘bang’ sound was also heard.

gain, the loading sequence was stop and the speci-
: . ) fmen was checked for any unexpected deformation.
about the failure of the specimen. Figure 11, an th

, No apparent deformation was found and the experi-
other hand, shows the flush end plate connectian th PP P

fered onl Il def . £ 1h dool {Arllent was continued. A possible explanation of this
sufiered only small deformation of the end-plate of 45 the sound might also be due to the ‘natural’ ad
the connection.
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justment of the specimen against the bending amd th.2.2 Load versus Mid-Span Deflection and Load
tension of the bolt in the connection. versus Rotation

Further loading of the specimen has resulted intgjgyre 14 shows the graph of load versus rotation
more deflection at the mid-span of the beam, thoughng Figure 15 show the graphs of load versus mid-
there was still not much deformation observed @n thgpan deflection for the flush end plate connection
end-plate. The second limit of deflection was takengpecimen N10. On the other hand, Figure 16 shows
as before, at 31.5 mm, but before this limit washe graph of load versus rotation and Figure 17
reached, another ‘bang’ sound was heard followednhows load versus mid-span deflection for the ex-
by a drop in the applied load and the mid-span d&gnded end plate connection for specimen N12. For
flection. A careful visual inspection on the speeim |oad versus deflection graphs as shown in Figure 15
has shown that a local buckling has occurred at thgng 17 the results of the deflection limit L/368da
top flange in the middle of the beam and at thedoc | /200 as suggested by BS 5950:2000 Part 1 are
tion where the width of the outstand elemé&ntwas  shown in the respective graphs. The limit of defec-
the largest. Figure 12 shows the local bucklinthef tjon at /360 was reached when applied load was at
top flange of specimen N12 that brought about thggskN for FEP connection and 240kN for EEP con-
failure of the specimen, whilst Figure 13 shows thgection. This shows that the use of EEP connection
extended end plate connection that suffered onlyhich is more stiff connection has resulted ton i

minimal deformation. crease in the loading resistance up to 29.7%.

Figure 12 Local buckling of the top flange of speen N12. ] ]
Figure 14 Load versus rotation for FEP (N10)

Figure 15 Load versus mid-span deflection for FEP0)

Figure 13 Small deformation of extended end-platenec-
tion in “Y-shape” manner.
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, tion. The values of the maximum moment at mid-
P vs Rotation - EEP (N12 .
span of beam were determined as follows:
400A0:
350.0P Table3 Test results of the Sub-assemblage tests

= o] N10 N12

< 0001 REFERENCE (FS- (FS-

3 1500 F2R20P1) E3R20P1)

100.0 % ‘ ‘ ‘ ‘ Maximum applied load (kN) 235 380
5‘;2 | f=8C w‘; | =52 Al | Deflection at maximum ap- 23 34
00 1‘.0 é.o ‘310 ;1.0 ‘5.0 ‘e.o ‘7Ao plied load (mm)
Rotation(mRad) Rotation at maximum ap- 5.2 6.1
plied load (mRad)
Moment at connection at 76 175
Figure 16 Load versus rotation for EEP (N12) maximum applied load
(kNm)
Maximum moment at mid- 171 224
P vs Mid-Span Deflection - EEP(N12) span of beam (kNm)

200.0- Fi=380 Moment Resistancé/r 132 210

3500~ —— (for isolated tests)

3000 L= | Failure Mod Bucklin Buckling of to
S Se00 L i ailure Mode g g ot top
< ool i of top flange at mid-
o A P,=240 H .

8 1500 et : flange at  span plus slight
~ 1000 it . mid-span  endplate yielding
50.01 4=17.5 i .
0.0 ‘ ‘ ‘ ‘ ‘ — ¥ ] Partial Strengt
0.0 50 10.0 150 20.0 250 30.0 350 40.0 P/2 P/2
Deflection (mm) M; M;
@) [ -
Figure 17 Load versus rotation for EEP (N12) 21n
Ao 2.1(P/2)

Since the flush end-plate and extended endplate
connections used in these experiments were idéntica
to the ones tested in specimen N9 and N7 respec-
tively, the plots of moment versus rotation were ap ,
: . Shear force diagram.
plicable to be applied to the sub-assemblage tests. Mi M

Figure 18 shows the plots for the full-scale isediat
joint test specimen N9 (FEP) which is identical to
specimen N10, and N7 (EEP) which is identical to

specimen N12. Based on these curves and the mo-

ment versus rotation curves of the two ‘controlh€o

nections (N7 and N9 of the Isolated tests), thaltes

are summarized and tabulated as in Table 3. aximum moment in the sub-assemblage beam
It was noticed that although both specimens failecqn '

due to the buckling of the top flange at the cenfre

the beam, the connections possessed a ductility cha

acteristic according to Steel Construction Inséitut

(Allen, et al, 1994) with a rotation capacity of 34 \' M, =1.05P- M,

mRad for the flush end plate connection and 33

mRad for the extended end plate connection. Theience, for specimen N10,

moment resistancedlr, on the other hand, are 132 M., = 1.05(235) — 76 = 247 — 76 = 171 kNm for

kNm for the flush end plate connection and 210specimen N10,

kNm for the extended end plate connection. Thisy ., = 1.05(380) — 175 = 399 — 175 = 224 kNm for

shows that the use of extended end-plate connectigpecimen N12.

has resulted to an increase of moment resistance to

59.1% as compared with the flush end-plate connecrhe value of P in Figure 18 is taken from the maxi-
mum load applied to the specimen. The value of Mj

M max

Figure 18 Moment and shear force diagram to prethiet

p
- M, +2'1(E):Mmax
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is derived from the isolated M-curve. The value moment resistance developed in the isolated
of the rotation of the connection in sub-assemblage connection tests.

test is plotted versus the applied load as shown in

Figure 14 for FEP and Figure 16 for EEP. After es-

tablishing the rotation of the connection from thes ACKNOWLEDGEMENT

figures at maximum applied load, the related rotati
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