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1. Composite Construction

The wse of composite beam in buildings has known to
mcrease the loading capacity and stiffness of the
Iposi ion. The benefits of composite beam
action result in significant savings in steel weight and
reduce the depth of the beam. To obtain more economical
structural design against the bare steel beams, composite
beam was designed by taking the advantage of i i

testing of beam-to-column connections for both composite
and posi jons. Four composite speci

and four non-composite specimens were fabricated and
tested. The results of moment resistance, initial stiffness,
and the ductility of the connections were compared and
discussed in details between composite and non-composite

i in this paper.
sp_;o;rcmal:mcd partial strength connection is usually
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load-camrying capacity If the of the comp A

than the M., value and greater than 25% of Mo value
r;“mgsw,d\:;;m Construction Institute (SCL, 1996)
for partial strength connection, 'dm the composite
connections can be classified as partial strength connection
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continuity in the use of partial strength conmection of
beam-tocolumn  can be predicted to produce an
economical beam section that representing the section
between pin joints and rigid joints. By adopting this
approach, studies conducted on the use of partial strength
connection have proven substantial savings i overall
steel weight (Tabir. 1997). This is possible as the use of
partial stremgths has contributed to the benefits at both the
ultimate and serviceability limit states design as reported
by Steel Construction Institute (SCL. 1996). However. the
comparison: on the partial strength compuosite and mon-
composite connections for Trapezoidal Web Profiled
(TWP) sections has not been establislhed yet. Therefore,
this paper intends to estabiish the companson based on
the strength, rotational stiffness, and the ductility of the
ConneCtion.

2. Trapezoidal Web Profiled Steel Sections

A trapezoid web profiled steel section is & built-up
section comprised of two flanges connected togetier to
tiiin cormugated web usually between 3 mm to 8 mm thick
by a fillet weld as shown i Fig. [ This fillet web is
strong enough to hold the web and the flange together.
The web is corrugated at an angle of 45 degree and
welded to the two flunges using sutomated welding
muchine. The web and the flanges comprised of different
section is also classified as & hybrid steel section witly two
different types of steel grade was used to form the
section. The steel grade of the flunges: is designed for
S355 and the steed gradee of the web is designed for S275.
The flanges are purposely designed for S355 for

I fliexural resi and! the weby iy desigmed for

S275 s as o veduce the cost of steel’ material. The siear
capueity and bearing capacity are uually not that eritical
i the design: of the: beam as the web is cormgated. The
shupe of trapezond wet is desigmed o sccommaodiste: shear
forces and 1o i the crushing and buckling

bmnmdmvm&mMmhlmmh
dzpmeﬂﬂaebmwhcﬁmml.ﬁmunhia
added mwmmmmmm
resistance and longer beam spam as compared wiy
lmddzp&ufhm—mﬂdmw&:ﬁmmw
up to 900 mm deep. The use of thick flanges, thin wely
and deeper beam Eormmmmmh
rolled section of the same steel weight leading to heavier
load capacity and greater bearm span that can be achieveq,
The selected TWP beam size for specimens tested in iy
paper have the width of the flange i the mnge of 14
mm to 160 mm: with the thickness i the range of 12 mmy
to 16 mm thick. the thickmess of the web was maintained
at 4 mm with the deptl of the beam i the range between:
400 mm to 600 mm.

2.1. Advantages of TWP Sections

Based on the configuration of the structure, TWP beam
can offer substantial saving i the steel usage, and in
some cases up to 40% as compared to conventional miled
sections: according to research done by (Osmam, 2001)
The advantages on the use of TWP sections are more
significant when there is 2 need for & colummn free area,
lomg span structural systeme such as poral frames for
warehouses, girder for bridges, floor and roof’ Beam for
high-rise buildings, and portal frame for factory. The:
advantages of TWP beam as compared to the conventional
plate girder or conventional kot roflied steed section can be
listed! as follows (Wal, 2007):

1. The cormygated wel willl eliminate or minimize e
need of stiffeners which result i stronger wel
compression capacity that can provide lighter section
weight, optimizing of steel used, and reduction of

2. The use of mueh dieper section willl increase the
flexural capacity that willl aliso result i longer span

3. Increase lateral torsion: buckiing resistunce: due ©
commugated web.

4 The manufacturing of TWP is fully sutomated

resistance: of the TWP web, The size of the flinge can
vartes fom: 10 mm: w60 mom: thick with die wid in e
range of 100mm w 500 mm. The depty of the TWP

5. The manufacturing of TWP beam iv based on the

6. The production line is capabie of manufacruring o
w160 m diepth which i nuot providied fir bt wiled
section, These advantages will offer the mnge of
cwice for most structural usage especially for g

mquuwuamu' :
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study was focused on the numerical analysis to investigate
rhc buckling modes of the corrugated steel web of I-stee]

The numerical model was carried out to determine
the eﬁecl of moment resistance of I-steel section with
cormugated web girders. The study has concluded that the
corrugated web has no contribution to the moment
resistance of the beam. TWP section is usually connected
to the column as a pin jointed connection in composite
beam design. In this study, the proposed connection is a
composite connection. The definition and identification
of types of connections are discussed below.

3. Design of Composite Connection

The design philosophy presented in this paper was
adopted from ‘component method” as described by Steel
Construction Institute (SCL, 1996). This component method
takes into consideration the failure mode of each
component that interacts together to the formation of the
connection. The failure mode of each component is
checked base on the failure zone that divided into three
major zones namely tension, shear, and compression zone
as shown in Fig. 2. The moment capacity of the connection
was determined by considering the capacity of each
relevant component such as the tensile of the top bolt row
and the tensile capacity of the reinforcement bar anchored
inside the concrete slab. The composite connection
capacity was also checked to meet the requirement of (BS
3950:2000 Part 1). The moment resistance of the
connection was developed by coupling tension force in
the reinforcement and the upper bolt with the compression
of the beam flange to the column at the lower part of the
beam. The lever arm to calculate the moment capacity

@s established by considering the distance between the
Compenents of the tension zone and the compression
2one. The tension forces are developed from the tension
of the reinforcement and the top bolts, whereas the
‘ompression force is developed from the bottom flange of

<
"
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Figure 2. Zooes of filure modes.

the beam as shown in Fig. 3. The tension forces of the
bolts are uswally taken a5 2 lincar dlastic behaviom
However, in “component method’, where the failare of
the connection is based on the yield of the end-plate and
the connected part. not solely on the tension of the bolts,
the distribution of forces was modified to 2 full plasic
failure load as shown in - Details of the calculatons
using “comp method” for are
presented elsewhere (Anis. 2007

SCIL 1998}

4. Design of Non-composite Connections

The design philosophy of the non-comg
is the same as the composite coanection except that the
reinforcement bars are replaced by ose bolt row. This
type of connection i known as extended endplae

jon. The proposed composi jon should
not be used together with the extended emd-plate
connection as the extended bolt on- top of the fange
&\t{o;miammw“mchgm\xdmkm

out by the reini bars In comp
Faet AR
I \ I
h o) !
o =3 j
! ! .
£ FE L
. T ! U
! i U
] ! U
I § L
/ | !
'] i
U




l

(1) Flush End-plate connection
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(h) Estended Endplate connection

Figire 4 Flugh and extended end-plate connected fo TWP steel section.

Therefore, the flush end-plate connection is strongly
recommended for composite connection, However, for
hon-comporite connection, both flush and extended end-
plate conneetions can be used as shown in Fig. 4 The
moment resigtance for the extended end-plate s greater
than fhe fush end-plate as the bolts are extended outside
the top flange

5 Experimental Tests

The use of partial strength connection for hot-rolled
Britigh sections has well established by SCIL A series of
texts at the University of Albertay, Dundee was successfully
been eartied out to verify the predicted moment and ghear
capacity with the expetimental tests capacities (Bose,
1993), The results show good agreement between the
numerical valies and experimental values, (Abdalla ef al,,
2007) have carried six full-scale testing on beam-to-
columng of extended end-plate connection with stiffened
and unstiffened columne, High tensile bolts of M20 grade
&8 were used together with the 15mm thick end-plate. It
was coneluded that the masimum difference for the
tension bolts between stiffened and unstiffened were in
the range of <3.3% to 6.6%. (Coelho ¢ al., 2004) have
carried out experimental tests on eight statically loaded
end-plate moment connections. The gpecimens wete
designed to cause failure on the end-plate of bolts, The
study concluded that an increase in end-plate thickness

strength and stiffness, However, these tests were carried
out for hotrolled steel seetion and the connection is 4
non-composite conneetion. Shi, Li; Ye, and Xiao (2007)
have tested on composite joints with flush end plate
connection under eyclic loading. The composite joints
with flush end plate connection show large strength
registance and good duetility, and the slippage between
the conerete slab and steel beam is very small, which
shows that between the conerete slab and steel beam, the
full composition can be obtained by the proper design for
the shear connectors, In this paper, the proposed
connections are composite and non-composite with TWP
sections ag a beam. Both types of composite and non:
composite connections were fested and compared fo
understand the capacities and the mode of failure of the
connections, The test specimens are listed in Table |,
from which it can be seen that the parameters were varied
by different geometrical configuration, For composite
connection fests, four number of 16mm  diameter
reinforcement bar were tsed and the thickness of the i
was 125 min with conerete of grade 30 N/mm'’, The siz
of beamn for composite and non-composite was (he same
but the size of column was not the same, However, the
difference on the size of columns has not affected the
moment. resistance of the connection as both colimns
have a thick eolumn web which will ot fail due ©
Buckling aceording to the numetical analysis done catlier
{Anis, 2007 Sulaiman, 2007). The size of the TWP

hias fesulted in an increase o the conhection's flexural sections was designated a8 400 140 39.7/124 where
s Table 1. Geomettical configuration of composite and nom-composi —
1 > i o 3 '7 9| o 7 e R
mn);mﬂ‘;m Specimen No. Bolt Rows  Bolts "“7:)'? = e Size of TWP Beam Size of Cotmt
5 i A R I 50 e
M2088 200 a0 12 A00% 140« 39.7/12/4
Compotite M2 8R 250 540 15 500x180%61.9/1614 ™
cotection MAOSKS 200 490 12 430%160%50.3/124 305*-”“’*:“
LR, ) MBS 250 60 13 m)xztmao.s/la_/s__—g%w
MIRE 0 S0 13 Adelea0 iz ISR
No-compste MABK 250 600 15 S00%180%61 9164 m:?g‘ .
comection M0BE 200 850 12 450x 160502124 @
e M24BR 250 700 13 600%200«803166
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Table 2 Material properties of
universal column members

PWE steel benm and

Mean value of 1y,

Nample taken from )
s (N’

TWE bean fange a4
TWE beam web 178
Column Hange 408

Column web 107
Lnd-plate 172

A00 was the depth in mm, 140 was the width in mm, 9.7
wae the woight in Kilogram per metre, 12 was the
hickness of Nange inomm, and 4 was the thickness of
web i mm, Coupon tests have been cartied out for the
fange and web of TWE Beam and the column and also
the endsplate. Thiee coupon tests have been varried for
cneh of the samples and the mean values of yield strength
1, are recorded ax shown in Table 2, The results of Py in
Tuble 2 have shown that the experimental resulls were
highor than the theoretical values of Py The higher P
values 0 the actual tests are the most likely the reason
why the experimental values are greater than the
theoretical values, All possible components that aftect the
moment resistance such as size of bolt, siee of end-plate,
and size of beam were kept constant &0 that the behaviout
of composite and non-composite: connection could be
compared. Two sizes of high tensile bolts were used
namely M20 and M24 g0 as to understand the eflect of
changing the size of bolts o the behaviour of the
connections

Tost procedures

Tost speotmens were selup by connecting a 3 m long
column with a 1.3 m long beam as shown in Fig, S0 A
motal deoking with 1. 3m  width which acts as a

Rollet

Tost Rig

Columi

Pase Plate ~J

/

gae
. "
L PO [T —  na

Connections Using Trapesold Wels 1

tofiled Steel Sectios

Reinfsresiment

Bars

Flgure 6. The position of reinforcenent around the eolumn
and embedded to the slaty

permanent formwaork for the slab was attached to the top
Nange of the column by a pair of shear stud on each
though. The shear studs were measured a8 19 i
dinmeter and 95 mm height was used. The thickness of
the slab was taken as 125 mm thick with concrete
strength of grade C30. Two reinforcement bars of sise
16 mm diameter was installed around the oolumn and
embedded to the slab as shown in Figo 6 The
reinforcement bars should also be checked for the
anchorage length which supposed to be at least 40 times
the diameter of the bars (RS 8110, 1997) As the bars
were installed along the cantilever beam, the length of
anchorage was 1,300 mm which is higher than the required
length of 640 mm. Therefore, the anchorage length is
cnough to prevent any slippage of the hars. The type of
test arrangement employed for the beam-to-column
connections in this study was the cantilever attangement
of which the bending in the beam was produced by the
load applied at the end of the cantilever. No axial load
was applied 1o the column as thers is loss likely that the

Laad Osll

| w{ith
L sttt
L tsente Siah

| whernt
Risckling|
Rwving

'mrnn;lvfla«r :

s an the test T

Figure & Artang
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Figure 8. Moment-rotation

axial load exceed the elastic capacity of the column and
influence the moment capacity of the connection. Many
researchers (Azizinamini et al., 1987; Nethercot and
Zandonini, 1989; Aggarwal, 1994; De Carvalho et al.,
1998) in the past have not applied axial load to the
column due to the same reason.

The top and bottom part of the column was restrained
from any movement. A point load was applied at 1.3 m
from the centre of column flange. Load was applied
w an automatic operated hydraulic jack and
monitored with a pre-calibrated 100 tonnes capacity load
uﬂ.l’hcdau;hgggrsynem was set-up to read rotation of
d!c connection between the beam and column, the
displacement of the beam, and the load applied. A small
hd"l'twhﬂdlﬂdthenmmﬂl,wchcckﬂw stability
of the rig. About a third of an expected failure load was

curves for specimens CF-06.

then gradually applied., sufficient enough to cause inelasic
deformation and to establish the connection i the saett
equilibrium before a complete applied load response bt
carried out. To determine the complete response e
failure, each connection was later b‘-
following sequence. An increment of about 51“ e
applied to the specimen. The readings e
displacement, and rotation were recorded Al g
minutes had elapsed 50 as to reach an equiliba® S

deformatiod-

The incremental load procedure was thet
there was a significant increase in CEEE =,
loadingonmewimmwnswwﬁmﬁ

when large deformation or the load dect®
The response of a joint in these
buckling behaviour of the conne
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Figure 9. Moment-rotation curves for specimens CF-07

Moment - Rotation Curve Test Result CF- 08
(CF2R24P250-15) S-275
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Figure 10. Moment-rotation curves for specimens CF-08.

moment versus rotation was plotted to predict the
Sament of the « The value of
applicd moment was calculated by multiplying the
applied load 10 the Jever arm of the cantilever beam
which was measured from the position of applied load to
the ﬁ‘ﬂc of the column flange. The rotation of the
oy was d as the diff the
tation ai the centre of the beam and the rotation at the
centre of the column recorded using inclinometer.

h

connections. The size of the beam, the number, size and
distance of the bolt and the thickness of the end-plate may
significantly affect the moment resistance and the rotation
stiffness of the i of
the profiled metal decking and the wire mesh have been
ignored as they failed at lower values of elongation than
the reinforcement bars (SCL, 1998). To understand ﬂw
effect of these g ical gurations of the

(o the moment resistance, rotational stiffness. and the
ductility of the composit and nor posil

H it
s

um:” i ﬂaefcsultsﬁumtthv@uuveshouldbep(umwdha
mn:duvumofau is very much depend e ted fomn and compared
[ owmakion conigaions of e conpect Pt
Omection bave s geometrical configurations of the 5.2.1. Moment resistance (¥ —
m have significant effect to the behaviour of the mmmmofmmmumfm
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Figure 12. Moment rotation: curve for specimen N-06.
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on. the: ¢ i bers and the types of
Jeints. Beam-to-coiumn connections generally behave as
linear followed by non-linear in moment-rotation. curves.
The structural analysis needs o account for this non-
linearity of joint response w predict aceurately. the
moment resistance as the joint behaviour exhibits a form
of material non-linearity. The i versus
m""’_ﬁu‘@)‘mﬁmsﬁmm

000 E2

Azman, zoo‘t;mzmsmmmmmwi
of “knee joint”™ which determine the mement o
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Figure 13. Moment rotation curve for specimen N-07,
Moment - Rotation Curve Test Result N-0§
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Figure 14. Moment rotation curve for specimen N-08
method” proposed by Steel Construction Institute (SCI, partial strength 10n of ded end-plate
1996, SCI, 1998) us explained earlier. as shown in Table 4. From the results, the use of proposed
The results in Tuble 3 show that the i i ion for TWP section has shown the

of the experimental values have o good agreement with range of percentage difference from negative 10.1% to
he theoretical values, Theses results showed that the positive 50.9% depending on the geometrical configuration
omponent method suggested by Steel Construction  of the connections, The comparison of the results is best
bslute is not limited to the application of hoterolled explained by comparing the composite and non-composite
mwly.mswmpummmmhudmnmbhwba connections with the same geometrical configuration,
ol (o TWP section. The ratio between experimental

O beoretical values do ot show @ linear increment as 5.2.1.1. Comparison of CF-5 and N-§

be moment resist of the ion is infl d by
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Thble. 3. Theoretical and  experimentai' vales: of! moment -
for comp and mposi 5 Q |
Moment Resistance, Uz Ratio P
f 2+Q
e (kNm) il
Theomticall Experimental, VS Theoretical } I =B
values. values |
CE-5 2550 106 e '
CF6 3680 1.09 b
CR-7 4230 1:40 ST e
= (2) Mode 1
CE-8 4700 101 - i
Ny 1400 L14 ) | 2
N6 4150 1.60 . C—» [n
N7 2100 117 Rl s i 2
N-§ 450.0 1.09 . B
} =m B

Table 4. Comparison of experimental moment resistance
& ite and i i

Mz (KNm)
Specimen Non-composite o, Dj
Composite (extended M
end-plate)
CE-FveN-5 25510 140.0 451
CE-6 vsN-& 368.0 4050 -10.1
CE-7wsN-7 428.0 2100 509
CE-8vsN-8 4700 4500 43

same: distance of lever: amn to) caiculate: the moment

i of'the 1on for speet CE-5 and'N-5
was. maintained. Therefore; the only. difference was: the
tension force applied 1o the connection: wiich: derived
from the remforcement: for: CF-5 and bolts: for N-5. The
tension force in the reinforcement: was: calculated in Eq.
(1), (SEL 1998, Ams, 2007).

B @)

P H?/
Q—>

(b) Mode 2

P4

ﬂ‘f]

P
|
|

R’ <N

i

(c) Mode 3
Figure 15.

modes: of failure as follows:

Mode 1: Complete flange vielding

In this failure mode; the strength of the flange (beam o
column flange) or-end-plate is weaker than to the sirengi
ofithe: balts: Upon failure; the: flange or: end-plate. will
yield but the bolts ase still intact as shown in Fig. 15
As a result; a ductile failure can be achieyed. Thisfype.ot
failure is: the: most: preferred: failure: mode: iny the. seme

s the area: of reinforcement within: the effective
taken as

as:suggested by SCI (SCL19%0)
Mode 2: Boit: failure with: flange: yicidmng:

In this- failure: mode; the strengths of the: flange or 2
d-plate and the bolts. are about the same: As-aresull

Y15 the pactiai safety factor for.
105

S8y, 460%4022107°
e

=193 24N
On the other hiand, the tension force developed in N-5
e Adsoribindi method

SR ik

aie bending, the

o flange o

both the. flange ar; the. end-plate: and the: bolgs: will ieid

together: upon failure. This. mode: of failure. is: sDOW &

Big. 15(b). This:type of failure can be used in the desiZt

of semi-conti ion provided that the momeal

resistance of! the: connection: can: be: qmnuﬁed:_and e
ion, can: be- classified  as: ductile: connection-

Mode 3: Boit: failure :

In this failure mode, the sirength of the boits is weakil:
han the strength of the flange. Upon failue; the bolss il
vield'(or-even break) but the flange is still intact: SBOWY
in Fig: 15(c) is the failuse-of Mode 3: This type-af fulss:

and!
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$ as 24N ovhich g the difference of
somEinsion of fension fxee of e ok, Bl for boje
Mﬁw-mﬂzﬁgtaﬂhfbeam%f’omhcmmm
.ﬁm’ﬁem@mmf@s s
walowiaied wsig yiel line theosy H COMPOnent method
s suggesied By SOL This means that Whe percenage

it of the Between composiie
o GOSUTPNSTE CORECion came fom the differcnce
of fensem fowe of ek bass in compes

‘mmm&wm‘.:‘mummmﬁ-
sompesie commeston. The sesult of 558% avas qulie
cigse w the expenmenal resulis 0 Table £ revorded as
m,mmm‘mmmkmmmmmm
e perce of i € in the o
sommestion was due @9 higher P, value of CF-S.

242 Compasison of CF-6 and N6

T comp CF$wasa o < ion with
#Ti semioesement wvas used 0 geplace the two exiended
it i exendind end-plac in NS, The size of boit used
SM2 grate 8.8 with end-plate thickness of 15 mm thick
emivEment was the same force as in CF-S which wvas
cql io U320 zs the same size and mumber of the
semiement bass was used. Howsver, for N, the
Geewded bos e dopends 9 the ickness and the size
o e o, i N5 e xiended bollis wsed s bees
marcased from M20 4o M2¢ and the end-plate thickness
s e fmorcased fiom 12 men gk o 15 mm thick
0.9 250 c0m. Thexcfose, the eusion focee of the bt
Sl o inoneased. By usine component methed &
mmmmmmmswwm.mm
"DM@M&W@M 2007). As the
Mmﬁrmu&mmmmm,mm
Silismnee that aficwss fhe moment sesistanice of the
W& e donsion force with P, for CF-6 was

A% and B for NG owas 242N whiich give the
; S 202%, hs comparcd with the a0 given
Bldies, ~49.15%. the ~20.2% wes @ st it
e i sapermna

e wvas figher than Yae thevretical vajye Ly
e component ethod i

wismmcmnunmmmm‘
Bolis & in N-5. The iy difesenice between N-7 and NS
was li'cexwamobokm\hsbewah!hempﬁmgm’m
beam. Therefore, the teasion force of the boit shoukd be
Ihesamlﬂﬁhnhwami\'-iﬂ,\usmgmm* @
meﬁzodasmmonemi«.!bcmsuhmﬂhhdx
cxiended end-plaie was caioviaied as 1240EN. As the
lev;—ra'mibrbomc{mdx\émslhsam.ﬂuwb
difforence that affects the moment tesistance of the
connection was the fension force with P, for €7 is 1932
N and P, for N7 is 124 0N which give the difference
of ST.1%. As compased with the tatio of moment given
in Table 4. which is 599%. the ST1% was 2 litle bit
Higher than the compasison between €5 and N-5 wiich
was 50:9%. This is fbecause the specimens N-7 bave two
ot £ows beneath the top flange that wwese in tension. As
@ esult, the fension forcs applied 1o the exiended bolt sow
wwas dlistributed (o these two bolt ows. This sesult indicaies

ﬁmﬂummmafmm@smm

depends on the compasison b sied ol gows
a0 the eeinforcement of the bars but also the mumbsr of
M,«wmmw-awm;m.@smmm
of the reinforcoment bass o compesiie copnestion was
ot the same s the fension foree of the Dolis in nos-
composite connection. the distibution of foece © the
e%m«mw%mw&mﬂmas
aMWwwmwmtmpmi
tor TWP scetions. The assumpiion of the yield line theory
mmmmmmmmm
wmwmmmwmm«gﬁg
oot composite and GOD-COMPOsIie CONAEKIONS i ‘
olied sestion (SOL 19%6; SCI 1998) could gve @
comsenvave sl
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of CF-8 and N-8

n CF-8 was
a5 used to replace

5.2.1.4. Comparison

The component for specime
connection with 4116 reinforcement Wa s
the two extended bolt in N-8 specimen. The size “‘. i
used was M24 prade 88 with end-plate llucknu\"x\
15 mm thick and 250 mm width, The different |“.‘l|\\‘|\.:l\l
specimens CF-6 and CF-8 were the extra bolt m\\f vc(( \“
the top flange of € J1-8 which has two bolt rows ||.Nt.\1 ; !
one in CF-6. The tension foree cnlcul-\‘lc«l from ¢ \L.
reinforcement was the same as in CF-5 \\Iucl\‘ was
193.2kN as the size and number of the
the same. However, for N-8, the
ased from M20 to M24 but the
top flange has resulted to
he extended bolt to
ation of the

a composite

force
equal to
reinforcement bars were
extended bolts were ineres
extra two boit rows below the
the distribution of tension foree from t
the two bolts. This will reduce the deforma
end-plate of the connection at the extended bolt \\!\itl\
results to an increase in the moment resistance of the
connection for specimen N-8. By using component method
as mention earlier, the result of Pt for the extended end-
plate was calculated as 242.0 kN (Sulaiman, 2007). As
the lever arm for both CF-8 and N-8 was the same, the
only different that affeet the moment res stance of the
connection was the tension force with Py for CE-8 was
1932 kN and P, for N-8 was 242 kN which give the
difference of ~20.2%. As compared with the ratio given
in Table 4, which is 4.3%, the ~20.2% is a little bit higher
than the experimental value but the results do indicate
that the moment resistance of the composite connection
increases as the depth of the beam increases. The possible
explanation of this difference could be related to the
depth and stiffness of the connection. As a result, there
s a difference in the tension force between theoretical
and experimental values where the experimental value
was higher than the theoretical value derived from the
C ent method as explained carlier in the study
carried out by Abdallah (2007). g
This result also indicated that the depth of the beam has
influenced the moment resistance of the connection. As
the lever arm of the connection increases due to deeper
beam, the extended end-plate tends to deform which was
not np‘pcncd in composite connection. As a result the
composite connection showed a higher moment re:

Table S, Test

Specimen Size of TWP Beam
Crs 400 140%39.7/12/4
CF6 500 180%61.9/16/4
CF-7 450 160%50.2/12/4
CF-8 600200 %80.5/16/6
N-5§ 400% 140%39.7/12/4
N-6 500 180x61,9/16/4
N-7 450x160x50.2/12/4
N-§ 600200 80,5/16/6

4 Md Tahir et al

than the non=composite connection. The stiffer bolts M24
used in N-8 also contributed to the redistribution of
{ension bolt foree to the two bolt rows beneath the
flange of the beam, The assumption of the yield line
theory in component method to caleulate the force
beneath the top flange of the beam which gives equal
value of Fy for both composite and non-composite
conneetions in hot-rolled section (SCIL 1996; SCI, 1998)
could give a conservative result,

5.2.2. Rotation stiffness and ductility

Initially, the connections have a stiff initial Tesponse
which is then followed by a second phase of ey
reduced stiffness. This second phase is due to non-linear
deformation of the connections™ components or those of
members of the frame in the immediate vieinity of the
joint which are beam and column. These deformations
need to be accounted for because they cnmn‘hm.c
substantially to the frame displacements and may affeq
significantly the internal force distribution. The sl}\lcluml
analysis needs o account the joint response to predict
aceurately both rotational stiffness and ductility of the
joint behaviour. The stiffness of the connections is
presented as an initial stiffness by drawing straight line
along the linear region in the M-® curve. The value of
initial stiffness was calculated as the moment resistance
divided by the rotation of the connection at that particular
moment in the linear region. The results of the inital
stiffness derived from the M- curves are tabulated in
Table 5. The comparison of composite and non-composite
connections for initial stiffhess is shown in Table 6. From
Table 6, the results showed that the most of the composite
connections are stiffer than the non-composite connections
exeept for CF-8 and N-8. The result showed that CE-8 is
less stifl’than N-8. The use of M24 bolts with 15mm thick
end-plate in N-8 has resulted to stiffer connection as the
tension force for the extended end-plate in N-8 was
greater than the tension force developed from the
reinforcement bar, Moreover, the redistribution of tension
force to the bolt beneath the top beam flange has
contributed to stiffer connection in N-8, The combination
of higher tension force of extended bolt in N-8 than the
tension force in CE-8 with the use of deep bean

ased oninitial stiffhess

Moment ; Initial Stiffiess,

Resistance My, Rotation Sl = My/@

(KNm) (mrud) (KNnvmrad)
255.0 O SRR 2503
368.0 10,30 RANE]
4280 16,82 2548
4700 8.03 5833
1400 .03 1744
4150 17.60 2.8
2100 1842
109.76

450.0
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Table 6. Comparison of cxpcrim‘r.-nwl initial  stiffness

petween posite and non-composit
o Non-composite S
Composite (extended e
Specimens  (Nm/mrad)  end-plate) % difference
(KNm/mrad)

CF-5 vs N-5 25.63 17.44 31.95
CF-6 vs N-6 3573 23.58 34.01
CF-7vs N-7 25.45 18.42 27.62
CF-8 vs N-8 58.53 109.76 -87.52

Table 7. Rotation of connections at maximum moment for
tested connections

Using Trapezoid Web Profiled Steel Sections 55
suggested value of 20 mrad. This is d

bcam (600 mm) to limit the rmammuculfol;’: :‘:‘;’;‘:"q’
The combination of the deep beam and the use of \1402“4
bolts with 15 mm thick end-plate have wmriW to
lesser rol{:lirm. SCI has suggested that for hot-rolled
section with M24 bolts in conjunction with 15 mm thick
end-plate, the size of beam should be limited up to
533 mm deep (SCI, 1996). It looks like the same
limitation should be applied to TWP as the rotation for
600 mm deep beam has shown less ductile connection.
The overall comparison of rotation between composite
and non-composite connection have shown that the non-
composite  connections were more ductile than the

Rotation of

5 m(,::"xc[:;“m?nml ; cqnnccli(m at
4 Mj (kNm) max'"("':,f:’m';'l)(:mcm
CF-5 255.0 15.16
CF-6 368.0 2321
CF-7 428.0 25.60
CF-8 470.0 2023
N-3 140.0 22.30
N-6 415.0 47.05
N7 210.0 32.80
N-§ 450.0 942

(600 mm) has resulted to a stiffer connection for N-8
specimen. This result shows that the use of deeper beam
has resulted to a stiffer connection as the lever arm of the
connection that measured from tension to compression
zone is longer which resulted to less rotation.

The ductility of the connection is measured as the
ability of the connection to form a plastic hinge which
can be recognized from the M-® curve by the formation
of non-linear region without any abrupt failure. The ability
of the connection to rotate to form a ductile connection is
an important criterion to satisfy the requirement in the
design of semi-continuous construction (Couchman, 1997).
In semi-continuous construction, the connection should
fail as a ductile connection and possess a rotation that
allows the deformation of the connection instead of the
Connected members. The connections are considered as
Me connection if the rotation of the connection can
achieve at least 20 mrad to form a plastic hinge without
any sudden failure as suggested by Steel Construction
Institute (SCI, 1996). Table 7 shows the rotation of the
tesied I i The results
possess the

at

"me‘ showed that not all specimens
'F:m&usof tleconnections wi'!h at least equal to 20 mrad.
s wh:’:cm“w rotation was recorded as 15.16
mwby S(l?l quite close to the suggested value of
: . The connection however, did not failure
e e oo still deformed and behaved
‘; type of failure. For N-§ specimen, the rotation

fecorded as 942 mrag which is lower than the

COmMPpOs ce - This is because the failure mode of
the composite connection is limited due to the restrained
of the connected slab. On the other hand, in non-

composite connections, the end-plate is free to deform.

5.2.3. Mode of failures

The mode of failure of the connections is focused on
three zones, namely the tension, shear, and compression
zone. These failure zones have taken into account the
failure of all components of the joint which includes the
section of beam and column. However, the mode of
failures in the tested connections is focused on the tension
zone only. The compression zone did not show any sign
of failure as the size of column used was a heavy section
and the flange of the bottom beam was strong enough to
prevent from crushing due to the applied load. In shear
zone, no sign of failure could be detected as the thickness
of the column was very thick. The shearing of the bolt
was not possible as the maximum applied load (426 kN)
was lesser than the minimum shear capacity (698 kN) of
the tested specimens (Anis, 2007; Sulaiman, 2007). For
the fillet weld used to connect the beam to the end-plate,
the welded was strong enough to carry out the tension
force. A fillet weld of size 10mm thick was used to weld
the flange of the beam to the end-plate and 8mm thick
was used to weld the web of the beam to the end-plate.
No sign of failure occurs on the weld. Other components
of connections that are most likely to fail are the end-
plate and the bolts which fail due the tension force which
explained sep ly as non-composite and posi
connections.

5.2.3.1. Non-composite connections
For the extended end plate in non-composite connection
tests, higher capacity was expected due to the addition of
one row of bolts at the extended top portion of each end
plate. Hence, at the initial stage of loading, there was
pp ly no visible deft ion in all speci even
up to the one third of the predicted load. Gradually,
however, at about two third of the predicted load, the end-
plates (at the tension region of the connections) had
begun to show some deformation. Unlike the flush end
plate, since there existed one row of bolts at m«m
top portion of the end plate, the deformation of the
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Figure 16, 'Y-shape' deformation of extended end plate

connection translated the end-plate away from the face of
the column in a *Y-shape® form. Again, this deformation
corresponded to the Mode | failure as in Fig. 16 or
‘yielding of the end plat and appeared to be
symmetrical on both sides of the bolts when looking from

the plan view of the connection. The extended end plate
connection specimens that experienced this type of failure
were the specimens N5 and N7. Fig. 16 shows the
deformation of the extended end plate in the form of a *Y-
shape’ deformation of specimen N5 at failure which is
similar to specimen N7.

As the yielding of the end plate in progress, further
increase of the applied load had deformed the end plate
even more and started to deform the extended bolts row
and the bolt row below the top flange of the beam. The
extended end plate simens that experienced
this Mode 2 type of failure were the N6 and N8
specimens. The deformation of the end-plate and the
elongation of the bolts were then followed by some
buckling on the web of the beam as shown in Fig. 17(a)
and (b). However, this occurred at load close to
maximum load which was not in the region where the
moment resistance of the connection was predicted using
a knee joint method. For the specimen N8, the elongation
of the bolts was more dominant than the specimen N6
which might be due to the use of deep beam. Fig. 17(a)

connection sp

shows the yielding of the end plate and the elongation of

the bolts of specimen N6, whilst Fig. 17(b) shows the
buckling of the beam web that associated with the
deformation

There was hardly any deformation of the columns
throughout the experimental tests for all specimens. This
was expected since the columns for all specimens (UC
305x305x118) for the extended end plate connections
were designed to adequately sustain the panel shear and
the compression action along the bottom flange of the
beam. However, bigger beams especially in the extended
end plate connection tests tend to exert more compressive
force along the bottom flange of the beam towards the
face of the column. This was evidenced through the
noticeable lines of ‘skin tearing’ on the web of the
column along the bottom flange of the beam Fig. 18(a)
shows the “skin-tearing” of column web of the extended

(b) buckling of beam web

Figure 17.

Figure 18. *Skin-tearing’ on the column web.

end plate connection specimen N6. The same effect was
also occurred on the column web of the extended
plate connection specimen N8.

g Composite connections

The main difference between composite and not-
composite connection is the use of reinforcement b
which act compositely with the slab of the conpre
Conerete is known to behave weak in tension. HoWeve®
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Figure 19. Crack on concrete slab.

Figure 20 Failure due to cracks on concrete slab.

1 compostie connection, the: reinforcement. bars. located
4t the ension zone embedded in concrete slab prevent: the
pre-matuce. failure of the concrete: This will reduce
sigaificantly the possibility of failure due to, concreie
CRACKIG 10 1es acking trend on the top-of the
probable failure for the composite
connection specimens. Typical allocations of the crack
1nes.of the slab are shown in Fig, 19, The cracking of the
canesele slab started at the column comess whese the high
stess. oceurs. dug o the discontinuiy and spread: out
tmapsversely. 10 the left edge and right edge of the slab:
The cracks roughly have the same width and the length of
craks was axended towards. the end of the slab, wath. the
Jackng patterns. i all lests. bang spread: up: to 400-608
g lenglh on: beth sides. of the column, These: craeks:
wever wepe basely. seon by, our own eyes. The cradks.
were: consudered modest and oseusred only. 18 the top-of
e compuniie. siabs. surroundings. e univessal column.
The visibie cracks. acsarred witen the load applied almast
"eahved s |gud. The widtin of the main crack wis.
O e L3 s 4 e tame of fbure: whisn i lests were
Sopprd 4. st in Fig, 200, The pabtesny of crasks was.
" bttt e, s, itk canngstion. The
Sl th conpesiion. i less, will: e v appasaaes of
e b, This: cam. be: sexn 19 e reilection, af) 1

ton. In the ¢

concrele was. the. mio:

site and Now-composite € onnections Using T

apezoid Web Profifed Steet Sections

inclined: pattern of cracks, The le
CF-8 has led to almost st

Suil connection as in

! aight cracks ranning transversely
across the slab. The connection moments TESISY

the loads should be limited to values of 2
KNm: for the specimens CF-05
Therefore, the use of *knee
moment resistance

unee under
0 KNm and 380
and CF-06, respectively,
joint method™ to. prediet the
of the partial strength. composite
connection. can: be used: without: any problem: with: the
formation of cracks on: the slab as the e
close to maximum: load:

acks. occurred

6. Conclusions

The conclusions drawn: from: this study were based on
the companison: of the composite and nen-composite
connection. The use of component method: as suggested
by SCI can be adopted to calculate the maoment resistines
of the connections. for both: composite and nen-composile
connections. for TWP steel: sections. The use of “Knee
joint method” to predict: the moment: resistance: from: M-
@ curves showed: good agreement with: the: component
methoed. The comparison: of compusite and non-compusile
connections. which is limited to this study can be
concluded: base on: the moment resistance; the: initid
stiffness; the ductlity and the mode of failure of the
connections. as. follows:

1. The results of the moment resistance: for compusiie
connection. were higher than the non-compusife
connection: for most of the compared specimens.
However, the nog-compesite cannection: shawed
highes moment resistance than the compusite
connection. by about. 10%. as the use of holt was
changed from. M20: to M24. and: the: end-plate: was.
changed from: 12 mmm: te 15 mem: thick. The ineresse
iy moment: resistance: due to the use off MZ4 i
conjunction: with: 15 mm: thick and-plate: has reslucsd
as the depth. of the beam: inereases. fram: X0 mm: te
600 mm: desp: It is suggestest: that. the: swee of the
heam: for TWE steed seation: should: be: limite to
500 mm: deep.

2 The initial stiffness of the connestions shawesl that
most of the compesite connestions were saifer than
the: nem-compusde connestionss  However, N-&
shawed: stiffer result: tham CES This. is: due: e the:
cambination, of higher. tension, fasee: aff extendes
Pt i Ne& tha the: tension: faree o, CH-8 wit the:
s af deep ez (600 mmy has resuite e siffer
comnestion: fas Ne& sprsimen: J
Fhe ductility, of the connsstion siawesd (et most af
e connestions. pessess mee: (han, Jmed
suggestel Iy, ST However, fas 5 e rasationaf
the: connesian, was recendest ab 15 eead winelt
il thany 20 mwach i ca sull ez comieleresd i
dutile as the mode: off ke wesk nes a, abmips
ailuarge Fom e speeimmens the rotation was tosn il
o o comsierest i conpstions [t s suggesied
i the: TP st stionle avond thec e of Beaamy



Whnmood M3 Tt @14l

%

which depth mm.
X P . :
4. The mT::mo&ﬁw compasite connections v::cxr;
% oracks occurred very clos
bl o ghigoe the stab at the

cracks on
‘the msximum laad. Nnm s o e CommRCHion
by “knee joint

rogion where moment TCSHs
s devorminod in the M curves
35 No faitarcs occarred at the COMPresSion An
ol omes during the w©ests.
k ;mc paticrn of oracks was very much related 1© the
" gtiffness of the ConMESHon. The stiffor the conection
the less will be the appeATance of the cracks.
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