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Tress memberrafier
* Section 2 102mm x Slmm x ) Gmm thick
2 €~ Lipped Channel (MC 100.16)
* Material : High Teasile Galvanized Steel
: Yield Swess 430N/mm?
: Zine Coating of 2 275

3 Connection : Class 2 - Seif Tapping Screws

% Tres Spacing - 1.5m



6. Design Code

B0 S  Code of Practice for Design of Cold Formeg Section

o BS 6399 - Load Design

o BS8110 - Structural use of concrete

o CP3 Chapter V (1972) - Wind loading (Adopt basic wing speed of V=3¢ m/s)
7. Loadings

e Concrete Roof Tiles = 0.55 kN/m?2

» Batten = 0.05 kN/m?

o Ceiling & Frame = 0.10 kN/m?

e M&E Services = 0.15 kN/m?

o Live Load = 0.25 kKN/m?

o Basic Wind Speed = 30m/s

The aims of the test is to prove the design value compared with the testing result, to show
that the Truss System has performed far higher than the design load without visible failure in
accordance to the design specification,




1.0 Introduction

. < of theoretical and experimental investigations have been d .
A series O ONe to obtain the follow;
wing
objectives:

1. To conform the adequacy of intended use of the proposed system,

2. To define the actual behavior of the truss sys‘em in comparison of theoretica st
estimati

3. To fit the requirements of Truss System Design. i

To achieve the best reliable output, the methodology adopted should satisfy the requirements
ents

described as in the followings:

Determine the theoretical required strength of the truss system, which regarding to th
5 5 i I
axial force capacities, the deflection limitation, and the moment capacity of members

_ Full scale test on the proposed system — in order to determine the ultimate strength i
n

[}

actual, therefore the results are compared with the theoretical estimations
3. Modeling of the tested specimen — to conform the validity of theoretical estimation to
represent the actual condition.

The Full-Scale Test was carried out based on join - research with Steel Technology Centre (STC)
in the Laboratory of Structural and Material, Universiti Teknologi Malaysia.



Figare 2-1 Detail aud clement labeling of MC10076
2.1.1 Bending Capacity

b =ByB,=102/51

=2
X =463 > 4 for stiffencd clement
P = I33N/mm’
Fpe =450/137936
=03261 > 0.123
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Second moment of area about neutral axis is:

g = 57314247’

z  =1127366mm’

Z  =120273mm’ 4 .
kdﬂrmmmﬂmh befone he demsilesiess reaches.yicld,

Therefore, ;

Py =43940Nimm

The moment capacity is:

My =poZc =43940 x 11202.73 < 10¢ -
=4.92kNm > My = 2.329kN

B =By B =51/102
o5

D

= 5,457 - 4 fox stiffoncd cleament Ok




be  ~06704 - 06704 x a5

=39.53mm
K =1361<4
& =4
U R R )
= 1325.83N/mm’ .
Fipa =43071325.83
=033%4>0123
: Therefore,
S B TUEAE) o SR
=09%2

he =0992b=0992x378




213 Axial Tensile Capacity
Balt bl size: =2 % % 1§

= Ifmm’
A = WME0L - I
= mmm’
P = A0

Higwes L2 Dl sl idisatbasd ot of 50 LS80
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22.1 Banding Capueity




Tabie 2-2 Second moment of arex caicuiation based on effective width on compression Tange

Blement | 4mm) | pmm) | Ay (mm) | Ly (mm) | 4 (mm?)
1 6.43 4.00 081 10282
2 6.43 400 EET 102,82
= a Tk 0.30 022
% 7.44 0.30 22
B 5 19.55 16,50 170959
5 19:55 16.50 170938
7 10,80 3270 032
“Tomi TT.63 3482.16
V= 1358 R~
Second moment of arex about neutral axis is:
Ka =1I567.43mm"
Z  =$51.85mm’
Z:  =3956lmm’
Z < Zr the compressive stress will reach p;, before the tensile stress reaches yield.
Therefore,
Pa  =S540.94N/mm®
The moment capacity is:
M, = poZc=>540.94 x 59561 x 10"

= 3 22kNm > 0. [ 32kNm: Ok

2.3 The Truss System
mwwkmm‘mmmwmm:

e Concrete Roof Tiles = 0.55 kN/m”

. Dalion = (0,05 kN/m®

o Ceiling & Frame = 0.10 kN/m*

o M &EServices = 0.15 kN/m*

o Live Losd =0.25 kN/m*
Basic Wind Speed = 30 m/s



The analysis has been done using compuier Program Multiframe - 3D, The loading diagram of

the analysis maodel is depicted in the following figure:

Figure 2-3 Moment diagram of the design model

The extreme values of the truss are shown in the following tables;

Table 2-3 Deflection

dx (mm) dy (mm) dz(mm)
Max 2399 0.002 0
Min -2.399 -5.602 0

Table 2-4 Load case 1.4DL + 1.6LL

Pi'(kN) Vy'(kN) VZ'(kN) Tx' My' Mz' (kN)

(kNm! (kNm)
Max 25512 6.687 0 0 0 1.851
Mia -25.512 -6.133 0 0 0 -1.851

Table 2-5 Load case 1.2DL + 1.2LL + 1.2DWL

PI(kN) Vy'(kN) VZ (kN) Tx My’ Mz (kN)

(kNm) _ (kNm)
Max 30.792 8.041 0 0 0 2329
Mia 30792 7344 0 0 0 2329

Therefore, the members should able to resist the worst loading condition where:

Table 2-6
L L I 7 7 T R My Mz (kM)
(kNw)  (kNwm)
0792(C) 8.041 0 0 0 2329
30792(1) 8041 0 0 0 2329

| ““ deflection fimitation of cantilever = Lengthv/180 (Reference: Table 3 in BS 5950 Part 3)
i = 14117180 = 7.84mm > G = 5.602mm Ok
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Figire JoA The svitieat adial camp atrsiet memhey

i (6 (e mEmBEF i connected (6 Gther member in a short length, it iy b assumed sdeguite
wiere (e shiort strut capaeity Fe = S3B0KN is more than 30.792kN, Therefors the critics!

v loaded i

& are the fwo shown in the figure below:

fomp

Frwe = VTAGTUN, £ = 1 3795

Foue = 1ROTARN, £ = 1.021m

Figire 58 Tawo members (o he cheoked thelr axinl compressive capaeity

Determingtion of P, for Case where L = 1.379m and F, = 17.16TkN
ko =572732. 1 0mm"

s =40 T4mm
o = 120795 RRmm'
£ = IRTimm
bet Ly = Ly = | = 1,379,
4 A -
be -EXEETIRD -0t
]
i égi%%ﬂ 128 52KkN
%!' = %ﬁ = 33.79 < 250
¥ ot
;h ii%% = 7170 < 250 Lgg/ry is more critical
¥ c
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Ultimate loads

Since Ley'ry > 20
g =0.002(73.70-20)
=0.1074
Therefore,
1
= 21 (133.74 +1.1074 x128.52) -
P 5[(1 x ) (m.un.mum:z)’-um.unzuz
=94 85kN
M, =492XNm
&  =3.79%mm
N o MR 4.92x10° x94.85
¥ (M, +Pe) (wzuo‘wusxus)
=88 44N > F, = 30.792kN Ok
Local Capacity Check
E M M _xm 239
R B B —+0=070<1
P M, M, 1B am i o

Overall Buckiing Check
No buckding effect comsidered since the member is fully restrain by puriis.

Desermination of P for Case where L = 1.021m and F, = 15976
Lot Loy = Ly = L=1.021,

Py _.g_________:’xus':;:mzu ~ 116NN

Ia J’..’W - 73445KN

g = 2542 < 250

5
%
%’ = = 54,57 <250 Ly r, ts mowre eritical




simee Ly > 20
=QRIRFAST —29)

=Q@edl

m

3874+ 106X 234N {13374+ 1 069N A1), 4 R 423443 | ‘

e ME A1 xN1747
3 04, +Pe) [092x10° «11737x376)

= 107.798N > F. = 1706 7&N Ok

Locad Capaciny Check

M M
LR LIRS e ok

LM, M, 134

Oueradll Buckiing Check
G =10
£, M M,

= d, ; .
: E r
c.M_|1-2 s
,.M,{ =) c,uq(. PJ

T a0+ 0=0162<)

1&976
n747

24 Comments on the Design
The design capacities of the sections are satisfying all design roquiremonts.
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it Todes

M&’O
= 0.002(54.57 - 20)
= 00091
Thorefore, S —
Ko %[«”.74 410091 234.4) < /(133,74 4 10091 x éi&?)‘“ﬂ?’?nangam]
< 1174%N :
M, =492kNm
@ = 3.796mm
» 492x10" x117.47
$ (492x10" +117.47x 3,70
= 107.79kN > #, = 17.167kN Ok
£ M M, 1897
Shop iy b w2200 0 014D < 1 Ok




30 The Full Scale Test

31 Test Configuration
| behavior of the truss sys - i
o define the ACLUA S Ryslem, we are expeoting that 1
e full seale est wif|
e e G the geometrical difference iy
construction, connectivity of the joints, and the slendermess of the members

jeads to discover the blind dot of idealized modeling,

Four hydraulic jacks ware set on & load distributor so that the load could be assumed evenly
distributed through the four legs, onto the truss, The load cells are so between each hydraulio
jack and load distributor for reading the load values, The stoppers are fixed on each log to aveid
sliding. Lateral restraint also provided 1o the truss,

Hydrautic LC2 I£3
jack and foad —
i

cell set here
CH
Lo o4
Load
a
HI3
47

biator CHIO|CH |

Stopper - = ’ .
< CHE City CH 18
g Support Support CH
Figure 3-1 Test Specimen itig

15 channels have been established 1o log both the loading and deflection dats. The defleation
reading was logged twe minutes afier load increment in order 1o get the stabilized reading.

The assumptions made under this test configuration are that: s
+ the load distributor distribute the load applied by hydralic § v b
mmucmmmmaw,mmemfmmmﬂus;asxpwadamaw
16 the reading on CH 15; and CH 10 is similar to CH 12,
* the differences of geometry are ignored, and %
4 @ﬁmwmm:mmwmmnwmmﬂmd-

ack evenly 1o eVery legs,



3.0 The Full Scale Test

34 Test Configuration

To define the actual behavior of the truss system, we are expecting that the i

scale test will
leads to discover the blind dot of idealized modeling,

€.g. the geometrical difference in
construction, connectivity of the joints, and the slenderness of the members.

Four hydraulic jacks ware set on a load distributor so that the load could be assumed evenly
distributed through the four legs, onto the truss. The load cells are set between each hydraulic
jack and load distributor for reading the load values. The stoppers are fixed on each leg to avoid
sliding. Lateral restraint also provided to the truss.

Hydraulic EC2 1LC3

Eadlpad ees . o

cell set here e

1
L LC4
Load
dislﬁbkut.:
TH 7 ‘ i ' v
Sw{“ﬁ CHS CHO CHIS
o Support CHIZ
CHS Support
Figure 3-1 Test Specimen Rig

5 - The deflection
I5 channels have been established to log both the loading and deflection data. The

reading : ilized reading.
was logged two minutes after load increment in order to get the stabili:

The assumptions made under this test configuration are that:

the = e legs,
oad z ack evenly to every
- load distributor distribute the load applied by hydraulic] S

the reactions are symmetry on both site, therefore the reading on CH 5 is &X]
@ the reading on CH 15; and CH 10 is similar to CH 12,

the differences of geometry are ignored, and

the friction of lateral restraining supports onto the truss is ignored.
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Figure 3-10 The channels processor

3.2 Failure Mode of the Specimen

Simce full lateral

restrain has been
planar direction
significentl

ihe truss Compone include

Wembers, joint, |-bracket and se




3.3 The Test Results

The triss specimen has been loading wnti] failure, The result in plotted g

low
Ubimate Test
0000 .
7.0kN o
| < . BAKN
| iceabili 16.8kN
| (Serviceability \ "
s load) ' .’/ (Design lond) (Ultimate
: | lond) '
7000 | | /
\ I
| |
6000 | I l
| | | ST
| | | LR
e ? 1 1 oy
£ | ! | o
- I % e i
{ : : g SO
2
aooa% | 1 Yield poiits £ . ,:::;
| ] - o
A M1
mm% ey N T, ol i ERCRT)
1] | e CHAY
1000 | -
| s
000 | . N
BReeB882R0 4 P
AR R AR AR AR R R R R EARRRTRTLY
Avarags Lowd (kH)

Figure 3-12 The test result

All channels show linear deformation until the second last reading, The ultimate yield point of
the truss is on average loading 16.8KN (for each hydraulic jack), which is exactly two times the
design load. Four hydraulic jacks we used in the test were not applying the uniform load but the
variation is within 41.00, Therefore we use *average load” to conclude the variations. Because of
the difference of applied load, the readings of CH 5 and CH 14 at both ends which are expected
equal to each other shown difference.

The rest channels in the trugs body show the results which are very near to each other. The
overall behavior of the truss iy very near to the theoretical estimation (see session 3-12 above).



40 The Anaiysis Modei of the Test Specimen

(As-builg
Modei)

Mm(mdd has been established as shown in Figure 4-

1 below. The analysis Program
Multiframe - 3D which based on stiffness matrix caleulation i

S used,

-1 Pinned support o 2

Pigure d-1 As-huilt modes

The assumptions made in the model are;

Plane frame analysis is utilized, We assume that the frame is not deforming laterally.

~ Alljoints are pinned conneetion, except the joint jointing the wings (caniilever) to the truss.
* Thesupports are: pin-jointed,

The ultimte; load of the experiment has been applied in the analysis.

9



e defin shape of the analyzed model is approximately aimilar to the actual vondition. Notio

{he deflection i the Figure 216, the ratio CH 5 CH 6 CH 71860 20 1 and the oxperimental
“:‘ml: i« peatly 62 3: 1 Maoreover, the defleetion of CH 1LY, CH K, ©H 9 and CH 1S are near (o
:a‘h others. Therefore we judge that the model i valid (o vepresont the actual specimen

Figure 4-1 Axial forve diagram

eirele in the

The maximum axial foree occurs at the members which highlighted by the gre
above figure (70.40kN). The second i3 the member 7 which conneoting the cantilever to the
support (34.52kN). Therefore we conclude that, the section used at least have a short strut
capacity Py value of 70.40kN; and at least 34.52kN capacity for an unrestrained length of

1.021m.

Figure 44 Bending moment diagram

The maximum moment from the analysis is 6.788kNm. Therefore the section should have the
least moment resistance of 6, 788kNm

Both the resultant moment and axial force are two times the design values (see session 2.3)

Therefore we can conclude that if the truss able (o resist the expettmental load, it might able ©

rosist the design load at 2 times magnitude

20
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60 conclusion and Future Research

g Conclusions

gome facts have been proved in this project, there are:

. Allthe analysis models are valid to represent the actual behavior of the truss,

5 The loading condition in the test is worse than the designed condition, Therefore if the
truss able to resist the test condition, it should be more than enough 1o resist the design
condition.

3. The truss is able to resist a loading of 16.8kN at each loaded point (total load 67.2kNj) in
the test condition. It is two times more than the design load. Therefore it could be
concluded that the capacity of truss is very safe to be implemented.

4. There are no visible failure observed during the yielding of the truss, therefore the
components are expected have a ductile behavior. The ductile behavior is favorable in
term of safety since it delays the significant collapse of the structure.

5. The failure of the truss happened at the connections and it was signed by shear failure of

the screws.

From all stated facts above, we conclude that the truss is having the adequate strength to
resist the design loads, and it is safe to be implemented in the intended uses.

5.2 Future Research

The failure of the truss happened suddenly at the connections by the failure of the screws

caused by shear. Therefore future research on the connection behaviors of the truss using

cold - formed sections is needed in order to analyze:

L. The behavior of thin cold-formed webs acted like the blades that can cut off the screws
on shear acts and can cause sudden failure of the truss.

2. The effect of ex-centricity to the connections that can create
serews which could stimulate the failure of the connections.

tortional moment to the
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