| ISHN 9768.979.105%.01 1'

PROGRAM BOOK and
ABSTRAC]
/ /

The FUTURE DEVELOPMENT in
STRUCTURAL and CIVIL ENGINEERING
BASED on RESEARCH and

PRACTICAL EXPERIENCE

26 - 27 September 2007

at the

Universitas Pelita Harapan
Lippo Karawaci, Jakarta
INDONESIA

Quganized by

N Universitit Stuttgart

Ciermany




The 15t International Conference of

European Asian
Civil Engineering Forum

The future development in civil engine
practical experience.

26 - 27 September 2007

at the Universitas Pelita Harapan,
Lippo Karawaci, Jakarta
INDONESIA

':/'(;“

versitat Stuttgart Program Book

Germany

Abstract




Group of Structure and L onstruction EACEF-153

& CONCLUSIONS

1t i concluded that semi-continuOuS design of braced frames using TWP section 1s mare economical

compared 1 the conventional simple construchion A weight-saving of up to 20.48% can be achieved

For Gitre Studies, it is Sugg(\g[f‘d t© |n:!ude_ the SCONOMIC aspects of unbraced frame design because
smore adVENTAgES 8Te expected for the use of semi-continuous design method in unbraced frame. Full-
<cale testing can be performad to study the performance of partial strength connections using TWP
o coctions. Further development in the standard design tables for TWP sections using the flush
:ﬂ};m and extended end-plate connections, as well as the use of computer analysis and design
5;-:5&‘5?!:‘31 can be done in order 0 make the new proposed method be more acoeptable in the

constraction industny.
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ABSTRACT: In recent development, Bri Standard BS 0:2000 and Eurocode 3 offer the
opportunity to design steel frames as ‘semi-continuous’ by including the moment resistance of
‘partial strength’ connections in plastic hinge analysis of the frame. Such design method offers
various benefits for braced frames such as shallower and lighter beams, standardized connections
with less complicated geometry, and more robust frames compared to simple construction. It is
also expected to give significant savings in frame weight. This paper presents parametric study
findings on a series of two-bay, four-bay and six-bay braced frames of two-, four-, six- and eight-
storey with span ranging from 6 m to 9 m, by comparing between Hot-rolled (HR) steel beams
designed using simple construction and Trapezoidal Web Profiled (TWP) steel beams designed
using the semi-continuous construction method.  Flush end-plate and extended end-plate
connections were used as partial strength joints whereas for the simple construction, partial depth
flexible end-plate connections were used as pin joints. The semi-continuous design method can
reduce the frame weight between 13.4% and 20.5% compared to simple construction.

KEYWORDS: Multi-storey Frame, Trapezoidal Web Profiled (TWP), Semi-Continuous
Construction.

1. INTRODUCTION

In Malaysia, build-up plate girder is gaining more interest in construction compared to the hot-rolled
sections which are limited in size and quite expensive to produce. Economic design of steel plate
girders require thin web. However, the web must be strong enough to resist shear forces and local
buckling. Besides using stiffeners, one of the innovative ways is to make the web corrugated in shape.
Steel sections with such profile are called trapezoidal web profiled (TWP) section. It is locally
manufactured by TWP Sdn. Bhd. based in Johor, Malaysia (Hussein, 2001).

The design of steel frames for most buildings in Malaysia usually assumed that the bolted connections
between the beam and column elements are either rigid with associated bending moment or “simple”
where the connection resists shear and axial forces only. For buildings higher than three-storeys, some
form of shear wall or bracing systems are assumed to be provided and the structures are designed as
‘non-sway” or braced frames under vertical loads. In such circumstances, the connections need to be
designed to resist shear only. However, many connections, although termed as simple, are in fact
relatively stiff and are able to resist significant moment. There is a transfer of moment from the beams
1o the columns, resulting in a reduction in the maximum beam sagging moment. The method of frame
design that takes into account the moment-rotation characteristics of the connections is known as
semi-rigid or partial strength design.

Efforts have been carried out in the Faculty of Civil Engincering, Universiti Teknologi Malaysia
(UTM) to achieve economie benefits from the use of TWP sections in steel frame design. The Steel
Technology Centre as a centre of excellence is given the task to Sp |
applying advanced steel frame design and to reduce steel weight, wh
and time efficiency in construction..

carhead the research aimed at
ich would leads to cost saving
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3. SEMI-CONTINUOUS CONSTRUCTION USING STANDARDIZED JOINTS
etween the beams and columns is greater

In 2 Semi-CONTINDOUS CONStruchion, the degree of continuity :
than that assumed in simple design, but i Jess than that assumed in continuous design, a3 shown

most economic balance between the
gives (Lawson, 1988 Dimllon,

primary benefits associzted with the w0 traditional design alierns
1999), Conchman (1997) presented 2 method of analysis and design which permits semi-Continuous
hand calculation. The method was only marginally more

braced steel frames 1o be designed by
complex than the simple design, and the connec
inexpensive. Connection forces and moments ©
required.  The use of partial strength connechion

tion details were more straightforward, and therefore
ould be chosen so that column stiffcning is not
leads 1o the reduction in beam depths 2nd beam

weights.
Pin-joint Semi-rigid Juint Rigid Joimt
N, A—""']‘\ ' /J
Sepping —— Hogging
mome moment momeza
Eerooe govern the govern the
o wrc ‘heam size beam size
Figure 2 Comparison of ing M at Simple C son (Pin Joint), Semi-Conti

Construction (Semi-rigid Joint) znd Continvous Constraction (Rigid Joi

Zbib{-;t&ydl;;andu@d?dmd—pmc&x_ﬁgmcsharc, pposed In the dard
ma‘tmvgnchackmgubas:eqonlbemmmmﬁmadinm{l%)‘Thewxma;:ian
important characteristics, that are the stiffness, strength and ductility. F; dgowsm
graph of 2 jon suitzble for semi-continnons construction. e .

Figure 3 Flush End-plate (Left) and Extended End-plate (Right) Joints for TWP
Section
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4, PARAMETRIC STUDY ON THE DESIGN OF BRACED STEEL FRAME,

paramettic study for U design of multi-storey braced frames was carried out, The loadings and frame
layout ar¢ listed in Table I and I‘|gnrc ﬁ‘. ”",“. frames are assumed laterally braced, where no Wm;!
load is taken into the design consideration, The top flange of beams are designed as effectively
restrained against the lateral torsional buckling. Two cases of frame design were identified for the
parametric study:

i) Design in simple construction, using hot-rolled section as beam.

ji)Design in semi-continuous construction, using TWP section as beam.

Table 1 Loadings and Frame Layout

W7 1
Roof: Dead Load, Gy 4,0kN/m” \

Live load, Oy 1.5kN/m” |

Floor: Dead Load, Gy 4,0kN/m’” |

| Live load, O 40kN/m* |

Number of Storey . 2,4, 6 and 8 storcys |

Number of Bay 2,4 and 6 bays |
Storey height:  First Floor 5m

Other Floors 4m R

Bay width 6m and 9m I

Frame’s longitudinal width 6m 1

Bay width Plane frame
‘/‘/, Longinudinal width, 6m

2* Floor onward 4m

- Cll"ﬂoorfm
(=)

s]

o 3

Figure 5 Frame Layout (Left) and Typical Bracing System Against Wind Load (Right)

MZ’;?‘ calculations have been made to track the design steps. An excel design worksheet was later
(2:!;)0] ished to support fuv;r analysis and design. All designs were based on BS5950-1:2000 (BSI,
). The method of semi-continuous braced frames design was based on the work example drawn

by Couchman (1997). Desi iti

/i gn cay of flush end-plate and ded end-plat
based on the methods mentioned in SCI (1995), ; : b
%1?’;’% sirnplc ‘ ion fc "' | the msu.:sl practi ling to BS 5950-1:2000 (BSI,
e ﬁ”; ugh the were designed for shear only, external columns were

) 3 due to an assumed cccentricity in the application of beam end

{ a% 14

;:c‘“’"" Th‘l:,w;g taken as 100 mm from the face of the column, If the bca‘:!r: was not a roof beam,

ww’“""‘cmﬁm ;;; lgwdcd cqually between the columns above and below. Hot-rolled beam sizes were
o G st of Universal Beams (SC1, 2003) to provide adequate resistance and stiffness. All

i Rk :u iuz';.;ed to uniformly distributed load, and the design in simple i

1992y A ::n - The flexible end plate connections were selected to resist the design shears (SCI
AMM: % 10 the code, the following stability check needs to be satisfied in ‘simple’

[/
F'%’,"—Mf—xm
L (0]

)
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3. RESULT AND DISCUSSION
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of multi-storey braced frames insemi-continuous construction using TWP Section

e Gravity Load (kN/m') | Frame Analysis Results Sectlon Designation
' Widih of or | Mool [Moment (KNm TWE Beam Sections Universal Columns Total Steel
. Longitudinal Weight
Lousd Bays LL | DL [ LG | Floor | Roof Floor Roof External | Internal (tonne)
g g 1| 243 162 AS0/150/43,4) 360/125/05.5 [Up to 2nd | 203x203x46|  203x203x46 | 2189
= | Storey
o 2aal vea o] vsmal  7o2(usonnsoianal 360125055 |Upto2nd | 203020346 2032203571 | 4559
2| 243 2| nsy 876 Storey
3| 243 3 720 260 2 - dth 203x203x46|  203x203x46
A4 288 144 Storey
A Bay | 6 o 2aal vea|n| 2eas]  1224[450/150/43.4] 3601125385 [Up to2nd | 203x203x71] 254x254x107 | 7.680
+ I 2| 243 2| 2016] 1008 Storey
L 3| 243 I 792 2 dth 203x203%46 | 203520371
i 1 s 4 6 4 | 4 | 4 | LS |4 243 4| 182 876 Storvy
I 5| 243 5| 720 100 4~ 6th 203x203x46] 203x203x46
ik [ o ans 144 Storey
R
Al 12l vea{t] anna|  tesel4so1somaa| 360128058 [Up tond | 2S4ASEEY 30533083137
i 2| 2 3| amso| o Storey
3| 243 A 2448 1224 2 dth 20332033 71| 25432540107
4| 243 A4 2010] 1008] Storey
5| 243 5| 1584] 702! 4 - oth 2033203340 203520371
6f 243 o 18| 8% Storey
7| 243 9 720 260] 6 - §th 2033203346 201203v46
B 288 144 Lmu
ONESIA - September 26-27", 2007 €297

iy



