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Structural Steel

++Cold Formed &Hollow
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+*Hollow Structural Steel
(nan. 107-2533) él}

Pipe Rectangular Tube
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Square Tube




*»»Cold Formed Structural Steel

(Nan. 1228-2549)

Light Lip Channel Light Angle
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Increase in Fy

Strain aging
Strain aging

Stress

Ductility after
strain aging

Strain
hardening

—p Strain

Ductility after strain
E: hardening 3

Virgin ductility

G550 => F, =550 Mpa(N/mm?) or ~ 5,500 ksc.
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Residential Framing, C-section
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Steel Floor and Roof Deck

OFING & WALL CLADDING SYSTEM

TRIMDEK 760 ® -MOST POPULAR PROFILE

- PIERCE FIXED SYSTEM
-ECONOMICAL

HR29 ® - STRONG TRAPEZOIDAL RIBS
- PIERCE FIXED SYSTEM

-ECONOMICAL

KLIPLOK 700 ® - CONCEALED FIX SYSTEM (BOLTLESS)
- GUARANTEED AGAINST LEAKS

-LOW PITCH

ULTIMA HIRIB ® - CONCEALED FIX SYSTEM (BOLTLESS)
- WIDE-COVER / HIGH RIB

- HIGH DRAINAGE CAPACITY

- WIDER COVER PROFILE
®
TRIMMAX - PIERCE FIXED SYSTEM
- ECONOMICAL
PANEL RIB ® -WALL & CEALING SYSTEM
- EXTERIOR AND INTERIOR USE

- STRONG BUT FLEXIBILITY
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2D Frame with Purlins

18




Purlin and Cleat
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Steel Framed House
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Stud Walls
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Space Frame System




A 2-story steel-framed
house being built in
Phuket

Over 1000 m? usable
area

Nearly 20 tons of light-
gauge steel

The BIGGEST one ever
been built in THIALAND







A hybrid steel-framed office
built in MTP

Nearly 350 m? usable area
Nearly 10 tons of light-gauge
steel

Metal-sheets cladding
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History of Cold-Formed Steel Specifications

AISI specification -1946 I

Modification of BS to include Cold formed steel -1961 I

\

Australian cold formed steel standard AS 1538-1974 I

Australian standard for cold formed steel AS 4600-1996 I

North American Specification for design of cold formed steel structures -2016 l

Australian Standard for cold formed steel structures AS 4600-2005 l
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. Cold-Formed Steel Behavior

Local Buckling:
Small buckle in the flange and /or web of the

Purlin. This reduces the amount of steel that can

carry the load and thus reduction in Section Capacity.

Local buckle
Providing restraints will not increase capacity
Flexural Torsional Buckling: —
The whole member buckles laterally between point of '," -
Restraints. In this situation it is possible to increase /
M i
The capacity by increasing the number of restraints and Flemarsh-woriona bucide

/or reducing the distance between the restraints

Distortional buckling

The lip of the purlin buckles which dramatically

Reduces the member capacity




Modes of Buckling

E 900 I T TTUVITT E M T TTTTIT I T TTTI

e 8001

= Top flange in compression '\} =il

.DEQ bottom flange in tension Lateral distortional

2 700 |~ buckle (tension —

2 flange restraint)

5 600 |~ L} aa)

)

e 500 ~

"

i /

§ 400 / =

g /!

u -

\g. 300 < 'q’l =

q B Liail F-'_Iange_ ﬁ Flexural-torsional

200

¢] buckle distortional buckle

g buckle

A (Lateral buckle)

% 100 ] ] Lo =)

“ 0 Lt L LIl I L L Ll L L1 1Ll Column - Section 2
10 100 1000 10000 100000

Buckle Half-Wavelength (mm)

Fig. 3.12 Channel Section Purlin Buckling Stress versus
Half-Wavelength for Major Axis Bending

1 .Local Buckling

2 .Distortional buckling

3 .Flexural Torsional Buckling

Fig. 3.13 Flange Distortional Buckle of Z-Section Purlin
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Other standards in cold formed steel Design

Chinese standards —GB 50018

Eurocode — 3

OTHER AISI STANDARDS

AISI S240-15 — North American Standard for Cold-Formed Steel
Structural Framing

AISI S400-15 — North American Standard for Seismic Design of
Cold-Formed Steel Structural Systems
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Design Method

1. 35aMNUNINUIZENTNA Effective Width Method
Lﬂu"iﬁ'ﬁmm’muﬂmﬂuwummaam':?aaﬂLLmJ
187 1024-53 (2016 Specification NazL LAl
dwrmwliaglu Appendix 1)

2. 351EHa9lasasd Direct Strength Design Method 411
A5lnanana 130 Appendix 1 AISI 2007 33%aaslEns
AWATIZHNLININ Elastic Buckling Analysis

v & A =
(2016 Specification Iiduniadonnitsluanamgiu uas
UanNIBN13IRN Elastic Buckling Stress Tu Appendix 2)
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Effective Width Design Method
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Boundary ; Buckling Half -
Case Conditions Loading | ¢efficient (k) | Wavelength
5.5 Uniform
L - S S =S Compression o
2 putiin Unilomy 6.97 0.66w
Built-in Compression ' '
3 §S 8.5 S S Uniform L=o
Pree Compression 0.675 L=2w
Built-i -
4 ss T Uniform 1.247 1.636w
- Free Compression
s | ¥ 55 - }%7/ Bfﬂ“&‘fﬂg 23.9 0.7w
5.5
S Bending
6 \E S.S S.S 7 + .81 W
S.S Compression
Bending
7 \Es.s ree s.s? + 037 s
g8 Compression
vn——
55 Pure 835 L=c
8 JS‘S S S‘SP Shear 9,35 Loy
_

L = Plate length, w = Plate width

Plate buckling coefficients.




The plate
element will
continue to
carry load to
40% of the
Longitudinal stresses initial elastic
value for a
square
stiffened
element

(i) Stiffened element (ii) Unstiffened element

(a)

Longitudinal stresses
at ends

(1) Stiffened element (ii) Unstiffened element

(b)

Postbuckled plates: (a) deformations; (b) stresses.
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Actual / Effective Effective
¢ i / ; Actual
max M o / max
N Lt >
AN S \ \‘f/
Supported Y Free
edge edge
b/2 | b/2
- P
W w
(a) (b)

Effective stress distributions: (a) stiffened element;
(b) unstiffened element.




AlS| B2 Effective Widths of Stiffened Elements
B2.3 Web and other Stiffened Elements under
Stress Gradient

t, (Tension) —

Effective Elements and Stress
on Effective Elements

: L1
(a) Webs under Stress Gradient (b) Other Stiffened Elements under Stress Gradient

Figure B2.3-1 Webs and Other Stiffened Elements under Stress Gradient & Effective Wldth design method
< B’ >

- ;
A" 3
4




Finite Strip Method

I 1 B IEH]] [ R 0 1 FITTT

2 120 _ -
g Top flange in compression
5 bottom flange in tension Lateral distortional
'% 100 buckle (tension -
- flange restraint)
- o]
g —
g 80
=
E !
e 4
g 60 & -
=~ -
a. 0 i
40
g Flange / D Flexural-torsional
o {;oc;:ll distortional buckle
8 A buckle (Lateral buckle)
g — ==
“ 0 I I R L il N T I A
0.4 4 40 400 4000
Buckle Half-Wavelength (in.)
[
Local Distortional Flexural-torsional
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76 mm.
A |

» R =50 mm.

|
|
203 mm. L

&i i] 315.5 mm.

m.

_ Ly  3649/.21/
—{

|
|
~ let = 1.5 mm.

\H
Round 1 Round 2
yt0 = 101.5000 yt0 = 111.5535
ytl = 111.5535 ytl = 114.9535
diff = 10.0535 diff = 3.4000

tolerance = 0.001
y bar = 111.553

Ie = 2977091.959

tolerance = 0.001

y bar = 114.953

Ie = 2863398.294

Round 3 Round 4
yt0 = 114.9535 ytO = 115.9598
ytl = 115.9598 ytl = 116.2445
diff = 1.0063 diff = 0.2847

tolerance = 0.001
y bar = 115.960

le = 2834250.879

tolerance = 0.001
y bar = 116.244

le = 2826388.404

= 115.598 mm. NNVBL U




tolerance = 0.001

y bar = 116.324

le = 2824224.159

Round 5 Round 6
yt0 = 116.2445 yt0 = 116.3240
ytl = 116.3240 ytl = 116.3461
diff = 0.0795 diff = 0.0221

tolerance = 0.001
y bar = 116.346

Ie = 2823624.684

Round 7

Round 8

yt0 = 116.3461
ytl = 116.3522
diff = 0.0061

tolerance = 0.001
y bar = 116.352

e = 2823458.337

yt0 = 116.3522
ytl = 116.3539
diff = 0.0017

tolerance = 0.001
y bar = 116.354

le = 2823412.155

Buckling Modes of Thin-Walled Members in
Compression and Bending

Finite Strip Method

/ //<\>

I

v=103

Strip end conditions (Z=0, L)

Applied No displacements in X, Y directions
stress Free in Z direction

S

2l
.-I'
t=0.125in

E= 29,500 kst

Length for analysis

equals buckle
half-wavelength




ip Method

te Str

iNni

F

cement

displacements
a

of plate
1

iffener

Membrane disp
of edge st

Cubic polynomial
transversely
inear

L

Sine curves

Flange distortional buckle of Z-section purlin.




V.

Distortional Bué'l;Iing of complex channel section

Buckling Load (kips)

200

100

40

20

10

Finite Strip Method

Buckle Half-Wavelength (in.)

i / -
= Load point
- at centroid
/
e l%—-——bx
| | | |
2 8 20 40 80 200




Buckling Load (kips)

Finite Strip Method

200

T TITI

100

40

| [ | [
Mode 2 l

P

Flexural and

Designer must
| Account for both

Torsional-Flexural

Buckle Half-Wavelength (in.)

28 — -]
= -t Modes
s [ | 71 As well as
Load point .
B in line with the |Oca|
. ¥ flange tips =
ne _| Buckling mode
Centroid %
2 1 | | E |
2 4 8 20 40 80 200
Buckle Half-Wavelength (in.)
Finite Strip Method
= i 1 & UEHI [ RRL 14 0 K4 o a kT LT
2 120 _ _ =)
g Top flange in compression
o5 bottom flange in tension Lateral distortional
% 100 buckle (tension -
= flange restraint)
- o]
&
o 80 <4
e
= ,
e P _
g ooF /
s 4t [~ =] A
o) Eodil Flange Flexural-torsional
O b OC& distortional buckle
k= = e buckle (Lateral buckle)
" 0 O Y % 3 34 | T O
0.4 4 40 400 4000




Purlin and Girt

21

21

Positive Moment
~0.8 +Mmax

Moment
(kgf-m)

Design Moment
~0.8 Mmax

—

Mmax

DIMENSIONS & PROPERTIES OF ZEDS & CEES

Dimensions of Zeds & Cees
Zeds Cees
Mass per

Catalogue t D unit length E F L B L

number mim mim kg/m mm mim mim mm mm
ZICI0010 10 102 1.78 g3 49 125 51 125
ZICI0012 12 102 210 53 49 125 51 125
ZICI001S 15 102 262 g3 49 135 51 135
ZICI0019 19 102 329 53 49 145 51 145
ZICI5012 12 152 289 45 6l 155 &4 145
ZICI5015 15 152 3.59 &5 6l 165 &4 |55
ZICI5019 (] 152 451 65 6l 175 4 165
ZICI5024 24 152 570 a6 60 195 &4 185
ZIC20015 15 203 449 79 74 150 76 155
ZIC20019 19 203 574 79 74 I1BS 76 19.0
ZIC20024 24 203 7.24 79 73 215 76 21.0
ZIC25019 (] 254 6,50 79 74 180 76 185
ZIC25024 24 254 alé 79 73 210 76 205
Z/C30024 24 300 10.07 100 93 270 9 275
Z/C30030 30 300 1276 100 93 310 96 315
Z/C35030 30 350 1523 129 121 300 125 300

N | | -}_'W :
EXAMPLE
(HOW TO READ THE SYMBOL)

Z 20015




PURLIN'S FEED COIL

MOTHER FEED COIL
CIZ 100XX 215 1.2 = 1219 —
/Z 150XX 295 15 G450 1219, 1150 )
- 375 19 G450 860,1150,1235 Gnlvuspon
C/Z 200XX - - o
CIZ 250XX 425 - o =
CIZ 300XX 525
C/Z 350XX 635
CIZ 400XX 694

ZEDS - DIMENSION

Mass per
Catalogue t D unit length E 2 L
number mm mm kg/m mm mm mm
*Z 10010 1.0 102 1.78 53 49 12.5
Z 10012 1.2 102 210 53 49 12.5
Z 10015 1.5 102 2.62 53 49 13.5
Z 10019 18 102 3.29 53 49 14.5
Z 15012 1.2 182 2.89 65 61 15.5
Iy Z 15015 1.5 152 3.59 65 61 16.5
Z 15019 1.9 152 4.51 65 61 17.5
+ Z 15024 2.4 152 5.70 66 60 19.5
-~
.
& Z 20015 1.5 203 4.49 79 74 150
Z 20019 1.9 203 574 79 74 18.5
| o Z 20024 2.4 203 7.24 79 73 21.5
~ Z 25019 1.9 254 6.50 79 74 18.0
Z 25024 2.4 254 8.16 79 73 21.0
Z 30024 2.4 300 10.09 100 93 27.0
_ Z 30030 3.0 300 12.76 100 93 31.0
ak
Y ¥
“Enf'.’::‘“ e i Sl
Flange e
Narrow = - \
Flange . -
et il o '




FEATURES & BENIFITS OF HI-TENSILE PURLIN

* FOR ZEDS SECTION ONLY
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Purlin
Wind Truss Eave
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Z=24m
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D IO OO
i
ONONNONOE:
t
v ) NUGUTIANANT (HIAUADAITUNAT)
Fudiulasaainged
Zone s Zoner Zone ¢
1)) (Purlin) +624 | -1248 | +624 | -1034 | +624 | -1247
AU ANYAHAIAT +697 | -1431 | +697 | -1192 | +697 | -2488
(Roof panel)
AWAUHMHANIN{HEIAIUY | +697 | -1431 | +697 | -1192 | +697 | -2488
i (Roof panel fastener)

1 -'—':. En 1 1 ) En En c:. c:. )
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100 100

3 1 =7 4 1 1
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A29819519N15 AU

umilnussnnaei = 0.15 kPa, vinwiinussnnas = 0.30 kPa, usvanandu = 1.20 kPa

bytetetetotototototototototototitotetety

sepgsevIvudéa 1.5 m.

b —le— s¥BEVIVVAIWLAD 1.2 m. duuiasiaasadiiimin

725024 Y 725019 T 725019 T 725024

= R s st -
I

| 10 m 10 m 10 m | 10 m
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a. UHURAIIMEANUdVoIMIHUFIlEmas Tageno1nTen5 s k=0
kN-mm/rad./mm
a A 9 Y 1 Aa oA 1 9 9
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F. MEMBERS IN FLEXURE

This chapter addresses members subjected to bending about one principal axis, or Z-section
members about centroidal axis passing through or perpendicular to the web. In addition, the
member is loaded in a plane parallel to the axis that passes through the shear center, or is
restrained against twisting.

This chapter is organized as follows:
F1 General Requirements
F2 Yielding and Global (Lateral-Torsional Buckling) Buckling
F3 Local Buckling Interacting with Yielding and Global Buckling
F4 Distortional Buckling
F5 Stiffeners
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Figure C-F1-1 Local and Distortional Direct Strength Curves
for a Beam Braced Against Lateral-Torsional Buckling (M = My)
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Figure C-F1-2 Direct Strength Method for Laterally Braced Beams
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M, = SF, = (75,750)(450) = 34,087,500 N-mm.
M_, = SF_, = (75,750)(464) = 35,148,000 N-mm.
M
y
Ay =
d Mcrd
34,087,500
= = 0.985
35,148,000

For Ay < 0.673 M, = M, =34,087,500 N-mm.

For &y > 0.673

M M
M, = (1-0.22 |5y [=d v
My My °

35,148,000 |35,148,000
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Z25024 Bending Elastic Buckling Curve
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Direct Strength Method

A Tuwuanm Iaainnsiia Taems Inaenzuuudeg

M, = SF, = (75,750)(450) = 34,087,500 N-mm.

M_, = SF_, = (75,750)(466.86) = 35,364,645 N-mm.
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For Xd < 0.673 M, = My = 34,087,500 N-mm.

For &y > 0.673
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M, = (1-0.22 |5y [=d v
My My °
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Compared to 16,096.5 N-m from Analytical Method
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16.2 Member Strength: Specific Cross-Sections and System Connectivity

16.2.1 Flexural Members Having One Flange Through-Fastened to Deck or Sheathing

This section shall not apply to a continuous beam for the region between inflection

points adjacent to a support or to a cantilever beam.

The nominal flexural strength [resistance], My, of a C- or Z-section loaded in a plane
parallel to the web, with the tension flange attached to deck or sheathing and with the
compression flange laterally unbraced, shall be calculated in accordance with Eq. 16.2.1-1.

Consideration of distortional buckling in accordance with Section F4 shall be excluded. The
safety factor and resistance factors given in this section shall be used to determine the
allowable flexural strength or design flexural strength [factored resistance] in accordance with the

applicable design method in Section B3.2.1, B3.2.2, or B3.2.3.
Mp = R Mpso
Qp = 1.67 (ASD)

¢p = 090 (LRED)
= 0.90 (LSD)
where
R = A value obtained from Table 16.2.1-1 for C- or Z-sections

(Eq.16.2.1-1)

Mpnso = Nominal flexural strength with consideration of local buckling only, as

determined from Section F3 with F, = F;, or M, = M,

TABLE 16.2.1-1
C- or Z-Section R Values

Simple Span
Member Depth Range, in. (mm) Profile R
d = 6.5 (165) CorZ 0.70
6.5 (165) <d = 8.5 (216) CorZ 0.65
8.5(216) <d =12 (305) Z 0.50
8.5(216) <d =12 (305) C 0.40
Continuous Span
Profile R
C 0.60
z 0.70




The reduction factor, R, shall be limited to roof and wall systems meeting the following
conditions:

(@) Member depth < 12 in. (305 mm),

(b) Member flanges with edge stitteners,

(c) 60 < depth/thickness <170,

(d) 2.8 < depth/flange width < 5.5,

(e) Flange width = 2.125 in. (54.0 mm),

(t) 16 < flat width/ thickness of flange < 43,

(g) For continuous span systems, the lap length at each interior support in each
direction (distance from center of support to end of lap) is not less than 1.5d,

(h) Member span length is not greater than 33 feet (10 m),

M, = RM,

R= 0.7 d1%5U31a2 Z ununiuasiilo
A lugaavesrindalszd@nsna S, 1 F, = 450 MPa voan1i1dna 225024 fia 66,000 mm?

~ (0.7)(66000)(450)
nlo 1,000

My 20,790

_ — 12449 N-m > 11,640 N-m OK
Oy 1.67

= 20,790 N-m
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