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ABSTRACT

Recently, the cold-formed steel has been considerably adopted in the
construction of steel structures such as buildings, bridges, transmission towers,
and highway products due to the demand of market. Even the thickness of
cold-formed steel is quite thin as compared to the structure-used steel, the
cold-formed steel structure can still take sufficient load-carrying capacity.
Therefore, the development of cold-formed steel structure plays a very
important role in the recent and future construction field. Due to the
environmental concern and lack of construction materials such as lumber, sand,
and gravel, standardized single-story metal buildings have been widely used in
industrial, commercial, and residential applications in U.S. and European. It
can be observed that the utilization of cold-formed steel in the construction area
IS getting popular in Taiwan. Therefore, fully understanding the domestic
conditions about the manufacture and application of cold-formed steel is the
first thing to do. Meanwhile, it is necessary to establish the native
gpecification for the design of cold-formed steel member in the near future.

Due to the advantages such as lightness, high strength and stiffness, and
easy to fabrication and erection, the cold-formed steel has been widely used as
the construction material. Most advanced countries like U.S., Japan, Australia,
and U.K. have studied the cold-formed stedl for decades. However, the
cold-formed stedl is not included in the domestic specification or code relative
to the steel construction in Taiwan, the development of cold-formed steel
design specification is the way to go. The main objective of this project is to
draft the design specification and commentary for cold-formed steel. In order
to promote the native specification for the design of thin-walled structures
(cold-formed steel members), the suggested foreign documents and related
materials will be based on the previous research - "The Investigation of Design
Specification for Cold-Formed Steel Structure”.
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2. 43.1

(b<w)




3. 43.1

" ( )
(Po)
" (ty) ts (4.5-24)
t, =312l /b, (4.5-24)
|5f = ( )
( )
4. wit>60 (be)
E - b_ 0_10(\’_\' _ 60} (4.5-25)
t t t
wit =
b= 431
be =
be ( ) (As)
(Aer)
(1) 60<w/t<90 Ag = 0Ag (4.25-26)
o = (3-2bg/w) — 1/30(1-bg/w)(wi/t) (4.25-27)
(2) wi/t>90 Aq = (bd/W)Ag (4.25-28)
Ag Ag
(19 (4.5-23)




(bo
) (ts)
wit ( )
60
C-45-3
5
bl
[
— 1

C-4.5-3

4.6

4.6.1




(Pr)
(4.6-1) (4.6-2)
Pn = FuyAc (4.6-1)
Po= 7.2 (4.6-2)
( Ae Ab)
e =0.85

Ac = 18t%+As

Ac = 10t*+As

Fuwy = (Fy or Fyg)
Ap = bit+Ag

Ap = bot+Ag

As =

by = 25t[0.0024(L ¢/t)+0.72] < 25t

b, = 12t[0.0044(L ¢/t)+0.83] < 12t

Lg=
t=
(Wity) 1.28(E/Fys)*?
0.37(E/Fy™® Fys ts
(4.6-1)
(4.6-2) (
) (Ap Ao (bs
by) Nguyen  Yu[4.19]
Hsao Yu Gaambog[4.20]
61 (LRFD)
(¢)0.85
4.6.2
6.3 (Vh)
ah [260/(W1)]* 3.0

(Is)

| = 5ht3{n - 0.7(3ﬂ > (ﬂj‘l (4.6-3)
a h 50




A =G [g_ (a/h)? ]YDht 464

h (a/h)+1+(a/h)?

_ 153EK,

= C,<08 (4.6-5)
F,(h/t)®
111 |EK
== = >0.8 4.6-6
" hit|F, ~ (460)
k, =4.00+ 5'342 ah<1.0 (4.6-7)
(alh)
k, =5.34+ 4'002 alh>1.0 (4.6-7)
(alh)
a=
D=10
D=18
D=24
Y =( M )
t hs= 4.2.2
(4.6-3) (4.6-4)

Nguyen  Yu[4.19]




5.1

(LRFD)
( )
( )
5.2
(Tn)
Th=AnFy (5.2-1)
¢ =0.95
An=
Fy = 3.4
Th=
11.3.2
11.3.2
( )
(LRFD) (¢)
1.3 (Bo)
2.5 Rn  Rn
Rm =An (Fy)m (C-3.2-1)
Rh=AnFy (C-3.2-2
Ru/Rn = (Fy)n/Fy (C-3.2-3)

An
(F)m  L1OF,

Rang Galambos  Yu[4.1]
Vm=010 V=005 Vp=0

(Vr coefficient of variation)



Vi =+/V2 +V72 +VZ =011

Vo=0.21 0.95
Bo=25

(B)

24



6.1

@ (b)

(©) (d)

@ (b) (o) 6.2~6.6 (d)
6.2
Mn 6.21 6.22 ~6.24
( 621 )
(Lateral-Torsional Buckling 6.22 )
C yA
( 623 ) C
( 624 )
6.2.1
[ ]
[ ]
op=0.95
dp=0.9
1 ]
Mhn
M,=SFy (6.2-1)
R =
Se= ( Fy




2.[ ]

D —

(2 Fy
(3) A1
(4) 0.35F, ht
) 30
Mn (@1.255F, [ ] (b)
Crey
= =F, E
E=
(1) G
G =3 w o t< A
- V%_/ll
Cy=32 42 A<
C,=1 W= 2
111
A = (6.2-2)
A
1.28
1 = (6.2-3)
§7A
) G
G=1
) G
G=1
Mn
@ —
(b) (©
— 6.6
1 ]
Mn
My




My (

C-6.2-1
C-6.2-1(3)

C-6.2-1(b)

C-6.2-1
@ (b) (©)

(C-6.2-1)
My =S Fy (C-6.2-1)



Se
1)
A
2
solution)
LRFD
1/5
[6.1 6.2]
2. | ]
1970 1980
[6.3-6.5]
1980 AlS|
Mn 1.25My M,
Mn
Cey G
wit C-6.2-2
€ a
(C-6.2.1-2) (C-6.2.1-3)
J‘O' dA=0
[oyda=M,
O Mn

Part 1[6.6] [6.7]

¢an

wit f=Fy

(closed-form

(successive approximation)

P /
2.53 4.05

(partia plastification)

Mn/My
€
[6.3] AlISI
(C-6.2-2)
My
(C-6.2-2)
(C-6.2-3)
1996 AlS



|
| AamAy
e |
Cy = Seu |
|
) o |
! |
! |
' |
%% Y Aq Ay
1.11/JFE 1.28/ JFy/E
T
C-6.2-2 C,
6.2.2
M, = S, e (6.2-4)
S
by =0.9
Sf =
S= Md/S
M:=
1. Me>278M,
Mc= M, (6.2-5)
2. 278M,>M.>056M,
10M
M, 10 ,1 Y (6.2-6)
9 36M,
3. Mc<056M,
Mc:= M, (6.2-7)
My =
= SR (6.2-8)
Me = 1O @




c.. Me (2

Me = CsAaex |J Cs\/ J 2 + rOZ(Gt/Gex)VCTF

C,=+1
CS= '1
o = 7°E
o = =
(KXLX/rX)
7°E

Oy =
[KyLy/ryj

2
ot = ——|GJ+ X EC
A, (K,L,)
A=
125M
Cb =
25M . +3M, +4M; +3M
Mmax =
Ma = 1/ 4
Mg =
Mc= 34
G 1
Co
E=

Cpr =0.6-0.4(M:)

M1
M1 M>

o=

(6.2-9)

(6.2-10)

(6.2-11)

(6.2-12)

(6.2-13)

(6.2-14)

Co 1
(6.2-15)
M2 (m—i)

Crr 1
polar radius of gyration)




rx Iy=

G =

K Ky K= X y
Lx Ly L¢= X y
Xo= X

J= St.Venant

j= %[j x3c|A+jxyzolA}x0
A A

(6.2-16)

radius of gyration)

(6.2-17)
| Z C
U
6.2.3
2 x ) ! yA
1) Me
7?EC,dI v
| . > (6.2-18)
- B 7?ECdI v (6.2-19)
T '
d =
L =
lyc = ( )
( )
1)
6.2.2
I
(C-6.2-4)
2
M, == [E1,G[ 1+ 5 EEW (C-6.2-4)
L GJL
E G Y Cuw
(Warping constant of torsion) J . Venant L
[6.7 6.8]




7€ (1, ) J, [LT
= —+ B —
oo\ 2y 201+ p), 2 \ 7
C-6.2-5
|
7°Ed 4GJ1?
Oy == | e —lu+1, I+ —5—
2L°s,, 7%l Ed
ch Iyc Iyt
lye = Iyt = 1y/2 (C-6.2-5) (C-6.2-6)
(C-6.2-6)
lye 4 | 4G Ed® (C-6.2-6)
7*Edl e
o' =
“ Lzsxc
Co
_ Cr’E
o I_ZSXC
dl,
Co (bending coefficient)

2
C,=175+1.0 M, +0. M, <23
M2 MZ

M1 M
C-6.2-9
AlSI Kirby and Nethercot [6.10]
12.5M ..,

C
® 25M,_ +3M, +4M, +3M,

Mmpax =
Ma = V4
Mg =
Mc = 3/4

(C-6.2-5)

[6.9]

(C-6.2-6)

(C-6.2-7)

(C-6.2-8)

(C-6.2-9)

1996
C-6.2-10

(C-6.2-10)



C-6.2-10

( ) LRFD
C-6.2-3 (C-6.2-9) (C-6.2-10)
25 Cre1.7541.051 0.3 M‘223
. p=T1. Om, 0w, 52

2.0

1.5
Cp
1.0 Cp= 12.5Mpa,
05¢f Ma Mg Mc
(i §3E
] | ] ]
+1.0 +0.5 0 -0.5 -1.0
M,
M>
C-6.2-3 Go
(C-6.2-8) |
(C-6.2-11) (6.2-18)
C,7 Edl
(M, )e = % (C-6.2-11)
(C-6.2-8)
Gpr
(C-6.2-12)  [6.7]
F (LS, /dI
(0) =EFY -2 i = ‘) (C-6.2-12)
9 36| cr’E



10

10
M,) =—M (1- <M C-6.2-13
( cr)l 9 y( 36 (Mcr)e) y ( )
C-6.2-4
I
My
My
C-6.2-4
AlS (C-6.2-8) (C-6.2-11) 1968
1986 (C-6.2-11) (C-6.2-13)
1996 (6.2-9)
(6.2-10)
[6.11 6.12]
( Z )
AlS|
I
1986 AlSl
(M), M,[1 (C-6.2-14)
U A, '
1996 AlS 1980 AIS| I z
( )
0.56My
0.56 My  (10/9) My ( 0) Johnson Parabola (10/9)
[6.13]

My My Johnson



Parabola

Mc/sf

C-6.2-6

[ 1 [

LRFD

C-6.2-5

.

T

-

C-6.2-5

U

(C-6.2-15)

24



C-6.26 U

U AlS|
6.2.3
C z Mn ;
M, = RSF (6.2-20)
o = 09
R = 04 C
= 05 Z
= 06 C
= 07 z
S kK 621
R
1. 29.2 (11.5 )
2.
3. 60 170
4. 28 45
5. 16 43
6. ( )
1.5d
7 10 (33 )
8. 20%
9.
10. 0.48mm (0.019 in)
25.4 mm (1in) 305mm (12 in)
11. 0 152 mm (6in)
12. #12 4.76




12.7mm(0.5in)

mm( 3/16in)
13. stand off
14. 30.5mm (12in)
[6.14-6.19]
R
M=0.08wL?
LaBoube [6.16]
[6.1 6.2] LRFD (C-6.2-20) ¢, =09 Yij
15 16 15
1.17W-0.9D W D
6.2.4
C
Mhn 6.2.2

M, = RSF (6.2-21)

o = 09

R =

Al S|
S F 621
( )
1996 AlIS



6.3

Vi
1 h t<096,/Ek, F,
V, = 0.6F ht

(1)\/ = 1.0

2. 096,[Ek, F,<h t<1415[Ek, F,

V, = 0.64t2 [k F,E

(1)\/ = 0.9

3. h t>1415/Ek, F,
_ mlEkt
" 12(1- #Hh

(1)\/ = 0.9

)
a a/h<1o0
5.34
(a h)?
b. a/h>10
4.0

kv :534+W

k,=4.0+

= 0.905EK > h

(6.3-1)

(6.3-2)

(6.3-3)

(6.3-4)

(6.3-5)

- 14




hit

hit
V, = Az, = AF,/¥3=06Fht (C-6.3-1)
Aw = ht
5 F,/N3
hit
2
Vi =Ate = Kz EA” 5 (C-6.3-2)
12(1— %) (h/t)
TCT =
k, =
E=
,"L =
h=
t=
p=0.3 Vi
V, = 0.905Ek, t/h (C-6.3-3)
hit
V, = 0.64t° [k F,E (C-6.3-4)
LRFD
6.4 -
M, Vy
M. Y (v, Y
( u j +( u J <13 (6.4-1)
¢bM nxo ¢vVn
M, Vu
¢bvn ¢vvn
Mu/(¢anxo)>0'5 Vu/(¢vvn)>07 MU Vu




(6.4-2)

Bleich[6.20]

tension field action

4.5

0.6

fy

b max

C-6.4-1

T

T

+——=13

max

(C-6.4-2)

(C-6.4-1)

diagonal
[6.21]

(C-6.4-2)




1.2

@
A ®
Fay Q n
1.0} oy B D oo
~ 255 C6.4-2
~
~
0.8 o
N
AN A C
A C6.4-1 TN\ 4
T h \
Tmax 0-6 A 1= 120 \
\
o 1 =150
0.4 h
o 3= 200 \
\
it - A alEf s AR REEN T \
0.2 BRF R THER B e 3 St A \
0 T R N R T R R D
0 0.2 0.4 0.6 0.8 1.0
f
fb max
C-6.4-1 ’C/’Cmax fb/fbmax
6.5
P, 6.5-1
dw= 0.75
I dw= 0.8
Z (two-nested Z sections) (6.5-4)
dw= 0.85
h/t 200
6.5-1 R/t 6 R/t 7 NI/t 210
N/h 35
(6.5-1) 1.3




1.h/t<150

2 R/t<4

3. >1.52mm (0.06in.)

4, >4.76mm (3/16in.)

Pn

Pn
|
6.5-1 P,
( )
|
(€N
® (6.51) (6.52) (653)
>1.5h@ @ (6.5-4) (6.5-4) (6.5-5)
® (6.5-6) (6.5-6) (6.5-7)
<1.5h® @ (6.5-8) (6.5-8) (6.5-9)
6.5-1
1 C | (
C )
2
15h
3
15h
4. 15h
5. J—
15h
6.5-1
t%kC,C.C,C, [331- 061 )| [+ 001N/ )| * (65-1)
t%hC,C.C,C, |27 028}/ )| 1+ 0.02(N/ ) - (6.5-2)

N(>60 00N/ lo.71+ 0.015(N/ )




t2F,C, (10.0 +1.25,] “%j

tkC,C,C,C, 538 0.74(1y )| 1+ 0.007(N/ |
N/ > 60 fu+0007(N/
t?F,C, (0.88+ 0.12m)(15.0 +325 [N/ )
t%kC,C.C,C, 244 - 057(/ )| 1+ 0.01(N/ ) *
t2F,C,(0.64+ 0.3]m)(10.0 +1.25/N( J

tkC,C,CC, [771- 2261 )| f1+ 0.0013N/ )|

t?F,C,(0.82+ o.15m)(15.o +3.25 “%)

P, =
C, = 1.22-0.22k
C,=1.06-0.06 R/t < 1.0
Cs = 1.33-0.33k
C.=115-015R/It<10 ( 0.5)
Cs=1.49-053k > 0.6
_ L[t h
Co= 1+ [ﬁj h{ <150
_ h
=12 % > 150
C,= % hit <66.5
S PR hit > 66.5
665 | k
Cg = 098 VL|1 hit <66.5
865 | k
C=69 ( N mm)
0,
Co=0.7 +0.3(Z hit <66.5
0 (90)
F = MPa
h = (mm)

(6.5-3)

(6.5-4)

l0.75+ 0.011(N/ )

(6.5-5)

(6.5-6)

(6.5-7)

(6.5-8)

(6.5-9)

(6.5-10)
(6.5-11)
(6.5-12)
(6.5-13)
(6.5-14)

(6.5-15)

(6.5-16)

(6.5-17)

(6.5-18)

(6.5-19)

(6.5-20)

6 -19




k =894F/E (6.5-21)

m =t/1.91(mm) (6.5-22)
t= (mm)
N = (mm)
N
R=
6= (45°< 6 <90°)
C-6.5-1

() ~N 7
\ I
\ !
\ / ,’
\ / I
\ / "
\ ! \
/ \ .
— , R — ) —— —
7 77 TV
T @ T (b)
C-6.5-1
[6.7]
-
1.
2.
3.
4. ( )
5.
6.
7.
AlS|
[6.22-6.24]
! (1)
3 (4)

C-652 (3 (b

2




1.5

T S B
- A

W I

hRC R Tt b
(a) (b)

L H

: 2
T i

(© (d)

C-6.5-2
@ (b) (©) (d)
( yA )
I (
)
C-6.5-3 (65.1) (652) (6.5.3)
(6.5-4) (6.5-5)
(6.5-6) (6.5-7) (6.5-8) (6.5-9)
[6.24 6.25]
C-6.5-4
C-6.5-3(b)
C-6.5-3(a) Pn (
AlSI )



< 1.5h

<1.5h

A 4

Y

A 4

< 1.5h

A 4

A 4

4

A 4

< 1.5h

< 1.5h

:

< 1.5h

> 1.5h

Jd

1l

> 1.5h

(a)
(b)

6 - 22

6.5-1
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(65-1) (6.5-22)

(ht) (NI (RN (t) (R) (0)
LRFD $=0.75 ¢=0.8 I
(safety index) 3.8
Z
[6.26 6.27]
27% 55%
30% (AISI 1996)
Z
[6.28]
(6.5-4)
6.6 -
1.
P M
1.07(——) +( 4“)<142 (6.6-1)
¢W I:)n ¢b M nx0
(6.6-1)
254mm (10in.)
2.
P M
0.82(— 4“)<1.32 6.6-2
(¢an)+( anxo) ( )
h/t<2.33/,/Fy/E 1< 0.673 6.5 ?.P,
(6.6-2)
(6.6-2)
O = ( 621 )
Ow = ( 65 )
P.=
P.= 65
M u = PU
Mnxo = 6.2.1
W=

t=




A= ( 431
3. Z (two-nested Z sections)

M P

L4 4 <1.68 6.6-3

M. TP ¢ (6.6-3)
¢ =09
My =
Mno=2 6.2.1
P,=
P.=Z

(6.6-3)
1.h/t<150
2.N/t<140
3. Ry, <483 Mpa (70 ksi)
4.R/t<55
1. 2 12.7 mm (0.5 in.)) A307
2. 2 12.7 mm (0.5 in.)

A307
3.
4. 1.3
(6.6-1) (6.6-2) (C-6.6-1) (C-6.6-2) 551
ow=0.75 ¢ =0.8
I 25 33
z (6.6-3) [6.28] 14




o
12 —
o o ©
° o
o
10 o 107 st Miest _ 1 40
Phcomp  Mncomp
o
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Miest
M
ncomp o oL A
A
A
04— O University of Missouri-
Rolla data N
A Cornell University data Ao
@ Ratliff's data 24
02— A @
00 | | | !
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Ptest
Pn comp
C-6.6-1 —_
12—
P M
o 082 3 test - test  _ 430
(o] ncomp n comp
M
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Miest o2
Mn comp % o
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A Cornell University data
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7.1

7.2
(I)CPI']
¢c =0.85
Pr=AeFn (7.2-1)
A Fn Ae 422
0.015
Fn
Ae<15
F, =(0.658" )F, (7.2-2)
A>15
- 0.8277 F, -
/IC
Fy
Ao = (7.2-4)
Fe
Fe= 7.3
7.4
Mux Muy 8.3
KLIr 200 KLIr 300
1) 2) )

©)




(2)

3

Py=Agky
Euler
2
7“El
(Pa)e=" 3
crle (KL)2
(Pcr)e E
L
(Per)e 7°E
(Fcr)e: = 2
Ag (KL/r)
r KL/r
(C-7.2-3) (Fer)e (Fer)
1996 AlS|

F) = FydeY
( cr)l - y( _4(Fcr)e)

For=F,/2 (C-7.2-4)
e (C-7.2-4)

2
(Fo) = @-"2)F,

V(Fe)e Tz VE

(C-7.2-6) A<V 2

(W/t)

Pn=A chr

(C-7.2-1)

(C-7.2-2)

(C-7.2-3)

(C-7.2-4)

(Fer)ex Ry/2

(C-7.2-5)

(C-7.2-6)

(C-7.2-7)



Ag=
Fo=
(4)
(wih)
(C-7.2-7)
(Fer)
(Ae) [7.1 7.2]
Pr=AeFcr (C-7.2-8)
Fer Ae Fer
1996 AlSI [7.1] AISC LRFD [7.3]
r<15 F,=(0.658%)F, (C-7.2-9)
Ac>15 Fn = |:sz7j|Fy (C-7.2-10)
Cc

o de=+/F,IFs Fe
(C-7.2-3)
Pn=AcFn (C-7.2-11)
(5) K
K
KL
(  C721) K=1
K=1
K
1 C-7.2-1 K
[7.4]
K=1.0 [7.5]
K 0.75



C-7.2-2
K 1.0 C-7.2-3

[7.3 7.7]
[7.4]

C-7.2-1

C-7.2-2

K

[7.6]



C-7.2-1 K
(i) ) h
:‘;A{_ ,%7 {'.’.'.E
T B 2
(SRR D | ! \ !
B 5w o KfE 0.5 0.7 2.0
Eﬁ?ﬁ;\géfg%‘ﬁé%éiﬁ 0.65 0.80 1.2 1.0 2.10 2.0
R | EEEE > BEEH
7 HEEIEH > BEIEHH
5.0 — T T ; 1
T ‘ | I |
4.0 — : 1
| | I | |
— g
Wi 3.0 i Bl
(L) oo '
2.0 —
1 "
B
1.0 &-H% i :
. T”‘"
oI~ —r=
1.0 20 3.0 4.0
K
C-7.2-3 K

Torsional Buckling




[7.6]

2
o\ = %{GJ + LCV;} (C-7.2-12)
Arg (KeLy)
A lo G
J S Venant E Cw Kt K¢
C-7.2-10 Ot
Fn 7\‘C

- Torsional-Flexural Buckling

C-1.2-4 -

C-7.2-4 -



[78 79 7.10]

P, = %[(PX +P,)- \/(PX +P,)* - 4ﬂPXPZ} (C-7.2-13)
Fe
1 2
F, = ﬁ[(O-ex +0y)— \/(O'ex + oy ) — 436 ,,0¢ } (C-7.2-14)
X O = T2EN(K L, /1,)? X
Euler o ( (C-7.2-12))
ﬂ =1- (ﬂfolro)2
O Y
(C-7.2-10)
( wit )
wit
Ae
7.3 -
Fe
2
F, = n E > (7.3-1)
(KL/r)
E=
K=
L=
R=
Fe (7.3-1)
(7.3-2)
1
Fe = ﬁ[(gex +0y)— \/(aex + oy )2 — 4500 } (7.3-2)
Fe
E - %1% (7.3-3)
O + O




G == (7.3-4)
> (K X LX / r.X )2
2
o, = %{GJ + X ECV;} 6.2.2 (7.3-5)
Al KL
/B::I-_(Xo/ro)2 (7.3-6)
X
F (731) Fo= oy
(7.2-1)
Y X )
(C-7.2-12) i
(C-7.2-14) (C-7.2-14)
Fo=—7ec (C-7.3-1)
Ut + Uex
[7.11]
1 1 1
Rl (C-7.3-2)
Pn PX z
1. 1,1 (C-73-3)
e O Oy
1.4
Fe
Cu

[7.1 7.10]




8.1

8.2
-Tu M Muy
M
Mo +—7 4 T, <1 (8.2-1)
¢b M nxt ¢b M nyt ¢tTn
M
Mo | Mo To g (8.2-2)
¢b M nx ¢b M ny ¢tTn
Mwx M uy =
Th= ( )
M M ny = )
M nxt I\/Inyt =S I:y
S =
0=090 095 621 ) 090( 622
)
$=0.95
(8.2-1) (8.2-2)
8.3

-Py My I\/luy




C.. M
CoxMu 2 R, <1.0
¢bM nxax ¢bM nyay ¢c I:)n

M
M +—2 4 R <1.0
¢bM nx ¢bM ny ¢c I:)no
P./ Pn<0.15
M UxX M uy Pu < 10

+ + <
¢b M nx ¢b M ny ¢c I:)n

Py
Pn= (
Pno = (
Mnx My =
dpb=0.90  0.95( 6.2.1

dc = 0.85
Iy =

ly =
Ly=Xx
Ly=y
Kx =X

(8.3-1)

(8.3-2)

(8.3-3)

(8.3-4)

(8.3-5)

(8.3-6)

(8.3-7)

M uy
P,L/1000

F=F,)
)
) 090( 622




Ky=y
me Cmy =

Cn=0.85

Cm = 0.6-0.4(M1/M>)

M1 M2

M1/M>

Cm

@ m=

(joint trangdlation)

M1/M,

0.85

(b) Cm=10

AISC LRFD
[8.4]
AISC

[81 82]

[8.3]




9.1

(DIty  0.441E/F,

(imperfection)

Plantema
[9.1]
Plantema FudFy (E/Fy)(t/D)
t D I:ult
AlS - D/t 0.112 E/FRy
0.112 E/F, < D/t < 0.441 E/FR,
(DY)
0.441E/F,
D/t
9.2
(Mn)
D/t <0.070 E/Fy (9.2-1)
Mh=125F &

0.070 E/F, < D/t < 0.319 E/F,




E/F
M_=|0.970+ 0.02 Y |IF.S (9.2-2)
" D/t )| ¥

0.319 E/F, < D/t < 0.441 E/F,,

M, = [0.328E/(D/t)] & (9.2-3)
dp = 0.95
Sf =
1.29
(9.2-1 9.2-3) Sherman[9.2] (shape
factor) 125
( )
(Pn)
Pn=FnAe (9.3-1)
dp = 0.95
Fn
Ae<15
F, = (0658% )F, 9.3-2)
Ae>15
F, = [O'jz 7ij (9.3-3)
A, = oy 9.3-4
“\E (9.3-4)
Fe= ( 73 )
Ae = [1-(1-RH(1-AJA)]A (9.3-5)
R = (F,/2Fo)%° (9.3-6)




Ao= {ﬂ + 0.667}A£ A DI<0441(EIF)  (93-7)
(DF,)/(tE)
A=
(Fe)
(Ae) (9.3-5)

9.4




10.1

(1C I (2C Z
(©)
10.2
10.2.1 I
| C (
(Smax)
1.
chy
= 10.2-1
max 2r| ( O )
L=
n=
ley = C
2.
s L 29 (10.2-2)
6 mq
L=
Ts= ( )
g =
m= C
1) C
wy
= (10.2-3)
2w, +d/3
(2 C

10- 1




w, dt 2
m= 4* {wf d+ ZD(d _4Db ﬂ (10.2-4)

] 3d
Wi = C
Wi
d= C
D=
Iy = C
q= ( -LRFD ) ¢
q
(s)
Ts=Psm/ 29 (10.2-5)
Ps
(Smax)
«y
(2
Ts g
I C
1.
|
(10.2-1) (Smax) C |
C
Sadley (L/r) 2/2[10.1 10.2]
|
(10.2-1) C
f
2.
| (10.2-2)
[10.2] C
C-10.2-1 Q
(Qm) (T (Qm)
(T<9)

10 - 2




Qm=Tg
T=Qm/g
C-10.2-2
= (92 (Smax)
q
l"-]
T, +—d |—
sc.* 9
-y
Te > |
C-10.2-1 C
= I
o I
| | | b "'_
. A
I U 2
g |
=
e
C-10.2-2
C
L/3
L/6 (10.2-2)

) s
Q

(C-10.2-1)
(C-10.2-2)

(C-10.2-2)

Q

10.2.2

10 -




()

1.
2. 1.16t(E/f)°° t fe
3. LAL(E/R)®® (- wit <
0.50(E/F,)*%)  1.33t(E/F)%°(  wit>0.50(E/F,)>) 1 2
12.7 mm (0.5in)
C-10.2-3
(W)
1.67f,
C-10.2-3 e
[10.1 10.2]
o - 7°E
“(KL/r)?
oa=167fc K=06 L=s r=t/(12)°°
K
0.6 0.5( )
[10.1 10.2]
__‘_.-"
] .-___.-' - ___.-""f

C-10.2-3

10.3

10 - 4




10.3.1

Haussler [10.4] Haussler

Winter [10.3]

Pabers[10.5] Lutz

Fisher [10.6] Salmon

Johnson [10.7] Yura[10.8] SSRC[10.9]
10.32C Z
z
1)
2
C Z
1 2
10.3.2.1
6.2.1 C Z
1360
1.C
C 0.05W
W (
0.05wW/
2.7

10 -




D

0.2200%°
n%72d O.90t 0.60

) 13

P =05

0474
n%57d 0'89t 0.33

P =05

3

sing

sing

5 0.224p132 $no
L= -
n%65d 0'83'[ 0.50

(4)

0.053188 013
PL=C; —-sing
f[n%95d107t094

Cy = 0.63
Cy = 0.87
Cy =081

(5) 13

PL =C

Cin = 0.57
Cin=0.48

(6)

0.116p1-32( 018
PL _CmS[ q0.704 {050
p

Cms=1.05
Cms=0.90

gnH}N

0.181p1-15, 025
' —-sinég
n%54d1'1]1 0.29

(10.3-1)

(10.3-2)

(10.3-3)

(10.3-4)

(10.3-5)

(10.3-6)

10- 6




0=2 ()
Np =
W =
P
4 1.1 (10.3-1 10.3-6)
20 (10.3-1 10.3-6) Np 20
wW
Z
Murray  Elhouar [10.10]
(10.3-1) (10.3-6)
Murray  Elhouar 14
10.3.2.2
( ) (P) P
1. P.=15K’ ( 0.5a )
P.=1.0K’ ( 0.3a )
1.4 K’(1-x/q) ( 03a 1.0a )
Z

X =
a=

C
K'=m/d (10.3-7)

m= 10.2.1

d=

Z
K’zlxy/ IX (103'8)

10 - 7




C-10.3-2 C

C-103-1 C

C-10.3-1
C-10.2-2
C
D)
(2)

10 - 8

[10.1]



C-10.3-3

C Winter Lansing McCalley[10.11]
C-10.34 C

1]

o
-~
Il

C-103-3 C

C-10.3-4

(Qm)
P=Qm/d

10.3.3

0.086 E/F,

10- 9



10.4

1041 10.4.3
1.
432
Fn (Ae)
Ae
D 610mm
2 0.5 d 63.5mm
3 114mm
4 (drt) 20
(5) 254mm
2.
104.1 10.4.3
(Ae)
10.4-1
Fy < 345 Mpa
d <152 mm
t<1.91 mm
L <4.88 mm
305 mm 610 mm
) ( Lidly )

10 -

10




[10.12]

1970
()

Yu[10.2]
Simaan  Pekoz [10.14]

Simaan [10.13] Simaan

Davis  Yu[10.15] 16

Green Winter

Cuykendall
102 24

C z
Simaan [10.13]

Pekoz [10.14]

104.1

Mnxo M nyo

d)b =0.95

¢p=0.90
Mxo Mnyo

6.2.2

6.2

10.4.2

10- 11

(10.4-1)




KL

2, = Fe
OCR OCR

D) C

Gcr= O+ Q, (10.4-2)

1

Gcr= ﬁ[(aex +00)- (0 to0f —4ﬂan0'tQ] (10.4-3)
2z

OCR— Gt+6 t (10.4‘4)

GCR:%{(Gex T O +6a) _\/[(O_ex T 0 +6a)2 - 4(Gexo-e‘/ + Gexaa B Gzexy)]}

(10.4-5)
(3 ( )
GcR= Gyt Q, (10.4-6)
OCR = Oex (10.4-7)
°E
Oex = 10.4-8
SR NTS: (104-5)
_ 7Bl
Oexy = TALZ (10.4-9)
°E

= 10.4-10
" L F o

’E
o= = |Gy T ECw (10.4-11)
Ar; L
o= 0,+Q, (10.4-12)
Q = Q,(2-§s) (10.4-13)
S= (mm) 152mm < s< 305mm
s =305mm

10 - 12




Q,= 10.4-1

Q.=Q/A (10.4-14)
L —_—
Q. =(Qa?)r(aar?) (10.4-15)
d =
|xy =
Fn
y y oy
= (n/L)[CiH+(E1d/2)] (10.4-16)
Cl E]_ C1 El
N C
C1= (FiCo)/( oy Fn+6a) (10.4-17)
—_— 2 — —_— —
£ = FollTe Fl0 B, 26D 2B S4B (10.4.19)
(O-Px - I:n)ro (O-tQ - Fn) _(ano)
2z
F[C ~F)-D
= olCe(9e = F) =Dyoey] ! (10.4.19)
(O-ey - Fn +Qa)(o-ex - Fn) T Oey
Ei= (FnEo) / ( cYtQ'Fn) (10.4—20)
©)
C1= (FiCo)/( oe-FitQ,) (10.4-21)
E1 =0
Xo= X ( )
Co E, Do
Co = L/350 ( ) (10.4-22)
Do = L/700 ( ) (10.4-23)
E, = L/(d x10,000) rad (10.4-24)
Fn>0-5Fy GCex Oey Oexy otQ E G E

10 - 13




G E G

E'= 4EF,(F,-Fo)/F,? (10.4-25)
G'= G/(E'/E) (10.4-26)
Q, 7
( ) 10.4-1
104 -1
Q, 4
kN /
9.5mm  15.9mm 107.0 0.008
53.4 0.009
( ) 32.0 0.007
( ) 64.1 0.010
10.4-1
6 S12
12.7mm
Q, 7
C-10.4-1 ( C-104-2)

Simaan[10.13] Simaan
Pekoz[10.14]

10.4 ( ) Pekoz [10.17]
Miller  Pekoz[10.18 10.19]

10 - 14




=
e

{ T

C-104-1

C-10.4-2

10.4.3

10.4.2

Pn =

Mo

Moy

M

(831 (832 (833

M nyo

15

10 -



11.1

[11.1]
1.
( ) (
)
2.
() ( )
2
11.2
4.57 mm 4.57 mm
4.57 mm
(AWS) AWS D1.3
AWSD1.3 11.2-1

AWSCl11 AWSC13

11-1




11.2.1

Y
L T

F _ F F F F

H _ H H H H

Y o _ Y Y Vv

OH B _ OH OH OH

_ F F F F _

_ _ _ H H _

_ _ _ Vv Vv -

_ _ _ OH OH -

(F= H= V= OH= )

( )

Pekoz  McGuire [11.2]
[11.3]

Pekoz  McGuirg[11.2]

(American Welding Society)

() [11.4] AWS

C-11.2-1 C-11.2-6

3.81 mm (0.15in) 1121 11.26
4.57 mm (0.18 in)
( 11.2-3)
3.81 mm
1121
Pn
1
Pn=LtF (11.2-1)
¢ =0.90
2. (11.2-2) (11.2-3)

11-2




Pn= L te 0.6F (11.2-2)
¢ =0.80
Pn=LteFy/+/3 (11.2-3)
¢ =0.90

Pn=
Fxx =
Fy =
L=

fe=

e

11.2.2

3.81 mm
11.2-1  11.2-2 0.711 mm
127mm 2.03mm
9.53 mm
de
9.5mm

11-3




SNELPATT]
2
C-11.2-2
C ) ()
11.2.2.1
Pn
7Z'd2

1.P,= 4‘3 0.75F (11.2-4)

¢ =0.60
2. (dift) <0.815./(E/F,)
P,=2.20t daFy (11.2-5)
¢ =0.60

0.815.,/(E/F,) < (d4t) <1.397./(E/F,)
JEIF,
Pn=0.280| 1+5595 — | tdaFy (11.2-6)
¢ =0.50
(d/t) >1.397./(E/F,)

P,=1.40t d,F, (11.2-7)

¢ =0.50

Pn=

11-4




dy=
d-=(d-t)
ds=(d-21) ( )
de=
=0.7d-1.5t <0.55d (11.2-8)
t= ( )
Fax =
F,=
C-11.2-3 C-11.2-4
€min
P
in=— 11.2-9
€min W ( )
Fu/Fs > 1.08
¢ =0.70
Fu/Fs <1.08
¢ =0.60
PU =
t=
Fy =
C-11.2-5 C-11.2-6
15d 1.0d
[11.2] «y
2
(3) (4)
C-11.2-7
C-11.2-4 )

0.711 mm

11-5




S

d = 0.7d - 1.5t < 0.55d
az d - t

C-11.2-3




C-11.2-6

C-11.2-7
11222
Pn
2
1.P= “je F, (11.2-10)
¢ =0.60
2. FJ/E < 0.00187
FJ/E > 0.00187
Pn = 0.70 td.F, (11.2-12)
o =0.60
€min = d

11-7




Fex > 414 Mpa

Fu <565 Mpa
I:XX FU
11.2.2.1
50%
11.2-11 11.2-12
70%
[11.5 11.6]
(1)
(2
[11.5 11.6]
11.2-11 11.2-12
50%
[11.5 11.6]
i ' TR ax
R 1 ¢ 8 ol
r_ RLJIJ"I._:' "-._.I'"Lx ;'"-._.-" "'l._ll"lk"lL.‘r‘r
il e U
J -
|
C-11.2-8
C-11.2-8
( C1128 )
[11.7]
70%
11.2.3

( C-11.2-9)




2. ()
Pn
2
P {ﬂie + Lde} 0.75Fx (11.2-12)
P, =2.5 t F,(0.25L+0.96d.) (11.2-13)
¢ =0.60
Py=
D=
L=
( L 3d)
da=
da =(d-t)
da =(d-21).
de =
= 0.7d-1.5t
Fo Fx 11.2.2.1 11.2.2.1
( C-11.2-10)
11.2-12
[11.4]
11.2-13

P

[ A

C-11.2-9 -

11-9




C-11.2-10

11.2.4

Pn

L/t<25
P= (1-—0'0:" thFu (11.2-14)
¢ =0.60

L/t>25
P,=0.75tLF, (11.2-15)
¢ =0.55

P=tLF, (11.2-16)
¢ =0.60
t C-11.2-11 C11212 t ¢t

t >3.81mm
Pn=0.75t L Fxx (11.2-17)
¢ =0.60

tw= =0. 707W1 0. 707W2

11-10




Wi Wy = ( C-11.2-11 C-11.2-12) L
w1ty
Fo Fx 11.2.2.1
[11.2] L W1
W2
wi( C-11.2-11)
C-11.2-13

C11212 T

[11.2] 3.81mm

11-11




3.81mm

C-11.2-13
11.25

1 V

2.

3.

Pn

1 ( C-11.2-14)
P.=0.833tLF, (11.2-18)
¢ =0.55

2. ( C-11.2-15~ C-11.2-17d)

D t<ty<2t h L
P.=0.75tLF, (11.2-19)
¢ =0.55
2 tw > 2t h L
P.=1.50tLF, (11.2-20)
¢ =0.55
t> 3. 81 mm

Pn=0.75t L Fxx (11.2-21)
¢ =0.60

Pn=

h=

L=

11-12




= 90 (
C-11.2-17a  C-11.2-17h)
= 5/16R
Vv =1/2R( R>127mm  3/8R)
= 9
0.707w;  0.707w; ( C-11.2-17c
C-11.2-17d)

tw

R=
Wi W= ( C-11.2-17c  C-11.2-17d)
Fo F« 11.2.2.1

(  C-11.2-18)
11.2-21
11.2-21

11.2-17a 11.2-17b 90
AWS D1.1-96[11.8]

11.2-17c 11.2-17d
90 W1

11.2-17¢) (  11.2-17d)

C-11.2-14

11-13




C-11.2-15

C-11.2-16 V

hel

"y

"’—foﬁ":::'f//f > A
tw —

C-11.2-17a (W=R)

11-14



]
™ |'" PRy

for t < ty« 2t

C-11.2-17b (W:=R)

.

tw—"

C-11.2-17c (W>R)

C-11.2-17d (Wi<R)

11-15



~

LTEE Kl L 5
C-11.2-18
11.2.6
Py
Pn= 11.2.2
¢ =0.65
11.2.2
(mm) (mm)
(KN) (kN)
0.25 0.58 2.03 14.81
0.51 2.14 2.29 17.79
0.76 4.45 2.54 22.20
1.02 6.32 2.79 27.00
1.27 7.34 3.17 32.43
1.52 10.14 4.83 45.19
1.78 12.59 6.35 66.72
3.22 mm Recommended Practice
for Resistance Welding Coated Low-Carbon Steel AWSC1.3-70 (  2.1-
) 3.22 mm
Recommended Practice for Resistance Welding Coated Low-Carbon
Steed AWSCL1.1-66( 1.3- )
2.7
N/m? AWSC13-70 21 AWS
Cl11-66 13

11-16




11.10]

AWS C1.3-70

AWS C1.1-66[11.9

11.2.7

11.2.3

11.2.3

CNS 6183

SSC41

CNS 1215
CNS 3506

11.3

4.76 mm

mm

ASTM A194/A194M
ASTM A307 (TypeA)

ASTM A325
ASTM A325M

ASTM A354 (Grade BD)

ASTM A449
ASTM A490
ASTM A490M
ASTM A563
ASTM A563M
ASTM A436
ASTM A436M
ASTM F844
ASTM F959
ASTM F959M

4.76

11-17




11.3-1

11.3-1 ( )
d dy [0
<12.7 d+0.8 d+1.6 (d+0.8)by(d+6.4) |(d+0.8)by(2.5d)
212.7 d+ 16 d+32 (d+0.6)by(d+6.4) |(d+1.6)by(2.5d)
1.
476 mm
4.76 mm
[11.11]
(
4.76 mm)
2.
A325
A490 12.7 mm A449 A354 Grade BD
12.7 mm
3.

11-18




11.3-1 12.7 mm
( ) [11.12 11.13]
12.7 mm 0.794
mm
11.3-1
11.34
11.31
(Pn)
= tek, (11.3-1)
Fu/F¢>1.08
$=0.70
Fu/Fs<1.08
¢ =0.60
P,=
F,=
Fy=
e =
t=
(3d)
15 (1.5d)
e-dy/2 e
dn 11.3-1

11-19




(2d)

(d)
€min (Fu)
Fu/Fy
o=t (C-11.3-1)
F.t
e=
P=
t=
(C-11.3-1) Winter [11.14 11.15] Yu[11.16-11.18]
11.3.2
Pn
1.
P, = (1.0-0.9r+3rd/s)F,A, < FA, (11.3-2)
¢ =0.65
¢ =055
2.
P, = (1.0-r+2.5rd/s)FuAn < FlAL (11.3-3)
¢ =0.65
P,= FyAn (11.3-4)
¢ =0.95
An=
r= r 0.2
0.0
s= ( ) S
d=
t=
FU =
Fy =

11-20




1 4.76

mm 4.76 mm
2. (Pn) (Fo) r
d/s
3. [11.19]
4 ( )
(Pn)
11.3.3
FJ/ Fsy 11.3-2 11.3-3
(Pr) )
11.3-2 11.3-3 ¢ Ph d R t
11.3-2
t (mm) EJE, 0 P
>1.08 0.55 3.33F dt
0.61<t<4.76 <1.08 0.65 3.00F,dt
0.60 3.00F dt
t>4.76
11.3-3
t (mm) EJE, 0 P
>1.08 0.65 3.00F,dt
0.61<t<4.76
>1.08 0.70 2.22F dt
t>4.76

11-21




(Winter[11.14  11.15]  Yu[11.16

Fu/Fy

11.18] Chong

Matlock[11.19]) 11.3-2
11.3-3
11.34
Py
P = AF (11.3-5)
Ab:

F 11. 3‘4 Fn\/ Fnt
) 11.3-4

F 1135 Py
o 11.3-5

11-22




11.3-4

Fnt an
¢ (MPa) o (MPa)
A307 Grade A
6.4 mm<d<12.7 mm 0.75 279 0.65 165
A307 Grade A
d>12.7 mm 310 186
AS25 621 372
A325 621 496
A354 Grade BD
6.4 mm<d<12.7 mm 696 407
A354 Grade BD
6.4 mm<d<12.7 mm 696 621
A449
6.4 mm<d<12.7 mm 558 324
A449
6.4 mm<d<12.7 mm 558 496
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