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A Study of Specification for Aluminum Structures
—Allowable Stress Design

Student : Chih-Chieh Chu Adviser : Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao-Tung University

ABSTRACT

Foreign countries have complete design specifications and design
cases for the application of aluminum alloy in civil and architectural
structures. However, the research for aluminum structures in Taiwan is
very few and currently-there is no design specification for aluminum
structures. This study aims to investigate the specification of allowable
stress design for aluminum structures. The design specifications of
foreign countries were first reviewed and the design philosophy of the
allowable stress design for aluminum structures used in the United States
was further studied, including tension members, compression members,
flexural members, members subject to bending and axial force, and joints
design. A comparison of the design specification of aluminum structures
and steel structures in Taiwan was made to identify the discrepancy. The
results indicate that the design philosophy of the aluminum structures is
very similar to that of the steel structures, except in part of the design
specification due to the characteristic of the aluminum properties and

cross sections. The aluminum design specification used in the United



States can be referred to for the aluminum design specification

development in Taiwan in the future.

Keywords: aluminum alloy, aluminum structure, allowable stress design
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AP ¥ 5 M0 R P YR F 2 4R & & B4 (Aluminum alloy
structures) » < 544 » md A - TRARDPFTE R 2 FF 0

o

TAPE £t A B R R T P g A

jed AL ARATE G T AR L & B ER A RAEL BT a0k
Bl ~ 7 B EY G RELRFRE D URE LIRS 0 S
FONMGIRE MO 0 ¢ B A TR BEAR S RAR O R &>

S & R MBI T 2 1946 E Wk QT i PR L 0 R

% 30.48 m (Arrien et al. 2001) °

a7 1950 # - Ade £ X A 58 Arvida 7 Saguenay @ P&
TER R - RREEEFE ORAM RE L 10mM i LB
5 88m> i E 5 200,000 Kge > %44 2014-T6 47 & £ 4 & (Das and

Kaufman 2007) » 4cB] 1.1 #75% o



Bl 1.1 Arvida 45 & & h* (Das and Kaufman 2007)
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WerE e R T B PR RS s 445Mt 0 » 2 7 ¢ &< ogr

£ & ¥ & (Mazzolani 2006) » 4] 1.2 22 1.3 #7151 o

] 1.2 “Spruce Goose”[f] 7% 7 R %% £ (Mazzolani 2006)
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F -k FE R S T bR Henf o T f R 2 6t
Mo BV AR S BB S NRILSAEE £V Y FHEST] D I
Az T 2 A LR B RIAN FE LTI T E

R H o H RIS dE L BB BT Rk 21

% 21 454 & 22 4% 1 % P 200 g (Mazzolani 1995)

Stainless
Aluminium Steel steel

Average weight density

(kgm™?) 2700 7850 7900
Melting point (°C) 658 1450-1530 1450
Linear thermal expansion

coefficient (°C~?)- 24 x 1079 12 x 1078 17.3 x 1078
Specific heat (cal g™ %) 0.255 0.12 0.12
Thermal conductivity

(calem~'s~'°C™Y) 0.52 0.062 0.035
Electrical resistivity

(uQ cm) 2.84 15.5 70
Young’s modulus (N mm™2) 68 500 206 000 206 000
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T & 0 4cE 2.1 -

R TR flz R SR S

EE SR ZFS TR RE =3

LL Bé}er}g ~} m

QL E

R

LAl dh 2 "E R4 #1430 1 100 ksi (200 = 700 MPa) -

) 2.1(b)%_C | D 2

Tool steel

0.2% offset

Heat-treated constructional alloy steels;

N\, AS5!4 guenched and tempered alloy steel
— — 0oy =100 ksi

Low alloy, high strength
Ad4(), Add1,AST2

E
/v- F
i Low carbon steel, A36
Steels

005 010 015 020 025 030 035

¢ (in./in)

(a)

B 2.1 () a2 4 —

14

o (ksi)

AR D f ’T:J'_ ¥ oo

i Oy = 100 ksi

s .
100 1

je— 0.2% offset yield strength
80 ¢

I Oy = 50 ksi, low alloy, high-strength
60 | /_
toEF
40 ¢
B ’ D . '

Elasticrange 1™ Strain hardening range

20 /1 Plastic range | to max, tensile strength
L] 1
Slope E [
1 L, . -
0
0005 0010 0.015 0.020 0.025
¢ (infin.)
(b)

ZH )k — &

2 % 7z~ [](Logan 1991)
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RS o RENEH ML £ o B F R 5 10 2 60 ksi (70

3 410 MPa) » &'k 4§ % 20 1 80 ksi (140 % 550 MPa) -

7075, Heat-treated
[
80
A
70 | 0.2% Offset yield stress
2024, Heat-treated
60 1
~ 507 !
¥z f 6061, Heat-treated
=1 ! /—
o 40 1 !
!
30t rf
| Aluminum alloys
20 t I
I
!
104f
! /— 0.002 Offset strain
!
I N . " .

o ‘_é( 0.01 0.02 0.03

€ (in.fin.)

Bl 2.2 48 & £ 2 & A %4 — &% Bl(Logan 1991)
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% 41 % > 4 8(AA 2005)

Building and similar type Bridge and similar type
structures structures
ny, 195 2.20
ny 1.65 1.85
Na 1.20 1.35

% 4.2 ik, (AA 2005)

Non-welded or Regions . . .
Alloy and Temper Farther than 1.0 in. R‘:E?r:;\;v:i“;"v;j;"'
(25 mm) from a Weld
2014-Ts, -T651, -T6510, -T6511 1.05 _
Alclad 2014-T6, -T651 ’

6066-T6, -T6510, -T65M 1.1 -
6070-T6, -T62 1.1 -

All Others Listed in Table 3.3-1 1.0 1.0
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% 43 4FE &2 2T 4 (AA 2005)

ALLOY AND TEMPE P CT THII%?\\';NESS Fu Fy Foy Fu CH:JDMDPUHLEJSSSQIFE
R & RODL inGE ksi ksi  ksi ks ELASTICITY?
) E (ksi)
1100-H12 ( Sheet, Plate, Drawn Tube, ) All 14 11 10 9 10,100
-H14 Rolled Rod & Bar All 16 14 13 10 10,100
2014-Te Sheet 0.040 to 0.249 66 58 59 40 10,900
-T651 Plate 0.250 to 2.000 67 59 58 40 10,900
-T6, T6510, T6511 Extrusions All 60 53 52 35 10,900
-T6, T651 Cold Finished Rod & Bar, All 65 55 53 38 10,900
Drawn Tube
Alclad
2014-T6 Sheet 0.025 to 0.039 63 55 56 38 10,800
-T6 Sheet 0.040 to 0.249 64 57 58 39 10,800
-T651 Plate 0.250 to 0.499 64 57 56 39 10,800
3003-Ht2 Sheet & Plate 0.017 to 2.000 17 12 10 1 10,100
-H14 Sheet & Plate 0.009 to 1.000 20 17 14 12 10,100
-H16 Sheet 0.006 to 0.162 24 21 18 14 10,100
-H18 Sheet 0.006 to 0.128 27 24 20 15 10,100
-H12 Drawn Tube All 17 12 1 1 10,100
-H14 Drawn Tube All 20 17 16 12 10,100
-H16 Drawn Tube All 24 21 19 14 10,100
-H18 Drawn Tube All 27 24 21 15 10,100
Alclad
3003-H12 Sheet & Plate 0.017 to 2.000 16 1 9 10 10,100
-H14 Sheet & Plate 0.009 to 1.000 19 16 13 12 10,100
-H16 Sheet 0.006 to 0.162 23 20 17 14 10,100
-H18 Sheet 0.006 to 0.128 26 23 19 15 10,100
-H14 Drawn Tube 0.025 to 0.259 19 16 15 12 10,100
-H18 Drawn Tube 0.010 to 0.500 26 23 20 15 10,100
3004-H32 Sheet & Plate 0.017 to 2.000 28 21 18 17 10,100
-H34 Sheet & Plate 0.009 to 1.000 32 25 22 19 10,100
-H36 Sheet 0.006 to 0.162 35 28 25 20 10,100
-H38 Sheet 0.006 to 0.128 38 31 29 21 10,100
-H34 Drawn Tube 0.018 to 0.450 32 25 24 19 10,100
-H36 Drawn Tube 0.018 to 0.450 35 28 27 20 10,100
Alclad
3004-H32 Sheet 0.017 to 0.249 27 20 17 16 10,100
-H34 Sheet 0.009 to 0.249 31 24 21 18 10,100
-H36 Sheet 0.006 to 0,162 34 27 24 19 10,100
-H38 Sheet 0.006 to 0.128 37 30 28 21 10,100
-H131, H241, H341 Sheet 0.024 to 0.050 31 26 22 18 10,100
-H151, H261, H361 Sheet 0.024 to 0.050 34 30 28 19 10,100
3005-H25 Sheet 0.013 to 0.050 26 22 20 15 10,100
-H28 Sheet 0.006 to 0.080 K] 27 25 17 10,100
3105-H25 Sheet 0.013 to 0.080 23 19 17 14 10,100
5005-H12 Sheet & Plate 0.017 to 2.000 18 14 13 1 10,100
-H14 Sheet & Plate 0.009 to 1.000 21 17 15 12 10,100
-H16 Sheet 0.006 to 0.162 24 20 18 14 10,100
-H32 Sheet & Plate 0.017 to 2.000 17 12 " 1 10,100
-H34 Sheet & Plate 0.009 to 1.000 20 15 14 12 10,100
-H36 Sheet 0.006 to 0.162 23 18 16 13 10,100
5050-H32 Sheet 0.017 to 2.000 2 16 14 14 10,100
-H34 Sheet 0.009 to 0.249 25 20 18 15 10,100
-H32 Cold Fin. Rod & Bar Al 2 16 15 13 10,100
Drawn Tube
-H34 Cold Fin. Rod & Bar All 25 20 19 15 10,100
Drawn Tube
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% 43 gpE 2 BT 4 (AA2005) (.

%)

.
ALLOY ANRTENPER PRADUG g ksi  ksi  ksi ksi  ELASTICITY:
mn. ¥
E (ksi)
5052-0 Sheet & Plate 0.006 to 3.000 25 9.5 95 16 10,200
-H32 Sheet & Plate All 31 23 21 19 10,200
-H34 Cold Fin. Rod & Bar All 34 26 24 20 10,200
-H36 Drawn Tube )
Sheet 0.006 to 0.162 37 29 26 22 10,200
5083-0 Extrusions up thru 5.000 39 16 16 24 10,400
-H111 Extrusions up thru 0.500 40 24 21 24 10,400
-H111 Extrusions 0.501 to 5.000 40 24 21 23 10,400
-0 Sheet & Plate 0.051 to 1.500 40 18 18 25 10,400
-H116 Sheet & Plate 0.188 to 1.500 44 31 26 26 10,400
-H32, H321 Sheet & Plate 0.188 to 1.500 44 31 26 26 10,400
-H116 Plate 1.501 to 3.000 a1 29 24 24 10,400
-H32, H321 Plate 1.501 to 3.000 41 29 24 24 10,400
5086-O Extrusions up thru 5.000 35 14 14 21 10,400
-H111 Extrusions up thru 0.500 36 21 18 21 10,400
-H111 Extrusions 0.501 to 5.000 36 21 18 21 10,400
-0 Sheet & Plate 0.020 fo 2.000 35 14 14 21 10,400
-H112 Plate 0.025 to 0.499 36 18 17 22 10,400
-H112 Piate 0.500 to 1.000 35 16 16 21 10,400
-H112 Plate 1.001 to 2.000 35 14 15 21 10,400
-H116 Plate 2.001 to 3.000 34 14 15 21 10,400
-H112 Sheet & Plate All 40 28 26 24 10,400
-H32 Sheet & Plate All 40 28 26 24 10,400
Drawn Tube
-H34 Sheet & Plate All 44 34 32 26 10,400
Drawn Tube
5154-H38 Sheet 0.006 to 0.128 45 35 33 24 10,300
5454-0 Extrusions up thru 5.000 31 12 12 19 10,400
-H111 Extrusions up thru 0.500 33 19 16 20 10,400
-H111 Extrusions 0.501 to 5.000 33 19 16 19 10,400
-H112 Extrusions up thru 5.000 31 12 13 19 10,400
-0 Sheet & Plate 0.020 to 3.000 31 12 12 19 10,400
-H32 Sheet & Plate 0.020 to 2.000 36 26 24 21 10,400
-H34 Sheet & Plate 0.020 to 1.000 39 29 27 23 10,400
5456-0 Sheet & Plate 0.051 to 1.500 42 19 19 26 10,400
-H116 Sheet & Plate 0.188 to 1.250 46 33 27 27 10,400
-H32, H321 Sheet & Plate 0.188 to 1.250 46 33 27 27 10,400
-H116 Plate 1.251 to 1.500 44 3N 25 25 10,400
-H32, H321 Plate 1.251 to 1.500 44 3 25 25 10,400
-H116 Plate 1.501 fo 3.000 41 29 25 25 10,400
-H32, H321 Plate 1.501 to 3.000 41 29 25 25 10,400
6005-T5 Extrusions up thru 1.000 38 35 35 24 10,100
6061-T6, T651 Sheet & Plate 0.010 1o 4.000 42 35 35 27 10,100
-T6, T6510, T6511 Extrusions All 38 35 35 24 10,100
-T6, T651 Cold Fin. Rod & Bar up thru 8.000 42 35 35 25 10,100
-Té Drawn Tube 0.025 to 0.500 42 35 35 27 10,100
-T6 Pipe All 38 35 35 24 10,100
6063-T5, Extrusions up thru 0.500 22 16 16 13 10,100
-T52 Extrusions up thru 1.000 22 16 16 13 10,100
-T5 Extrusions 0.500 to 1.000 21 15 15 12 10,100
-T6 Extrusions & Pipe All 30 25 25 19 10,100
6066-T6, T6510, T6511 Extrusions All 50 45 45 27 10,100
6070-T6, T62 Extrusions up thru 2.999 48 45 45 29 10,100
6105-T5 Extrusions up thru 0.500 38 35 35 24 10,100
6351-T5 Extrusions up thru 1.000 38 35 35 24 10,100
6351-T6 Extrusions up thru 0.750 42 37 37 27 10,100
6463-T6 Extrusions up thru 0.500 30 25 25 19 10,100
7005-T53 Extrusions up thru 0.750 50 44 43 28 10,500

1. F,, and F,, are minimum specified vaiues (except F,, for 1100-H12, H14 Cold Finished Rod and Bar and Drawn Tube, Alclad 3003-H18 Sheet and
5050-H32, H34 Cold Finished Rod and Bar which are minimum expected values); other strength properties are corresponding minimum expected

values.

2. Typical values. For deflection calculations an average modulus of elasticity is used; this is 100 ksi lower than values in this colurnn.
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413 EREEPHEHLFE 0

4Bl 41570 4R S £ RS 4Ny B G VAino 138 E 25 1/2i0n>

et % 5 5005-H32 » @ RH FFf 4 o

%in. diameter holes
[ for in. diameter boits

*
13
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w,(=4 g|= I ) >
1
e ____3 "I
14 f ; |
] | |
' : ] {
|
[
! I
s |
1 ' 1

B 4.1 % £ 454 tl(Kissell 2002)
f 4 437 4> 48 L & 5005-H32 2 "% ik3p B 2R U5 B A W] 4
Fy=12 ksi » F,,=17 ksi
1 45 ¢ &£ 2 %0
P RPN
Ag—(Z in)x(4in)=1in

2. 4F & BIEECR A (2750 A S R R
()R8 i (534 - 4 it
Wy =4 in— (5 + = )=3.47 in
2 32
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A =3.47 inx(% in)=0.868 in”
()83 5 i A PR indt

woeain—2t 4 Ly L
" 2 327 ()

=3.191in

A =3.19 inx(% in)=0.797 in

4 (D)) B~ | &7 # A =0.797 in°

3. FEfAGY

F
(1))3& %rm "R tyAg = (12)(1) =7.27 k|pS

n, 165

Q8% 427 Bk =10 %

Fo A [ @7)(0.797)

T T
(kng)  (1)(.95)

=6.95 kips

4 (1)) w7 @ FFf 4 5 6.95kKips
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FRGESHARFY 0 S S, L e s A B

4

K LSRN R AL 2 R 2 A R B Bt ]

ETTRS

'%"Slfli}" ’ E]'Jéfﬁ?."’}la H Lﬁ,’,:ui\a‘é‘i 5;“‘3’)@;4 Z_ ‘Ei%i”f&'] éi?;ﬁ:}fﬁ;

F.=—" (4-1)

26
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Yielding

\ _ Inelastic buckling

et

Elastic buckling

Allowable stress

v

S S; Slenderness ratio (kL/r)
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F=—"7=_ (4-2)

AT 2R KR 4 P o d Y BEuler 23V b Rl P 0 Fl

T

FOEFAREDN T B 2 Ao I WRT G e 47 2L
Bod %o BEHEAMBL A S PR T RN SR L2

F=— 1 (4-3)

HBd oo B Aom 2R A RAP R Y dhe it o D A om 2R
P By B2 A B D2 ARt A Rk R RIS RS R M
FA 2R B AN S E R B R L ER 0 T
FErUROA  mE A R RS X 4 2B P4 Euler

’4} ;\4 o

FRESHRP RGAAIL S SR E £ 4 L0 A8 SUL P EL
EY O~H\T1~T2~T3~T4Ep?;;—ﬁpf’TS\TG\T7\T8\T9 EJ&TT?
B SRR RETAL DR -REA R FB D5 F o

dod 458 46 “ o
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% 45 &R P55 5 OCH-T1-T2-T3-T4 2

e hy ¥ #c 2 (AA 2005)

or Bending

Intercept Intercept i
Type of Member and Stress ksi MPa Slope Intersection
Compression in Columns _ Fuy )m] = [ ( ‘F )m] _&(GBC]W =£‘ﬁ
and Beam Flanges B.=F, [] *17000 B.=Fqy |1+ 6900 Be= 201\ E Ce 3D,
Axial Compression _ (Fcy)m} - (Fo)" 5, (63 )”2 2B
in Flat Elements By=Fy |1+ 7.6 By = B 14 14.5 D,= 20\ E 73D,
Axial Compression _ (F. cy)”sl _ [ (Fe y)us’ - _& (Er_ )”3 *
in Curved Elements B"ny[l T Bi=Fq|1+ 8.5 D"3.7 E G
Bending Compression " (F. cy)ml [ (Foy)™ _By (6_%,_.—)”2 _28B,
in Flat Eloments By 135y [1 #r =135, |1+ 37 [ D»=20\E Cw=3p,,
Bending Compression _ (F y)ml _ [ (Fy)"° _Bw ﬁ}m _( )
in Curved Elements By=15F, |1+ 58 Bg= 158y 1+ 8.5 D, = 27\VE Co D,-D
Shear B = Fry 1 (FryNé-)m B = Fry 14 (Ftv"‘ﬁ)ml D. = & 63:)”2 _‘Z_Bii
in Flat Elements =51t T 62 L Y 11.8 *T20\E *7 3D,
Ultimate Strength of Flat
Elements in Compression k; =0.50, =2.04

*C, shall be determined using a plot of curves of limit state stress based on elastic and inelastic buckling or by trial and error solution.

* 4.6 K P 5LMFLS TO-T6-T7~T8-T9 2

B ¥ B (AA 2005)

Type of Member and Stress lmir:iept Im;’::p’ Slope Intersection
Compression in Columns _ F; 4 = 2 B, (B, 12 B,
and Beam Flanges BC_FWI1+{2250) B.=F 1+ 155':;0 ‘Dc:m(F] C'l-=0-413r
Axial Compression _ (Fy)® (Fo)? B, [B,\1? B
in Flat Elements BP'"F"?[I * 1.4 B,=F,|1+ 217.7 Dp=1_6(fp] Cp=0.413':
Axial Compression _ (Fe)® (Fo)'® B, (B\""®
in Curved Elements B,=F, [ 8.7 Bl [l SR (E) &

Bending Compression (Fs)° (Fa)? B,, (6B,,\'"? 2B,,
in Flat Elements By = 1.3F, 7 By=13F, {1+ 1§.3 Dy = 76‘( Eb ) = 3D:,
Bending Compression F)5 y]”s By (Bp\"® B,- B}
in Curved Elements By =15F, [1 8.7 B, =1.5F,(1+ 2.8 Dy = ﬁ (_E&] Co= (I_)iTﬁ,)
shou A ) I P N LYY A T B
in Flat Elements T"’ ~— 93 B-f:E 1+ 177 Dszl—(f) C’=0'4lf)j
Ultimate Strength of Flat
Elements in Compression k; =035, ky =227
Ultimate Strength of Flat

" Elements in Bending ki = 0.50, ky=2.04

|-

*C, shall be determined using a plot of curves of limit state stress based on elastic and inelastic buckling or by trial and error solution,
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247 SEAARILAE S R SR 2 % 3k 4 (AA 2005)

Allowable
Sub- Slenderness Allowable Stress Slenderness Allowable Stress
Tipsotfess TNPEX Mrhenr PEnm Sec. smnds:::;i <s Limit S, S, < Slenderness < S, Limit S, Slenderness = S,
1
Flat elements supported n,F, )
on one edge—columns _EE_ E_I l 8 & b B,~- n;y lip _51pb b _ kB, kayB,E
buckling about a symmetry 1, ra ='—51—lT "—u{ PR t 51D, n(5.1b/t)
axis )
Flat elements supported B - nF,, c
on one edge—columns R . Foy ) 1 _ b b_%r =E
not buckling about a L —I—u 8.1 n, % =51 Dy "‘u{B” S'ID"?} 5.1 n,(5.1b/1)?
symmetry axis \"
b n,F
Flat elements supported = » 9 ﬁ b Bp—% 1 _1.6D b) b_ kB, k.\B,E
COMPRESSION | on both edges I"l i Hy K- Veii= n_{ S { 17 1.6D, n,(1.6b/t)
IN COLUMN . T
ErtE:”sE e':.tli.gr"n Flat elements supported fe2e
on one edge and with 9.1 See Section 3.4.9.1
stiffener on other edge
Flat elements b, b,
supported on both s . ’
edges and with an g 1 ' 9.2 See Section 3.4.9.2
intermediate stiffener
2E
Curved elements R R R. F N T
B— 1 R, Ra 2
supported on both ® (P 10 = R T h, B,-D \/:) LI R, R/t
i (AW i, e B n_,,( T I 16nu{T][1+ 3%
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F 48 ARSI S AL B 3L Ay 4 (AA 2005)

Section Local Buckling Stress, F..
3.4.8and 3.4.15 mE
" (5.1b/1)2
3.4.9 and 3.4.16 mE
(1.6b/t)?
2
3.4.9.1 and 3.4.16.2 (n,Fe)
Fe
m2E
3.4.18 (mh/t)?
mE _
(0.65h/ [0 Y = /2
3.4.19 mE
(0.29h/1)?

33



422 SERHIEE MBI REH R RPL R
%ﬁ#%?@ T RATIR B L RS - L& C P2k
SN Ry S AR B N 2 A BB AT C R T
WhEA 25 05F PP ik lmit o EGEARFR LS &S, 175 %
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Fq

Inelastic buckling range

E——UGOF /

1.67

. 23
F, + o= 026 F,

B |

Elastic buckling range

/

“‘|§

Cc= /2—’;5—
Bl 4.3 4w trdd Ay 5 & v & Bl(McCormac 1992)
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423 FERHXBFEH2ZFEG

FE RS54z FF{ L ¥ra FARE A 112x11.7 > 4] 4.4
ST o i H 5 4cdk o 3T 6061-T6 2 48 & & o %7 1 1 r,=5.07in

r,=1.65in> A=9.92in’> F =35ksi - E=10100 ksi -

7.00

‘ \
R=0.40

- 0.47
A
Y

12.0

B 4.4 48 & EHREAH112x117
1. ) ETHR R H By B 3 s 4

()3 54 ¥ B> S % 46 fifH AR 2w

1/2 1/2
F
B, = Fy|1+] > =35 1+(3—5j =39.37
2250 2250

B, (BC j“z _39.37 ( 39.37 j”z 0046

10l E 10 10100

C, =0.41° —041x 3937 6567
D 0.246

C
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23 EwmE AR S S,

u'cy
B, - 3997 L99)E)
S, = y 165 _,

0.246

S,=C,=65.62

B ¥ 3
k=1.0

kL _ (1)(66) _
r, 507

X

13

KL _ (2)(66)

r, 165

=40 (£2#1)

8 < K0 <s, ek SUBEE B
;

c T ¢ 39.37-0.246x40

¢ =15.14 ksi
n 1.95

()4 w35 st B 3R By 2 B3 et 0 SR E 4T

ap R WP EHNE TR FRA AL KM AR R

3 1/3
B :Fcy 1+¢ —35 1+(35) _ 4504
11.4 11.4

p

o _Bo(By)" 45044504\
P 10| E 10 (10100 '
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B
C,=0.41—F=0.41x 45.04 _ 61.55
D, 0.3
b. 2 ¥ ¥FE3FRA
n. F
B __ U 1.95x 35
Y 45.04 — 65
Sl = = - =24
5.1D, 51x0.3
k, &% % 461 0355 &
k,B
L :o.35><45.o4:1Q3
5.1D, 5.1x0.3
b:7—o.29—2(o.4):2_955h1
2_2%?ﬁw
t. 0.47

b 2\, .
°.°Sl<t—<S2 O TR
f

F =

c

=18.16 ksi

1[8 _51D b} 45.04-5.1x0.3x6.29
n 1.95

u

C. ¥R TS

b _1028_ 4538
t, 029
ny I:cy
B, - ™ 4504 19538
S, = Y- 165 _7.66

1.6D 1.6%x0.3
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kB,  0.35x45.04
16D, 1.6x03

=32.84

2:

b s v N
RS L A
W

k B,E  2.27./45.04x10100
n,(1.6b/t)  1.95(1.6x 35.38)

C

=13.87 ksi
(2) FEEH BT HEFRA 0 AN (4-4)

A =7x0.47=3.29 in?

A, =0.29[12 — 2(0.47)]=3.21 in®

£ 2(18.16)(3.29) + (13.87)(3.20)
@ 2(3.29)+3.21

=16.75 ksi

3. W&t B 3R By AT B SR AEAE e 4k Ay

B
(15 v by F 54 > SR % 48

7°E _ 7°(10100)
(Leb/t)* [1.6(35.38)f

=31.11 ksi

cr —

(2)71% 2 3 (4-5)2 %

F, 3111

SooC-1885>F, =15.14 » &7 35 Fy
n, 165
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FERY B 4 By R 2F 4 15,14 ksi <#76 4 fE T 5% ¥4 16.75

Ksi » &% 2B Jis + B~ 15.14 ksi

¥R A4 L P=F,A=15.14x9.92=150.19 kips
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P it L BB P g S R 2 L R L B

22,
)id

T

N
=

PO Aok SRRy S S G gk By LB Ry o @ BRI
B2 i & FF ML E RS CER T A EE R

AHFEZ AT RS E o
431 4srRHiEd 4

F RSR R REHEY 2 0T R e B~ e B4
DY o B RS L PSR R e A dhcR 410 £

PEFRIPERA PN P ECBIP R R LR B R

SRS 0 T ERTA A T e S LB RRETLE A A

R

FSVLEE RS RE RS AT X

4 410 g R B 3EEd £k 4 (AA 2005)

TENSION IN
BEAMS,
extreme fiber,
net section

F
Fiat elements in uniform tension (flanges) 2 |F=2orF= Fu

ny kn,

L17F, 1.24F,,
Round or oval tubes 'O'OG 3 |F= 7, ZorF= ‘m_'“

for symmetric shapes:

Flat elements in bending in 4 |F= 1.3F, orF= L42F,,
their own plane (wabs) ny k.n,

for unsymmetric shapes
see Section 3.4.4
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Frrded B4 g ASETRIeHA S 0 B3R BTG

B A

perfat (DE- e - 25 13T A2 A

54

QW F & @Al F > Qe E MAF < 5 > (4)F K85 > 4ok

401 T A G H - e B HE N B R A

L M Cy )t AR L, 5 R 2 AL R R (e £ )T,
SUTH FY-Y LT o Cp LY B0 Gl ARG AR

¥+ o Cb‘\%‘l';e-':'h‘-"—r :

c, - 12.5M ..

(4-7)
2.oM . +3M , +4M g +3M

BP9 My o 2 2 B2 X FER £ M, & U4 BLAS EE Mg &

BEESAEE A MR A 34 B S ER e Cp v R B 5 10" F
S

Lb/(ry\/cb)d S AL RZFRETR S - AR AT A e

By o & Ly l(r,fC, ) s e s

5=~ (4-8)
234 5 0.606F, -

EF LI Gy )i+ + § gt dek £ B R 2 H i e

L, /(ryq/Cb ) S B S, P Bl A4 LB By > S, L 2

Bl Ry BT SE M P Ry 2 B0 2 E AT
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S, =1.2C, (4-9)

B — Dc Lb
C
1.2r,,/C, (4-10)

Ny

F =

c

2 AR S B e ek T3 L/ Cy ) S, B R
4 371 Euler 2 3% » 47T
F - Cb7r2E

c 2
L
ek
1.2ry

Fp o FarRle R AL FERL G ES M % AL AR

(4-12)

A AR D B A Rle AR FARR AR AR I B E A R R o
TS RE -

£ F o el e R R DR R A 0 o F R
ﬁ-%%%‘%’fﬁik.é; KR AL LA - FLRAH I RS

B 5 S S P o drd 412575 oG D R O B S (2

Iy

3 4-824-10~4-11) > 225 b ETG ST I0R A M 2 B RS (25
4-8)r1 2 Jy PR R L F A (23 4-6) 0 B2 FAT R ) Bk
i;;*#i%vb @f‘%" °ﬂ1§x|9/i“£7 }6‘\5313%‘57 }%’; 27'7; ﬁ’?‘#%@' :’Fl}'@jl

;%ﬁ}&}@% r:g.ky/J i@ o
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s 4 (AA 2005)

Allowable
Type of Stress Type of Member or Element Sub- Stress Slenderness Allowable Stress Slenderness Allowable Stress
Boe: Slenderness < S, Limit S, S, < Slenderness < S, Limit S, Slenderness = S;
- F L, _12B-Fy| 1 D.L L o
Single web shapes —I-T-E - 1" W Bl L ﬁ( Faze TS0 b } b= 1.2€ I ¥
y r{C, D, y 1.2 ryC, rWCy e )
bk
R, R Ry
g ; 1.17F, R B,-1.17F_\ R ) " s
COMPRESSION | Round or oval tubes 24 Ry (D <y 1 _n R Ry _[ng o Vimap ame as
IN BEAMS, m L n, 7 ( D, ] n‘,(be D7 e (o) o o)) Secion 3.4.10
extreme fiber,
gross section Solid rectangular and 1.3F d (L, _ Bw-13F, T, sl o TEC,
round sectons R e e B LT N I ERg = 529n |y Lud
Tubular shapes 0 Eg [l 14 s LS. - ( ] 1, LS. ) Lbj— _ ( CC]Z B 7r_2E[" 5
n 0.5CyI,J '\ 1.6D Y0.5C{T.7 || 0SCALS 2560, __
’ fosC 10.5CT7
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% 412 fEe iR

B 2R3 Ry 2. % 2 s 4 (AA 2005)

Allowabie
Type of Stress Type of Member or Element Sul- Stress Slenderness Allowable Stress Slenderness Allowable Stress
Sec. | < endemess < §, Limit S, S, < Slenderness < S; Limit S, Slenderness = S,
Flat elements i F B,—F BE
sk | 15 oy b_Sr o 1 b p_ kB, k>yB,E
orted on one edge [ = = B,-5.1D,% D
supp n g AYa 7, t~ 51D, ny[ P Py t =51D, ———ny(S. D)
Flat elements supported on b 4o = s
both edges N —/U.\l/' 16 % % = Bl',, ; 2 nL[B,,n- 1 .6Dp%] 8. kiB, k2yB,E
COMPRESSION ? P 2 t 16D, n),(l .6bt)
e C d el t ted R
ELEMENTS. urved elements supporte b 1 17Fcy R B-=1.17F 2 I R
’ z [ et 2] _
(element in on both edges b 16.1 = 1f = (_r) nly{ B,- Dr\!; ) Tb = 16n W]
uniform
C‘:O";Zr::ig:‘)' Flat elements supported on o
9 one edge and with stiffener 16.2 Se Seclion 34,182
on other edge
Flat elements b, b,
supported on both o= e .
edges and with an l v | | | | 16.3 See Section 3.4,.16.3
intermediate stiffener
Flat elements supported on R
tension edge, compression —L_-Jl I__."’_ 17 1.3F,, b .. B, -1.3F,, 1 [Bbr_3-5Dbr Q] b_ Cyr TE ’
COMPRESSION | edge free n, t 3.5D,, y t r 35 n,(3.5b/1)
IN BEAM
ELEMENTS, Y
(element in Eﬁ;iﬁm:sms S On :[Ih /'\*_‘1(' 18 1.3F, h_ By—13F, 1 [ B,,—mD, ﬂ] h _ kiBy, kB, E
bending in own 9 fy t mDy, ny |7 "t t ~ mD,, namh/t
plane), gross
section Flat elements supported on £0.4d, B —13F
both edges and with a T o 19 1.3F, b _ P =ty 9 [B _0.29D ﬁ] h _ kB kB, E
longitudinal stiffener m, t 0.29D,, H, | bRy 029D, 1,(0.29h/1)
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b FRERA T AFRAEEL ) F FIRET R
Ao BRI - BRI EY RN A @ F TR ¥R 2 A
AR S ER ULy A MR RN URE S s A U SO
FHEA R RA 2T 4 ERESEREFE T Y ATET R

4 9 .&r—f:

(4-12)

Fe f R P RS OV ETA ARG o fE=ht, > h=5 PRz

EIERRL 2B AL ma e { SRS -
FRESESFFTRAAAAH 5 WA MF A LD ¥

KA 4D o dod 413 40T o M T AR A e BN R 3

Eﬁ)ﬁ%:& }IJL&’?"% }‘\A ’ %’

%S_E£%%i§:& (4-13)
MFFT B 5
Ry =0.35F (4-14)
Van, Y
3
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FHET RS S

#¢ B ~D,2C 4M% 448245382 -

)
{2

iy Euler 25% > BT R A Pl4eT

7°E

n, (1.25n/1)°
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(4-15)

(4-16)

(4-17)

(4-18)



% 413 FR R E T

7

73 4 (AA 2005)

Type of Stress Type of Member or Element Sub- | Allowable Slenderness Allowable Stress Slenderness Allowable Stress
Sec. Stress Limit Sy S, < Slenderness < S; Limit S, Slenderness = S,
Unstitfiened flat elements I | i :]E 0 Fy B B—F, W3 1 h n C mE
SHEAR IN supported on both edges 2 \{jny TS 1.25D, n, [B‘_ 1.25D, _] TT125 ny(1.25h/t)?
ELEMENTS,
gross section ;
Stiffened flat elements _Haw 3 Fo B.—-nF./{(n\N3 2
- ; o =1y 0, 1 a, a, C mE
supported on both edges I_{I:B’I@:EI 21 \3 n, T” = T 2; D(, 4 ) T, [Br 1.25D; T A **‘—1_255 n1.25a,/ty?
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432 B W BRI FHRPAFL R

SR PR R R AT B ST e 2
TG A R AR TR 2 KV LA F AT AR R P
TR E RIS 2R B B HRamhT RS &

% 1096 » w0.66F, » @ 3 HR| T % F 1 25%i£ 0.75F, ; £ & A A

Rle AT SRR AL SR G PF o B Y 4 J 0.66F, 3
0.6F, « 4515 7raEd 2L+ HuB MR 2 L Hp R >

0.606F, » @ 33 fh%*d & » d 3t H 2 3305 4 e Lk - 2 A0 TS

Fiph® o Ttk 30% £ 0.788F,

MOSHE 31 By B BN A e

2
cb:175+10%¥59+03fyij <23 (4-19)
MZ MZ

FEHEMRITALFEARPE]F S M S F S My F R RS

[y

FEN E- B2 FAEATAENM, 0 Cp =10 3 BN B an
EC (2547 A2 X B S HALFRFEPEL A B
GRBHER T LT WROH L Rl R o Aple Ao R

s S 5 A R

PR L FRERPHBBRETE AR ABRLEF A G
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LR AR PRI R B FFRA F A 066F,  F A L AL fw

-
=
<
©
i)
s

L g e e 4 d L/ 2 @
2 0.6F, o 8 TR BT a0 RS AP RS L HE R LR L

BB o L/ Cy )2 b iR T 2 AR R R -

oo FE TR Z RPN o 100/ R, 2 AR F
20100/ [F, 0 3 4 5 0.40F, 5 420100/ [F, o F T
Bt Bl 5 F(C,)/2.89<0.40F, > & # C, &3 ¥ kb S HA4 75 &3
B2 o ARSI R EA S ERATLHA LR A Lk o

7 EE A h/t i E e
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433 SFRAEERY T2 E 0l

4o@ 4.6 from o A EX Y gL B¢ FARAIRRE J-UES it_—gj;i@?j;

bl

Bl 2 BE L 8t 57 606LT6 2454 & » LB p € « 3k

s
M-

HP A2 Bor 1 (7 E o #75 2 RE 34 15x3.7 > 4ol 4.7 - 475
&% : S,=5.581in>> r,=0.853in t;=0.32in > t,=0.19 in> A=3.15in" >

Fy =35 ksi » F,=42ksi » E=10100 ksi -

-
i
1

5.00

‘ I AN

Bl 4.7 48 & £ 483144 1 5x3.7
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L3 E3FEd 24 > 3B 4 410

(1)t =323 4 ()

F
E_rt _ 3% 5191 ks
, 165
or
_ P 42 g8k

“kn, (1.1)1.95)
(2)3 41 % 50 (PLH)

e L3Ry _ (13)39)

n, 1.65

=27.58 ksl

or

Fo 1.42F, _ (1.42)(42) —97 8 ksi

knn,  (1.1)1.95)

§ (D)) B~ BT 75 FHEE P4 % 19.58 ksi

2. 35 e B
(DS SRR 42 F 3 o R4 4118 - i 2 4p 2

AR e Cy BERT B 100 &

L, 8x12

- =112.54
r,/C, 0.853
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BB ¥ B, ~ D F 5 423 %235 5 &

o LB —Fy) 12(30.37-35)
l D 0.246

=21.32

S, =1.2C, = (1.2)(65.62) = 78.74

L 12 5 2 v
V>8R S
ry+/Cp

e __GCyr’E _ (1.0)r*(10100)

¢ 2
o L (1.65)(8“2)
11.2r 1.2x0.853

~=6.87 ksi

A AR S AR RS SR A 412

o [(35) - (0.19) = 2(0.9)]
2

=1.355in

R:@: 4.23
t, 0.32

HRF#B, ~ DyF ¥ 423 235 &

B, ~-F, 4504-35
51D,  5.1x0.3

=6.56

1:

b e a2 v
*r<%’ﬂ%ﬁ%45
f
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F
F.=—2 = 121 ks
n, 1.65

h 5-(2)(0.32) - (2)0.3)
Y 0.19

=19.79

~—+

/3 1
By, :1.3Fcy[1+ (FW?)l ]: (1.3)(35){1+ (357) /3} =66.76

B, [6B, ['> 66.76[(6)(66.76) 1"
L= —br | O =0.665
20| E 20 | 10100

5 B, —1.3F, 66.76 - (1.3)(35) _
= - —

mD,, (0.65)(0.665)

h 12 s 2 v
?r<&’a%ﬁ%45

W

I )| CORPE YA
" n, 165

b. R &G S BT IDEFHA 0 do 0 (4-4)
A; =35x0.32=1.12 in?
A, =0.19[5 - 2(0.32)]=0.83 in®

 _ 2(112)(21.21) +(0.83)(27.57)
b 2(1.12)+0.83

=22.93 ksi

56



() 17 fo T8k By T B RY Tl Ry
a FE R FFRS 0 SRA 48

7°E _ x*(10100)

= —391.58ksi
(0.65h/t)’ [0.65(19.79)]

or —

b. i* 2354(4-5)] %] »

o =391':8—237 32>F, =687 » &% 5 F
n

y

rc

(L) BRI 4 By 2 % 3 e 10 6.87 ksi &2 ()87 4e T 355 3

R4 22.93ksi v & ﬁﬁwj‘ B RFEEY R R R 2

PS4l s 6.87ksi -

s«m\‘

3. E VT RS

h _5-(2)(0.32) - (2)(0.3)

=19.79
t, 0.19
/3 /3
F F /3
B, =—~ 1+( 13 _3 1+(35/\/§T =26.13
3 9.3 J3 9.3

1/2 1/2
p, - B:(B)_2613 26.13) 0133
10 E 10 (10100

o _B—Fy/V3 _2613-35/43 _
' 1.25D, (1.25)(0.133)
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h 7 s 2 >/ hg
?r<&’a%??%4;

W

F _ Fty _ 35

= =12.25ksi
* 3n, /3(1.65)

L EFFRE
(D)7 e &+
By A Ly iR BB B 25 R BB A
Bl 5 6.87ksiy B FEAEL
M = FS =6.87 x 5.58 = 38.33in-kips
B IF$“§ %

PL

—— =38.33in-kips
4
P :—38'33>< 4 =1.6Kkips
96
(2) Y E

d 3 EEFFT R R, =1225ksi > w3 FT 4 ;
V =FA, =12.25x0.83=10.17 kips

B IF$“§ %

2:10.17kips
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d (1)(2)? E3adii ﬁ‘-hti%éf:‘id W 5 B4 H = ﬁ—;\;é %

1.6 kips -
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44 Zph4 BHPELF T 2 HH

BHP P LRI N LI e A RS APEFF AT
LohFgord2 s PR RIS B FREY RS F 200k
Fe-HAR S R BT ARG B 2 i L e

BRI R T daded MR ML F R F AT R

P AL H 2 BB 5 8 B b 0 T L B ES  Be

REORR s HEW By~ Rz R S R @RRk By 0L B BT o
441 SERHEXphI BPEL P IET 2 54

SR SR B 2 3 B XX 0 Y-Y kR

Bt FEM My 2 ghe FEPTRIEHETR 264 &

M
T (4-20)
A S, S,
N
fo+ fo + oy < Frm (4-21)

BdoPLfhe P MyEM, & 55 5 XX 0 Y-Y gh §448 0 S

CEIRRES D OC RAAE ER TR = T S LD R R

<

2OX-X ghE Y-Y phz few ot o fo 015 65 Bk RS

60



()B4 B Faps o iE?

dONEERH Y B B FFRES LR o wi(4-21)

f
£+h+ﬂsl.0 (4-22)
I:a I:bx I:by

bR ER L /F, <0152 R0 HY F L EEmRES 0

42§23 8 0 Ry Ry R A XX gh2 Y-Y §h2 iR R4

Bk 43 2 318 o

GRS, F, > 0050 s IR A Y & e B

Fo TR f 2 fy - s e

L (4-23)

v

n oY

¢ F % Euler 25 % 0% > 54 1.95 > 1905137 2EN(KL/T)? o = %
TELR BIERESFEZIPE Y CLGITRE RSB
Cp=06-04(M/M,)  H ¥ M /M, 51t & L #FE 3 Hh| 25

A HaE2 L ELHY T2 FR(M/M,) B E o g K2 R

(My/M,)Ris~1 5 & ¥ 4457 @4 > C, =085

— e 24 2| 2 s\ 22 24 ’
gd s DB ITRE Rk e > #
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<10 (4-24)

2 OF e P BT 5

f
a T, Ty g (4-25)

R P s M EFMRES 0 b 42 H41 ST 2 5

HA

(Z)pap s A PEs o iE0
FhbhPd R B R AR S TR

f
L+£+ﬂ£1.0 (4'26)

I:t I:bx I:by

PR GHEHEL R 2 kY RALERFE A T,

fb;' Fbiﬁﬂ?'i °
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442 SEHERHBEE S HPELF Y EHRP AP
2R

WHBIES 6 0 BB RP OISR ORY PR 2R T 1
PR EC, F KR RPN A R ORT
Cp=06-04(M/M,)r1 2 ¥ fp]w =4 2 44 C, =085 » ¥ 44t
BLRFF R P LR C AT HT TART ()M HTF L4
PE o Cp, =085 5 Q13 h & A FIF > Cp =10 « dRA 2 o B £

Pht BB T R R L ek 414 ¢
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*Al4 i B L pht B PEL Y R R LR

4834 ASD

& % ASD

ol

R R

R T

o3

L, N

()R BAPEE it

$ f,/F,>015p

% + me fbx + Cmy fby
: Fbx[l—f""j R 1= o
Fex F,
f
fa T, Ty 9
I:ao I:bx Fby

$ f,/F, <0.15p

kﬁ‘hﬂ‘hglo
F I:bx I:by

a

(=) 4 A HEL P T2

I:bx by

()R BPEL it

$ f,/F,>015p

%_,_ me fbx + Cmy 1:by
: Fbx[l— fa.J Ryl o
Fex F,,
fa T, Py <1.0
0.6F, Fy Fy

$f,/F, <0.15p

kﬁ‘hﬂ‘hglo
F I:bx I:by

a

()4 A HEL P iE?

by
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443 GERHEZP BPEIF T 2355 6

HBd 2

'F_k

Ao 48 T 2 B R B PR E

ra',\il'g"—'——v\r»Sft

-

LG & A4 1 12x11.7 > 4Bl 4.4 - £
6061-T6 2 4F & & » FNURFRPIE L 2 o Bk 22 5 & &
Padges W) 5 k=10 » k, =08 - % £ 5 : r,=5.07in> r,=1.65in >

A=992in’>> S.=42.6in°> S, =7.69in® > F, =35ksi » E=10100 ksi -
X y y

L=8 ft

X+

T

100 k

W 4.8 %4t ol
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1 it

(1) 67 B RY fp) o b By 2 3 25 Js

kL _(0)8)12) _1g o4
r 5.07

X

GE_O86N2)_4ees (i)

ry 1.65
S, :O<&< S,=65.62 > wfx >N (4-3) 8 B A
r
5 _ D kL
F - c r _39.37-0.246x46.54 ~14.32 ksi
n, 1.95

SP8 % 423 & 93 5 & 16.75Ksi ¢
CRD)ER R R 2 B Qe B TIOFFES A K

,_)6‘2

Bl B R O BRI R A2 F R #24] 5 14.32 ksi o

=P 100 14 08 ks
A 9.92
L:%:0_7>0.15
F,  14.32
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()& Fivsed 24
P 4R 6061-T6 2245 & £ > ™ SR % 433 & 73 73d 4
2 3-8 > % 19.58 ksi -
(27 % % F i BRI
A HETHR R R FFERA 0 FREAALLE -
AR R e CERT P10 &

_ (B)12) _ oo

L, _
Gy

8, =21.32< <S,=78.74 s ik 254 (4-10): ¥
yf
DL
8.~y e an 0200
_ 2Ny NG o (L2J1.65)1) ;¢ 63 i
i n, 1.65

b. 3B %75 s T 10% 3 4

. 7-0.29 - 2(0.4):2_955 .
b_ 2955_629
t. 047

KBy ¥ 8B, ~ D)F % 423 &2 308 0 &

_ Bp - Fcy _ 45.04 - 35 — 656

S
' 51D,  5.1x0.3
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b 7 v v
'.'t—<81 PR E TS &
f

F
F.=—" =3 9121 ks
1.65

Ny

h 12-(2)(0.47) - (2)0.4)
t 0.29

=35.38

w

(35)1/3

[ (Fcy )1/3]
By =L.3F, | 1+—L— |= (1.3)(35){1+ }:66.76

B, [6B, " 66.76[(6)(66.76)}”2 0665
br — "\ -
20| E 20 | 10100

B, —1.3F,,__ 66.76 - (1.3)(35)
mD,, (0.65)(0.665)

1=

=49.18

h 17 2 a2 v
A

W

£ L3Ry _ (13)(35)

C
n, 1.65

=27.57 ksi

A; =7x0.47=3.29 in®
A, =0.29[12 - 2(0.47)]=3.21 in®

~2(3.29)(21.21) + (3.21)(27.57)

F =
2 2(3.29)+3.21

=23.29 ksi

SN RS SYOTEET ) SRSt R SR
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A d FERRe i A2 FFRKA 4] 5 16.63 ksi -

(2002 oo
42.6

fo 583 o,

F. 16.63

3. A FH

C. -06-04M1_q6
M

2

2 2
= TE __ TE 14 65ks
n,(kL/r)* 1.95(18.93)
Ty Cn T 074 065x0.34-0921 < 1.0 » ok
Fa 1_L I:bx
F

ex

f  fo _10.08
F, 16.75

+0.34=0.941 < 1.0 > ok

X
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2

PR R A AR RN Y s 2 R
B E A MER R EHEEHE Y Y B d R BN
FHER - TR FRHERE S FAE R PR RS
AN EFRLE N DR AL 2 BIREGNY 2 R FUt R SR

TR RRE A CFLBERE L P e A SRS SRS R

E N2 AR PEAL -

451 GERERERP
FRFEH BERPARA SOERE MRS f IR

+ & (Tapping Screw connections)i4 % 4 4% 45 & » & B f§ i 40T

(- Yndie &

FAESHER T 0 S WG LA o Rd 22 S A R T

W SRR R g R E 2 bl R 0 A d LR AR B P
Rl g i gETiR o A NN AT G AR S £ AL

AHHECRE G VB RPN L FREREY R RS
2R BARTFFT RS SR /L2n,) 0 Fy s BT 4 55 R o 4

# 4.15 #7151 o
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% 415 #ngr2 k4 (ksi)(AA 2005)

Minimum Shear Ultimate Building Type Structures Bridge Type Structures_
Designation Before Strength’ Design Shear Stress on Design Shear Stress on
Driving Feou Effective Area? Effective Area®
(ksi) (ksi) (ksi)
2017-T4 33 14 12.5
2024-142 37 16 14
2117-T4 26 1 10
2219-T6 30 13 11.5
6053-T61 20 8.5 75
6061-T6 25 10.5 9.5
7050-T7 39 17 15
7075-T6 42 18 16
7075-T73 41 18 16
7178-T6 46 20 17
1. From ASTM B316/B316M for heat treated alloys.
2.8F=234
3.8F=264
+ 5 2L >
% 4.15 #4722k 35 s 4 (MPa)(AA 2005) ()
Minimum Shear Ultimate | Building Type Structures Bridge Type Structures
Designation Before Strength’ Design Shear Stress on Design Shear Stress on
Driving Feu Effective Area? Effective Area®
(MPa) (MPa) (MPa)
2017-T4 225 95 85
2024-T42 255 110 95
2117-T4 180 75 70
2219-T6 205 90 80
6053-T61 135 60 50
6061-T6 170 75 65
7050-T7 270 115 100
7075-T6 290 125 110
7075-T73 280 120 105
7178-T6 315 135 120
1. From ASTM B316/B316M for heat treated alloys.
2.SF=234
3.SF=2.64
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(= )6

PREr L B R ARG bR R DR

£ o P FRSESHETEY LI RHR AR G4EE & SR 2 R4

o FRYEE EHMFEEF & ASTMF468 * 5 2024-T4 ~ 6061-T6 2

7075-T73 2. £ 4 -

WMBRETRAL ZARNS A6 3 28 ()B4 AEQ)

Bu%fﬁ;i&llﬁ(3),\ Aﬁib& 'jé; ﬁl*}:)‘;}mi Eﬁ}@j}éiqgé@%?i%J g:
Y & F RSB ERAPRAEFE RS 5 R /L2n,) ko
416 « @ T p A TR HFRREA F U F oG 0 Fookd ML

714D -1.191/n) » H¥ D Sfte2 B E 4D (Fed) n i F Eed 2

R e o

4 W

FHRVFRFLLRQERIRZ FFRS 0 D HEHEH 3

B s T4 e 3@ A4 T4 B RRTFFT RS 5

&

Foo/L2n,) » 4o 416 F¢b 3B 35T 4 o i 0w a9 4

S

A BN - 5 ¥ PESU E X R S R SO
A T A w2 2R R AET A e F3E G

PRV P B BRK

?ﬁt

F A G PR WY e Jfﬁ'—%a_m 7};1 ;‘L—f'-r I o
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% 416 B2 ® 4 (ksi)(AA 2005)

Minimum Minimum Building Type Structures Bridge Type Structures
Alloy and Shear Ultimate | Tensile Ultimate | pesign Shear Design Tensile Design Shear Design Tensile
Temper Strength’ Strength’ Stress on Stress on Stress on Stress on
F, w F w Effective Area? Root Area? Effective Area® Root Area?
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi)
2024-T4 37 62 16 26 14 23
6061-T6 25 42 10.5 18 9.5 16
7075-T73 41 68 18 29 16 26
1. From ASTM B316/B316M and F468
2.8F=2.34
3.8F=2.64
% 4.16 13422 %R 4 (MPa)(AA 2005) (&)
Minimum Minimum Building Type Structures Bridge Type Structures
Shear Ultimate | Tensile Ultimate | pegign Shear | DesignTensile | Design Shear | Design Tensiie
Alloy and 1 s
Temper Strength Strength Stress on Stress on Stress on Stress on
Fou Fu Effective Area? Root Area* Effective Area® Root Area®
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
2024-T4 255 425 110 180 95 160
6061-T6 170 290 75 125 65 110
7075-T73 280 470 120 200 105 180
1. From ASTM B316/B316M
2.SF=234
3.8SF=264
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% 417 4R ¢ £ 2 T (ksi)(AA 2005)

THICKNESS TENSION COMPRESSION  SHEAR
ALLOY AND TEMPER PRODUCT RANGE Fy! Fi? Ful® f o
in. ksi ksi ksi ksi

1100-H12, H14 All 1 35 3.5 8
3003-H12, H14, H16, H18 All 14 5 5 10
Alclad 10
3003-H12, H14, H16, H18 All 13 4.5 4.5
3004-H32, H34, H36, H38 All 22 85 8.5 14
Alclad 13
3004-H32, H34, H36, H38 All 21 8 8
3005-H25 Sheet 17 6.5 6.5 12
5005-H12, H14, H32, H34 All 15 5 5 9
5050-H32, H34 All 18 6 6 12
5052-0, H32, H34 All 25 9.5 95 16
5083-0, H111 Extrusions 39 16 15 23
5083-0, H116, H32, H321 Sheet & Plate 0.188-1.500 40 18 18 24
5083-0, H116, H32, H321 Plate 1.501-3.000 39 17 17 24
5086-0, H11 Extrusions 35 14 13 21
5086-H112 Plate 0.250-2.000 35 14 14 21
5086-0, H32, H34, H116 Sheet & Plate 35 14 14 21
5154-H38 Sheet 30 1 1 19
5454.0, H111 Extrusions AN 12 1 19
5454-H112 Extrusions 3 12 12 19
5454-0, H32, H34 Sheet & Plate Kil 12 12 19
5456-0, H116, H32, H321 Sheet & Plate 0.188-1.500 42 19 18 25
5456-0, H116, H32, H321 Plate 1.501-3.000 41 18 17 25
6005-T5 Extrusions. up thru 0.250 24 13 13 15
6061-T6, T651, T6510, T65112 All 24 15 15 15
6061-T6, T651, T6510, TE5114 All over 0.375 24 1" 1 15
6063-T5, 752, T6 Al 17 8 8 1
6351-T5, T6° Extrusions 24 15 15 15
6351-T5, Te* Extrusions over 0.375 24 1 1 15
6463-T6 Extrusions 0.125-0.500 17 8 8 1
7005-T53 Extrusions up thru 0.750 40 24 24 22

1. Filler wires are listed in Table 7.1-1, Values of F,,, are AWS D1.2 weld qualification values.

2. 0.2% offset in 2 in. gage length across a groove weld.

3. Values when welded with 5183, 5356, or 5556 alloy filler wire, regardless of thickness. Values also apply to thicknesses less than or equal

to 0.375 in. when welded with 4043, 5554, or 5654 alloy filler wire.
4. Values when welded with 4043, 5554, or 5654 alloy filler wire.
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407 B4R L &2 R (MPa)(AA 2005) ()

THICKNESS TENSION COMPRESSION SHEAR
ALLOY AND TEMPER PRODUCT RANGE Fone' Fiw? Fou? Fiiw
mm MPa MPa MPa MPa
1100-H12, H14 All 75 25 25 55
3003-H12, H14, H16, H18 All 95 35 35 70
Alclad
3003-H12, H14, H16, H18 All a0 30 30 70
3004-H32, H34, H36, H38 All 150 60 80 95
Alclad
3004-H32, H34, H36, H38 All 145 55 55 90
3005-H25 Sheet 115 45 45 85
5005-H12, H14, H32, H34 All 105 35 35 62
5050-H32, H34 All 125 40 40 85
5052-0, H32, H34 All 170 65 65 110
5083-0, H111 Extrusions 270 10 10 160
5083-0, H116, H32, H321 Sheet & Plate 6.30-38.00 270 15 115 165
5083-0, H116, H32, H321 Plate 38.00-80.00 270 115 115 165
5086-0, H111 Extrusions 240 95 85 145
5086-H112 Plate 6.30-50.00 240 95 95 145
5086-0, H32, H34, H116 Sheet & Plate 240 95 95 145
5154-H38 Sheet 205 75 75 130
5454-0, H1M Extrusions 215 85 85 130
5454-H112 Extrusions 215 85 85 130
5454-0, H32, H34 Sheet & Plate 215 85 85 130
5456-0, H116, H32, H321 Sheet & Plate 6.30-38.00 285 125 125 170
5456-0, H116, H32, H321 Plate 38.00-80.00 285 125 120 170
6005-T5 Extrusions up thru 12,50 165 90 90 105
6061-T6, T651, T6510, T65112 All 165 105 105 105
6061-T6, T651, T6510, T65114 All over 9.50 165 80 80 105
6063-T5, T52, T6 All 115 55 55 75
6351-T5, T6* Extrusions 165 105 105 105
6351-T5, T6* Extrusions over 9.50 165 80 80 105
6463-T6 Extrusions 3.20-12.50 15 55 55 75
7005-T53 Extrusions up thru 20.00 275 165 165 155

1. Filler wires are listed in Table 7.1-1. Values of F,,, are AWS D1.2 weld qualification values.

2. 0.2% offset in 50 mm gage length across a groove weld.

3. Values when welded with 5183, 5356, or 5556 alloy filler wire, regardless of thickness. Values also apply to thicknesses less than or equal

10 9.5 mm when welded with 4043, 5554, or 5654 alloy filler wire.
4. Values when welded with 4043, 5554, or 5654 alloy filler wire.
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% 418 %4242 % B % (ksi)(AA 2005)

Filler Minimum Tensile Minimum Shear
Ultimate Strength Ultimate Strength

(ksi) (ksi)

1100 11 75

2319 35 16

4043 24 1.5

4047 - 13

4643 - 13.5

5183 40 21

5356 35 17

5554 31 17

5556 42 20

5654 30 12

% 418 %842

5 & 4 (MPa)(AA 2005) ()

Filler Minimum Tensile Minimum Shear
Ultimate Strength Ultimate Strength
(MPa) (MPa)
1100 75 50
2319 240 110
4043 165 80
4047 - 90
4643 - 95
5183 275 145
5356 240 115
5554 215 115
5556 290 140
5654 205 85
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