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Ultimate Strength Prediction Formula Estimation of Aluminium Alloy
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Abstract : In this paper, Used on the bridge and ship, investigate the physical relationship of aluminium plate girders(A6082-T6) considering the
marine environment. Plate girder will experience the patch loading such as moving load, surcharge in the product life cycle. The ultimate strength of
aluminum plate girders subjected to these loads applied multiple numerical model and performed the elasto-plastic large deflection series analysis and
was proposed the predicted formula for regression analysis. The predicted formula was shown by the relationship of ultimate strength and
slenderness. If the slenderness is low(0-2.3), it causes a 9 % ervor, and If the slenderness is higher(2.3-4.0), it causes a 1-2 % error. Therefore, the

propriety of proposed prediction formular was found to be assess rationally.
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Table 194 YEHL o™ BAAIS E= 70 GPa, 9%
Hl v 0333 A&sklah o71A, o, FESH(Yield
stress), o, QAT E(Tensile strength), n< 7}& 7434

(Work hardening rate)E 2] v] gt}

Table 1. A6082-T6 alloys properties according to the thickness

Base material
(t < 5) (5<t<25) HAZ

a, o, n o, o, n a, o, n

251 | 285 |34.49| 262 310 26.05 | 123 | 185 |11.62

ZAR GHEANL Table 28 A7 29F8te] YR
o] 7] A, s He] -5 (Yield stress of web), fus =9
A 9] 552 (Yield stress of flange), h, T 3= 0] (Height of
web), o= ZHOlE AU Zol(Length), ¢, WF

(Thickness of web), s,/a+= 8}5-Z ©]H](Force-length ratio), ¢,+=
& WA 2] 7 (Thickness of flange), b= & WA 2] ¥(Breadth
of flange)S o] W T},

Table 2. A6082-T6 alloys plate girder properties of the numerical

simulations
Properties Group I | Group II | Group III| Group IV
[ y[MPa] 251 251 262 262
f,s[MPa] 262 262 262 262
h,,[mm] 500 750 1,000 1,250
500 750 1,000 1,250
a[mm] 1,000 1,500 2,000 2,500
1,500 2,250 3,000 3,750
t,,[mm] 4 6 8 10
s,/a 025, 05025, 0.5[0.25, 0.5 | 0.25, 0.5
t;[mm] 12 12 15 15
by[mm] 100 125 150 175
Joining location ZEIe];‘.ldg)e, ZEIe];‘.ldg)e, zgli?dg)e, 2&31%6
Girders per group 12 12 12 12
Total number of numerical simulations 48

Table 30| 4 YEH AT Zdo]E 7 t]e] fz0](h,)el
w2 F3)(a/h,) 1-33} 3+5-Z H|(s,/h,) 0.25-1.5, A0
h,/t,) 1252 7(']—9—0]-0:] uf S =X AL =aE AT,
047 A, a/h, = ZH°lE A9 F 3] (Aspect ratio), h,/t,
= 99 /‘ﬂxo}ﬂ](Slenderness ratio), s,/h, = Wxold wE 3}

SHIE v 3y

FrlE g FdolE A HEAE

54 %4

Table 3. A6082-T6 alloys plate girder proportions of the

numerical simulations

Properties Group I | Group II | Group III Group IV
h,,[mm] 500 750 1,000 1,250
1 1 1 1
alh, 2 2 2 2
3 3 3 3
h,/t, 125 125 125 125
0.25 0.25 0.25 0.25
0.5 0.5 0.5 0.5
s,/h, 0.75 0.75 0.75 0.75
1 1 1 1
1.5 1.5 1.5 1.5

A2 A=A EH (implicit solver)
ANSYS v15.05 g-838to] siAs a8ty A vl

7+ %3] 4 (Sensitivity analysis)< Oh et al.(2014)%] Z3}E %}57_
3hed 12.5mmx12.5mm 712 AR 24
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400

w
=
=3

200 i

nominal stress[MPa]

EN 1999-1-1 : 2007
1 3 log(e,,/¢,.) HAZ
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Fig. 1. A6082-T6 alloys stress-strain constitutive relationship.
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Fig. 2914 (@ ZdE Avle] 7]38}8 A5 2 (Primitive
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Fig. 2. Parameters and numerical model for the parametric study.
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Fig. 3. Joining locations of uniform load.
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5. 2EI0|E AHH9l HZZE o554 =3

Table 4. The correlation analysis of F,/ F, and Ap

Independent | Dependent
Classification variable variable
O | (FJF)
Pearson correlation 1 -0.625
Independent
variable Significant probability - 0.00
Sum of squares 32.64 -3.83
(Ap) ;
Covariance 0.68 -0.07
Pearson correlation -0.625 1
Dependent — —
. Significant probability 0.00 -
variable :
Sum of squares -3.83 0.19
(F,/F) X
Covariance -0.07 0.01
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Table 5. The estimation regression equation of F,/F, and A,

Model R? F Predicted regression equation
Linear | 0391 | 29497 | Y=0.526—0.105X
Algebraic | 0377 | 27.787 | Y=0.594—1n(X)
Inverse | 0344 | 24.094 | Y=—0.056+0.751/X
Second order | 0.391 | 14.438 | Y'=0.501+0.087X—0.03X>
Third order | 0.391 | 14.438 | Y=0.501+0.087X—0.03X>
Mixtured | 0.319 | 21.551 | Y=0.892(0.573%)
Power 0.294 | 19.137 | Y=0.852X '°*
S 0255 | 15776 | Yy=¢ »135+3798/X
Growth | 0.319 | 21.551 | Y=g 015T057X
Logistic | 0.319 | 21.551 | v=1/(1.122(1.746%))
Exponential | 0.319 | 21.551 | Y=0.892¢ %%
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Fig. 4. Regression analysis and modified power model.
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Table 6. Aluminium alloy test girders and test results(Robert et al., 1998)

Girder a Py tu by by o fur E Py s,
[mm] [mm] [mm] [mm] [mm] [MPa] [MPa] [MPa] [kN] [mm]

AGI-P1 900 900 32 175 12.62 270 30 70 7 50
AG1-P2 900 900 32 175 12.62 270 309 70 74 50
AG2-P1 900 900 32 175 15.6 270 302 70 76 50
AG2-P2 900 900 32 175 15.6 270 302 70 80 50
AG3-P1 900 900 3.94 175 12.62 261 309 70 105 50
AG3-P2 900 900 3.94 175 12.62 261 30 70 105 50
AG4-P1 900 900 3.94 175 15.6 261 302 70 113 50
AG4-P2 900 900 3.94 175 15.6 261 302 70 113 50
AG5-P1 900 900 6.14 175 12.62 278 30 70 28 50
AGS5-P1 900 900 6.14 175 12.62 278 309 70 228 50
AG6-P1 900 900 6.14 175 15.6 278 302 70 234 50
AG6-P1 900 900 6.14 175 156 278 302 70 241 50

Table 7. Aluminium alloy test girders and test results(Robert and Shahabian, 2000)

Girder a h, t, by by Fow fur ) Puyx s,
(mm] [mm] [mm] [mm] [mm] [MPa] [MPa] [MPa] [kN] [mm]
PGI-1 600 600 4.1 200 12.5 343 257 70 220 50
PG2-1 900 900 3.1 300 15.6 285 254 70 113 50
PG3-1 900 600 3.94 200 10.1 282 264 70 120 50
PG4-1 900 900 32 200 9.9 250 293 70 52 50

Fig. 99} Fig. 10> Table 63} Table 7014 Yeh§a U= o APEHS A7F0-23 Y B 2F 9% FE] A A

Robert et al.(1998)2} Robert and Shahabian(2000)2] 23 xd 2 B AP A 7E 2340 Y A9 F 12% AR 927t

= o =2 A3ke} EN 1999-1-1:2007 AARE AFS SH|% x

A= ehllo] AN A0l BE G827 AEsigr.

@

7] AEEPAY
oF o Z2]7} Blnl

1

o

(A6082-T6)

WSS o= At o524 AX7F EN1999-1-1:2007/ 7|
2= Aol tial] Yzt o5l HAA o] ulg- A
oz Jq5Fe 4

FF AROE §FS 488 SaolE Ao Az,
AREA 5% welshe] A0SLT6 FF Eelol= Al A
FHE oS40 tfd £4 % Aol WY Ao B
A,
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