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Revision Description
1 1) Revised material alloy of post in section 2.4 to those used

in testing. Updated base plate temper and alloy to those
used in testing.

2) Revised weld detail in section 4.1.1

3) Added L-bracket section

2 1) Removed lag screw check

1 Description

This calculation covers the Trex aluminum railing system with mesh infill. The
railing is constructed of aluminum posts, top rail, and a bottom rail that secures
the mesh in place. Railing height is 36"-42” with maximum inside to inside post
spacing of 96”.

2 Design Criteria

2.1 Building codes/standards/project specifications

1) IRC 2015

2) Aluminum Design Manual 2015
3) AAMATIR A9

4) AISC 360-10

5) NDS 2018

6) ACI 318-14

2.2 Design loads

2.2.1 Live load
Design Criteria Requirement

200 Ibf applied at any point at the top of
Guard/handrail live loads the rail per IRC 301.5, OR 50 Ibf over 1
sf area per IRC table R301.5 sub note f.

2.2.2 Wind load

The system is considered open and wind loads do not control over live loads.

Project number: 38215
Author: CDT Page: 9 Of 38
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2.3 Deflections

Aluminum, steel, stainless steel: L/60
: per minimum requirements of IBC table
Deflection — or
R301.7 sub note ¢ where L = 2*Length
for cantilevers
I=1119%in"
E = 10100-ksi
L= 42in
p.. B8P s
3
A g
3EI

42 in /30 = 1.4 in (allowable deflection) > 0.71 in deflection on post

The allowable moment on the post is 13.649 k-in. See section 4.1.2 for more
information.

Project number: 38215

Author: CDT Page: 10 of 38



@&

COMMERCIAL
PRODUCTS

7008 Northland Drive
Suite 150
Minneapolis, MN 55428

(800) 337-5339 | (763) 533-2094

Fax: (763) 533-2096

2.4 N “ Material used

Component Material Yield Ultimate
Top rail Aluminum 6063-T6 25 ksi 30 ksi
Bottom extrusion Aluminum 6063-T6 25 ksi 30 ksi
Posts Aluminum 6061-T6 25 ksi (8 ksi) 30 ksi (17 ksi)
Baseplates Aluminum 6063-T6 25 ksi 30 ksi
Screws Stainless steel 30 ksi 70 ksi
Mesh Stainless steel (steel) 30 ksi 70 ksi

*Welded properties in parentheses

** Equivalent alloy and temper may be used for aluminum extrusions

2.4.1 Aluminum buckling constants
Buckling constants for T5-T9 tempers

Non welded:

Project number: 38215
Author: CDT
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Aluminum Design (ADM 2015)

Alloy = 6061 Material Properties (Table A.3.3)
= Jesi = 38-ks=i = 21-ksi
Temper = "Tg" E lﬁDIDD LSI F‘L'Ll 38-k=1 FS} M-ks=1
€= 3500 kst F,, = 35-ksi F_ = 228%ksi
Description = "MNative ADM" ty =~ su - 5
F,, = 33ksi

Buckling Constants {Table B.4.1/B.4.2)
B.=3%4ksi E, = 45-ksi By, = 66.8-ksi B_.=272ksi B; = 432-ksi By, = 64.8-kst

o s o t
D.=0246%si Dp=03ksi Dy, =0666ksi D =0.14lksi Dy=1338ksi Dy =45ksi
C. =637 Cp = 614 Cy, = 66.9 C =788 Cyp = 3344
Postbuckling Constants {Table B.4.3) Tension Coefficient {Table A.3.3)
ky =05 Iy =204 Iy (=035 ky (=227 k=1
Welded:
Aluminum Design (ADM 2015)
Alloy = 6061 Material Properties (Table A.3.3)
= Je=y = j Je=i = 3-l=i

Temper = "T6" E lﬂl]'l[ll[lI ];.5.1 Ftu 20 1-k=1 Fs}__ 13-ksi

G = 3800 kst F,. = 216ksi F, = 1746ksi
Description = "Welded*" oy o su

F., = 2L6-ksi

Buckling Constants (Table B.4.1/B.4.2)
B.=23Tksi Bp = 26.9-ksi By = 3%3-ksi E 16.2-ksi B, =262ksi By, = 38.3-ks1

D.=0115kst D,=0138kst Dy =0353ksi D_=0065kst D,=079ks1 Dy,=23ks

ju 5
C.=8456 {:I-" =785 Cpp =873 C . =1022 Cyp, = 77.386
Postbuckling Constants (Table B.4.3) Tension Coefficient {Table A.3.3)

Ky p=05 ky p=204 Ky (=035 ky (=227 k=1

Note, these buckling constants will be used in calculating the capacity of the post
and the extrusions holding the glass.

3 Mesh infill

Typical panel make-up:

Project number: 38215
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64 + 1/8
4
r 3/16 17 c-C
S
! f \
c-C
(wp.
323/8 % 1/8 !
4
(c-c
3/16 B
3/32 —ef=— 4 —- -
cc —f=—3/32
c-C c-C
NOTES:

- GALVANIZED OR 316 STAINLESS STEEL
WELDED WIRE MESH

- WIRE SIZE = $0.188" ($0.187" NOM.
FOR GALVANIZED AND #0.192" NOM.
FOR 316 STAINLESS)

- C-C SPACING = 4.000" TYP.

50 Ibs infill load is required to be applied over 1 square foot of the mesh. The
mesh is 3/16” wire that is either stainless steel or steel.

Mesh and attachments of the mesh are adequate by inspection due to the small
loading.
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4 Railing check

4.1 1 H”'-Post, weld, and base plate test results

211 /1 Allowable load for 2-1/2” x 2-1/2” Welded 6063-T6 (Trex)
This covers the post used by Trex in their Signature (IRC) residential railing. This

post has a 4’x4” baseplate welded to it. The post/baseplate assembly is tested
as a single unit.

NOTES:

1. APPLICABLE STANDARDS AND SPECIFICATIONS ASME Y14.5 2009 DIMENSIONS AND TOLERANCE.

2. MATERIAL: MAKE FROM 980000106700 IRC POST EXTRUSION

3. BREAK ALL EDGES AND CORNERS 0.01 MAX.

All material for post is 6063-T6 with ER5356 wire for welding

Data was taken from the Trex assembly line’s daily tests, which consists of
ultimate loads on samples taken from the production line.

Applied live load = 0.2k *43in = 8.6 k-in

Project number: 38215
Author: CDT Page: 14 of 38
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sample Ultimate Average | Standard Min. KN, 5% cov strength FOS
Mumber Load (Ibf) load deviation ! (Ibs)
Based on 4/23/18 tests in Winchester, VA

1 625

2 621

3 610

4 636

5 647

i} 632

7 B33

a8 624

635.1875 144 610 1.52 0.0226 607.6 3.04

9 651

10 659

11 633

12 644

13 623

14 652

15 653

16 620

*Derived per methods of EN 1990-2002, Appendix D, Table D1

607.6 Ib /2.5 FS = 243 Ib maximum applied load > 200 Ib code specified OK

243 Ib / 50 Ib/ft = 4.86’ = 58” maximum post spacing > 48” maximum used OK

Deflection:

Limit = 2*L/60 = 2*42.5"/60 = 1.42”

(0.2 k)(42.5M3

T 3EI T 3(10100 ksi)(1.12 in?)

= 0.45" < 1.42” limit OK

a

Table 23

SQUARE TUBES

Designation d t Weight A lely (8.8, rory J zZ,2Z, bA
in. in. bt in: in ins in. int ins -

RT25x25x0125 25 0.125 14 119 112 0.896 0471 1.67 1.06 18

Project number: 38215
Author: CDT
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NOTES: L — =
1. APPLICAELE STANDARES AND SPECIFICATIONS ASME “14.5 200G8 DIMENSIONS AND TOLERAMNCE. I ]

2. MATERIAL: MAKE FROM 990000108700 IRC POST EXTRUSION
3. BREAK ALL EDGES AND CORMERS Q.01 MAX.

‘ 43.000

3.260 4.000

\ J
2500~ <.
0.500 |~ 5X @0.406

1/4" x 1/4" £ 116" AILLET WELD

ALL 4 SIDES WITH @0.045" ER5356 WIRE
(NOTE: POST AND BASEPLATE MUST
BE CLEANED PRIOR TO WELDING.)

(A) DETAIL

Allowable moment = 243 |bs * 43 in = 10.45 k-in

4.2 Anchorage check

4.2.1 2Lag screw check

Section removed

Project number: 38215
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4.2.2 Through-bolts with backer

Reference Code Compliance Research Report CCRR-0202 for connection
details.

W

PRESSURE TREATED
SYP (G 2 0.50) 2x8 BLOCKING
QTY. 2 (STACKED)

= | rl

LS Ly
[

w w
@ltn coltn

x ®
r _‘PI
. -
Ll L]

“#10 x 3 WOOD SCREWS

Wood blocking detail

Figure 9 — Post Mount Installation on Wood Deck

Project number: 38215
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4.3 Top rail and bottom rail check

4.3.1 Top rail
Loading on top rail due to live load:

(93.5” inside of post to inside of post)

PL  02k=*93.5in

M, = T 2 = 4.6 kip —in
——————————————— REGIONS & @—-———————————————
v Area; 0.7113
Perimeter: 15.29972
Ep——— Bounding box: o -0.6700 ——  0.8700
Y —0.7553 —— 0.6967
W Centroid: X 0.0000
% A& 0.0000

D5

C
]
]

[

Moments of inertia: Koo 01487

Y:

0.2030

Product of inertic;  XY: ©.0000

Project number: 38215
Author: CDT

Y

Radii of gyration: X 0.45088

0.5342

Principal moments and X=Y directions about centroid:

0.1497 dlong [1.0000 0.0000]

J 0.2030 along [0.0000 1.0000]
7y = 0.346 IN"3
Zx = 0.273 IN*3

Page: 18 of 38
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4.3.1.1 Vertical moment capacity
Custom extrusion design per ADM 2015

Properties

G063-TE

Ft}, = 23-ksi E = 10100-ks1i
F,, = 30-ksi G = 3800 k=i
Fc}, = 23-ksi Lb = 9§-in
F,=06F,=18ksi K=10

Fﬂ_. = IZI'.I.‘r-F.L_}_. = 15-ksi k=10

EEE conservatively can be left as 1.0

Section properties

= 4 compression side
e ©°™P I, = 0.1497in"
Cy = 0.697-in 4
Iy = 0.203-1n AE
L
Sx =— = III'.IQS-i:a3 ]x
e r, = {— =043%in
A
L 3 B
Sv =—=02%1-in I‘r
- |: r
@ r, = |—= = 0.534in

[

Resistance and safety Factors

2 = 165 2, = 1.95

Project number: 38215
Author: CDT
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ky

._.
Il
=
s
v

b5
"W
(3]
[
a

Z, = 0346in"

2 3

= 0.7113in Zy =02731n
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Design of Members for Flexure Chapter F

Check yielding and rupture - section F.2

Yielding
Zx-}"c}__= 8.63-kip-in l.j-Sx-Fc}__ = 7433 kip-in k= 1.0 Dependent on type of Aluminum
My = |ZeFoy f ZoFo €158, F . = T435kipin

158, Foy, if 158:Foo < ZFoo

Mo - .
My = ——— = 4306 kip-in YIELDING
Rupture
ZF
M, = — = 1038-kip-in
"’1111.1111 g
My =——=3334pin RUPTURE
r
Yielding
ZF,,, = 6825 kip-in 1.5-8,F,, = 10.922-kip-in ke = 1.0 Dependent on type of Aluminum
My = |ZyFey if ZyFey €158, F,, = 6825kipin
158, Foy i 158, Fy < ZFoy
Mnuj,-‘ e
Mj = ——= = 4136kipin YIELDING
Rupture
ZF
Myury = Y o 810kpin

- RUPTURE

Project number: 38215
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Check Local Buckling - section F.3
L [

1

—— 403
QOQOI

Flat Elements supported on one both edges in flexural compression (B5.5.2)

Top member in compression

t=00%0in b :=0405in L =43
t

Cy = —Cg= 0687 k=03
— 2.0
e, = 0755 in k=204
(i e e,
m= ||| 115+ = || #f -1« =|< 1= 0688
X\ ), c)
¢
L i [
[ - E\ %)
-y
065 ff c.=—¢,
B, - 15F, &, B
or - 1Bor
AMEm T 303 = ——— = 81763
m-Dy, T omDy
b
Fp= |19, i ~ <X = 37.5-ksi
b b
Bbr - m-Dbr-: — | if }\1 < — < Xy
I, t =
ky [BprE
= . otherwise
w2
t

-2 _cospn  WEAK AXIS LOCAL BUCKLING

Note: Lateral Torsional Buckling does NOT Control

Strong Axis Bending Capacity

Weak Axis Bending Capacity

M, = 4.5 k — in, 2% lower than applied moment from vertical 200 Ib load. OK,
minimum yield strength was used.

Project number: 38215
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4.3.1.2 Horizontal moment capacity
Custom extrusion design per ADM 2015

Properties

G063-TE

Ft}, = 23-ksi E = 10100-ks1i
F,, = 30-ksi G = 3800 k=i
Fc}, = 23-ksi Lb = 9§-in
F,=06F,=18ksi K=10

Fﬂ_. = IZI'.I.‘r-F.L_}_. = 15-ksi k=10

EEE conservatively can be left as 1.0

Section properties

= -{ compression side
ce = 087in P I, = 0.1497-n"
Cy = 0.87-in 4
Iy = 0.203-1n AE
L
§, = — = 017240 L
e r, = {— =043%in
A
L 3 B
Sv =— = 0233 I‘r
- |:_ r
@ r, = |—= = 0.534in

[

Resistance and safety Factors

2 = 165 2, = 1.95

Project number: 38215
Author: CDT
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ky

._.
Il
=
s
v

b5
"W
(3]
[
a

Z, = 0346in"

2 3

= 0.7113in Zy =02731n
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Design of Members for Flexure Chapter F

Check yielding and rupture - section F.2

Yielding
ZyFeoy = 8.63-lip-in 1.53-8;Fpy = 6.433-kip-in lg = 1.0 Dependent on type of Aluminum
My = |ZeFey  ZoFo S 1L58F, = 6433kpin

158, Fop i 158, Fop < ZFoy

Mipux
M; = —— = 3911 -kip-
1= oin  Y|IELDING
Rupture
Z_F
M,y = —— = 1038-kip-in
ke
M, = Moum ssnkpin RUPTURE
- LR
Yielding
Z},-Fc}__= 6.823-kip-in l.i-S},-Fc}__= 8.73-kip-in kg = 1.0 Dependent on type of Aluminum
Mpyy = |ZyFoy i Z,Fo S 158,F, = 6825kip-n

158, Foy # L3S Foy < ZoFoy

M,
Mj = 1:1" =«36kpin Y|ELDING
Rupture

Z,Fy

\'iﬂ'l_l.t} = = 8.1%-kap-mn

M

v -ws  RUPTURE

Note: Lateral Torsional and Local Buckling do NOT Control

Strong Axis Bending Capacity

Weak Axis Bending Capacity

M,, = 4.1 k — in (controls for wind load)
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4.3.2 Bottom rail

This rail is subject to a horizontal live load of 50 Ibs applied at the center of
an 8ft span over 1 square foot.

——————————————— REGIONS @ ———————————————
J{ Ared: 0.6139
Ferimeter: 13.7053
Bounding bow; L -Laayon —— 08700
Y -0.6247 —-— (.6053
H Centrond: A0 00000
—

b ke 0.0000

Moments of inertio. X 01137

ki 0.2173

Product of inertio;  ¥Y: 0.0000
Radii of gyration: A 04303
hE 0.5950
Principal moments and XY directicns about centroid:
I 0.1137 along [1.0000 0.0000]
J: 0.2173 along [0.0000 1.0000]

ki Zy = 0.325 N°3

=— 870 =
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4.3.2.1 Horizontal moment capacity
Custom extrusion design per ADM 2015

Properties

GOB3-TE

Ft}* = 25ks1 E = 10100-k=s1
Fu = 30-ksi G o= 3800-ksi
Fc}* = 25k=sn Lb = 06
Fsu = I}.ﬁ-Fu= 18-ks1 K=10

Fs*:,-' = D.B-Ft}_. = 15-ksi kl =10

C =10 consenatively can be left as 1.0
Section properties

¢, = 087in compression side

.4 .2 .3
Iy = 02173in Ag = 0.613%-in Zy = 032510
L 3 v
Sv == =02%m = (= 0.395-in
- Cq . _'-'":.E

Resistance and safety Factors

2 = 1.65 (2, = 193

Project number: 38215
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Design of Members for Flexure Chapter F

Check yielding and rupture - section F.2

Yielding
Z,F., =303kpin 135S, F_, = 0366kipin =10 Dependent on type of Aluminum
My = |ZoFey  Z,Fep € L3S F, = 8125 kipin
158 :Foy i 158, Foy < ZoFoy
My = B i
M, = = 4024 Kip-in
1= pin  Y|IELDING
Rupture
Z E
Mpyry = —— = 0.75-kip-in

- sws  RUPTURE

Note: Lateral Torsional and Local Buckling do NOT Control
Weak Axis Bending Capacity

My, = min(M; .M, = 4.924-kip-in

M, =49k —in
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4o 4-""""';]‘W"*-L-bracket
Attaching L-Brackets to Top and Bottom Rails

—TN
._._.___...-"
]
"fff_-—----;
< 7% ;r_,,—-—-"'_____"'___.-.-—' |
\—"'" ﬂ#ﬁ# #ﬁ#ﬁ#ﬁ
—— ===
=" "]
l,=,===s=1='='=F'=' =] H
ﬁ#ﬁ#ﬁ# |==,=.;.=.=F'='=
- "]
i #ﬁﬁd;ﬁfﬁ# =T
—— —
FF‘EFFFFFF ﬁpﬁﬂfﬁﬁ# H
- ===
| =]
= =y
— — |l
,=F.=r:--="F'='='='=F'=F =
|

This connection and bracket are adequate by inspection since the load applied is
a fraction of the 50 Ibs over 1 sq ft infill load.
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4.3.4 Testresults

Similar brackets were tested. The connection of the brackets to the post are the
same while the castings have little variance geometrically.

Results are reported from Architectural Testing report number C7526.01-119-19
revision 1 dated 2/20/14 and Intertek report E3233.01-119-19 revision 1 dated
3/24/15. The former test report was for the Trex Reveal system, which utilizes the
same post, top rail and bottom rail including attachment brackets as does the rod
rail system. The tests for the posts are not applicable since the alloy used in
testing is a higher strength alloy than is used in production. The alloy used for the
top rail in testing (6005-T5) is also different than that used in production but is the
same strength. The latter Intertek test was used with the composite sleeves and
spacer blocks, and thus indicates that they are also code compliant.

Photo No. 2
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Test No. 5 - Test Date: 05/06/13

Design Load: 200 Ib Concentrated Load at Both Ends of Top Rail (Brackets)

a1 Test Load E.T.
Load Level (Ib) (min:sec) Result
Each end withstood load equal to or
2 501208 }:b )x2 110 00 10 1_ 01:05—-02:07 | greater than 500 1b for one full mmute without
D failure

! Load was imposed on both ends of rail using a spreader beam; therefore, loads were doubled.

The brackets averaged ~1000 Ibs for all samples - brackets are adequate.

Project number: 38215
Author: CDT
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5 Conclusion

Component | Conclusion

Top rall

Rail Caps

Bottom rail

Rail mounting
brackets

Posts

Baseplates and
base welds

Mesh

Anchorage

*Controlling component

- Railing meet the requirements of IRC 2015 with up to 6’ post spacing.

The capacity is limited by the strength of the post.
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6 Appendix A —aluminum tensile test results

6.1 Description

Tests were completed by Element Materials Technology in St. Paul, MN. Tests
were conducted in accordance with ASTM B557-14 and ASTM E8-E8M-13a.
1/8” T4 and T6 material was tested. The following conditions were tested:

Description Tag | Number
T4 samples T4 3
Heat treat T4 to T6 | T4H 10
Welded T4 T4W 10
Welded T4 heat
treatto T6 TAWH 10
T6 samples T6 3
Heat treat T6 T6H 10
Welded T6 TeW 10
Welded T6 heat
treatto T6 T6WH 10
Weld deposit on
T6 base metal T6WB 5
Weld deposit on
T6 base metal, HT | T6WBH 5
Weld deposit on
T4 base metal T4WB 5
Weld deposit on
T4 base metal, HT | TAWBH 5

Notes:

*Filler metal 5356 used on all welded samples

*TIG process used with CJP butt weld for all ‘W’ and ‘WH’ samples

*TIG process used with 1/8” fillet on both sides of sample for all ‘WB’ and ‘WBH’
samples

*Samples with tag ‘H’ heat treated at 350°F for 8 hours and 8 minutes (see
certification)

*All samples were created from cold processes (shear/punch)
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i Flame Metals Processing Corp. Order No.: 531050
. . Date: 10/03/2014
/ Certlﬁcatlon Entry Date: 10/02/2014
[ Page: 1 of 1

To:
STAGING CONCEPTS ACQUISITION,

7008 NORTHLAND DR Purchase Order No.: 65771
SUITE 150 Packing List No.:
BROOKLYN PARK .MN 55428 1 Material: 6061
We are pleased to provide you with the following Certification
Quantity |_Part Number / Part Name / Part Description . Pounds
10 T4H
6061-T4
Precipitation harden to condition T6
10 T4AWH
6061-T4
Precipitation harden to condition T6
10 T6H
6061-T6
Run to process for Precipitation hardening T4 to condition T6
10 T6WH 3.04
6061-T6
Run to process for Precipitation hardening T4 to condition T6
Insp. Type Scale Minimum Maximum Number Other Inspection ID#
Customer Reguirements:
Hardnss HRB 42,
Results:

Parts were processed according to the procedure and industry standards.

Processed ok.

Final hardness HRB:

T4 WH: 44.2

T4 H:46.5

T6 H: 456

T6 WH: 46.5

Parts were tempered at 350°F for 8 hours and 8 minutes.
Processing chart attached.

Ok to ship.

Madison Aguirre
10/3/2014

INSPEhTOR .
Flame Metals Processing Corpefation
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6.2 Results

Derivation of yield (0.2% offset) and ultimate strength based on the samples
values were calculated based on EN 1990-2002, Appendix D, Table D1. This
method

D7.2 Assessment via the characteristic value

(1) The design value of a property X should be found by using :

X
Xg=ng X a1k Vy ) (D.1)

L r-‘ﬂ

Table D1 : Yalues of k, for the 5% characteristic value

n 1 2 3 4 5 6 8 10 20 30 a0

Vyknown | 2,31 | 201 | 1,89 | 1,83 | 1,80 | 1,77 | 1,74 | 1,72 | 1,68 | 1,67 | 1,64
Vx - - 337 1 263 | 233 | 2,18 | 2,00 1 1,92 | 1,76 | 1,73 | 1,64

unknown

Where,

mx = mean (average) value

kn = characteristic fractile value given in Table D1 and based on the number of
test samples

Vx = coefficient of variation

7)d = conversion factor, if required (=1 in this case)

7m = partial resistance (safety factor); factor depends on application. In this

case, safety factors will be included in design per ADM requirements, thus factor
in this statistical analysis = 1

The coefficient of variation was calculated as 0.02 and was based on mill
certification data from various runs of aluminum as received. See Figure 1.
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6061-T6 mill certification data
yield average |std.dev.| COV |ultimate | average std. dev. cov
43.5 43
44,2 48.2
43.4 48.1
43.8 47.7
A3 48.5
43.1 48.2
42.2 47.9
42.4 48.1
42.4 48
42.3 42,86 0.92 0.02 47.9 48.19 0.85 0.02
42.3 47.9
42.3 47.9
43.6 49.2
43.7 43.1
43.5 43
43.4 49.1
43.5 49.2
40.9 46.3
40.9 46.3

Project number: 38215

Author: CDT

Figure 1 - Vx (COV) calculation
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The values for yield strength and ultimate strength are calculated per equation
D.1 shown previously.

All values in ksi

Material/tag | Sample no.| Yield |Average|Std. Dev.| kn 5% |Yield strength|Ultimate| Average |Std. Dev.| kn 5% |Ultimate strength
1 29.7 42.5
T4 2 29.9 29.80 0.10 1.89 28.6 42.8 42.53 0.25 1.89 411
3 29.8 42.3
1 43.1 46.3
2 43 46.8
3 43.1 46.7
4 43.1 46.6
T4H > 43.3 42,98 0.25 1.72 41.4 467 46.47 0.28 1.72 45.1
6 43 46.8
7 42.8 46.1
) 42.7 46.2
9 42.9 46.3
10 A2.6 46.2
1 22.5 31.6
MNA -
2 19.1 weld fail
3 21.5 30.3
4 28.1 31
T4W 3 247 22.98 2.39 1.72 22.1 208 30.66 0.72 1.74 29.7
6 22.6 30.1
MNA -
7 21.3 weld fail
8 22.4 30.7
9 23.5 314
10 24.1 29.4
1 26.1 33.5
2 26.5 33.7
3 26.2 34.2
4 28.9 34.7
5 26.2 34
T4WH G 20.6 26.61 0.92 1.72 25.6 34.5 33.98 0.44 1.73 32.9
7 26 33.6
) 27.2 34.1
9 26.8 33.5
MNA -
10 25.6 weld fail
1 26.7 33.2
2 27.9 33.5
T4WB 3 27.5 27.40 0.58 1.8 26.3 33.3 33.50 0.41 1.8 32.2
4 28 33.3
5 26.9 34.2
1 33.4 38.8
2 26.6 38.2
T4WBH 3 32 31.66 2.96 1.8 30.4 39.1 38.84 0.45 1.8 37.3
4 34.1 39.4
5 32.2 38.7
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1 40.8 47.8
TG 2 41.4 41.10 0.30 1.89 39.4 48.1 47.97 0.15 1.89 46.4
3 41.1 43
1 41.8 46.5
2 42.7 47.1
3 42.4 A6.7
4 42.4 46.7
T6H 5 42.3 42.28 0.28 1.72 40.7 46.6 46.66 0.18 1.72 45.3
5] 42.3 46.7
7 42.3 46.6
8 42.6 46.7
9 42.1 46.5
10 41.9 46.5
1 21.4 29.6
2 22,2 314
3 22,2 30.3
4 23 29
TeW 3 = 22.48 1.06 1.72 21.6 20 30.02 0.83 1.72 25.1
6 22.6 30.6
7 22.5 294
8 21.3 294
9 21.7 29.3
10 22.9 31.2
MNA -
1 27.7 weld fail
2 27.2 33.6
MNA -
3 28.7 weld fail
4 27.7 34.2
TeWH 5 27.3 27.86 1.27 1.72 26.8 34.6 34.29 0.35 1.76 33.2
6 27 34.1
7 30.3 34.5
8 29.4 34.5
9 27.4 34.5
MNA -
10 25.9 weld fail
1 25.1 31
2 24.6 30.6
TeWB 3 22.9 24.40 0.91 1.8 23.5 29.6 30.62 0.60 1.8 29.4
4 24.3 30.8
5 25.1 31.1
1 29.5 36.1
2 29.3 35.9
TAWEH 3 29 29.46 0.32 1.8 28.3 36.2 36.20 0.35 1.8 34.8
4 29.8 36.8
5 29.7 36
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6.3 Derived properties
The following figure summarizes the values calculated in section 8.2.

All values in ksi

Properties

2 yield 28.6
ultimate 41.1
T4 - welded yield 221
ultimate 29.7
ield 41.4

T4 heat treated yre
ultimate 45.1
ield 25.6

T4 heat treated/welded ¥y1e
ultimate 32.9
ield 26.3

T4 heat affected yre
ultimate 32.2
ield 30.4

T4 heat affected/HT [
ultimate 37.3
6 yield 39.4
ultimate 46.4
T6 - welded yield 21.6
ultimate 29.1
T6 heat treated yield 40.7
ultimate 45,3
T6 heat treated/welded |yield 26.8
ultimate 33.2
T6 heat affected yield 23.5
ultimate 29.4
T6 heat affected/HT  [L1219 28.3
ultimate 34.8
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6.4 Conclusions and applicability of data
The following conclusions can be made from the data:
1) Heat treating T4 material (unwelded) brings it to T6 strength
2) T4 and T6 welded material has essentially the same strength properties
3) T4 welded material is reduced to ~78% of its as received yield, T6 welded
material is reduced to ~56% of its as received yield
4) Heat treating welded material recovers 15-24% of the strength
5) Heat affected and heat treated material (i.e., fillet weld is not through
material) has ~30% more strength than welded material
6) Heat treatment does not have a negative effect on base material outside
of the heat-affected zone or on filler material

The data indicates that for welded areas on T4 and T6 material that are heat
treated, the minimum yield used for design purposes is 25.6 ksi. Conservatively,
this value is used rather than 30.4 ksi for heat affected and heat treated areas.
This is an added measure of safety to account for the fillet weld (or heat affected
zone) penetrating through the material, which may be the case for larger fillet
welds.
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