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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) AAMA TIR A9 
4) AISC 360-10 
5) NDS 2018  
6) ACI 318-14 

2.2 Design loads 

2.2.1 Live load 

Design Criteria Requirement 

Guard/handrail live loads 
200 lbf applied at any point at the top of 
the rail per IRC 301.5, OR 50 lbf 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. 
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2.3 Deflections   
   

Deflection 

Aluminum, steel, stainless steel: L/60 
per minimum requirements of IBC table 
R301.7 sub note c where L = 2*Length 

for cantilevers 

 

 
 
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. 
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2.4 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: 
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Welded: 

 
 
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: 
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50 lbs 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 Post, weld, and base plate test results 

4.1.1 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. 
 

 
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 = 0.2 k * 43 in = 8.6 k-in 
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607.6 lb / 2.5 FS = 243 lb maximum applied load > 200 lb code specified OK 
243 lb / 50 lb/ft = 4.86’ = 58” maximum post spacing > 48” maximum used OK 
Deflection: 
 
Limit = 2*L/60 = 2*42.5”/60 = 1.42” 
 

Δ =
𝑃𝐿3

3𝐸𝐼
=

(0.2 𝑘)(42.5")3

3(10100 𝑘𝑠𝑖)(1.12 𝑖𝑛4)
= 0.45" < 1.42” limit OK 
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Allowable moment = 243 lbs * 43 in = 10.45 k-in 
 

4.2 Anchorage check 

4.2.1 Lag screw check 
 
Section removed 
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4.2.2 Through-bolts with backer 
 
Reference Code Compliance Research Report CCRR-0202 for connection 
details.  
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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) 
 

𝑀𝑥 =  
𝑃𝐿

4
=  

0.2 𝑘 ∗ 93.5 𝑖𝑛 

4
= 4.6 𝑘𝑖𝑝 − 𝑖𝑛 
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4.3.1.1 Vertical moment capacity 
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𝑀𝑛 = 4.5 𝑘 − 𝑖𝑛, 2% lower than applied moment from vertical 200 lb load. OK, 
minimum yield strength was used. 
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4.3.1.2 Horizontal moment capacity 
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𝑀𝑛 = 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 lbs applied at the center of 
an 8ft span over 1 square foot.  
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4.3.2.1 Horizontal moment capacity 
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𝑀𝑛 = 4.9 𝑘 − 𝑖𝑛 
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4.3.3 L-bracket 

 
 
This connection and bracket are adequate by inspection since the load applied is 
a fraction of the 50 lbs over 1 sq ft infill load. 
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4.3.4 Test results  
 
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. 
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4.3.4.1 Attachment brackets 

 
The brackets averaged ~1000 lbs for all samples → brackets are adequate. 
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5 Conclusion 
 

Component Conclusion 

Top rail Adequate 

Rail Caps Adequate 

Bottom rail Adequate 

Rail mounting 
brackets 

Adequate 

Posts Adequate* 

Baseplates and 
base welds 

Adequate 

Mesh  Adequate 

Anchorage Adequate 

*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 
treat to T6 T4WH 10 

T6 samples T6 3 

Heat treat T6  T6H 10 

Welded T6 T6W 10 

Welded T6 heat 
treat to 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 T4WBH 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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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  
 

 

 
 
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  

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

gm = 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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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 
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6.3 Derived properties 
The following figure summarizes the values calculated in section 8.2. 
 
 
All values in ksi 
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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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