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Revision Description

1 Removed lag screw calcs, added backplate method. Added post
strength test data analysis, added Intertek/ATI test report (full) plus
CCRR to appendices. Removed tables and replaced with appendix

references.
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2 Description

This calculation covers the Trex Commercial Products Signature Balcony Railing

system. The railing is constructed of aluminum posts, top & bottom rails, and

pickets. It can be mounted to concrete orwood. Rai | i ng height is 420
maximum center to center post spacing of 50.50 .

ATTACH PAMEL TO POST
WITH BRACKETS AMD
SELF DRILLING SCREWS

POST ASSEMBLY

TYPICAL 4" PANEL
(TRIM TO SIZE IM FIELD)

CONMECTION SEE TABLE

VARIES

Author: JJJ
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~IRC POST CaAP

TREX 3/4" X 3/4"
EXTRUDED 8063-T6
ALUM PICKET

(26 LB/FT)

~TREX
2-1/2" X 2-1/2" X 1/8"

6063-T6 ALUM
TUBE (1.4 LB/FT)

3'-(4 /2

IRC POST SKIRT

SHR UPPER

BRACKET COVER
SHR UPFER

BRACKET COVER
LOWER RAIL EXTRUSION

UPPER RAIL
COVER EXTRUSION

LOWER RAIL

UPPER RAIL EXTRUSION COVER EXTRUSION

5HR UPPER BRACKET SHR LOWER BRACKET

Author: JJJ
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3 Design criteria

3.1 Building codes/standards/project specifications

1) IBC 2015

2) ACI 318-14

3) CCRR-0202 1 code compliance report for Trex Signature and Reveal
railing which use same components (with exception of infill) as Trex
Commercial Products Signature Balcony Rail

4) Intertek/ATI report number C7953.01-119-19, revision 0 dated 7/28/2014

3.2 Design loads
3.2.1 Liveloads

Design Criteria Requirement

50 plf per 1607.8.1 distributed

load in any direction applied to

Guard/handrail live top rail, OR 200 Ibf applied at

loads any point at the top of the rail

per 1607.8.1.1, OR 50 Ibf over
1 sf area per 1607.8.1.2

3.2.2 Wind
Rail style is considered open. Live load controls.

3.3 Deflections

Aluminum, steel, stainless steel: L/60
per minimum requirements of IBC table
1604.3 where L = 2*Length for
cantilevers

Deflection

Author: JJJ
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3.4 Materials Used

Component | Material Yield Ultimate
Top rail 6105-T5 35 ksi 38 ksi
Bottom rail 6063-T6 25 ksi 30 ksi
Rail mounting | Zamak 3 cast 32 ksi 41 ksi
brackets zinc

Posts 6063-T6 25 ksi (8 ksi) | 30 ksi (17 ksi)
Baseplates 6061-T6 35 ksi 38 ksi
Pickets 6063-T52 25 ksi 30 ksi

*Welded properties in parentheses

3.5 Material Testing
Per IBC 2015 1709.3.1, a safety factor of 2.5 is used when performing material

testing.

Author: JJJ
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4 Post checks

4.1 Aluminum 2-1/20 2x1 / 2\Velded 6063-T6

This covers the post used by Trex in their Signature (IRC) residential railing. This

post has a 40x40( 1b/adsoe pflialtliee tw ébliydleedo b ot i ¢ wel d
post/baseplate assembly is tested as a single unit.

2.5"x2.5"x1/8" square tube

/ Va"xXVa" Welded
N\ /_<\ all 4 sides full length to
T \ plate

DETAIL A
SCALE06: 1

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

Author: JJJ
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Data was taken from 6 months of the Trex assembly line daily tests, which
consists of ultimate loads on samples taken from the production line.

Summary for MaxLoad
Anderson-Darling Normality Test
A-Squared 2.84
P-Value < 0.005
7‘7 =h Mean 568.36
—7 m StDev 27.43
_/ Variance 752.40
Skew ness 0.67103
Kurtosis 1.63887
N 1121
Minimum 502.00
1st Quartile 548.00
Median 566.00
T T ; e 3rd Quartile  586.00
510 540 570 600 630 660 690 Maximum 692.00
95% Confidence Interval for Mean
RERLEHE WL 566.75 569.96
95% Confidence Interval for Median
565.00 569.00
95% Confidence Interval for StDev
95% Confidence Intervals 26.34 28.62
Mean - t |
Median t * |
56:5 56IG 56:7 56I38 5(;9 5%0

Use 95% C.I. for median:
5651b /2.5 FS =226 Ib maximum applied load > 200 Ib code specified OK

226 Ib /50 Ib/ft=4.526 40 S5ma xi mum p o5050 smaxi mgdK used
Deflection:
Limit=2*L/ 60 = 2*42.50/60 = 1.420
3 — 8 = ™pe 1.420K | i mit
Table 23 Lt
SQUARE TUBES ’
Designation d t Weight A I ly | Sx Sy | rory J Z, 7, b/t § % "
in. in. b/t in: int ins in. int ins -
RT235x235x0.125 25 0.123 14 1.19 1.12 0.896 0971 1.67 1.06 18 l
Author: JJJ
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5 Top rail, brackets, and fasteners checks

The top rail was tested by Trex to meet IBC and IRC specifications with a 200 |b
load appliedatmi d s pan o f, aadra 5@IdEft loag(400 Ibs total) applied
uniformly along the rail. These loads were applied independently, in separate
tests.

Results are reported from Architectural Testing report number D7953.01-119-19
revision 0 dated 7/28/2014. The test report is for the Trex Reveal system, which
utilizes the same components as does the Trex Commercial Products Signature
Balcony 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 (6105-T5) but is the same strength.

See Appendix B for all test results related to top rail, brackets, and fasteners. The
test was performed on the Trex Reveal system, which has the same top rall,
brackets, and fasteners as the Trex Signature system.

Brackets were tested with 200 Ibs * 2.5 FS = 500 Ibs direct shear (each).

Top rail was tested with 200 Ibs concentrated * 2.5 FS = 500 Ibs applied at
midspan to induce the maximum bending moment.

Top rail was tested with 400 Ibs uniform * 2.5 FS = 1000 Ibs.

These tests were conservative;for 86 rail spans. All tests p;
1709.3.1.

Author: JJJ
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6 Anchorage checks

Slight overages (0-5%) in the calculations are OK as concrete strength is
conservative by definition; increases over time. Hilti Profis does not allow Hole
Condition 2 to be selected in the software, but it is allowed during installation by
cleaning the concrete dust out of the anchor holes. This is reflected in Profis by

setting embedment depth manually to 1.
per ESR-3187.
6.1 Concrete
LRFD Loads:
V=1.6*0.05k/ f t * H50B4klo/ 12
M=0.34 k * 4 PA3%-in =
43 378" HIT-Z _ 47 4 W
WITH HIT-HY i BASERLATE
200 EBOXY = Ll
g
i FINISHED
h AT FLOOR
n: i B H -
ks
=
Concrete Flat Post | Stair Post
Strength tS dE Embedment Spacing | Spacing
psi in in in in in
3000 5-1/2 3-3/4 48 42
5000 4 5 2-3/4 48 42
Author: JJJ
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6.1.1 3000 psi concrete

www.hilti.us

=T

Profis Anchor 2.8.0

Company:
Specifier:
Address:
Phane | Fax:
[E-Mail:

Page: 1
Project:

Sub-Project | Pos. No.:

Diate: 382019

Specifier's comments:

1 Input data

Anchor type and diameter:

Effective embedment depth:
Material:

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Anchor plate:

Profile:

Ease material:

Installation:

Reinforcement;

HIT-HY 200 + HIT-Z-R 3/8 = -
P ace = 3,750 10, (Mot = = i1}
Ad
ESR-3187
3M1/2018 | 3112020
Design method ACI 318-14 / Chem
&, = 0.000 in. (na stand-off); t = 0.500 in.
Iy %1, % t=4.000in, x 4,000 in. x 0.500 in.; {(Recommended plate thickness: not calculated
ne profile
cracked concrete, 3000, f' = 3,000 psi; h = 8,000 in., Temp. shoriflong: 3232 °F
drilled hole, diti Dry
tension: condition B, shear; ition B; no

pp splitting reinforcement presant
edge reinforcement: none or < No. 4 bar

¥ - The anchor calculation is based on a rigid baseplate assumption

Geometry [in.] & Loading [Ib, in.lb]

Input data and results must be chacked for agreamant with !e axisting conditions and for plausbility
PROFIS Anchor [ ¢ ) 2003-2009 Hilli AG, FL-8494 Schaan  Hilli is a registered Trademark of Hiti AG, Schaan

Author: JJJ
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Profis Anchor 2.8.0

gomp;’?nyr ;agje: 2
pecifiar: roject:

Address: Sub-Project | Pos. No.:

Phone | Fax;: | Date; 38209
E-Mail:

2 Load case/Resulting anchor forces

Load casa: Design loads

Anchor reactions [Ib]
Tension force: (+Tension, -Compression)

Os - 0O

Anchor Tension force Shear force Shear force . Shear force y

1 1] 85 -85 [

2 2,202 85 -85 0 Comprassian Mension

3 a a5 -85 a

4 2202 85 -85 i}
miax, concrete compressive strain: 0.45 [%]
max. concrefe compressive stress: 1.941 [psi]
resulling tension force in (x/y}=(1.625/0.000): 4,404 [Ib] O : O
resulling compression force in (x/y)=(-1,622/0.000): 4,404 [Ib]
Anchor forces are calculated based on the assumption of a rigid baseplate.
3 Tension load

Load N, [Ib] Capacity ¢ N, [Ib]  Utilization Pu= N4 N, Status

Steel Strength™ 2,202 4,749 47 Ok
Pullout Strength® 2,202 5,169 43 QK
Sustained Tension Load Bond Strength® NIA [T A NiA
Concrete Breakout Strength** 4,404 4,337 102 not recommended

*anchar having the highest loading

3.1 Steel Strength

*anchor group (anchors in tension)

M., =ESR value refer to ICC-ES ESR-3187
§ N zN, AC| 318-14 Table 17.3.1.1
Variables
Age [in?] Fina [psi]
0.08 94,200
Calculations
Ny [Ib]
7.306
Results
Mg [Ib] D siea M [1b] N,z [Ib]
7,306 0.650 4,749 2,202
3.2 Pullout Strength
Mo =Ny, refer to ICC-ES ESR-3187
i Non 2 My, ACI 318-14 Table 17.3.1.1
Variables
s N, [Ib]
1.000 7,852
Calculations
Results
N [1b] 4 corcrata b Mg, [16] Ny [IB]
7,852 0.650 5,169 2,202

Inpart data G resilts must be chacked for agreamant with e existing condbons and for plausbiit®
FROFIS Anchar [ ¢ ) 2003-2009 Hilti AG, FL-0494 Schaan  Hilli is & registersd Trademark of Hiti AG, Schaan

Author: JJJ
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www_hilti_us Profis Anchor 2.8.0
gomp;’?nyr gagje: 3
pacifier: roject:
Address: Sub-Project | Pos. No.:
Phone | Fax: | Date; 38209
E-Mail:

3.3 Concrete Breakout Strength

A
Neow = (FE2) W oo v s et o Mo ACI 318-14 Eq. (17.4.2.10)
4 Nogg 2 N ACI 318-14 Table 17.3.1.1
Ay sea ACH318-14, Section 17.4.2.1, Flg. R 17.4.2.1(b)
Py =8RG ACI 318-14 Eq. (17.4.2.1¢)
1
Voo = (1 +2e',‘)£‘l.0 ACI 318-14 Eq. (17.4.2.4)
Thy
Wean =07+03 (‘3—'") 1.0 ACI 318-14 Eq. (17.4.2.50)
L T5h,,
Wepn = ACI 318-14 Eq. (17.4.2.7b)
M ACI 318-14 Eq. (17.4.2.2a)
Variables
b [in-] 8o [in] .z [in] Camin [IN.] Yol
3.750 0.000 0.000 3875 1.000
Gy [in] ke Aa i [psi]
7.250 17 1.000 3,000
Caleulations
Ay [in?] Ages [in.7] W eei W e M W e W epM N, [lb]
137,75 126.56 1,000 1.000 0,907 1.000 6,762
Results
Mg [10] A corerete b Moy [16] Nys [1D]
6,673 0.650 4,337 4,404

Inpalt data G resilts must be chacked for agreamant with fe existing condtions and for plausbiit®
PROFIS Aachar [ ¢ ) 2003-2009 Hilti AG, FL-0494 Schaan  Hilli is & registerad Trademark of Hili AG, Schasn

Author: JJJ
Page:18of 77
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www_hilti_us

Company: Page: 4
Spacifier: Project:
Address: Sub-Project | Pos. No.:
Phaone | Fax: | Date; 3B2me
E-Mail:
4 Shear load
Load V., [Ib] Capacity $ V. [Ib] _ Utilization B, = V..l V, Status
Steel Strength® a5 2,630 4 OK
Steel failure {with lever arm)* NFA i i NiA
Pryout Strength (Concrete Breakout 340 12 537 3 Ok
Strength controls)*
Concrete edge failure in direction ™ NIA NiA M M
* anchor having the highest loading  **ancher group {relevant anchors)
4.1 Steel Strength
Vi = {06 Any ) refer o |CC-ES ESR-3187
§ Vi 2 Vo ACI 318-14 Table 17.3.1.1
Variables
Ay linF] Fusa [psi] 006 Asey fura) [1b]
0,08 44,200 4,384
Caleulations
Ve [I0]
4,384
Results
Waa [ID] $ sien § Waa [ib] Via [Ib]
4,384 0.600 2,630 B5
4.2 Pryout Strength (Concrete Breakout Strength controls)
Vi = ke [(%)ww Wt W e W N,,} AGI 318-14 Eq. (17.5.3.1b)
f Vg2 Vi ACI318-14 Table 17.3.1.1
Ay, see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Py =8 hE ACI318-14 Eq. (17.4.2.1¢)
1
Ve = (1 . 2aN) 1.0 ACI 318-14 Eq. {17.4.2.4)
3Ry
Wean =07+0.3 (o ) <1.0 ACI 318-14 Eq. (17.4.2.5b)
Bhi
W e =Mm(ﬂ.%)s 1.0 ACI 318-14 Eq. {17.4.2.78)
! e
My =keh, Vi h)® AC|318-14 Eq. (17.4.2.2a)
Variables
ke het [in.] Bz [in] e [iN] o [IN]
¥ 3.750 0.000 0.000 3.875
W e G [in] Ke b £ [psi]
1.000 7.250 17 1.000 3,000
Calculations
Ay [I07] Puies [in7] W et W oacz M W o W oopn Ny, [Ib]
184.88 126.56 1.000 1.000 0.907 1.000 762
Results
Vg (0] $ cormrete b Mige (1] Wisa (18]
17,910 0.700 12,537 340

Inpalt data G resilts must be chacked for agreamant with e axising condbons and for plausbiit®
FROFIS Anchar [ ¢ ) 2003-2009 Hilti AG, FL-0494 Schaan  Hilli is & registerad Trademark of Hili AG, Schaan

Author: JJJ
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www_hilti_us Profis Anchor 2.8.0
gomp_)’?nyr IF‘)agje: 5
pecifiar: roject:
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5 Combined tension and shear loads

Bu i ;_ Utilization [y, (%] Status
1.015 0.032 1.000 B8 OK

Py = (P ¥ P [ 1.2 <=1

6 Warnings

= The anchor design methods in PROFIS Ancher require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TRO29, etc.).
This means load re-distribution on the anchors due 1o elastic deformations of the anchor plate are not consldered - the ancher plate is
assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchaor calculates the minimum
required anchor plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the
rigid base plate assumption is valid is not carfed out by PROFIS Anchor. Input data and results must ba checked for agreement with the
existing conditions and for plausibility!

Conditicn A applies when supplementary reinforcement is used. The @ factor iz increased for non-steel Design Strengths except Pullout
Strength and Pryout strength. Condition B applies when supplementary reinforcament Is not used and for Pullout Strength and Pryout
Strength. Refer to your local standard,

Design Strengths of adhesive anchor systems are influenced by the cleaning method. Refer to the INSTRUCTIONS FOR USE given in the
Evaluation Service Report for cleaning and installation instructions

Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI 218 or the relevant
standard!

Installation of Hilti adhesive ancher systems shall be performed by personnel frained to install Hilti adhesive anchors, Reference ACI 318-14,
Section 17.8.1.

Fastening does not meet the design criteria!

Inpalt data ane resilts must be chacked for agreamant with e existing condbons and for plausbiit?
FROFIS Aachar [ ¢ ) 2003-2009 Hilti AG, FL-0494 Schaan  Hilli is & registened Trademark of Hiti AG, Schaan

Author: JJJ
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7 Installation data

Anchar plate, steel: - Ancher type and diameter: HIT-HY 200 + HIT-Z-R 3/8
Profile: no profile Installation torgue: 177.015 inlb

Hole di in the fixture {p tting) : dy = 0.438 in. Hole diameter in the base material: 0,438 in.

Hole diameter in the fixture ({through fastening) : d, = 0.500 in. Hole depth in the base material: 4.750 in.

Plate thickness (input): 0.500 in. Mindrmurn thickness of the base matedal: 6.000 in,

Recommended plate thickness: not calculated
Drilling method: Hammer drilled
Cleaning: Mo cleaning of the drilled hole is requirad

7.1 Recommended accessories

Drrilling Cleaning Setting
- Suitable Rotary Hamimer + Mo accessory required » Dispenser including cassette and mixer
= Propety sized drill bit » Targue wrench
A
2.000 2.000
2
=
E=1
3
o
f=1
A .
P x
(=1
=]
(=]
o
1 F|
w0
,/ =
=]
0.375 3.250 0.375
Coordinates Anchor in.
Ancher  x y Cu Cox Sy Coy
1 -1.625 1625 - T.a25 - -
2 1.825 -1.625 - 3875 - -
3 -1.625 1625 - 7125 - -
4 1.625 1.625 - 3ETS - -

Inpalt data s resilts must be chacked for agreamant with e exising condbons and for plausbiit®
FROFIS Anchar [ ¢ ) 2003-2009 Hilti AG, FL-0494 Schaan  Hilli is & registersd Trademark of Hili AG, Schaan

Author: JJJ
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www.hilti.us

=T

Profis Anchor 2.8.0

Company: Page: 1
Specifier: Project:
Address: Sub-Project | Pos. Mo.:
Phane | Fax: Date: 382019
[E-Mail:

Specifier's comments:

1 Input data

Ancher type and diameter:
Effective embedment depth:

Materal:

Evaluation Service Report:
Issued | Valid:

Froof:

Stand-off installation:

Anchor plate:

Profile:

Ease material:

Installation:

Reinforcement;

HIT-HY 200 + HIT-Z-R 3/8

et ace = 2.750 In. (Rt = = 0.}

Ad

ESR-3187

3112018 | 3M1/2020

Design method ACI 318-14 / Chem

&, = 0.000 in. (no stand-off); 1 = 0.500 In.
I, % t=4.000 in, x 4,000 in. x 0.500 in.; (R
ne profile

cracked concrete, 5000, f.' = 5,000 psi; h = 8.000 in,, Temp. shorflong: 32/32 °F
hammer drilled hole, Installation condition: Dry

plate not

" - The anchor calculation is based on a rigid baseplate assumption

Geometry [in.] & Leading [lb, in.lb]

tension: condition B, shear: B; no supp splitting reinforcement present
edge reinforcement: none or < No. 4 bar

z!

01

Input data and results must be chacked for agreamant with the axisting condilions and for placsibility®
PROFIS Anchor [ ¢ ) 2003-2009 Hilli AG. FL-8484 Schaan  Hilli is a registersd Trademnark of Hili AG, Schaan

Author: JJJ
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