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1. Project Description

This report pertains to the Wagner interior glass guardrail system — Legato Round System. This report covers design
of all handrail components that are installed in accordance with Wagner recommendations and within the defined
design parameters. The scope of work includes handrail post and railing design, glass panel analysis, glass clip
design, post bracket design, and anchorage design. The support structure design (steel plate or concrete slab) are
outside of the scope of this report.

Design Parameters for Surface Mounted System:

Geometry:

e Height of railing above finished floor = 42”
e Max. post height = 42"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200lbf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with Sentry Glass (SG) interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’'s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti 3/8” Dia, 316 SS, HAS-R threaded rods and HIT-HY 200 Epoxy with 5.5” min. embed. depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Cracked concrete conditions

Min. anchor edge distance = 5” (after installation)

Min. slab thickness = 8”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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Design Parameters for Facia Mounted System:

Geometry:

e Height of railing above finished floor = 42"
e Max. post assembly height (post with bracket) = 50-1/2"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200Ibf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with Sentry Glass (SG) interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti HUS-HR M10 anchor with 3.563” min. embedment depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Uncracked concrete conditions

Min. anchor edge distance = 4" (after installation)

Min. slab thickness = 6”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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2. Codes, Standards, and References

1) 2015 International Building Code

2) AAMA TIR A9-14 Metal Curtain Wall Fasteners

3) ACI 318-14 Building Code Requirements for Structural Concrete

4) AISC 360-10 Specification for Structural Steel Buildings and AISC 14™ ed

5) AISC Design Guide 27 “Structural Stainless Steel”

6) ASCE7-10 Minimum Design Loads for Buildings and Other Structures

7) ASTM C1048 Standard Specification for Heat Treated Flat Glass

8) ASTM E1300-16 Standard Practice for Determining Load Resistance of Glass in Buildings

3. Design Loads

3.1. Dead Load
Glass = 13.2psf/in of glass x (5/16” glass + 0.06” Interlayer + 5/16” glass) = 9psf

Stainless Steel = 490pcf

3.2. Interior Pressure Load

PL = 5psf (ASD) Interior Air Pressure (2015 IBC, Section 1607.14)
3.3. Live Load

Handrail Assemblies and Guards shall be designed to resist the following loads:

Linear Live Load = 50plf at 42” above Surface (2015 IBC, Section 1607.8.1)
Concentrated Live Load = 200Ibf (2015 IBC, Section 1607.8.1.1)

Other Infill Panels shall withstand the following loads:
Concentrated Live Load = 50Ibf distributed over 1 sq ft (2015 IBC, Section 1607.8.1.1)

3.4. Load Combinations

1. Dead + Concentrated Live
2. Dead + Linear Live
3. Dead + Interior Air Pressure
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4. Railing Component Design
4.1. Design Criteria
4.1.1. Stainless Steel
316 Stainless Steel (Handrail) Fy = 30 ksi, min Fu = 70 ksi, min
316 Stainless Steel (Post and Railing Cap) Fy = 40 ksi, min Fu =70 ksi, min
4.1.2. Deflection Criteria
Max. Deflection = 2L/50
4.2. Overall Geometry and Location
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4.3. Structural Analysis

4.3.1. Model Dimensions

Handrail and Posts to be 316 SS 1-1/2" Std. (Schedule 40) Pipe.

Pipes Std 1-1/2 | AISC 14

Surface Mounted Model

1500

lin]]

Facia Mounted Model
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4.3.2. Model Loads

Surface Mounted Model

Facia Mounted Model
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4.4, Stress Utilization

The handrail components were analyzed per the AISC manual. The software output shows the governing envelope
utilization of railing members.

4.4.1. Surface Mounted System ) . )
Design utilization based on Stainless Steel

strength Fy = 40ksi, Fu = 70ksi

\ Max. Post Design Utilization

=0.78 <1.00, OK

N Max. Handrail Design Utilization

=0.21<1.00, OK
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4.4.2. Facia Mounted System
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Design utilization based on Stainless Steel
strength Fy = 40ksi, Fy = 70ksi

B ; K ’
\ 084 -""
Max. Post Design Utilization

=0.84 <1.00, OK

Max. Handrail Design Utilization
=0.21<1.00, OK
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4.5, Deflection Utilization

4.5.1. Surface Mounted System

Max. Post Deflection = 0.48”
< 2L/50 = 1.68", OK

4.5.2. Facia Mounted System

Max. Post Deflection = 0.71"
< 2L/50=1.86", OK
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5. Railing Support Design

5.1. Reaction Summary

Legato Railing Round System By: JC
Milwaukee, WI 2019-07-08
Glass Panel and Railing Analysis Page 12 of 77
2018-208 Rev. 0.0

The following forces (ASD Level) are transferred from analyzed components to the supporting structure designed by
others. The supporting structure must be able to withstand these forces. This to be designed by others.
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Section View through Surface Mounted Bracket Section View through Facia Mounted Bracket
5.2. Design Criteria
5.2.1. Anchors
Hilti HUS-HR Fu = 137.75 Kksi, min
Hilti HUS-R, 316SS, w/ Hilti HIT-HY 200 Epoxy Fu = 100 ksi, min
5.2.2. Concrete
Normal Weight Concrete f'c = 4000psi @ 28 days
5.2.3. Fasteners
316 SS Bolts, Condition A Fy = 30 ksi, min Fu = 75 ksi, min
316 SS Bolts, Condition CW Fy = 65 ksi, min Fu = 100 ksi, min

5.2.4. Stainless Steel
316 SS

Fy = 30 ksi, min Fu = 70 ksi, min
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5.3. Surface Mounted Bracket Design
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Loads (ASD)
DL := 200:Ibf
#1 Check Weld

Legato Railing Round System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

R:= 200-Ibf

1/4" Fillet Weld, 70ksi Min. Filler Strength, AlFAround

Capacity

By: JC
2019-07-08

Page 14 of 77

Capacity OK per Test Report P18-0055C (Heavy Duty Weld Flange Test Report) by Anderson Laboratories, Inc.

Refer to Appendix I.

#2 Check Base Plate for Bending

4-3/8" Dia, 1/4" Thick Round Plate, 316 Stainless Steel

Capacity

Capacity OK per Test Report P18-0055C (Heavy Duty Weld Flange Test Report) by Anderson Laboratories, Inc.

Refer to Appendix I.

#3 Check Bolt Capacity

(4) - 1/2"-13 Bolts, 316 Stainless Steel, Condition A, Tapped in Min. 3/8" Thick A36 Plate (or Better)

Properties:
db3 := 0.50-in

LE3:= 0.375-in

1
F +a:= min| 0.75-F —_—
nt3 ( 3
Yo" SFj,

Agyi= 0.7854-(%3 -

Demand

Tension

Shear
Capacity

Tension Capacity

Shear Capacity

Pull-out Capacity
TSAg3:= 0.0600-in”
Internal Thread Capacity

LE3 N3 TSA|3-F 53

Fy3 = 30-ksi

-Fus\) = 22.5ksi

0.9743
N3

2

Ti3:=
SF3+/3

External Thread Capacity

Fu3:= 75ksi N3

Fus3:= 58ksi

1
= 13—

n

SF3=25

— 0.129in°

1.2269 2
ARg = 0.7854:| dpg — =
3
R 43-in
Tyi= - __ 18111bf
2-Bolts 2.375-in
Vaiz X _ 1001bf
3= 5 =

Tn3 = Fnt3AS3 = 3193- |bf

Vn3 = FHV3AR3 = 1679 Ibf

TSA3:= 0.0860-in”

Conditions = "Thick"

LE3-Ng- TSAg3-F ;3 0.75-LE3-N3- TSAgj3- Fy3 \

TE3 ‘= min

SF3+/3

= 3800 Ibf

V3 )

Rev. 0.0

. 1 ) .
Frva = mln(O.TS-Fy?’ =3, s_F?,'F“?’ +4/3 - 12.99-ksi
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Pull-out Capacity Toutn3 = min(T|3, TES) = 3800: Ibf
Interaction
%Y g Ty F
IR1q:= | — +|—— =0.33 IR24:= =0.23 |CheckASD3 = "OK" |
T Vv T
n3 ) n3 ) outn3 )
#3 Check Anchor Capacity
Hitti 3/8" Dia HAS-R, 316SS, Rod w/ Hitti HIT-HY 200 Epoxy
Demand
Anchor Group LRFD Moment M3:= 1.6:R-43-in = 13.76 in"kip
Anchor Group LRFD Shear V3:=1.6-R= 320 Ibf
Anchor Capacity

Design Criteria:

e Concrete Strength fc =4000 psi min. @ 28 days

Normal Weight Concrete

8" Slab Thickness

5" Min. Anchor Edge Distance (after installation tolerances)
5-1/2" Min. Embedment

Capacitty is per the attached Hilti software output
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www.hilti.us Profis Anchor 2.8.3
Company: Stutzki Engineering, Inc. Page: 1
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 6/29/2019
E-Mail:
Specifier's comments:
1 Input data
Anchor type and diameter: HIT-HY 200 + HAS-R 316 SS 3/8 E T
Effective embedment depth: Retacr = 5.500 in. (et jimi = - In.)
Material: ASTM F 593
Evaluation Service Report: ESR-3187
Issued | Valid: 3/1/2018 | 3/1/2020
Proof: Design method ACI 318-14 / Chem
Stand-off installation: e, = 0.000 in. (no stand-off); t = 0.250 in.
Anchor plate: x|, xt=4376in. x 4.376 in. x 0.250 in.; (Recommended plate thickness: not calculated
Profile: no profile
Base material: cracked concrete, 4000, f;' = 4,000 psi; h = 8.000 in., Temp. short/long: 32/32 °F
Installation: hammer drilled hole, Installation condition: Dry
Reinforcement: tension: condition B, shear: condition B; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar

R The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [Ib, in.Ib]
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www.hilti.us Profis Anchor 2.8.3
Company: Stutzki Engineering, Inc. Page: 2
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.; Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 6/29/2019
E-Mail:
2 Load case/Resulting anchor forces
Load case: Design loads
Anchor reactions [Ib]
Tension force: (+Tension, -Compression)
Anchor Tension force Shear force Shear force x  Shear forcey
1 0 87 0 -87
2 0 87 0 -87
3 2,450 87 0 -87
4 2,450 87 0 -87
max. concrete compressive strain: 0.71 [%o]
max. concrete compressive stress: 3,099 [psi]
resulting tension force in (x/y)=(0.000/1.192): 4,900 [Ib]

resulting compression force in (x/y)=(0.000/-1.624): 4,900 [Ib]

Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load N, [Ib] Capacity ¢ N, [Ib]  Utilization gy = N../¢p N,, Status
Steel Strength* 2,450 5,037 49 OK
Bond Strength** 4,900 5,104 97 OK
Sustained Tension Load Bond Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 4,900 6,048 82 OK
* anchor having the highest loading **anchor group (anchors in tension)
3.1 Steel Strength
N,. =ESRvalue refer to ICC-ES ESR-3187
& Neaz Ny, ACI| 318-14 Table 17.3.1.1
Variables
Asen [in?] fuia [PSi]
0.08 100,000
Calculations
N [1b]
7,750
Results
Na [1b] 9 steel ¢ Nsa [Ib] Nya [1D]
7,750 0.650 5,037 2,450
D O @ @wagnercompanies
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3.2 Bond Strength
A
Nag = (Wj\:'o) W ectNa W ec2.Na W ed.Na W cp.Na Nig ACI 318-14 Eq. (17.4.5.1.b)
O Nag 2Ny, ACI 318-14 Table 17.3.1.1
Ana = see ACI 318-14, Section 17.4.5.1, Fig. R 17.4.5.1(b)
Anao = (2 Cra)’ ACI 318-14 Eq. (17.4.5.1c)
Cwa =104, ;1“5'6 ACI 318-14 Eq. (17.4.5.1d)
1
VecNa = (1 " 3) =1.0 ACI 318-14 Eq. (17.4.5.3)
Cha
W eana= 0.7+ 0.3 (Eg-rj—") <10 ACI 318-14 Eq. (17.4.5.4b)
1a
W cpNa = MAX(@ %) <1.0 ACI 318-14 Eq. (17.4.5.5b)
‘ac ac
Noa =di tke m-ds-hg ACI 318-14 Eq. (17.4.5.2)
Variables
T k.c.uncr [p5|] da [m] hef [ll'l] Ca.min [Iﬂ] Tke [pS|]
2,327 0.375 5.500 5.000 1,095
€qn [in] ez [in] Cae [in] o
0.000 0.000 15.126 1.000
Calculations
Cna [in.] Aa [in.7] Azo [in.7] Y ed.Na
5.429 133.64 117.91 0.976
W ec1Na W ec2,Na W cpNa Nba [Ib]
1.000 1.000 1.000 7,097
Results
Nag [Ib] & bona ¢ Nag [1b] Nya [Ib]
7,852 0.650 5,104 4,900
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3.3 Concrete Breakout Strength

An
Ncbg & (ANc[;)) WecNWedNWeNWepN Ny

¢ Ncbg 2 Nua

An.  see AC| 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)

Ano =9k

:
- 2e'N)S1.0
(1+3hef

Vean =0.7+03 (Ca-'"‘”

1.5hef) <1.0

Ve =MAx( am
Ny  =kedaVih3

Camin 1-5hef)
=Yg 1.0
Cac

ACI 318-14 Eq. (17.4.2.1b)
ACI 318-14 Table 17.3.1.1

ACI 318-14 Eq. (17.4.2.1¢)

ACI 318-14 Eq. (17.4.2.4)

ACI 318-14 Eq. (17.4.2.5b)

ACI 318-14 Eq. (17.4.2.7b)
ACI 318-14 Eq. (17.4.2.2a)

Variables
het [in] ecin [in.] e [in.] Camin [in.] W oeN
5.500 0.000 0.000 5.000 1.000
Cag [in.] ke Aa f [psi]
15.126 17 1.000 4,000
Calculations
Ay [in?] Aneo [in?] Y ect.N Y ec2N W edN Y epN N, [Ib]
20715 272.25 1.000 1.000 0.882 1.000 13,868
Results
Ncbg [Ib] ¢ concrete ¢‘ Ncbg [Ib] Nua [Ib]
9,305 0.650 6,048 4,900
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4 Shear load
Load V,, [Ib] Capacity ¢ V,, [Ib]  Utilization p, = V,./¢ V,, Status
Steel Strength® 87 2,795 4 OK
Steel failure (with lever arm)* N/A N/A NIA NIA
Pryout Strength (Bond Strength controls)** 350 13,506 - OK
Concrete edge failure in direction x+** 350 6,382 6 OK

* anchor having the highest loading

4.1 Steel Strength

*+anchor group (relevant anchors)

Vo =(068 Ay fus) refer to ICC-ES ESR-3187
b Vateel Z Vi ACI 318-14 Table 17.3.1.1
Variables
Asey [In.7]. futa [PSI] (0-8 Ase.v fusa) D]
0.08 100,000 4,659
Calculations
Vsa [Ib]
4,658
Results
Vsa [Ib] b steel b Vs [Ib] Via [1D]
4,653 0.600 2,795 87
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4.2 Pryout Strength (Bond Strength controls)
A a
Vs oo (A ) W et ¥ cczo ¥ s ¥ s Noa] ACI 318-14 Eq. (17.5.3.1b)
O Vepg 2 Via ACI 318-14 Table 17.3.1.1
Ana  see ACI 318-14, Section 17.4.5.1, Fig. R 17.4.5.1(b)
P o ACI 318-14 Eq. (17.4.5.1c)
e T uncr
o =10da Vi3ge ACI 318-14 Eq. (17.4.5.1d)
1
W eoNa = (1 X 3) <1.0 ACI 318-14 Eq. (17.4.5.3)
CNa
W eana =0.7+0.3 (Egﬂ) <10 ACI 318-14 Eq. (17.4.5.4b)
Na
W cpNa = MAX((@ %) <1.0 ACI 318-14 Eq. (17.4.5.5b)
‘ac ac
Noa  =ha trem- dy- hy ACI 318-14 Eq. (17.4.5.2)
Variables
kcp T k,c.uncr [p5|] da [ln] hef [ln] Ca,min [m] T ke [PSl]
2 2,327 0.375 5.500 5.000 1,095
ecLN [m] ecZ‘N [II"I] Cac [m] A a
0.000 0.000 15.126 1.000
Calculations
Cna [in.] Aa [in.7] Azo [in.7] Y edNa
5.429 164.18 117.91 0.976
W ec1Na W ec2,Na W cpNa Nba [Ib]
1.000 1.000 1.000 7,097
Results
Vepg [Ib]  concrete & Vepg [Ib] Via [Ib]
19,295 0.700 13,506 350
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4.3 Concrete edge failure in direction x+
A c
Viog = (cho) W ecy W edy W ov W ny W parallelv Vi AC1 318-14 Eq. (17.5.2.1b)
O Veng 2 Via ACI 318-14 Table 17.3.1.1
Ave  see ACI 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
Avm =45¢ ACI 318-14 Eq. (17.5.2.1c)
1
Veey = (1 . 2e, J=10 ACI 318-14 Eq. (17.5.2.5)
3Ca1
Yegy =07+ 0.3(1 %az ) <1.0 ACI 318-14 Eq. (17.5.2.6b)
ICa1
Vhy = 1_% 21.0 AC| 318-14 Eq. (17.5.2.8)
a
vo =(7(=Y &)r.E et Cl 318-14
. =(7 (d:) d, ) 1. VE cl ACI 318-14 Eq. (17.5.2.2a)
Variables
Cat [in.] Caz [in.] v [in] W ooy h, [in.]
5.000 5.000 0.000 1.000 8.000
le Im] Aa da [in-] fc [pS|] WV parallel vV
3.000 1.000 0.375 4,000 2.000
Calculations
Ay [in] Avep [in.%] Y oecy Y edy Wby Vy [Ib]
111.63 112.50 1.000 1.000 1.000 4,594
Results
Vcbg [lb] ¢ concrete ¢ Vcbg ['b] Vua [Ib]
9117 0.700 6,382 350
5 Combined tension and shear loads
Bn By C Utilization By [%] Status
0.960 0.055 1.000 85 OK

Brav=@n+py)/1.2<=1

6 Warnings

The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This
means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

.

Condition A applies when supplementary reinforcement is used. The ® factor is increased for non-steel Design Strengths except Pullout Strength

and Pryout strength. Condition B applies when supplementary reinforcement 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| 318 or the relevant standard!

.

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

Fastening meets the design criteria!
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Loads (ASD)
DL := 200-Ibf R:= 200 Ibf
#1 Check Plate for Tension
3"x 2-5/8" x 1/2" Plate, 316 Stainless Steel
Properties:
t4:= 0.50-in by := 0.266-in Fy1:= 30-ksi
.2 .2 .
Ag1:= ty-bq = 0.13in Apq = ty-bg = 0.13in Fuq:= 70-ksi
Force
Tension in Plate Leg Tq:= R 505in)_ 1.19-kip
2-Legs 4.25.in )
Capacity
o Fy1'Agi ,
Tensile Yielding Qq:= 167 Th1:= Q— = 2.39-kip
1
Interaction
T1
IR14:= — =05
n1 |CheckASD1 = "OK" |
#2 Check Bolt Capacity
1/2"-13 Bolts, 316 Stainless Steel, Condition CW
Properties:
1
dp2 := 0.500-in Fyp:= 65-ksi Fup:= 100ksi Np:= 13- —
n
Foooie min| 0.75-Fyy, ——.F 1 40-ksi Foyo:= min| 0.75-F, + /3 L +\/§L 23.09-ksi
nt2- : y2: SF, u2} nv2- : y2 ’ SF, u2 | :
0.9743 \? 2 1.2269 2 2
Agpi= 07854 dpp - — = 0.142in ARy := 0.7854-| dpp — = 0.129in
2
Demand
Tension To:= 0.0-Ibf
46.25-in
Shear Vyi= R _ 2 18.kip
4.25-in
Capacity
Tension Capacity Tho = Fuio-Agp = 5676:- Ibf
Shear Capacity V2= Fryo- AR = 2984 Ibf
Interaction
2 2
To ) Vs )
IR1pi=|— +|—— =053
Th2) \Vn2) [CheckASD2 = "OK" |
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#3 Check Plate for Bending
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2018-208

3"x 2-5/8" x 1/2" Plate, 316 Stainless Steel

Properties:
t3:= 0.50-in

Zy3:= 025 by ty” = 0.16in°

Force

Tension

Weak Axis Moment

Capacity

Tension

Weak Axis Moment

Interaction

bg:= 2.54-in

.2
Ags = t3 b3 =1.27in

By: JC
2019-07-08
Page 26 of 77
Rev. 0.0

Fyg:= 30-Ksi

46.25.in _
Ty:= | R——— = 2.18-kip
4.25.in
46.25-in . . o
M3:=| R-———— 0.25-in + DL-1.625-in = 0.87-kip-in
4.25.in )
Qg:= 1.67
Fua-A
y3' "'g3 .
Tn3:= Q— = 22.81-kip
3
Fy3-Zw3 o
Mn3:= = 2.85in-kip
{13
T3 M3
IR13:= — + —— = 04
Tha  Mp3
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#4 Check 4-Sided Weld
1/4" Fillet Weld, 70ksi Min. Filler Strength, Al-Around
Input = N
dg:= 0.5in by:= 3.0-in

dy ' by ,
y4::7:0.25|n x4::?:1.5|n 2 i s d

Properties

Lgy:= 2:dg + 2-bg = 7in .l

g 3
4 B .2
Sqw2 = ?-(3-b4+ dy) = 1.58in

Pp— b4 — i 2
S4w3 = ?-(3«14 + by) = 4.5in

3
by + d
o= @ = 74in°

Forces
46.25-in

Ng:= R ——— = 2.18 ki V4.0:= 0.0-Ibf V4 3:= DL = 200 Ibf
4 425N P 4.2 4.3

= 0-kip-i M = —6- ‘in\025' + DL-1.625-i M = O-kip-i
4:= 0-kip-in 4.2:= | R -0.25-in +1.625-in 4 3:= O-kip-in
P : 4.25.in ) ' P

Weld Stress
Ng Mg Myj kip
+ + - 0.86—
Law  Saw2  Saws in

2 2
Vasz Taxg) (Vaz Tava) Kip
Fawvi= + + =0.03
w L J
4w 4w )

Normal Stress FwN =

Shear Stress

+
Law  Jaw ) n

-
Total Stress Fua= + Fun’ + Fuv” Fyya = 0.86:—
n

Capacity
Weld filler metal tensile strength FEgq:= 70-ksi
. v2 (4 |
Effective Weld Throat E4:= — | — in=0.18-in Qy:=27
2 \16)
. f .
k 4 k
Alowable Stress f,4:= 0.6:Fgy E4 = 7.42.— 2750
in 7] in
Interaction
fwa
IR14:= Fyq + o 0.31 CheckASD4 = "OK"
4

@ O @ @waognercompanies

NAS \A/AGNER 888-243-6914 // rfg@mailwagner.com )
YA A 10600 West Brown Deer Road // Milwaukee, W1 53224, USA 02019 RgB Wogner, Inc. All nghts Reserved
Architectural Systems WagnerArchitectural.com



Legato Railing Round System By: JC
A Milwaukee, WI 2019-07-08
STUTZKI Glass Panel and Railing Analysis Page 28 of 77
ENGINEERING 2018-208 Rev. 0.0
#5 Check Base Plate for Bending
6"x 4"x 1/2" Plate, 316 Stainless Steel
Properties:
tg:= 0.50-in bg:= 1.0-in Fysi= 30-ksi Z,y5:= 0.25.bgts> = 0.06in>
Force
Bolt Tension Tg:= R 30in \= 1.67-kip
2-Bolts 3.0-in )
Weak Axis Moment Mg:= Tg5-0.5-in = 0.83-kip-in
Capacity Qg:=1.67
Fus-Z
Weak Axis Moment Mg = 2 1 12in-kip
Q
5
Interaction
Ms
IR1g:= —— = 0.74
Mns

@ O @ @waognercompanies
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#6 Check Circular Weld
1/8" Fillet Weld, 70ksi Min. Filler Strength

Input
dg:= 1.55in

Properties
Lgy:= 21 rg=4.87in

Spwi= 2T Tg" = 3.77in’

Jgyi= 201G = 2.9in°

Forces
Ng:= 0-kip
Tg:= 0-kip-in

Mg:= [ Mg 5° + Mg 3° = 0.82in"kip

f 2 2 .
V62= V6.2 +V6_3 = 2.18-kip

Weld Stress

Normal Stress
Shear Stress

Total Stress

Capacity

Weld filer metal tensile strength
Effective Weld Throat

Allowable Stress

Interaction
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de
I'6:= ? = 0.78in

\V =R m = 2.18-ki
627 N o5y TP
N M
6 6 ki
FuNi= — + — = 0222
Lew  Sew in
Ve TeTs kip
Fyi= — + = 045 —
LBW J6W in
2 2
Fwe:=+ FwN *+ Fwv
E6:= | —-in \/_ = 0.09-in
16 ) 2
kip
fwp = 06-Fgg E6 = 3.71-——
fw6
|R16:: FW6+ Q_ = 0.36
6

888-243-6914 // rfg@mailwagner.com
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-

Mg 3:= Vg o-0.375-in = 0.82in-kip

kip
0.5 —
we ™ in

FE6 := 70-Ksi

96:: 2.7

6 ki
£_137Lp

QG in

|CheckASD6 = "OK" |

© 2019 R&B Wagner, Inc. All Rights Reserved.
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#7 Check Bolt Capacity
(4) - 1/2™13 Bolfs, 316 Stainless Steel, Condition A

Properties:
1
dp7:= 0.500-in Fy7:= 30-ksi Fy7:= 75kKsi N7:= 13.—
In
LE7:= 0.375-in Fs7:= 58ksi SF;=25
1 ) ( 1 )
Fo7:= min(O.TS-F —— F, 7 '= 22.5ksi F . 7:= min| 0.75-F, 7 + /3, —-F 7 + /3 ' = 12.99-ksi
nt7 & u7 nv7 7 ’ u7
Yi" s, ) y SF7 )
0.9743 \? 2 1.2269 \2 2
Agy:= 0.7854-| dp7 — = 0.142in AR7 = 0.7854:| dp7 - — = 0.129in
7
Demand
. R 50-in
Tension 7:= .——— = 1667 Ibf
2-Bolts  3-in
DL
Shear Vy:= = 100 Ibf
2:-Bolts
Capacity
Tension Capacity Th7:= Fnt7Ag7 = 3193: Ibf
Shear Capacity V7= Fy7-AR7 = 1679 Ibf
Pull-out Capacity
. .2 _ .2
TSAg7:= 0.0600-in TSA7:= 0.0860-in
Internal Thread Capacity Conditions = "Thick"
roie TN TOAT Ut e
17:= =
SF7/3

External Thread Capacity
LE7 N7 TSAg7-F,7 0.75-LEs N7 TSAg Fy7\
SF7/3 ’ V3 )

Toutn7 := Min(Tj7, Tg7) = 3800 Ibf

TETZ: min

= 3800 Ibf

Pull-out Capacity
Interaction

2 2
T7 ) V7 ) T,
IR1;:=| — +|—— =0.28 IR2;:= = 0.44

Th7 ) V7 ) Toutn7

[CheckASD7 = "OK" |
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#7 Check Anchor Capacity
Hitti HUS-HR M10, SS Anchor

Demand
Anchor Group LRFD Moment Mz:= 1.6-R-47.5.in = 15.2in"kip

Anchor Group LRFD Shear V7:= 1.6-DL = 320 Ibf

Anchor Capacity
Design Criteria:
Concrete Strength fc = 4000 psi min. @ 28 days
Normal Weight Concrete
Uncracked Concrete Condition
6" Slab Thickness
4" Min. Anchor Edge Distance (after installation tolerances)
3.563" Min. Embedment

Capacity is per the attached Hilti software output
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www.hilti.us Profis Anchor 2.8.1

Company: Stutzki Engineering, Inc. Page: 1

Specifier: JC Project: 2018-208

Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:

Specifier's comments:

1 Input data

Anchor type and diameter: HUS-HR M10x130

Effective embedment depth: Netact = 2.800 in., hpom = 3.563 in.
Material: A4

Evaluation Service Report: Hilti Technical Data

Issued | Valid: -]-

Proof: Design method ACI 318-14 / Mech.

Stand-off installation: e, = 0.000 in. (no stand-off); t = 0.500 in.

Anchor plate: Iy x 1, x t=4.000in. x 6.000 in. x 0.500 in.; (Recommended plate thickness: not calculated
Profile: no profile

Base material: uncracked concrete, 4000, f.' = 4,000 psi; h = 6.000 in.

Installation: hammer drilled hole, Installation condition: Dry

Reinforcement: tension: condition B, shear: condition B; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar

R _ The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [Ib, in.Ib]
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2
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
2 Load case/Resulting anchor forces Y
Load case: Design loads
d 7
Anchor reactions [Ib] Q 3 /;\ L !
Tension force: (+Tension, -Compression) Tension
Anchor Tension force Shear force Shear force x ~ Shear forcey
1 108 87 0 -87
2 108 87 0 -87 Py
3 1,980 87 0 -87
4 1,980 87 0 -87
-
max. concrete compressive strain: 0.33 [%o] b 1 O 2
max. concrete compressive stress: 1,443 [psi]
resulting tension force in (x/y)=(0.000/1.344): 4,176 [Ib]
resulting compression force in (x/y)=(0.000/-2.558): 3,826 [Ib] @
. . Com sion
Anchor forces are calculated based on the assumption of a rigid anchor plate.
3 Tension load
Load N, [Ib] Capacity ¢ N,, [Ib]  Utilization gy = N,,/¢p N, Status
Steel Strength* 1,980 7,689 26 OK
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 4,176 4,296 98 OK
*anchor having the highest loading **anchor group (anchors in tension)
3.1 Steel Strength
Ngz = Value refer to Hilti Technical Data
o NeaZ Ny, ACI 318-14 Table 17.3.1.1
Variables
Asen [in] futa [pSi]
0.09 137,750
Calculations
Nz [Ib]
11,830
Results
Naa [Ib] b steel ¢ Na [ID] Nua [1b]
11,830 0.650 7,689 1,980
D O @ @wagnercompanies
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CEJmpany: Stutzki Engineering, Inc. Page: 3
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
3.2 Concrete Breakout Strength
Ngg = (:;ﬂ_;) T—— AC| 318-14 Eq. (17.4.2.1b)
& Nepg = Nya ACI 318-14 Table 17.3.1.1
Ay:.  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Mg =9h% ACI 318-14 Eq. (17.4.2.1¢c)
1
Wieen = (1 ol e'N) 1.0 ACI 318-14 Eq. (17.4.2.4)
3 hey
Vesn =0.7+03 (faé?;"f) <1.0 ACI 318-14 Eq. (17.4.2.5b)
T el
Ven = MAX(M. %) <1.0 ACI 318-14 Eq. (17.4.2.7b)
' Cac Cac
Ne  =Keha VLB ACI 318-14 Eq. (17.4.2.23)
Variables
het [in.] € [in.] ecan [in.] Caymin [iN.] YN
2.667 0.000 1.344 4.000 1.000
Cac [in.] Ke %a fe [psi]
5.030 24 1.000 4,000
Calculations
Ane[in] Ango [in?] WY ect N W eczN Y edN W oepN N [Ib]
121.00 64.00 1.000 0.748 1.000 0.835 6,610
Results
Ncbg [Ib] ¢ concrete ¢ Ncbg [Ib] Nua [Ib]
7,810 0.550 4,296 4,176

@ O @ @waognercompanies
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C&)mpany: Stutzki Engineering, Inc. Page: )
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
4 Shear load
Load V, [Ib] Capacity ¢ V,, [Ib] Utilization By = V,,./¢ V., Status
Steel Strength* 87 2,982 3 OK
Steel failure (with lever arm)* N/A N/A N/A N/A
Pryout Strength** 350 14,609 3 oK
Concrete edge failure in direction y-** 350 3,144 12 OK
* anchor having the highest loading **anchor group (relevant anchors)
4.1 Steel Strength
Vea = Value refer to Hilti Technical Data
& Vsteel Z Via ACI 318-14 Table 17.3.1.1
Variables
Asey [in] fisa [Psi]
0.09 137,750
Calculations
Vsa [ID]
4,970
Results
Vsa [Ib] § steel ¢ Vsa [Ib] Via [Ib]
4,970 0.600 2,982 87
4.2 Pryout Strength
A
Vepg = kep [(AN—”;) Ve Fempe e Famm Nb] ACI 318-14 Eq. (17.5.3.1b)
o Vepg 2 Via ACI| 318-14 Table 17.3.1.1
Ay.  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Avo =9h% ACI 318-14 Eq. (17.4.2.1c)
1
WeeN = (1 . 2 e'N) <1.0 ACI| 318-14 Eq. (17.4.2.4)
3 hef
Yein =0.7+03 (1‘335%) £1.0 ACI 318-14 Eq. (17.4.2.5b)
! ef
Wepn = MA)((M %) <1.0 ACI| 318-14 Eq. (17.4.2.7b)
! Cac Cac
Ny  =koa W hi? ACI 318-14 Eq. (17.4.2.2a)
Variables
kcp hef [ln] eC‘I.N [m] ecZ.N [m] c;a,mirl ['n]
2 2.667 0.000 0.000 4.000
W cN Cac [in‘] kc Aa fc [pSi]
1.000 5.030 24 1.000 4,000
Calculations
Ane [in-z] Anco [in-Z] W ect.N Y ec2 N W edN Y cpN N [Ib]
121.00 64.00 1.000 1.000 1.000 0.835 6,610
Results
Vepg [I0] ¢ concrete & Vepg [Ib] Via [Ib]
20,869 0.700 14,609 350



)#( WAGNER Legato Railing Round System By: JC

Employee Owned

. Milwaukee, WI 2019-07-08
g STUTZKI Glass Panel and Railing Analysis Page 36 of 77
\ ;_:5_1 ENGINEERING 2018-208 Rev. 0.0
www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 5
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
4.3 Concrete edge failure in direction y-
A C
Vo = (A2 ) Waow ¥ oo ¥ e W W parst Vo ACI 318-14 Eq. (17.5.2.10)
b Vopg 2 Via ACI 318-14 Table 17.3.1.1
Ay. see ACl 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
Byo =452 ACI 318-14 Eq. (17.5.2.1c)
1
sy = (1 , 28, ) <1.0 ACI 318-14 Eq. (17.5.2.5)
3Ca1
Yedy =07+ 0‘3(1 ‘f;é ) <10 ACI 318-14 Eq. (17.5.2.6b)
» al
gy 2 \/% =1.0 ACI 318-14 Eq. (17.5.2.8)
I 0.2 .
v, = (7 (d—e) \@) %a VL ClF ACI 318-14 Eq. (17.5.2.2a)
a
Variables
Ca [in.] Caz [in.] ey [in] Y h [in ]
4.000 4.000 0.000 1.400 6.000
Ie ['n] Aa da [in~] fc [P5|] W parallel,V
2.800 1.000 0.394 4,000 1.000
Calculations
Ay [in?] Ayeo [in?] Yoecv Y oedV W ohv Vs [Ib]
78.00 72.00 1.000 0.900 1.000 3,290
Results
Vchg [Ib] ¢ concrete ¢ Vcbg [Ib] Vua [Ib]
4,491 0.700 3,144 350
5 Combined tension and shear loads
B By ¢ Utilization py .y [%] Status
0.972 0.111 1.000 91 OK

By = Bn *+ Py} /1.2 <=1

6 Warnings

+ The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This
means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

.

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

.

Refer to the manufacturer's product literature for cleaning and installation instructions.

Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI 318 or the relevant standard!

Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
318-14, Section 17.8.1.

Fastening meets the design criteria!
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6. Railing Connection Design
6.1. Design Criteria
6.1.1. Fasteners
A4-50 Bolts, Fy =210 MPa, min
6.1.2. Stainless Steel
316 SS Fy = 30 ksi, min Fu = 70 ksi, min

6.2. Overall Geometry and Location

Handrail Connection

Glass Clip Connection

Flat Clip Connection

Spider Clip Connection

By: JC
2019-07-08
Page 37 of 77
Rev. 0.0

Fu =500 MPa, min

pi8
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Loads (ASD)
P, := 50- Ibf Infill Panel Load M, := 0.0-Ibf-in
Py:: 0- Ibf My:: 0.0-Ibf-in
P, := 60-Ibf Glass Dead Load M, := 0.0:Ibf-in
#1 Check Pin Capacity
5/16" Dia Pin, A4-50 Stainless Steel
Input
d;:= 0.3125.in Ay = 0.25-m-d4> = 0.08in° Fy = 500-MPa

Fptq:= 0.75-F 4 = 54.39-ksi

Fryq:= 0.563-F 4 = 40.83 ksi

Forces
Shear Vq:=P,=0.06-kip
Tension T4:= 0.0-Ibf = 0-kip
Capacity 2q:=2.00
Frvi Ab1
Shear Viqi= ——— = 1566 Ibf
Q
1
, Frt1-Ab1 ,
Tension Thqi= ——— = 2.09-kip
Q4
Interaction
2 2
Tq ) 7R
Rlyi=|— +|— =
Tn1) Vn1)

[CheckASD1 = "OK" |
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#2 Check Clip Plate Capacity
63mm x 45mm x 10.5mm Plate, 316 Stainless Steel
Properties:
ty:=10.5-mm hy:= 45-mm Ly:=48-mm
Fy2:: 30ksi Fup:= 70ksi E5:= 29000ksi
Zgpi= 025ty hy” = 0.32in° Zypi= 025y ty” = 0.08in°
3 2
lw2:= =0.01in Sgo:= =0.22in
12
e |2 0 12in ryom o2
Force
Strong Axis Moment Mg := P,-48-mm = 0.11-in-kip
Weak Axis Moment My2:= Py 45-mm = 0.09in"kip
Capacity Q= 1.67
Lo-hy 0.08-E,
Strong Axis Moment — =19.59 =77
t22 Fy2
Fy2-%s2 L
Mpg2:i= ——— = 5.83-in-kip
£
Fuyo-Z
2 2
Weak Axis Moment Maw2 = ye w = 1.36in"kip
)
Interaction
My2 Mg2
IR15:= + = 0.08
nw2 ns2
|CheckASD2 = "OK" |
D O @ @wagnercompanies
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#3 Check Clip Plate for Local Bending
3mm Thick Clip Wall, 316 Stainless Steel
Properties:
tg:= 3.0-mm by:= 45-mm Fyg:= 30-ksi Z,y3:= 0.25:by t3” = 0.006in>
Force
Bolt Tension Tg:= Py 48-mm + P, 48-mm - 299.|bf
90%-17-mm 90%-45-mm + 2
Weak Axis Moment Mg:= T3-6-mm = 0.07-kip-in
Capacity Q3:= 1.67
-z
Weak Axis Moment Mp3:= y3 w3 = 0.11in-kip
{13
Interaction
M
3
IR13:= —— = 0.64
IV|n3

@ O @ @waognercompanies
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#4 Check Bolt Capacity
(2) - M6x1 Bolts, A4-50 Stainless Steel
Properties:
1 1
dpg 1= 6-mm Fy4:= 210-MPa F,,4:= 500-MPa Ngi=———
b4 v4 u4 4 1 mm
LE4:= 0.20-in Fusa := 70ksi SFy=3
1 1
Frtq:= min| 0.75-F, 4, —-Fu4\= 22.84-ksi Frya:= min| 0.75-F 4 + /3, —F 4 + \/SL 13.19-ksi
Ysry 1) Y SFy )
0.9743 D 1.2269 2
Agy:= 0.7854-| dpy = 0.031in ARy := 0.7854:| dpyyg — = 0.028in
N4 N4
Demand
. Px 45-mm
Tension Ty:= : = 1251bf
2-Bolts 90%-10-mm
2
45.-mm \2 Pz\
Shear Vy:= Pyo——— | +|— , = 108Ibf
26-mm ) 2 )
Capacity
Tension Capacity Tha = Fnia-Agg = 702-Ibf
Shear Capacity Vng:= Fnya ARrg = 366 Ibf
Pull-out Capacity
. 2 . 2
TSAg4:= 8.65-mm TSA|4:= 12.19-mm
Internal Thread Capacity Conditions = "Thin"
LE4 Ny TSA Fusq
Tig:= = 1293 Ibf

SF4/3
External Thread Capacity
LE4 Ny TSAE4 Fuy 075 LE, Ny TSAE, Fyg )

Teg:= min , = 898 Ibf
E4 SFa/3 /3 )
Pull-out Capacity Toutna := mMin(Ty4, Tgy) = 898-Ibf
Interaction
2 2 2
Ty ) Vg ) Ty )
|R141= T_ + V_ =012 |R24!= =0.02
n4 ) n4 ) outn4 ) [CheckASD4 = "OK" |
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#5 Check Bolt Capacity
M8x1.25 Bolt, 316 Stainless Steel
Properties:
1 1
dy5:= 8-mm Fy5:= 30-ksi F,,5:= 70-ksi = —_——
b5 v5 ub 57 425 mm
LEg:= 0.135-in Fus5:= 70ksi SFg=25
. 1 ) . : 1 ) |
Fnts:= mm(O.?S- Fys e Fus - 22.5-ksi Frvs = mln(0.75~Fy5 +/3, S—FS-Fu5 +4/3 - 12.99-ksi
0.9743 5 1.2269 2
ASS:: 0.7854- db5 - = 0.056in ARS:: 0.7854-. dbS - = 0.051in
Demand
. 48-mm 48-mm
Tension Tg:= Py + P = 299 |bf
90%-17-mm 90%-45-mm + 2
Shear Vgi= [P2+ P2 = 781bf
Capacity
Tension Capacity Ths:= Fnts Ags = 1260- Ibf
Shear Capacity Vig5:= Frys5 ARs = 661 Ibf
Pull-out Capacity
TSAgg:= 15.2 2 TSA'214-2
E5.= 5 O'mm |5'= 0 mm
Internal Thread Capacity Conditions = "Thin"
0.85-LEg - dp5-Fs5
T|5l= = 1012|bf
SFg
External Thread Capacity
[ LE5 N5 TSAg5-Fy5  0.75-LE5 N5 TSAgs: Fys\
Tgg:= min , = 840 Ibf
SF54/3 )
Pulkout Capacity Toutns := min(Ti5, Tgs) = 840 Ibf
Interaction
2 2 2
Ts Vs ) Ts )
IR1g:= | — +|—— =0.07 IR2g:= =0.13 |CheckASD5 = "OK" |
Tn5) Vn5) outn5)
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6.4. Flat Clip
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Loads (ASD)
P, := 50-Ibf Infill Panel Load M, := 0.0-Ibf-in
Py:: 0- Ibf My:: 0.0:Ibf-in
P, := 60-Ibf Glass Dead Load M, := 0.0-Ibf-in
#1 Check Bolt Capacity
M8x1.25 Bolt, A4-50 Stainless Steel
Properties:
1 1
dy4 := 8-mm F,1:=210-MPa F, 4 := 500-MPa Ngi= — ——
b1 y1 u 17 125 mm
LE4:= 0.375-in Fusq:= 70ksi SFy=25
1 3 1 A
F44:= min| 0.75-F,,,—F = 22.84 . Kksi F =min| 0.75-F,4 + 43, —F,,1 =4/ 3 = 13.19-ksi
nt1 ( y1 SF4 ul J nv1 ( y1 \/_ SF4 ul \/_J
0.9743 2 12269 2
Agq:= 0.7854-| djyq — = 0.056in ARq:= 0.7854-| dpq - = 0.051in
Demand
, 20-mm
Tension Tq:=Py+ P, = 126 Ibf
90%-35-mm + 2
Shear Vq:= P, =60Ibf
Capacity
Tension Capacity Tn1:= Frt1-Agq = 1279 Ibf
Shear Capacity V1= Fay1Arq = 6711bf
Pull-out Capacity
TSAgq:= 15.20-mm? TSAq = 21.04-mm?
Internal Thread Capacity Conditions = "Thick"
LE1-N1-TSA|1-FUS1
T:= = 4017 Ibf
SF4+/3
External Thread Capacity
. LE4-Ny-TSAg4-F,1 0.75 LE1-N1~TSAE1~Fy1 \
TEq:= min : = 2368 Ibf
SF1+/3 V3 )
Pullout Capacity Toutnt := min(Tyq. Tg4) = 2368- Ibf
Interaction
2 2 2
Ty ) Vq ) Ty )
R1y:=|— +|—— =002 IR24:= =0
Tn1) Vn1] Toutn1j

[CheckASD1 = "OK" |
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#2 Check Plate Capacity

164mm x 35mm x 7.5mm Plate, 316 Stainless Steel

Properties:
ty:=7.5-mm hy:= 35-mm Ly:=60-mm
Fyp:= 30ksi Fup:= 70ksi Ep:= 29000ksi
Zgpi= 025ty hy” = 0.14in° Zypi= 025y ty” = 0.03in°

3 2
Uty g _ 3

lw2:= ™ = 0in Sgo:= = 0.09in
e |2 _ 0 0in ryom o2
2.— t2h2 = . 2.— r2

Force

Strong Axis Moment Mgo := P,-60-mm = 0.14-in-kip

Weak Axis Moment My2:= Py 60-mm = 0.12in"kip

Torsion Ty:= P,-20-mm = 0.05in-kip
Capacity Q= 1.67

Ly-hy 0.08-E,
Strong Axis Moment —— =37.33 =77
2 Fyo
ty y
Fy2-Zs2 o
Mpgp i= ———— = 2.52-in-kip
Q5
Fyo-Z
Weak Axis Moment Mg = —2 - 0.54inkip
)
3
. | h2 1 tp ) 3 oty | 4
Torsion Jo:i=iff — <10, E—O.Z-h— -hoto, 3 = 0.01-in
2) |
i i S YOO
2T e, T
Interaction
2
Mw2 Mg Ty
IR1,:= + + =0.29
M M

|CheckASD2 = "OK" |
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#3 Check Bolt Capacity
(2) - M6x1 Bolt, A4-50 Stainless Steel
Properties:
1 1
dp3:= 6:mm Fyg:= 210-MPa Fy3:= 500-MPa Ngi= - —
LE3:= 0.120-in Fus3:= 70ksi SF3=3
1 3 1 A
Fo43:= Min| 0.75.F, o, —— F 5 = 22.84-ksi Fy3:= Min| 0.75.F 5 + /3, —F 3 + V3 '= 13.19.ksi
nt3 ( 3 u3 nv3 ( 3 ’ u3
Yo" SF4 ] Y SF3 )
0.9743 \? 2 1.2269 \2 2
Ag3:= 0.7854:| dyy3 - =0.031in ARz := 0.7854| dpy3 — = 0.0281in
Demand
. Py M2 P_-40-mm
Tension Tg:= - . + = 290 Ibf
2-Bolts  (2-Bolts)-(90%-1.0-in = 2) 18- mm
2 2
Ms2 \ Pz\
Shear Vg:= —  +|—, =2021Ibf
18.mm ) 2 )
Capacity

Tension Capacity

Shear Capacity

Pull-out Capacity
TSAg3:= 8.65-mm°

Internal Thread Capacity
0.85-LE3-dy3-F
SF3

us3
= 562 Ibf

T|3l=

External Thread Capacity

LE3 N3 TSAgg-Fy3 0.75-LEg N3 TSAgs-Fys )

Tn3 = Fnt3AS3 =702 |bf

Vn3 = FHV3AR3 = 366 Ibf

TSA|3 =12.19. mm2

Conditions = "Thin"

= 539 |bf

TE3Z: min
SF3/3 NE
Pull-out Capacity
Interaction
2 2
T3 ) V3 )
R1gi=| =— +|—— =048
Tn3) Vn3)

@ O @ @waognercompanies

»ws WAGNER
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)

Toutn3 = Min(Tj3, Tgg) = 539 Ibf

CheckASD3 = "OK"
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6.5. Spider Clip
i 2"
z y [50.8mm]
1.75" 2 e
[44.5mm] ] o | B d v
X 063" _ -8l _~
[16mm] s = >
N 4 |~ /’/
(37 -
[ l I | ? o "
6QIbf Olbf 2 7
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[ l l Lo /
2 / //
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| ly !l 4 /128y [
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oo 4
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N
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Connection Detall
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Loads (ASD)
P, := 50-Ibf Infill Panel Load M, := 0.0-Ibf-in
Py:: 0- Ibf My:: 0.0-Ibf-in
P, := 60-Ibf Glass Dead Load M, := 0.0-Ibf-in
#1 Check Bolt Capacity
M10x1.5 Bolt, A4-50 Stainless Steel
Properties:
1 1
dy4 := 10-mm F,4:= 210-MPa F, 4 := 500-MPa Nji= —- —
b1 y1 u 1 45 mm
LE4:= 0.375-in Fusq:= 70ksi SFy=25
1 N 1 )
F44:= min| 0.75-F,,,—F = 22.84-ksi F =min| 0.75-F 4 + /3, — F ;1 +4/ 3 = 13.19-ksi
nt1 ( y1 SF4 ul J nv1 ( y1 \/_ SF ul \/_}
0.9743 )2 e 12269 i
AS1 = 0.7854. db1 - =0.089in AR1 = 0.7854. db1 - = 0.081in
Demand
. 2.125-in
Tension T1:=Py+ P, : = 428 bf
90%-0.75-in + 2
Shear Vq:= P, = 60Ibf
Capacity
Tension Capacity Th1:= Fnt1-Agq = 2027 Ibf
Shear Capacity Vi1 = Fry1-Arq = 1069 1bf
Pull-out Capacity
TSAgq:= 23.37-mm° TSAq = 32.22-mm?
Internal Thread Capacity Conditions = "Thick"
LE4-N4- TSA|-Fyst
Tiq:= = 5127 Ibf
SF14/3
External Thread Capacity
LE4-Ny-TSAg1-F,q 0.75-LE4: N1-TSAE1.Fy1 \
Tgq:= min : = 3034 Ibf
SF1-/3 V3 )
Pulkout Capacity Toutn1:= Min(Tj1, Tgq) = 3034-Ibf
Interaction
2 2 2
T ) Vi) Ty )
R1y:=|— +|—— =005 IR24:= =0.02
Tn'l) Vn1) Toutn‘l}

[CheckASD1 = "OK" |




#2 Check Clamp Capacity

STUTZKI

ENGINEERING

Legato Railing Round System

Milwaukee, WI

Glass Panel and Railing Analysis

2018-208

2" Dia Clamp, 316 Stainless Steel

Properties:
dpo := 0.625-in

Fyp:= 30ksi

Dp2 — A2 )
byi= 2 || ———=
2

Db2 = 2.0-in

Fyp:= 70ksi

Moment

Capacity

Moment Capacity

Interaction

Dp2 — dp2 |
| Dp2 - =

1.9in

2 )

2.125-in

By: JC
2019-07-08
Page 50 of 77
Rev. 0.0

Dyp:= 1.75in

t2:: 7.0-mm

2 . 3
ZW2:: 0.25. b2t2 = 0.04in

(90%:Dyy2 — dpp)

Mz:

Qp:=1.67
l:y2'zw2

M o=
n2-
1)

My
IR1y:= —— = 0.12
Mn2

@ O @ @waognercompanies

QAN
V A A N

WAGNER

Architectural Systems

888-243-6914 // rfg@mailwagner.com
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“Pr %D 2
o Hw2

= 0.65-in-kip

— 0.08-in-kip

2

CheckASD2 = "OK"
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ENGINEERING

#3 Check Bracket Capaci
3/4" Dia Bracket Shaft, 316 Stainless Steel

Properties:
d3 = 0.75-in

Fyg:= 30ksi

Force

Axial Compression

Moment

Capacity

Compression Strength

Moment Capacity

Interaction

@ O @ @waognercompanies

Legato Railing Round System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

Lg:= 2.125in

rg:= d3—019in
3= 4 = V.

E3:= 29000ksi

P5:= P, = 0.05-kip

Mg:= P,-2.125-in = 0.13in"kip

Q3Z= 167
KLrg = 11
7\'2' E3
Fag i= = 2228.34-ksi
2
(kLrs)
F.2+F
| (Fys+Fes) |
For3:= 0.500 Fyg = 29.72-ksi
P (Fcr3'A3) 8-ki
= — = 8-kI
n3 03 p
(Fy3Z3 1.6-Fy3.s3\
Mp3:= min R
Q3 Q3
M3
IR13:= —— = 0.11
Mn3

By: JC
2019-07-08
Page 51 of 77
Rev. 0.0

Sg:= mdg® + 32 = 0.04in°

Zy:= dg° + 6= 0.0703in°
1015

KLrs:= = 11

'3

=)
3.77. [ — = 117
Fy3

= 1190-in- Ibf

|CheckASD3 = "OK" |

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA
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#4 Check Set Screw Capacity
Méx1 Set Screw, A4-50 Stainless Steel

Properties:
db4 = 6-mm

)

: 1 ,
Fnt4 = mln(0.75- Fy4, ? FU4 ) = 22.84-ksi

4
0.9743

Ny

As4 = 07854(db4 -
Demand

Tension

Shear

Capacity

Tension Capacity
Shear Capacity

Interaction

@ O @ @waognercompanies

Fy4:= 210-MPa

~ 0.031in°

Legato Railing Round System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

Fua4:= 500-MPa

Ty:=0.01bf=0

V4:= Py = 501bf

AR4 := 0.7854- (dbﬁl -

By: JC
2019-07-08
Page 52 of 77
Rev. 0.0

. 1 ) .
Frya:= mm(O.?S-Fy4 =3, — Fuqg =3 - 13.19-ksi

SFy

2
1.2269
T 0.028 in’
Ny

Tn4 = Fnt4'AS4 = 702.Ibf

Vn4 = FnV4AR4 = 366 |bf

T, ¥
IR1,:= (T_m) , [

QAN
V A A N

WAGNER

Architectural Systems

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

2
Vg )
— =0.02
Vn4)

|CheckASD4 = "OK"
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#5 Check Bracket Capacity
1" Dia Bracket Shaft, 316 Stainless Steel
Properties:
d51= 1.0-in d|5= 0.75-in L5= 2.5-in
2 2) [, 2 2
A-—ﬂ'(ds_disf— 34in’ A% O o Ze:= (4% - dis® + 6= 0.1in°
5.—f—0. in r5._f_0. in 5:=\dg5 - i5 ,v6= in
Fys:= 30ksi Eg:= 29000ksi tg:= (d5 - djs) + 2= 0.13in
2.0Lg
kLr5I= = 16
5
ds Es
X 0.07-—— = 68 .. Compact Section for Bending
t5 Fys
Force
Axial Compression Pg5:= 0.0-Ibf
Moment Mg:= 2.5:in-| P2 + P, = 0.2in"kip
Capacity Qg:= 1.67
Es
Compression Strength kLrg = 16 3.77- | — =117
Fy5
112- E5
F.r:= = 1118.04-ksi
e5 5 Sl
(kLrs)
F,e+F
) ( y5~ e5) .
Fer5:= 0.500 Fy5 = 29.45-ksi
P (Forshs) _ 6-ki
n5-~ Qg - p
. Fy5Z5 ,
Moment Capacity Mq5:= = 1731-in-1bf
Interaction
Ps  Ms
IR15:= + —— = 0.11 [CheckASDS5 = "OK" |
2Pn5 Mps

@ O @ @waognercompanies

NAS \A/AGNER 888-243-6914 // rfg@mailwagner.com )
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#6 Check Insert Capacity
3/4" Dia Insert Shaft, 316 Stainless Steel
Properties:
dg:= 0.75-in Lg:= 1.25in Sg:= 7r-d63 +32= 0.04in3
2
mdg 2 de . 3 3
Ag:= 2 = 0.44in rg:= o = 0.19in Zg:=dg + 6=10.0703in
1.0-Lg
Fy6:= 30ksi Eg:= 29000ksi kLrg:= e =7
Force
Axial Compression Pg:= 0.0-Ibf
Moment Mg:= 2.5:in-[ P2 + P, = 0.2in"kip
Capacity Qg:= 1.67
Es
Compression Strength kLrg =7 377 | — =117
Fy6
7\'2- E6
Fog:= = 6439.92-ksi
e6 5 Sl
F. ~+F
) ( y6 e6) ;
Ferg:= 0.500 ‘Fy6 = 29.9-ksi
P (Foee) _ 8 ki
nG = 0% =i Kp
Fua-Zg 1.6-Fyg-Sg )
. 6 <6 6 °6
Moment Capacity Mg := min Y 2 Y = 1190:in-Ibf
Q Q
6 6
Interaction
Mg
IR1g:= —— = 0.16
Mne

[CheckASD6 = "OK" |

@ O @ @waognercompanies
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#7 Check Set Screw Capacity
Mé6x1 Set Screw, A4-50 Stainless Steel
Properties:
1 1
dp,7:= 6-mm F.7:= 210-MPa F,,7:= 500-MPa N7z — . —
b7 y7 u’? 7 10 mm
F_orie min| 0.75.F 7, ——F \=2284-ksi Foy7:= min| 0.75.F 7 + /3 S 4\/?3\=1319-ksi
nt7- : y7> SF u7) : nv7 - : y7 ’ SF u7 ] .
0.9743 \2 2 1.2269 \2 2
Ag7:= 0.7854:| dyy7 - =0.031in AR7:= 0.7854.| dy7 — = 0.0281in
Demand
Tension T7:= 0.0-Ibf
Shear Vyi= py -0
Capacity
Tension Capacity Th7:= Fnt7-Ag7 = 702-Ibf
Shear Capacity Vn7:= Fhy7 AR7 = 366 Ibf
Interaction

2
T7 )
IR17:= | —

Th7 )

@ O @ @waognercompanies

QAN
V A A N
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2
Vy )

Va7 )

ICheCkASDT = "OK"
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#8 Check Bolt Capacity
M8x1.25 Bolt, A4-50 Stainless Steel
Properties:
1 1
dyg:= 8-mm Fyg:= 210-MPa F,g:= 500-MPa =
b8 y8 u8 8 1.25 mm
LEg:= 0.135-in Fusg:= 70ksi SFg=25
1 1
Frtg:= min| 0.75-F g, —-Fu8\= 22.84-ksi Fryg:= min| 0.75-F g + /3, —-F g + \/SL 13.19-ksi
Ye" sFg ) y SFg )
0.9743 D 1.2269 2
Agg:= 0.7854-| dyg — = 0.0561in ARg:= 0.7854.| dpg — = 0.051in
Ng Ng
Demand
- 2.5-in- sz + PZ2
Tension Tg:= = 579 Ibf
90%-0.75-in + 2
2 2
Shear Vgi= [Py + P, = 78 Ibf
Capacity
Tension Capacity Thg:= Fhig'Agg = 1279-Ibf
Shear Capacity Vg = Fryg Arg = 671Ibf
Pull-out Capacity
. 2 . 2
TSAgg:= 15.20-mm TSA|g:= 21.04-mm
Internal Thread Capacity Conditions = "Thin"
0.85'LEg dpg Fis8
Tig:= = 1012Ibf

SFg
External Thread Capacity

LEg-Ng TSAgg-Fyg 0.75-LEg-Ng TSAgg:-Fyg )

= 852 Ibf

TE8 = min

SFg/3 V3
Pull-out Capacity
Interaction
2 2
Tg ) Vg )
Rig:=|— +|— =022
Ths ) Vg )

@ O @ @waognercompanies

»ws WAGNER

888-243-6914 // rfg@mailwagner.com
Vy A A\
Architectural Systems

2
Tg )
IR2g:= - 0.46

10600 West Brown Deer Road // Milwaukee, W153224, USA

)

Toutng = Min(Tjg, Tgg) = 852:Ibf

|CheckASDS8 = "OK" |

Toutns )

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com
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6.6. Handrail Connection

CHECK 1
-CHECK 2
CHECK 3
- 24" -
0.52"

Connection Detalil

D O @ @wagnercompanies

NASF WAGNER 888-243-6914 // rfg@mailwagner.com )
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Loads (ASD)
P := 200-Ibf

#1 Check Bolt Capacity
(2) - #10-16 Bolts, 316 Stainless Steel, Condition A

Properties:
1
dp = 0.1900-in Fy1 := 30-ksi Fu1:= 75ksi Nj:=16-—
in
K4:= 0.1350-in LE4:= 0.145-in Fugq:= 70ksi SFy=3
. 1 A .
Fat1:= mln(D.TS-Fy1,—SF1 .FUU: 22.5-ksi Foyq = min 0-75'Fy1 . \/?3’_'Fm . \/5\= 12.99.k
SF1 )
2 .2 2 .2
Agq:= 0.7854-K4" = 0.014in ARq:= 0.7854-K{" = 0.014in
Demand
, P-0.81-in
Tension 1:= —————— = 2401bf
90%-0.75-in
P
Shear Vy:= = 100 Ibf
2-Bolts
Capacity
Tension Capacity Th1:= Fut1-Agq = 322-1bf
Shear Capacity Vi1 = Fry1-Arq = 186 Ibf
Pull-out Capacity
TSAgq = 0.0110-in? TSAq := 0.0170
Internal Thread Capacity Conditions = "Thin"
0.85-LE4-dpq-Fig1
T|1 = = 546 |bf
SF4
External Thread Capacity
LE4-Ny TSAgq-Fyq 0.75LEq-Ny-TSAgq-Fyq )
Tgq:= min : = 332 Ibf
SF1-/3 V3 )
Pull-out Capacity Toutnt:= Min(Tj4, Tgy) = 332-Ibf
Interaction
2 2
Ty ) Vq ) T
IR14:=[— +|—— =0.84 IR2,:= =0.72
Tn1) Vn1) outn1

[CheckASD1 = "OK" |

@ O @ @waognercompanies
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#1 Check Circular Weld
1/8" Fillet Weld, All Around, 70ksi Min. Filler Strength

Capacity
Capacity OK by inspection

#2 Check Saddle Bracket for Bending
14-1/4"x 7" x 5/8" Plate, A572 Gr. 50 Carbon Steel

Properties:
Fypi= 30-Ksi Zy:= 0.0092:in°

¥

Plastic Properties

Zx 0.0092 in®
Zy 0.0437 in®
Force
Weak Axis Moment Mg := T4-0.520-in = 0.12-kip-in
Capacity Qy:= 1.67
; by Z -
Weak Axis Moment Mqo = = 0.17in-kip
2
Interaction
My
IR15:= —— = 0.76
Mn2
[CheckASD2 = "OK" |
#3 Check Bracket Capacity
5/8" Dia Bracket and 1/4" Bolt, 316 Stainless Steel
Capacity
Capacity OK per Test Report P18-0055C (Heavy Duty Weld Flange Test Report) by Anderson Laboratories, Inc.
Refer to Appendix |.

@ O @ @waognercompanies
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7. Railing Glass Design
7.1. General Design Criteria
Young’s Modulus: 10,400,000 psi
Poisson Ratio: 0.22
Coefficient of Thermal Expansion = 4.9 x 10 in/in/°F
Per IBC 2015, Section 2407.1.1 Loads on Glass Handrails and Guards, use a design factor of 4.0.
Per AAMA CW-12-84, use a design factor against Modulus of Rupture for Flexure.
Allowable Glass Stress = 24,000psi (Modulus of Rupture of Fully Tempered Glass) / 4 SF = 6,000psi
The glass is analyzed with the Minimum Thickness per Table 4 in ASTM E1300 or per EN14179-1:
Dimensional Tolerances for Transparent Flat Glass per ASTM C1036
Nominal Designation Thickness Range
Imperial (US) S| (Metric) Minimum (mm) Maximum (mm)
5/32” 4 mm 0.149" (3.78) 0.165" (4.19)
3/16” 5mm 0.180" (4.57) 0.199” (5.05)
1/4" 6 mm 0.219” (5.56) 0.244” (6.20)
5/16” 8 mm 0.292" (7.42) 0.332” (8.43)
3/8” 10 mm 0.355" (9.02) 0.406" (10.31)
1/2” 12 mm 0.469” (11.91) 0.531" (13.49)
5/8” 16 mm 0.595” (15.09) 0.656” (16.66)
3/4” 19 mm 0.719” (18.26) 0.781" (19.84)
Note: Table for reference only
7.2. SG Interlayer
Thickness = 0.060"
Temp (C) | Temp (F) Load Duration | Load Type Young's Modulus (psi) | Poisson's Ratio
24 75 3 sec Wind* 81,502 0.453
7.3. Overall Location and Geometry
L — i
J L J L
Analyzed Typical Panel \
A £
J ~ o

42" MAX. MID POST SPACING 42" MAX. END POST SPACING




Legato Railing Round System By: JC

Milwaukee, WI 2019-07-08

a STUTZKI Glass Panel and Railing Analysis Page 61 of 77

@ ENGINEERING 2018-208 Rev. 0.0

7.4. Glass Panel — Glass Clip Series
7.4.1. Glass Panel Dimensions
37.745" 38.19"
[959mm] [970mm]
© ©®
© ®©
— Min. Glass Panel Size T Max. Glass Panel Size
| £ g6
QN ™|
S = £
- b\ &
T . |E <+ |2
&~ ‘H_E) 4 é =
- 089" - = 1.31"
[22mm] ] W
: — o
38.625" o £
[981mm] °l3

39.5"
[1003mm)]

Min. Glass Panel Dimensions (W x H) = 38-5/8" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 39-1/2" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.4.2. Glass Composition

1.) 1/4” Fully Tempered Glass
2.) 0.06” SG Interlayer
3.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.4.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.

@ O @ @waognercompanies
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7.4.4. Stress Utilization

Load Case: DL + LLc

— NAmm=2 _
+6.74
+B, 37
+6,00
+5,63
+5,26
+4,89
+4.,52
+d.:15
+3,78
+3.41
+3,04
+2,67
+2,320

+1,93
+1,56
+1,189
+0, 82
+0,45
+0,08

Load Case: DL + LLc

@ O @ @wagnercompanies

VAN G ° 888-243-6914 // rfg@mailwagner.com
aFva \A/A NER 10600 West Brown Deer Road // Milwaukee, Wi 53224, USA
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Max. Principal Stress = 2.25 MPa =
326 psi < Allowable Stress =
6,000psi OK

Max. Principal Stress = 6.74 MPa =
980 psi < Allowable Stress =
6,000psi OK

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com
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7.4.5. Deflection Utilization
R . || f—
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Load Case: DL + LLc
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Load Case: DL + LLc

Legato Railing Round System
Milwaukee, WI
Glass Panel and Railing Analysis
2018-208

@ 0 @ @wagnercompanies

QAN
V A A N

WAGNER

Architectural Systems

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

By: JC
2019-07-08
Page 63 of 77
Rev. 0.0

Max. Deflection = 0.02” < L/50 =
0.73" OK

Max. Deflection = 0.03" < L/50 =
0.73” OK
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' l Max. Edge Deflection = 0.02”

< Glass Thickness = 9/16”, OK

Load Case: DL + LL

Max. Edge Deflection = 0.08”
< Glass Thickness = 9/16", OK

Load Case: DL + LL
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7.5. Glass Panel — Flat Clip Series
7.5.1. Glass Panel Dimensions
38.375" 39.5"
[975mm] [1003mm]
Q (@)
Q @)
= Min. Glass Panel Size o g Max. Glass Panel Size
= ~ . E
T . | E 2|e
. 1.125" w|E ©| & =
[29mm] o, 3
. 2.25"
—0 [57mm]
f @E — o
39.5" T
[1003mm] b|E
?1E
41.75"
[1060mm]

Min. Glass Panel Dimensions (W x H) = 39-1/2" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 41-3/4" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.5.2. Glass Composition

4.) 1/4” Fully Tempered Glass
5.) 0.06” SG Interlayer
6.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.5.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.5.4. Stress Utilization
_ b2 _
*3.19
+2,95
+2,70
+2,06

pl 2, 22
: +1.98°
1,74
«1,49
=1,85
1,01
0,77
+0.53.
0,23

Max. Principal Stress = 3.19 MPa =
463 psi < Allowable Stress =
6,000psi OK

0,04
-, 20
~0.dd

Load Case: DL + LLc

— Nemm=2

Max. Principal Stress = 5.99 MPa =
870 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc
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Max. Deflection = 0.02” < L/50 =
0.73" OK

Load Case: DL + LLc

Max. Deflection = 0.03" < L/50 =
0.73” OK

Load Case: DL + LLc
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' l Max. Edge Deflection = 0.02”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

Max. Edge Deflection = 0.08”
< Glass Thickness = 9/16", OK

Load Case: DL + LL
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7.6. Glass Panel — Spider Clip Series
7.6.1. Glass Panel Dimensions
36.125" 38.375"
[918mm] [975mm]
3 ©
© ©
T | E
2|8 Min. Glass Panel Size 8|8 Max. Glass Panel Size
= _ i E
€ 55 TIE
L 1.125" o, &
! [29mm] L 3.375"
[86mm]
% ; ©
37.25" —_
[946mm] o E
41.75"
[1060mm]

Min. Glass Panel Dimensions (W x H) = 37-1/4" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 41-3/4" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.6.2. Glass Composition

7.) 1/4” Fully Tempered Glass
8.) 0.06” SG Interlayer
9.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.6.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.6.4. Stress Utilization

_ M2

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc

_ MNAmmtZ2 _

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc
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7.6.5. Deflection Utilization

Max. Deflection = 0.02” < L/50 =
0.73" OK

Load Case: DL + LLc

o g VTP s

Max. Deflection = 0.03” < L/50 =
0.73" OK

Load Case: DL + LLc
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o Max. Edge Deflection = 0.02”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

Max. Edge Deflection = 0.07”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

@ 0 @ @wagnercompanies

NAS WAGNER® 888-243-6914 /| rfg@mailwagner.com |
amm i 10600 West Brown Deer Road // Milwaukee, Wi 53224, USA © 2019 R&B Wagner, Inc. Al R|ghts Reserved.
R WagnerArchitectural.com



)#( WAGNER Legato Railing Round System By: JC

v Employee Owned Milwaukee, W| 2019-07-08
STUTZKI Glass Panel and Railing Analysis Page 73 of 77
ENGINEERING 2018-208 Rev. 0.0

8. Appendix | — Technical Data

AANDERSON

LABORATORIES, INC.

Specialists in Materials Evaluation

8.1. Test Report P18-0055C

HEAVY DUTY WELD FLANGE (1623HD/1623HD-S) TEST REPORT
Report Date: January 18, 2018

Project Number: P18-0055C
Supplement to Project Numbers P18-0055, P18-0055A and P18-0055B

Client: R & B Wagner, Inc. R313
10600 West Brown Deer Road
Milwaukee, WI 53224

Objective

Witness load testing of a statistical sample of R&B Wagner's Heavy-Duty Weld Flange
Part Number 1623HD (Drawing “A”, Image #1) performed as described in Section 4.5.1
of ASCE 7 in accordance with the International Building Code - Structural Design clause
1607.8.1, report tests outcome, and certify the Weld Flange's functional performance
against the stated standards.

Test Conditions and Materials
Test Date: January 10, 2018.

Test Location: The witnessing took place at the R & B Wagner, Inc. facility at 10600
West Brown Deer Road, Milwaukee, W|

Test Materials: Three (3) each of a single baluster (Drawing “B” and Images #4 & #5)
Three (3) each of a rail assembly (Drawing “D”, Image #2)

The single baluster assemblies (EXP373, Drawing “B”) were comprised of 45" tall by
1.90” OD schedule-#40 316 stainless steel pipe and (1) heavy duty weld flange (part
number 1623HD, EXP373, Drawing “A"). The flange was welded to the pipe with a 1/4”
continuous fillet weld around the top and bottom. The flange was mounted to the
substrate with 3/8” steel bolts.

The rail assemblies (EXP375, Drawing “C”") were comprised of (2) balusters constructed
as described previously with welded on post tops (LU31904PTAA, EXP375, Drawing
“B”), post top cap rail mounting clips (LULSBC75, EXP375, Drawing “B”), and a 60"
length of 1.66" stainless steel cap rail (793-0391-02, EXP375, Drawing “B"). The flanges
were mounted to the substrate with 3/8” steel bolts.
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Loading Equipment: Omega load cell, model LC101/DP25B-S
(Calibration certification 1002032020%)

Measuring Equipment: Measurement Specialties string encoder, PT1A-25-FR-10K-C25
(Calibration certification 1002032022%)

* All calibration records were current (Appendix A)

Procedures and Data

Single balusters were load tested with the load applied 42" above the mounting
substrate (Image #4 and #5). The baluster was loaded using a manual hydraulic
cylinder with the load cell in the loading chain. The displacement was measured with a
spring-loaded string encoder attached opposite the loading point. Loading was applied
according to Section 4.5.1 of ASCE 7. Each baluster was loaded to an excess of 500
pounds. The test was run independently on each of the 3 test balusters. The load and
displacement reading results appear in Appendix C of this report.

Rail assemblies were side loaded at the midpoint of the cap rail, 30" from either of the
balusters and 42" above the mounting substrate. The rail assembly was loaded using a
manual hydraulic cylinder with the load cell in the loading chain. The displacement was
measured with a spring-loaded string encoder attached opposite the loading point.
Loading was applied according to Section 4.5.1 of ASCE 7. Each rail assembly was
loaded to an excess of 625 pounds. The test was run independently on each of the 3
test rail assemblies. The load and displacement reading results appear in Appendix C of
this report.

Results

After each single baluster 500 pound load test was completed, the baluster, flange, and
flange weld were methodically inspected for signs of failure. The baluster itself showed
significant plastic deformation, resulting in a permanent set to the baluster. The flange
and flange weld exhibited no visual signs of damage or deformation.

After each rail assembly 625 pound load test was completed, the rail, balusters, flanges,
and flange welds were all methodically inspected for signs of failure. The rail and the rail
mounting clips showed significant plastic deformation, resulting in a permanent set. The
balusters also incurred some plastic deformation and permanent set. The flanges and
flange welds exhibited no visual signs of damage or deformation.

ANDERSON LABORATORIES, INC. P18-0055C Page 3 of 22
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Conclusion

Anderson Laboratories, Inc. certifies that R&B Wagner's 1623HD heavy duty flange,
when fabricated and installed as outlined within this test procedure does meet the
criteria of the 2015 IBC Section 1607.8.1 when tested as outlined in Section 4.5.1 of
ASCE 7. The handrail will withstand a load of 50 pounds per linear foot or a
concentrated load of 200 pounds when applying a 2.5 times safety factor of safety.

Anderson Laboratories, Inc.

W

Rick Pearson
Mechanical Testing Group Leader
AWS Certified SCWI 10080028

ANDERSON LABORATORIES, INC. P18-0055C Page 4 of 22
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9. Disclaimers

1)

2)

3)

4.)

5.)

6.)

7)

This engineering document is NOT signed and sealed by a professional engineer. Contact Stutzki
Engineering, Inc. for a project specific review if sign and seal is required as well as a list of licensed and
registered states.

This engineering report includes engineering only for the system and components shown in the project
description. If the railing is outside the parameters of this report (including size, loading, concrete anchor
spacing, etc.), it is not covered by this report and should be reviewed by a professional engineer. Contact
Stutzki Engineering, Inc. if special cases must be considered.

Prior to installation, all glass shall be inspected for cracks, chips and other imperfections. Any imperfection
shall be grounds for inspection by the supplier. A broken lite shall be grounds for immediate replacement. The
supporting system, supplied and analyzed by others, shall resist horizontal sliding and vertical separation of
the glass during service loads without imposing external loads from the surrounding structure into the glass.
Proper spacing shall be used for adjacent pieces of glass to allow for thermal expansion and small movements
during service. Appropriate fillet radiuses shall be used at all interior corners to reduce stress concentrations.

All dissimilar metals should be separated and/or protected from water and humidity. Detailing responsibility for
this condition is by others.

Only items within the scope of Stutzki Engineering are designed in this report. The supporting structure
(including local effects at the connection interface) are designed by others and must resist the reaction loads
given in this report. The stiffness of the supporting structure (analyzed by others) must not cause the handrail
system to over-deflect.

This document does not include Windborne-Debris-Impact Resistance design and/or certification.

All laminated glass and fully tempered monolithic glass must be considered Safety Glazing per applicable
building codes. Compliance with this requirement is to be done by the glass manufacture.
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10. Stutzki Engineering

Stutzki Engineering, Inc. is an engineering consulting firm, offering and executing engineering services for architects
and building contractors in the field of structural glass, lightweight structures, and building facades. Our engineering
solutions help them make their product unique.

The ideas and methods of Stutzki Engineering, Inc. are based on a long tradition of academic research and industrial
development, as represented by persons like Buckminster Fuller, Frei Otto, John Argyris, Max Mengeringhausen and
Herbert Klimke. The idea behind the company is to combine state of the art engineering and applied science with
creative industrial design.

STUTZKI

ENGINEERING

241 N. Broadway, Suite 302
Milwaukee, WI 53202
USA.

Phone: (414) 455-4815

http://www.stutzkiengineering.com

@ O @ @waognercompanies

QNASF \A/AGNER 888-243-6914 // rfq@mailwagner.com )
YA A 10600 West Brown Deer Road // Milwaukee, W1 53224, USA 2019 RgB Wagner, Inc. All nghts Reserved
Architectural Systems WagnerArchitectural.com



»vw WAGNER

Employee Owned

LEGATO™
GLASS RAILING POST SYSTEM
SQUARE

Application Guideline
&
Supporting Design Calculations

Prepared for Wagner Architectural Systems
By Stutzki Engineering, INC
Milwaukee, WI
Orig. Issue: July 8, 2019

A& STUTZKI

ENGINEERING

@ O @ @waognercompanies

VAN WAGNER 888-243-6914 // rfg@mailwagner.com _
aFva 10600 West Brown Deer Road // Milwaukee, WI153224, USA 2019 RgB Wagner, Inc. All Rights Reserved.

Architectural Systems

WagnerArchitectural.com



Legato Railing Square System By: JC

. Milwaukee, WI 2019-07-08
/ “1- STUTZKI Glass Panel and Railing Analysis Page 2 of 80
W ENGINEERING 2018-208 Rev. 0.0

Table of Contents

I o o] [Tt DTS g o] 1o T o TP PPUPPPPTTN 3
2. Codes, Standards, and REFEIENCES. .........uii it 5
R B 1T o I 0T Vo T TSP UPT TP 5
I I BT To [ 0T T [P OO PR PPPRP 5
3.2, INLEIIOF PrESSUIE LOAM ... .eiiieieiiieiiie ettt ettt ettt ekttt s et ss et e e e b e e s e e nnneennne e 5
KRG J V= o - T [T PP P PP PPRPRPPRPRI 5
3.4, LoAd COMDINALIONS. ..ottt etttk e e e st e e ss e e b e e e bt e nnre e e nnreenaneeaa 5
4. RaIliNG COMPONENT DESIGN ..eeiitiiieeiitiiie ettt et ettt e e sttt e e sttt e e s bbbt e e s bbbt e e sbbe e e e ansbneeesnneeeas 6
o B LT o I O ] (= - O PP PRP TP 6
4.2. Overall GEometry and LOCALION. ... ...ccoiiiiiiaiiiii ettt ettt ettt e e et e e e e e e e nbe e e e aenes 6
4.3, STIUCTUAI ANGIYSIS ...ttt e ekt e ekt e e ek bt e e e b bt e e e bt e e e e e nbe e e e annnes 7
Y (ST SR U 1 1] 1o ] [PPSR 9
4.5, Deflection ULIIZALION .........oooiiiiiic et e e s e e s seneee e e 11
5. RAING SUPPOIT DESIGN ...eeeiieeiiiiiiie ettt ettt e e ettt e e e e e e s b bbb e e e e e e e e e anbbe bt e e aeeeaaannabneeeaaeens 12
5.1, REACHION SUMIMIBIY ....tiiiiiieeeieiiite et e ettt oottt e e e e e o e s bbb ettt e e e e e s bbb be et e e e e e e e abbbeeeeeaeeeannbeneees 12
I B 1S o | O 1= = SRR 12
5.3. Surface Mounted BraCket DESION......cc.iiiuuiiiiieie e it e e e e e s e e e e e e s st e e e e e e e annba it e aeeeeeesnnrnneees 13
5.4. Facia Mounted BraCKet DESIGN ......ciieeiiiiiieiiie e et e ettt e e e e e s e e e e e e e st e e e e e e e e s nrnneees 23
OB =] [T gTo e g e =Tot 1 To] g I B 1= 1S T | o SR TTU PP 37
(O B LT o W O 1 =T - O PR TPRPOUPRRN 37
6.2. Overall GEomMetry and LOCALION . .......ciiiiiieiiiiie ettt ettt e e e neee 37
(SR B €] T O I o O O O O PP P PP PPPPPON 38
L T = L O 1o PRSP 45
(SRS 1o =] g 1 ] o O O PP O PRPPPPPPON 50
6.6. HaNArail CONNECTION .......oiiiiiiie ittt ettt e et e ekt e e ek e e e b e e e e e e e e 60
7. RAIING GlASS DESIGN......eeiiiiieeiiiiiie ettt et e e e e et e bttt e e e e e e s b bt bt e e e e e e e e aanbbe b e e e eeeesaannabneeeaaeens 63
7.1, GENEIal DESION CrItBIIA ..eeieeiiiiiiietie e ettt e e e bttt e e e e e e bbb e et e e e e e e s nbbbe e e e e e e e e e nnbebeees 63
S I 101 =1 = = SRRSO 63
7.3. Overall LoCation aNd GEOMEIY .....ciiiee ittt e et e e e e e e e e e e s e e e e e e e sa b a e e eaeeeessenraneees 63
7.4. Glass Panel — GlasS CliP SEIIES.....ccoiiiiiie ittt e et e e nees 64
7.5. Glass Panel — Flat CliP SEIES........ii ittt nbe e e nbee e e nees 68
7.6. Glass Panel — SPIder CliP SEIES ....coiiiiiieiiii ettt 72
8. APPENdiX | — TECHNICAI DALA.......cciitiiiiiiiiii ettt e e s 76
8.1. TeSt RePOIrt PL8-0055C........cccuiieiiiiieeiieite ettt e et e e e e e e s e e e e e e 76
LS TR I o =10 =T USSP 79
OS] (8w O =1 g o 1 (=TT 4 o [T PP UT T POUPPPPPRPR 80

@ O @ @waognercompanies

NAS \A/AGNER 888-243-6914 // rfg@mailwagner.com )
YA A 10600 West Brown Deer Road // Milwaukee, W1 53224, USA 02019 RgB Wogner, Inc. All nghts Reserved
Architectural Systems WagnerArchitectural.com



Legato Railing Square System By: JC

. Milwaukee, WI 2019-07-08
a STUTZKI Glass Panel and Railing Analysis Page 3 of 80
ENGINEERING 2018-208 Rev. 0.0

o

1. Project Description

This report pertains to the Wagner interior glass guardrail system — Legato Square System. This report covers design
of all handrail components that are installed in accordance with Wagner recommendations and within the defined
design parameters. The scope of work includes handrail post and railing design, glass panel analysis, glass clip
design, post bracket design, and anchorage design. The support structure design (steel plate or concrete slab) are
outside of the scope of this report.

Design Parameters for Surface Mounted System:

Geometry:

e Height of railing above finished floor = 42”
e Max. post height = 42"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200lbf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with Sentry Glass (SG) interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti HUS-HR M10 anchor with 3.563” min. embedment depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Cracked concrete conditions

Min. anchor edge distance = 4" (after installation)

Min. slab thickness = 6”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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Design Parameters for Facia Mounted System:

Geometry:

e Height of railing above finished floor = 42"
e Max. post assembly height (post with bracket) = 50-1/2"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200Ibf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with Sentry Glass (SG) interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti HUS-HR M10 anchor with 3.563” min. embedment depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Uncracked concrete conditions

Min. anchor edge distance = 4" (after installation)

Min. slab thickness = 6”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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2. Codes, Standards, and References

1) 2015 International Building Code

2) AAMA TIR A9-14 Metal Curtain Wall Fasteners

3) ACI 318-14 Building Code Requirements for Structural Concrete

4) AISC 360-10 Specification for Structural Steel Buildings and AISC 14™ ed

5) AISC Design Guide 27 “Structural Stainless Steel”

6) ASCE7-10 Minimum Design Loads for Buildings and Other Structures

7) ASTM C1048 Standard Specification for Heat Treated Flat Glass

8) ASTM E1300-16 Standard Practice for Determining Load Resistance of Glass in Buildings

3. Design Loads

3.1. Dead Load
Glass = 13.2psf/in of glass x (5/16” glass + 0.06” Interlayer + 5/16” glass) = 9psf

Stainless Steel = 490pcf

3.2. Interior Pressure Load

PL = 5psf (ASD) Interior Air Pressure (2015 IBC, Section 1607.14)
3.3. Live Load

Handrail Assemblies and Guards shall be designed to resist the following loads:

Linear Live Load = 50plf at 42” above Surface (2015 IBC, Section 1607.8.1)
Concentrated Live Load = 200Ibf (2015 IBC, Section 1607.8.1.1)

Other Infill Panels shall withstand the following loads:
Concentrated Live Load = 50Ibf distributed over 1 sq ft (2015 IBC, Section 1607.8.1.1)

3.4. Load Combinations

1. Dead + Concentrated Live
2. Dead + Linear Live
3. Dead + Interior Air Pressure

@ O @ @waognercompanies
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4. Railing Component Design

4.1. Design Criteria

4.1.1. Stainless Steel

316 Stainless Steel Fy = 30 ksi, min Fu = 70 ksi, min

4.1.2. Deflection Criteria

Max. Deflection = 2L/50

4.2. Overall Geometry and Location

I_.E_ ]

ISR 1T 1

e
O]

[ 1 I 1 [ 1 [ 1

42" MAX. MID POST SPACING 42" MAX. END POST SPACING
Surface Mounted System
SRR T d
=
5 &
m o
I w
8
N g

42" MAX. MID POST SPACING

42" MAX. END POST SPACING

Facia Mounted System
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4.3. Structural Analysis

4.3.1. Model Dimensions

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis

2018-208

By: JC
2019-07-08
Page 7 of 80
Rev. 0.0

Posts to be 316 SS 2"x2"x1/8” square HSS. Handrail to be 316 SS 1-1/2” outside dia. tube with 0.120" thick wall.

Surface Mounted Model

Facia Mounted Model

500 in

Pipe 1.65/0.12

fin]

2.000

fin]]
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4.3.2. Model Loads

Surface Mounted Model

Facia Mounted Model
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4.4, Stress Utilization

The handrail components were analyzed per the AISC manual. The software output shows the governing envelope
utilization of railing members.

4.4.1. Surface Mounted System

047 \ Max. Post Design Utilization

=0.67 <1.00, OK

Max. Handrail Design Utilization
=0.47 <1.00, OK

@ o @ @wagnercompanies

VAN G ° 888-243-6914 // rfg@mailwagnercom _
V A A\ \NA NER 10600 West Brown Deer Road // Milwaukee, W1 53224, USA 2019 R&B Wagner, Inc. All nghts Reserved.
Architectural Systems WagnerArchitectural.com



Legato Railing Square System By: JC

Milwaukee, WI 2019-07-08
STUTZKI Glass Panel and Railing Analysis Page 10 of 80
ENGINEERING 2018-208 Rev. 0.0

4.4.2. Facia Mounted System

Max. Post Design Utilization
=0.74 <1.00, OK

Max. Handrail Design Utilization
=0.48<1.00, OK
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4.5, Deflection Utilization

4.5.1. Surface Mounted System

Max. Post Deflection = 0.25”
< 2L/50 =1.68", OK

4.5.2. Facia Mounted System

Max. Post Deflection = 0.38”
< 2L/50 =1.86", OK
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5. Railing Support Design

5.1. Reaction Summary
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The following forces (ASD Level) are transferred from analyzed components to the supporting structure designed by
others. The supporting structure must be able to withstand these forces. This to be designed by others.

A

eering
A

T )\f T
| |
: : By Stutzki Engin
| |
| |
| 8400If-in
| e | '
i, L4 1]
[ TTT2odtet ——Jowt— T |
| \
¥ 200Ibf
q A
< 4
<7

A

By Others

Section View through Surface Mounted Bracket

5.2. Design Criteria

5.2.1. Anchors
Hilti HUS-HR

5.2.2. Concrete
Normal Weight Concrete

5.2.3. Fasteners

316 SS Bolts, Condition A
316 SS Bolts, Condition CW

5.2.4. Stainless Steel
316 SS

4

o
i i 22
i 0l w1 4 4
i | 'y 4 .,
Fel! IR
: | : < 3
; LE| e -
| ] A ;
| | | [o500ifin 47 4 4
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F-—t-—4-—1 =
s e
| L 2001bf -
| 4
NI/ -
— < A &
4-&1 ¥
. i A
By Stutzki Engineering By Others

Section View through Facia Mounted Bracket

Fu = 137.75 ksi, min

f'c = 4000psi @ 28 days

Fu = 75 ksi, min
Fu = 100 ksi, min

Fy = 30 ksi, min
Fy = 65 ksi, min

Fy = 30 ksi, min Fu =70 ksi, min
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5.3. Surface Mounted Bracket Design
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Loads (ASD)
DL := 200-Ibf

#1 Check 4-Sided Weld

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

1/4" Fillet Weld, 70ksi Min. Filler Strength, All-Around

Input

dq:= 2.0in
dq
2
Properties

yq:= =1in

L1WZ= 2d1 + 2b1 = 8in
dy

. 2

Sqw2:= ?-(3-b1 +dq) = 5.33in
bq

. 2

Siw3i= ?-(3411 + by) = 5.33in
3
(b»] + d1) 3
J1W:= T =10.7in
Forces

N4:= DL = 0.2-kip
T4:= 0-kip-in
Weld Stress

Normal Stress

Shear Stress

Total Stress
Capacity

Weld filler metal tensile strength

Effective Weld Throat

Allowable Stress

Interaction

R:= 200-Ibf
bq:= 2.0in
by
Xqi=—— = 1in
2

M4 5:= R-43.in = 8.6in-kip

By: JC
2019-07-08
Page 14 of 80
Rev. 0.0

2 2
Vig Tyxq Y (Vi Teyqg) kip
Fuwv = + + + 0.03

Liw J1w )

2 2
Fwi=y FwN + Fwv

E1:= ﬁ-(i\in= 0.18-in
2 \16)

kip
fW1:= OSFE1E1 = 742?
Riqim Fore Mo
1= "wl™ Q.

L1W J1W ) n

Fyq = 1.64.90
wi =

FE1 ;= 70-Ksi

[CheckASD1 = "OK" |
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#2 Check Base Plate for Bending

5"x 5"x 1/2" Plate, 316 Stainless Steel

Properties:
ty:= 0.50-in

Force
Bolt Tension

Weak Axis Moment

Capacity

Weak Axis Moment

Interaction

by:= 2.28-in F

@ O @ @waognercompanies
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y

9 := 30-ksi

R 43-in

T2:: . -
2-Bolts 85%-4.25-in

My := To-1.14-in = 1.36-kip-in
Qy:= 1.67

I:y2'zw2 o
Mpo = ———— = 2.56inkip

Q)

My
IR15:= —— = 0.53

IV'n2

By: JC
2019-07-08
Page 15 of 80
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Zypi= 0.25 byt = 0.14in°

= 1.19-kip

[CheckASD2 = "OK" |

2019 R&B Wagner, Inc. All Rights Reserved.

WagnerArchitectural.com
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#3 Check Bolt Capacity
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(4) - 1/2™-13 Bolts, 316 Stainless Steel, Condition A, Tapped in Min. 3/8" Thick A36 Plate (or Better)

Properties:
. : _ 1
dp3:= 0.50-in Fyg:= 30-ksi Fu3:= 75ksi N3:= 13-E
LE5:= 0.375-in Fus3:= 58ksi SF3=25
\ ( 1 A
Foa:= Min| 0.75:-F 2, ——F, 2 ' = 22.5-ksi Foya:= min| 0.75-F, 2 + /3, —F ;2 + /3 ' = 12.99-ksi
nt3 ( 3 ul nv3 3 ’ u3
Yo" sF, ) y SF3 J
2 2
0.9743 ) 2 1.2269 2

Agz:= 0.7854-(%3 - =0.142in AR3:= 0.7854(%3 - ™ =0.129in

Demand
, R  43-in
Tension Tg:= -——— = 1229 Ibf
2-Bolts 3.5-in
R

Shear Vg:= E = 100 Ibf
Capacity

Tension Capacity Th3:= Fniz Agz = 3193:Ibf

Shear Capacity Vh3:= Fhy3 ARz = 1679 1bf

Pull-out Capacity
TSAg4:= 0.0600-in”

Internal Thread Capacity
LE3- N3- TSA|3- Fus3

SF3/3

External Thread Capacity

Ti3:= - 5616 Ibf

TSA|3:= 0.0860-in”

Conditions = "Thick"

Tea:= min
E3
SF3+/3
Pull-out Capacity
Interaction
2 2
T3 ) V3 )
Rig:=|=— +|—— =0.15
Th3 ) Vi3 )

@ O @ @waognercompanies
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V3

LE3 N3 TSAgg-Fy3 0.75-LE3 N3 TSAg3-Fyg )

= 3800 Ibf

)

Toutn := Min(Tj3, Tgz) = 3800:Ibf

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

[CheckASD3 = "OK" |
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#3 Check Anchor Capacity
Hitti HUS-HR M10, SS Anchor

Demand
Anchor Group LRFD Moment Mg:= 1.6-R-43-in = 13.76 in-kip

Anchor Group LRFD Shear Vg:= 1.6-R = 320 Ibf

Anchor Capacity
Design Criteria:
e Concrete Strength fc = 4000 psi min. @ 28 days
Normal Weight Concrete
6" Slab Thickness
4" Min. Anchor Edge Distance (after installation tolerances)
3.563" Min. Embedment

Capacity is per the attached Hilti software output

@ O @ @waognercompanies
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www_hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 1
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
Specifier's comments:
1 Input data
Anchor type and diameter: HUS-HR M10x130
Effective embedment depth: Net ace = 2.800 in., hpgm = 3.563 in.
Material: Ad
Evaluation Service Report: Hilti Technical Data
Issued | Valid: ==
Proof: Design method ACI 318-14 / Mech.
Stand-off installation: &, = 0.000 in. (no stand-off); t = 0.500 in.
Anchor plate: I x Iy x t = 5.000 in. x 5.000 in. x 0.500 in.; (Recommended plate thickness: not calculated
Profile: no profile
Base material: cracked concrete, 4000, f;' = 4,000 psi; h = 6.000 in.
Installation: hammer drilled hole, Installation condition: Dry
Reinforcement: tension: condition B, shear: condition B; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar

R _ The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [Ib, in.Ib]
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Legato Railing Square System
Milwaukee, WI
Glass Panel and Railing Analysis
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Stutzki Engineering, Inc. Page:
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241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.:
414-455-4815 | Date:
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LT

Profis Anchor 2.8.1
2
2018-208

Legato Surface Bracket
5/22/2019

2 Load case/Resulting anchor forces

Load case: Design loads

Anchor reactions [lb]

Tension force: (+Tension, -Compression)

AY
) i
Td' n \\_) 4

Anchor Tension force Shear force Shear force x ~ Shear forcey
1 0 87 0 -87
2 0 87 0 -87
3 1,816 87 0 -87
4 1,816 87 0 -87
max. concrete compressive strain: 0.28 [%o]
max. concrete compressive stress: 1,225 [psi]
resulting tension force in (x/y)=(0.000/1.750): 3,632 [Ib] 1

resulting compression force in (x/y)=(0.000/-2.105): 3,632 [Ib]

Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load N,, [Ib]

Com@sion

Capacity ¢ N,, [Ib]  Utilization gy = N,,/¢p N, Status
Steel Strength* 1,816 7,689 24 OK
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 3,632 3,713 98 OK

*anchor having the highest loading **anchor group (anchors in tension)

3.1 Steel Strength

Ngz = Value refer to Hilti Technical Data

o NeaZ Ny, ACI 318-14 Table 17.3.1.1
Variables
Aon [in?] fuia [PS]
0.09 137,750
Calculations
N, [Ib]
11,830
Results
Nga [Ib] b steel ¢ Naa [I0] Nya [Ib]
11,830 0.650 7,689 1,816

@ O @ @waognercompanies
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LT

Profis Anchor 2.8.1

CEJmpany: Stutzki Engineering, Inc. Page: 3
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
3.2 Concrete Breakout Strength
Ngg = (:;ﬂ_;) T—— AC| 318-14 Eq. (17.4.2.1b)
O Neog 2 Nya ACI 318-14 Table 17.3.1.1
An.  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Ano =9 h% ACI 318-14 Eq. (17.4.2.1¢)
1
Wieen = ( 2 e'N) 1.0 ACI 318-14 Eq. (17.4.2.4)
2 1 +
3 het
Vesn =0.7+03 (faé?;"f) <1.0 ACI 318-14 Eq. (17.4.2.5b)
Canint -
Ven = MAX(M. %) <1.0 ACI 318-14 Eq. (17.4.2.7b)
' Cac Cac
Ne  =Keha VLB ACI 318-14 Eq. (17.4.2.23)
Variables
het [in.] € [in.] ecan [in.] Caymin [iN.] YN
2.800 0.000 0.000 4.000 1.000
Cac [in.] ke %a fe [psi]
5.030 17 1.000 4,000
Calculations
Ane[in] Ango [in?] WY ect N W eczN Y edN W epN N [Ib]
95.94 70.56 1.000 1.000 0.986 1.000 5,038
Results
Ncbg [Ib] ¢ concrete ¢ Ncbg [Ib] Nua [Ib]
6,752 0.550 3713 3,632
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Profis Anchor 2.8.1

C&)mpany: Stutzki Engineering, Inc. Page: )

Specifier: JC Project: 2018-208

Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket

Phone | Fax: 414-455-4815 | Date: 5/22/2019

E-Mail:

4 Shear load

Load V, [Ib] Capacity ¢ V,, [Ib] Utilization By = V,,./¢ V., Status

Steel Strength* 87 2,982 OK
Steel failure (with lever arm)* N/A N/A N/A N/A
Pryout Strength** 350 13,487 oK
Concrete edge failure in direction x+** 350 5,182 OK

* anchor having the highest loading **anchor group (relevant anchors)

4.1 Steel Strength

Vea = Value refer to Hilti Technical Data
& Vsteel Z Via ACI 318-14 Table 17.3.1.1
Variables
Asey [in] fuia [PSi]
0.09 137,750
Calculations
Vsa [ID]
4,970
Results
Vsa [Ib] § steel ¢ Vsa [Ib] Via [Ib]
4,970 0.600 2,982 87

4.2 Pryout Strength

A
chg = kcp [(ANih:;) WecNWedNY eNWYepN Nb]

& Vepg 2 Via

ACI 318-14 Eq. (17.5.3.1b)
ACI 318-14 Table 17.3.1.1

Ayc see ACI318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)

Ao =9 h

;
VeN = ZBIN)S'LO
(1"3hef

Wesn =0.7+03 ( Ca.min ) <10

ACI 318-14 Eq. (17.4.2.1¢)

ACI 318-14 Eq. (17.4.2.4)

ACI 318-14 Eq. (17.4.2.5b)

1.5h
Wepn = MAX(%, %) <1.0 ACI 318-14 Eq. (17.4.2.7b)
‘ac ac
Ny  =koa W hi? ACI 318-14 Eq. (17.4.2.2a)
Variables
kcp hef [ln] eC‘I.N [m] ecZ.N [m] c;a,mirl ['n]
2 2.800 0.000 0.000 4.000
W cN Cac [in‘] kc Aa fc [pSi]
1.000 5.030 17 1.000 4,000
Calculations
A [in4] Anco [in4] W ect N Y ec2 N W edN Ny [Ib]
136.89 70.56 1.000 1.000 0.986 5,038
Results
Vepg [IB] ¢ concrete b Vepg [Ib] Via [Ib]
19,267 0.700 13,487 350
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Company: Stutzki Engineering, Inc. Page: 5
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
4.3 Concrete edge failure in direction x+
A C
Vo = (A2 ) Waow ¥ oo ¥ e W W parst Vo ACI 318-14 Eq. (17.5.2.10)
b Vopg 2 Via ACI 318-14 Table 17.3.1.1
Ay. see ACl 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
Byo =452 ACI 318-14 Eq. (17.5.2.1c)
1
sy = (1 , 28, ) <1.0 ACI 318-14 Eq. (17.5.2.5)
3Ca1
Yedy =07+ 0‘3(1 ‘f;é ) <10 ACI 318-14 Eq. (17.5.2.6b)
» al
gy 2 %z 1.0 ACI 318-14 Eq. (17.5.2.8)
I 0.2 .
v, = (7 (d—e) \@) %a VL ClF ACI 318-14 Eq. (17.5.2.2a)
a
Variables
Ca [in.] Caz [in.] ey [in] Y h [in ]
4.000 4.000 0.000 1.000 6.000
Ie ['n] Aa da [in~] fc [P5|] W parallel,V
2.800 1.000 0.394 4,000 2.000
Calculations
Ay [in?] Ayeo [in?] Yoecv Y oedV W ohv Vs [Ib]
81.00 72.00 1.000 1.000 1.000 3,290
Results
Vchg [Ib] ¢ concrete ¢ Vcbg [Ib] Vua [Ib]
7,403 0.700 5,182 350
5 Combined tension and shear loads
B By ¢ Utilization py .y [%] Status
0.978 0.068 1.000 88 OK

By = Bn *+ Py} /1.2 <=1

6 Warnings

+ The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This
means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

.

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

.

Refer to the manufacturer's product literature for cleaning and installation instructions.

Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI 318 or the relevant standard!

Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
318-14, Section 17.8.1.

Fastening meets the design criteria!
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Loads (ASD)
DL := 200- Ibf

#1 Check Plate for Tension
3"x 3"x 1/2" Plate, 316 Stainless Steel

Properties:
t4:= 0.50-in

.2
Ag1 = t1'b1 = 0.25in
Force
Tension in Plate Leg

Capacity

Tensile Yielding

Interaction

#2 Check Bolt Capacity
1/2"13 Bolts, 316 Stainless Steel, Condition CW
Properties:

dp2 := 0.500:-in

Fy2 = 65-ksi

1 )

Foini= min(O.?S-F ——F,,» '= 40-ksi
nt2 2> u2
Y<' sk, )

!21 = 1.67 Tn1 .

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

By: JC
2019-07-08
Page 25 of 80
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R:= 200. Ibf

bq:= 0.49-in Fy1:= 30-ksi

y
.2 .

Any = ty-bg = 0.25in Fyq = 70-ksi
R 50.5in)

T1 = . -
2-Legs 4.25.in )

= 1.19-kip

Fop A

1-Ag1
S A N
2

IR14:= —=0.27
n1

[CheckASD1 = "OK" |

1
Noy:= 13.—
2 in

. 1 ) .
Fry2 = mln(0.75- Fy2 = V3, 5, Fuo =3 - 23.09-ksi

FU2 := 100ksi

0.9743 \? 2 1.2269 2 2
Agp:= 0.7854-| djyp — N = 0.142in ARp:= 0.7854-| dyyp — =0.129in
Demand
Tension To:= 0.0-Ibf
46.25-in
Shear 5= R 2 48.kip
4.25-in
Capacity
Tension Capacity Tho = Fuio-Agp = 5676:- Ibf
Shear Capacity V2= Fryo- AR = 2984 Ibf
Interaction

@ O @ @waognercompanies

»ws WAGNER

V A A\
Architectural Systems

2 2
To ) Vs )

IRly:=| — +|—— =053
Tn2) Vn2)

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com

[CheckASD2 = "OK" |
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#3 Check Plate for Bending
3"x 3"x 1/2" Plate, 316 Stainless Steel

Properties:
t3:= 0.50-in

Zy3:= 025 by ty” = 0.19in°
Force

Tension
Weak Axis Moment

Capacity

Tension

Weak Axis Moment

Interaction

@ O @ @waognercompanies

»ws WAGNER

Architectural Systems
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Milwaukee, WI
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bg:= 3.0-in
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Fyg:= 30-Ksi

.2
A93:= t3-b3= 1.5in

46.25.in _
Ty:= | R——— = 2.18-kip
4.25.in
46.25-in . . o
M3:=| R-——— 0.25:in + DL-1.75-in = 0.89 kip-in
4.25.in )
Qg:= 1.67
Fua-A
y3' "'g3 .
Tn3:= Q— = 26.95-kip
3
Fy3-Zw3 o
Mn3:= = 3.37in-kip
{13
LR
IR13:= — + —— = 0.35
Tha  Mp3

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA
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#4 Check 4-Sided Weld
1/4" Fillet Weld, 70ksi Min. Filler Strength, Al-Around
Input = N
dg:= 0.5in by:= 3.0-in

dy ' by ,
y4::7:0.25|n x4::?:1.5|n 2 i s d

Properties

Lgy:= 2:dg + 2-bg = 7in .l

g 3
4 B .2
Sqw2 = ?-(3-b4+ dy) = 1.58in

Pp— b4 — i 2
S4w3 = ?-(3«14 + by) = 4.5in

3
by + d
o= @ = 74in°

Forces
46.25-in

Ng:= R ——— = 2.18 ki V4.0:= 0.0-Ibf V4 3:= DL = 200 Ibf
4 425N P 4.2 4.3

= 0-kip-i M = —6' ‘in\025' + DL-1.75-i M = 0-kip-i
: -Kip-in 2! R -0.25-in -1.75-in = 0-Kip-in
4 P 4. 4.25-in] 4.3 P

Weld Stress
Ng Mg Myj kip
+ + - 0.88 —
Law  Saw2  Saws in

2 2
Vasz Taxg) (Vaz Tava) Kip
Fawvi= + + =0.03
w L J
4w 4w )

Normal Stress FwN =

Shear Stress

+
Law  Jaw ) n

-
Total Stress Fua= + Fun’ + Fuv” Fya = 0.88 —
n

Capacity
Weld filler metal tensile strength FEgq:= 70-ksi
. v2 (4 |
Effective Weld Throat E4:= — | — in=0.18-in Qy:=27
2 \16)
. f .
k 4 k
Alowable Stress f,4:= 0.6:Fgy E4 = 7.42.— 2750
in 7] in
Interaction
fwa
IR14:= Fyq + o 0.32 CheckASD4 = "OK"
4

@ O @ @waognercompanies

NAS \A/AGNER 888-243-6914 // rfg@mailwagner.com )
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#5 Check Base Plate for Bending
6"x 4"x 1/2" Plate, 316 Stainless Steel
Properties:
tg:= 0.50-in bg:= 1.0-in Fysi= 30-ksi Z,y5:= 0.25.bgts> = 0.06in>
Force
Bott Tension Tgi= R_ S0inY_ oo kip
2-Bolts 3.0-in )

Weak Axis Moment Mg:= Tg5-0.5-in = 0.83-kip-in

Capacity Qg:=1.67

Fus-Z

Weak Axis Moment Mg = 2 1 12in-kip

Q

5

Interaction
M5
IR1g:= —— = 0.74

IV‘n5

@ O @ @waognercompanies

CheckASDS = "OK"
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#6 Check 4-Sided Weld

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

1/4” Fillet Weld, 70ksi Min. Filler Strength, Al-Around

Input
dg:= 1.75:in
dg
Yoi= 5 - 0.88in
Properties

LGW:: 2d6+ 2- bG =7in

Seupi= 2 - 4.08in’
Bw2 = ?-(3-b6 + dg) = 4.08in

b

6
Sewa'= (395 + bg) = 4.08in°
3
Jaw = (b6+d6) —71in3
Bw = 6 = 1.
Forces
45.25-in .
Ng:= R ———— = 2.34-kip
3.875-in
Tg:= 0-kip-in
Weld Stress

Normal Stress

Shear Stress

Total Stress

Capacity
Weld filer metal tensile strength

Effective Weld Throat

Allowable Stress

Interaction

@ O @ @waognercompanies

»ws WAGNER

Architectural Systems

bg:= 1.75-in

bg
Xg= - = 0.88in

Vg.p:= 0.0-Ibf

45.25.in )

Mg 5= | R ———— 0.625.in + DL-1.375-in
6.2 ( 3.875-in )

~Ne Mg

FWN =

+
Lew  Sew2

By: JC
2019-07-08
Page 29 of 80
Rev. 0.0

Vg 3:= DL = 200 Ibf

2 2
Ves Tex ) (Ve2 TeVe) kip
FWV.= + + = 003

+
Lew Jow }

2 2
Fwe:=+ FwN + Fwv

E6:= ~—-| — jin=0.18in
2 \16)
kip

fW62= 0.6- FEG-EG = 742?

\/5_(4\

fw6

IR1g:= Fiyg + 0 0.28

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

L6W

J6W ) in

F —076@
we ™ =,

FE6 ;= 70-ksi

”6 =27

f .
6 k
W6 _, g Kip

QG in

|CheckASD6 = "OK" |
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#7 Check Bolt Capacity
(4) - 1/2™13 Bolfs, 316 Stainless Steel, Condition A

Properties:
1
dp7:= 0.500-in Fy7:= 30-ksi Fy7:= 75kKsi N7:= 13.—
In
LE7:= 0.375-in Fs7:= 58ksi SF;=25
1 ) ( 1 )
Fo7:= min(O.TS-F —— F, 7 '= 22.5ksi F . 7:= min| 0.75-F, 7 + /3, —-F 7 + /3 ' = 12.99-ksi
nt7 & u7 nv7 7 ’ u7
Yi" s, ) y SF7 )
0.9743 \? 2 1.2269 \2 2
Agy:= 0.7854-| dp7 — = 0.142in AR7 = 0.7854:| dp7 - — = 0.129in
7
Demand
. R 50-in
Tension 7:= .——— = 1667 Ibf
2-Bolts  3-in
DL
Shear Vy:= = 100 Ibf
2:-Bolts
Capacity
Tension Capacity Th7:= Fnt7Ag7 = 3193: Ibf
Shear Capacity V7= Fy7-AR7 = 1679 Ibf
Pull-out Capacity
. .2 _ .2
TSAg7:= 0.0600-in TSA7:= 0.0860-in
Internal Thread Capacity Conditions = "Thick"
roie TN TOAT Ut e
17:= =
SF7/3

External Thread Capacity
LE7 N7 TSAg7-F,7 0.75-LEs N7 TSAg Fy7\
SF7/3 ’ V3 )

Toutn7 := Min(Tj7, Tg7) = 3800 Ibf

TETZ: min

= 3800 Ibf

Pull-out Capacity
Interaction

2 2
T7 ) V7 ) T,
IR1;:=| — +|—— =0.28 IR2;:= = 0.44

Th7 ) V7 ) Toutn7

[CheckASD7 = "OK" |

@ O @ @waognercompanies
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#7 Check Anchor Capacity
Hitti HUS-HR M10, SS Anchor

Demand
Anchor Group LRFD Moment Mz:= 1.6-R-47.5.in = 15.2in"kip

Anchor Group LRFD Shear V7:= 1.6-DL = 320 Ibf

Anchor Capacity
Design Criteria:
Concrete Strength fc = 4000 psi min. @ 28 days
Normal Weight Concrete
Uncracked Concrete Condition
6" Slab Thickness
4" Min. Anchor Edge Distance (after installation tolerances)
3.563" Min. Embedment

Capacity is per the attached Hilti software output

@ O @ @waognercompanies
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www.hilti.us Profis Anchor 2.8.1

Company: Stutzki Engineering, Inc. Page: 1

Specifier: JC Project: 2018-208

Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:

Specifier's comments:

1 Input data

Anchor type and diameter: HUS-HR M10x130

Effective embedment depth: Netact = 2.800 in., hpom = 3.563 in.
Material: A4

Evaluation Service Report: Hilti Technical Data

Issued | Valid: -]-

Proof: Design method ACI 318-14 / Mech.

Stand-off installation: e, = 0.000 in. (no stand-off); t = 0.500 in.

Anchor plate: Iy x 1, x t=4.000in. x 6.000 in. x 0.500 in.; (Recommended plate thickness: not calculated
Profile: no profile

Base material: uncracked concrete, 4000, f.' = 4,000 psi; h = 6.000 in.

Installation: hammer drilled hole, Installation condition: Dry

Reinforcement: tension: condition B, shear: condition B; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar

R _ The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [Ib, in.Ib]
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Profis Anchor 2.8.1

2
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
2 Load case/Resulting anchor forces Y
Load case: Design loads
d 7
Anchor reactions [Ib] Q 3 /;\ L !
Tension force: (+Tension, -Compression) Tension
Anchor Tension force Shear force Shear force x ~ Shear forcey
1 108 87 0 -87
2 108 87 0 -87 Py
3 1,980 87 0 -87
4 1,980 87 0 -87
-
max. concrete compressive strain: 0.33 [%o] b 1 O 2
max. concrete compressive stress: 1,443 [psi]
resulting tension force in (x/y)=(0.000/1.344): 4,176 [Ib]
resulting compression force in (x/y)=(0.000/-2.558): 3,826 [Ib] @
. . Com sion
Anchor forces are calculated based on the assumption of a rigid anchor plate.
3 Tension load
Load N, [Ib] Capacity ¢ N,, [Ib]  Utilization gy = N,,/¢p N, Status
Steel Strength* 1,980 7,689 26 OK
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 4,176 4,296 98 OK
*anchor having the highest loading **anchor group (anchors in tension)
3.1 Steel Strength
Ngz = Value refer to Hilti Technical Data
o NeaZ Ny, ACI 318-14 Table 17.3.1.1
Variables
Asen [in] futa [pSi]
0.09 137,750
Calculations
Nz [Ib]
11,830
Results
Naa [Ib] b steel ¢ Na [ID] Nua [1b]
11,830 0.650 7,689 1,980
D O @ @wagnercompanies
QAN \A/AGNER 888-243-6914 // rfg@mailwagnercom )
aFva 10600 West Brown Deer Road // Milwaukee, W153224, USA 2019 R&B Wagner, Inc. All Rights Reserved.
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CEJmpany: Stutzki Engineering, Inc. Page: 3
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
3.2 Concrete Breakout Strength
Ngg = (:;ﬂ_;) T—— AC| 318-14 Eq. (17.4.2.1b)
& Nepg = Nya ACI 318-14 Table 17.3.1.1
Ay:.  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Mg =9h% ACI 318-14 Eq. (17.4.2.1¢c)
1
Wieen = (1 ol e'N) 1.0 ACI 318-14 Eq. (17.4.2.4)
3 hey
Vesn =0.7+03 (faé?;"f) <1.0 ACI 318-14 Eq. (17.4.2.5b)
T el
Ven = MAX(M. %) <1.0 ACI 318-14 Eq. (17.4.2.7b)
' Cac Cac
Ne  =Keha VLB ACI 318-14 Eq. (17.4.2.23)
Variables
het [in.] € [in.] ecan [in.] Caymin [iN.] YN
2.667 0.000 1.344 4.000 1.000
Cac [in.] Ke %a fe [psi]
5.030 24 1.000 4,000
Calculations
Ane[in] Ango [in?] WY ect N W eczN Y edN W oepN N [Ib]
121.00 64.00 1.000 0.748 1.000 0.835 6,610
Results
Ncbg [Ib] ¢ concrete ¢ Ncbg [Ib] Nua [Ib]
7,810 0.550 4,296 4,176

@ O @ @waognercompanies
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C&)mpany: Stutzki Engineering, Inc. Page: )
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
4 Shear load
Load V, [Ib] Capacity ¢ V,, [Ib] Utilization By = V,,./¢ V., Status
Steel Strength* 87 2,982 3 OK
Steel failure (with lever arm)* N/A N/A N/A N/A
Pryout Strength** 350 14,609 3 oK
Concrete edge failure in direction y-** 350 3,144 12 OK
* anchor having the highest loading **anchor group (relevant anchors)
4.1 Steel Strength
Vea = Value refer to Hilti Technical Data
& Vsteel Z Via ACI 318-14 Table 17.3.1.1
Variables
Asey [in] fisa [Psi]
0.09 137,750
Calculations
Vsa [ID]
4,970
Results
Vsa [Ib] § steel ¢ Vsa [Ib] Via [Ib]
4,970 0.600 2,982 87
4.2 Pryout Strength
A
Vepg = kep [(AN—”;) Ve Fempe e Famm Nb] ACI 318-14 Eq. (17.5.3.1b)
o Vepg 2 Via ACI| 318-14 Table 17.3.1.1
Ay.  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Avo =9h% ACI 318-14 Eq. (17.4.2.1c)
1
WeeN = (1 . 2 e'N) <1.0 ACI| 318-14 Eq. (17.4.2.4)
3 hef
Yein =0.7+03 (1‘335%) £1.0 ACI 318-14 Eq. (17.4.2.5b)
! ef
Wepn = MA)((M %) <1.0 ACI| 318-14 Eq. (17.4.2.7b)
! Cac Cac
Ny  =koa W hi? ACI 318-14 Eq. (17.4.2.2a)
Variables
kcp hef [ln] eC‘I.N [m] ecZ.N [m] c;a,mirl ['n]
2 2.667 0.000 0.000 4.000
W cN Cac [in‘] kc Aa fc [pSi]
1.000 5.030 24 1.000 4,000
Calculations
Ane [in-z] Anco [in-Z] W ect.N Y ec2 N W edN Y cpN N [Ib]
121.00 64.00 1.000 1.000 1.000 0.835 6,610
Results
Vepg [I0] ¢ concrete & Vepg [Ib] Via [Ib]
20,869 0.700 14,609 350
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Company: Stutzki Engineering, Inc. Page: 5
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/22/2019
E-Mail:
4.3 Concrete edge failure in direction y-
A C
Vo = (A2 ) Waow ¥ oo ¥ e W W parst Vo ACI 318-14 Eq. (17.5.2.10)
b Vopg 2 Via ACI 318-14 Table 17.3.1.1
Ay. see ACl 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
Byo =452 ACI 318-14 Eq. (17.5.2.1c)
1
sy = (1 , 28, ) <1.0 ACI 318-14 Eq. (17.5.2.5)
3Ca1
Yedy =07+ 0‘3(1 ‘f;é ) <10 ACI 318-14 Eq. (17.5.2.6b)
» al
gy 2 \/% =1.0 ACI 318-14 Eq. (17.5.2.8)
I 0.2 .
v, = (7 (d—e) \@) %a VL ClF ACI 318-14 Eq. (17.5.2.2a)
a
Variables
Ca [in.] Caz [in.] ey [in] Y h [in ]
4.000 4.000 0.000 1.400 6.000
Ie ['n] Aa da [in~] fc [P5|] W parallel,V
2.800 1.000 0.394 4,000 1.000
Calculations
Ay [in?] Ayeo [in?] Yoecv Y oedV W ohv Vs [Ib]
78.00 72.00 1.000 0.900 1.000 3,290
Results
Vchg [Ib] ¢ concrete ¢ Vcbg [Ib] Vua [Ib]
4,491 0.700 3,144 350
5 Combined tension and shear loads
B By ¢ Utilization py .y [%] Status
0.972 0.111 1.000 91 OK

By = Bn *+ Py} /1.2 <=1

6 Warnings

+ The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This
means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

.

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

.

Refer to the manufacturer's product literature for cleaning and installation instructions.

Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI 318 or the relevant standard!

Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
318-14, Section 17.8.1.

Fastening meets the design criteria!
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6. Railing Connection Design

6.1. Design Criteria

6.1.1. Fasteners

A4-50 Bolts, Fy =210 MPa, min Fu = 500 MPa, min

6.1.2. Stainless Steel

316 SS Fy = 30 ksi, min Fu = 70 ksi, min

6.2. Overall Geometry and Location

Flat Clip Connection

Handrail Connection

Glass Clip Connection Spider Clip Connection

P
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6.3. Glass Clip

Legato Railing Square System

Milwaukee, WI

Glass Panel and Railing Analysis

2018-208

1.88"

i

[48mm]

0.25"
[6.4mm]

CHECK 1
CHECK 2
CHECK 4
CHECK 3
CHECK 5
— CHECK 6

D

eoibf| | 7 olbf  J
_______ \_) e 418
| v T
[} ! o)
a ©
1 ! =
: [ B sobf ¥
35
3|3 - 0.12"
= [3mm]
0.39" |
[10mm]

Connection Detall
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[63mm]

1.77"

[45mm]

Connection Detall
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Loads (ASD)
Px:= 50-Ibf Infill Panel Load
Py:: 0 Ibf
P, .= 60-Ibf Glass Dead Load

#1 Check Pin Capacity
3/8" Dia Pin, A4-50 Stainless Steel

Input
dq:= 0.375-in
Fntq:= 0.75-F 1 = 54.39-ksi

Forces
Shear

Tension
Capacity

Shear

Tension

Interaction

@ O @ @waognercompanies

»ws WAGNER

Architectural Systems

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

M, := 0.0-Ibf-in
My := 0.0-bf-in
M, := 0.0-Ibf-in

Apq = 0.25-mds? = 0.11in?

Fryq:= 0.563-F 4 = 40.83 ksi

Vy:= P, = 0.06-kip

T4:= 0.0-Ibf = O-kip

Qq:= 2.00
Frvi Ab1
Vpq = ———— = 22551bf
024
. Fnt1:Ap1 ki
;= ————— = 3-ki
n1 2 p

T (v Y
IR14:= T + Voo - 0
n1) n‘I)

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA
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|CheckASD1 = "OK" |
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#2 Check Clip Plate Capacity
63mm x 45mm x 10.5mm Plate, 316 Stainless Steel
Properties:
ty:=10.5-mm hy:= 45-mm Lo:=48-mm
Fy2:: 30ksi Fup := 70ksi Eo:= 29000ksi
Zsp:=0.25 t2-h22 = 0.32in3 Zyo:=0.25 h2-t22 = 0.08in3
3 2
hy-to 4 thy 3
lwa: 12 = 0.01in Sgo:= = 0.22in
w2 2.0-L,
ro:= [ ——=0.12in kLrg:=
2'h2 2
Force
Strong Axis Moment Mgp := P,-48-mm = 0.11-in-kip
Weak Axis Moment My2:= Py 45-mm = 0.09in-kip
Capacity Qo:=1.67
Ly-hy 0.08-E5
Strong Axis Moment —— =19.59 =77
ty Fy2
Fy2-Zs2 o
Mpg2:i= —— = 5.83:in-kip
7]
Fyo-Z
Weak Axis Moment Mg = —2 - 1.36inkip
)
Interaction
Mwz Mg
IR15:= + = 0.08
Mw2  Mns2

CheckASD2 = "OK"

@ O @ @waognercompanies
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#3 Check Clip Plate for Local Bending
3mm Thick Clip Wall, 316 Stainless Steel
Properties:
tg:= 3.0-mm by:= 45-mm Fyg:= 30-ksi Zy3:= 0.25:bg t3” = 0.006in>
Force
Bott Tension Ty Py—o MM p A8 g9 i
90%-17-mm 90%-45-mm + 2
Weak Axis Moment M3:= Tg-6-mm = 0.07-kip-in
Capacity 3:= 1.67
Fya-Z
Weak Axis Moment Mog:= o _ 0. 11inkip
23
Interaction
M3
IR13:= —— = 0.64
Mn3

[CheckASD3 = "OK" |

@ O @ @waognercompanies
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#4 Check Bolt Capacity
(2) - M6x1 Bolts, A4-50 Stainless Steel
Properties:
1 1
dpg := 6:mm Fy4:= 210-MPa F,,4:= 500-MPa Ngi=———
b4 v4 u4 4 1 mm
LE4:= 0.20-in Fus4 = 70ksi SF4=3
1 1
Frta:= min| 0.75-F 4,—-Fu4\= 22.84-ksi Frya:= min| 0.75-F 4 + /3, —F 4 = \/EL 13.19-ksi
sr Y SFy )
0.9743 2 1.2269 2
Agy:= 0.7854-| dpyg — = 0.031in ARy = 0.7854-| dpy - = 0.0281in
Ny Ny
Demand
. Px 48-mm
Tension Ty:= : = 190 Ibf
2-Bolts 90%-7-mm
2
45-mm \2 Pz\
Shear V= [|Ppr——— +|—— , = 108Ibf
26-mm ) 2 )
Capacity
Tension Capacity Tha:= FrtaAgq = 702-Ibf
Shear Capacity Vna:= Fnya ARg = 366 Ibf
Pull-out Capacity
. 2 . 2
TSAg4:= 8.65-mm TSA|4:= 12.19-mm
Internal Thread Capacity Conditions = "Thin"
LE4 Ny TSA Fsq
Tig:= = 1293 Ibf

SF4/3
External Thread Capacity
LE4 Ny TSAg4-Fq 0.75-LE4 Ny TSAgy Fy4 \

TE4:= min , = 898 Ibf
SF4/3 V3 )
Pulkout Capacity Toutnd := Min(Ti4, Tg4) = 898 Ibf
Interaction
2 2 2
Tg ¥ (Vg T4 )
IR14:= | — —  =0.16 IR2,:= = 0.04

Tha ) (Vna ) Toutnd )

CheckASD4 = "OK"

@ O @ @waognercompanies
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#5 Check Bolt Capacity
M8x1.25 Bolt, 316 Stainless Steel
Properties:
1 1
dps:= 8-mm F.5:= 30-ksi F, z:= 70 ksi Ng:i= —— ——
b5 yo us 5 425 mm
LEg:= 0.120-in Fuss:= 70ksi SFg=25
1 ) 1 )
F.:g:= min| 0.75-F r, —F = 22.5-ksi Fyz:= min| 0.75-F ¢z + 4/ 3, —F, £ +4/ 3 = 12.99-ksi
nt5 ( y5 SFg u5) nvS ( y5 \/_ SFg ud \/_}
0.9743 3 1.2269 2
Agg:= 0.7854-| dyy5 - = 0.056in ARs:= 0.7854-| dyy5 - = 0.051in
Demand
48. 48.
Tension O LY S, L R—
90%-17-mm 90%-45-mm + 2
2 2
Shear V= /Px + P," = 78Ibf
Capacity
Tension Capacity Ths5:= Fnis Ags = 1260- Ibf
Shear Capacity Vn5:= Frys ARrs = 661 Ibf
Pull-out Capacity
2 2

TSAgs5:= 15.20-mm

Internal Thread Capacity

0.85-LE5 dps-Fyss
Ti5:= — 900 Ibf
SF5

External Thread Capacity

TSAj5:= 21.04-mm

Conditions = "Thin"

LE5 N5 TSAgs-Fy5 0.75-LE5 N5 TSAEs Fys |

TE5 = min

= 746 Ibf

SF5+/3
Pull-out Capacity

Interaction

2 2
Ts ) Vs )
Rig:i= | — +|—— =007

Tn5) VnS)

@ O @ @waognercompanies

QAN WAGNER 888-243-6914 // rfg@mailwagnercom
aFva 10600 West Brown Deer Road // Milwaukee, W153224, USA

Architectural Systems

)

TOUtns = mln(T|5, TE5) = 746.|bf

CheckASDS = "OK"
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#6 Check Post Wall for Local Bending
0.120" Thick Post Wall, 316 Stainless Steel
Properties:
tg:= 0.120-in bg:= 2.0:in Fyg = 30-ksi Z,y5:= 0.25bg tg” = 0.007in°
Force
T52:in
Weak Axis Moment Mg:= = 0.08-kip-in
8
Capacity Qg:= 1.67
Fyg-Z
Weak Axis Moment Mg := M = 0.13in-kip
6
Interaction
Me
IR1g:= —— = 0.6 [CheckASD6 = "OK" |
Mne

@ O @ @waognercompanies
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Loads (ASD)
P,:= 50-Ibf Infill Panel Load M, := 0.0-Ibf-in
Py:: 0- Ibf My:: 0.0-Ibf-in
P, := 60-Ibf Glass Dead Load M, := 0.0:Ibf-in
#1 Check Bolt Capacity
M8x1.25 Bott, A4-50 Stainless Steel
Properties:
1 1
dp4:= 8- mm F,1:= 210-MPa F,,4 := 500-MPa Nji= — ——
b1 yi u1 1 125 mm
LE4:= 0.375-in Fus1:= 70ksi SFy=25
) 1 \
F44:= min| 0.75-F,«,—F = 22.84-ksi F =min| 0.75-F 4 + 4/ 3, —F 1 =4/ 3 = 13.19-ksi
nt1 ( y1 SF4 ui | nv1 y1 \/_ SF, ui \/_}
0.9743 5 1.2269 2
Agq:= 0.7854.| dpyq - = 0.0561in AR := 0.7854.| dyq - = 0.051in
Demand
. 20-mm
Tension T1:=Py+ P, = 126 Ibf
90%-35-mm + 2
Shear Vq:=P, =60 Ibf
Capacity
Tension Capacity Th1:= Fnt1Agq = 1279-Ibf
Shear Capacity Vn1:=Fny1 ARt = 6711bf
Pull-out Capacity
TSAgq:= 15.20-mm’ TSAq = 21.04-mm>
Internal Thread Capacity Conditions = "Thick"
LE4- Ny TSA11-Fust
T)q:= = 4017 Ibf

SF1-/3
External Thread Capacity
LE4-Nq-TSAEg4-F 1 0.75-LE1.N1-TSAE1-Fy1\

T4 := min = 2368 Ibf
E1 ’
SF1/3 V3 )
Pull-out Capacity Toutn1 = min(T” , TE1) = 2368: Ibf
Interaction
2 2 2
T4 ) V) Ty )
IR14:=| — +|—-— =002 IR24:= =0
Tn1) Vn1) Toutn'l)

CheckASD1 = "OK"
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#2 Check Plate Capacity
164mm x 35mm x 7.5mm Plate, 316 Stainless Steel
Properties:
ty:=7.5-mm hy:= 35-mm Lo:=60-mm
Fy2:: 30ksi Fup := 70ksi Eo:= 29000ksi
Zgpi= 0.5ty hy” = 0.14in° Zyp:= 025 hyty? = 0.03in°
3 2
o 22 oint Sep- 22 0000
W2 1 - in 32 = . in
w2 0,001 " 2.0-L,
r:= [ —— = 0.09in ry:=
27 [ tohy T
Force

Strong Axis Moment Mg := P,-60-mm = 0.14-in-kip

Weak Axis Moment My2:= Py 60-mm = 0.12in-kip

Torsion To:= P,-20-mm = 0.05in-kip
Capacity Qg:= 167

Lo-hy 0.08-E,
Strong Axis Moment — =37.33 =77
t22 Fy2
Fy2-Zs2 o
Mpg2:i= ——— = 2.52-in-kip
§29
Fyo-Z
Weak Axis Moment Maw2 = M = 0.54in-kip
Q
2
3
. | h2 1 tb) 5 hat | 4
Torsion Joi=ifl —<10,| - - 0.2.— -hyty, = 0.01-in
3 h2) 3
T V22 i
= = U. In-Ki
2T 0, P
Interaction
2
Mw2 Mg T2 )
IR15:= + + =0.29
w2  Mns2 Tn2)

[CheckASD2 = "OK" |

@ O @ @waognercompanies
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#3 Check Bolt Capacity
(2) - M6x1 Bolt, A4-50 Stainless Steel
Properties:
1 1
dp3 := 6-:mm Fy3:: 210-MPa Fy3:= 500-MPa Ng:= T om
LE3:= 0.120-in Fus3:= 70ksi SF3=3
1 3 1 A
F i2:= min| 0.75-F, s, —F = 22.84-ksi F :=min| 0.75-F, 2 + 4/ 3, —F, 2 +4/3 = 13.19-ksi
2 2
0.9743 1.2269
Agsi= 0.7354.(%3 - T 0.031in? Arg = 0.7854.{%3 - 7 0028in?
Demand
. Px Mw2 T
Tension Tg:= + . + = 223 Ibf
2-Bolts  (2-Bolts)-(90%-1.0-in+2) 18-mm
2 2
Ms2 \ Pz\
Shear Vai= || ——— , +|— |, = 202Ibf
18-mm ) 2 )
Capacity
Tension Capacity Th3 = Fniz-Agz = 702-Ibf
Shear Capacity Vn3:= Fry3 ARz = 366 Ibf
Pull-out Capacity
. 2 . 2
TSAg3:= 8.65-mm TSA|3:= 12.19-mm
Internal Thread Capacity Conditions = "Thin"
0.85-LE3-dyy3-F 53
Ti3:= = 562 Ibf

SF4
External Thread Capacity

LE3 N3 TSAgg-Fy3 0.75-LE3-N3 TSAg3-Fy3 )

= 539 Ibf

TE3 := min

Toutn3 = mln(T|3, TE3) = 539 |bf

2
T3 )
IR25:= - 0.17

Toutn3 ) .

SFa/3 V3 )
Pull-out Capacity
Interaction
2 2
T3 ) Vi )
Rig:=| — +|—— =041
Th3 ) Vi3 )

@ O @ @waognercompanies

»ws WAGNER
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#4 Check Post Wall for Local Bending
0.120" Thick Post Wall, 316 Stainfess Steel
Properties:
tg:= 0.120-in bg:= 2.0-in + 0.69-in Fyq:= 30-ksi Zyy4i= 0.25:byt4> = 0.01in>
Force
(2:T3)-2:in
Weak Axis Moment My:= EEr— = 0.11-Kip-in
Capacity Qy:= 1.67
Fua-Z
Weak Axis Moment Mg = % ~ 0.17in"kip
A
Interaction
My
IR14:= — = 0.64 [CheckASD4 = "OK" |
Mna

@ O @ @waognercompanies
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Loads (ASD)
P,:= 50-Ibf Infill Panel Load M, := 0.0-Ibf-in
Py:: 0- Ibf My:: 0.0-Ibf-in
P, := 60-Ibf Glass Dead Load M, := 0.0:Ibf-in

#1 Check Bolt Capacity
M10x1.5 Bolt, A4-50 Stainless Steel

Properties:
1 1
dy4 := 10-mm F.,1:= 210-MPa F, 4 := 500-MPa Nji= — —
b1 y1 ut 7 15 mm
LE4:= 0.375-in Fusq:= 70ksi SFq =25
. ) . : 1 ) .
Ft1:= m|n(0.75- Fyt: g Fut = 2284 ks Fry1:= min| 0.75-Fy ¢ + \/E,ST-FM ++/3 = 1319 ksi
1 / 1 )
0.9743 V2 2 1.2269 V2 2
Agq:= 0.7854.| dpq - = 0.089in ARq:= 0.7854-| dpyq — = 0.081in
Demand
. 2.125-in
Tension T1:=Py+ P, - = 428 Ibf
90%-0.75-in + 2
Shear Vq:= P, = 60Ibf
Capacity
Tension Capacity Th1:= Fnt1Agq = 2027 Ibf
Shear Capacity Vn1:= Fnv1 ARt = 1069 Ibf
Pull-out Capacity
TSAgq:= 23.37-mm° TSAq = 32.22.mm>
Internal Thread Capacity Conditions = "Thick"
LE4- Ny TSA11-Fust
Tyqi= = 5127 Ibf

SF1-/3
External Thread Capacity
LE4-Nq-TSAEg4-F 1 0.75-LE1.N1-TSAE1-Fy1\

Tgq:= min = 3034 Ibf
E1 d
SF1/3 V3 )
Pulkout Capacity Toutnt = Min(Tjq, Tgq) = 3034-Ibf
Interaction
2 2 2
T4 ) V) Ty )
R14:=|— +|—— =005 IR24:= =0.02
Tn1) Vn1) outn1)

|CheckASD1 = "OK" |
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#2 Check Clamp Capacity
2" Dia Clamp, 316 Stainless Steel
Properties:
dp2 := 0.625-in Dpp := 2.0:in Dy2:= 1.75:in
Fy2:: 30ksi Fu2 := 70ksi ty:= 7.0-mm
Dp2 — dp2 | Dpo —dp2 | 2 3
by:= 2. T} Dpo - T}Z 1.9in Z,2:= 0.25-byt5" = 0.04in
Force
2125.in  (90%Dyp- dbz) o
Moment My:= P, : = 0.08-in-kip
90%-Dyp + 2 2
Capacity Q5:= 1.67
Fyo-Zy2
Moment Capacity Mg 1= —— = 0.65-in-kip
2
Interaction
Mo
|R12:= M_nz =012 |CheCkASD2 - "OK" |
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#3 Check Bracket Capaci
3/4" Dia Bracket Shaft, 316 Stainless Steel

Properties:
d3:= 0.75in L3:= 2.125in S3:= 7'r-d33 + 32 = 0.04in3
7iflg 2 d3 . 3 3
Az:= = 0.44in ry:= 7 = 0.19in Zy:=d3” + 6=0.0703in
1.0-L3
Fy3:= 30ksi E3:= 29000ksi kLr3:= = =11
Force

Axial Compression

P4:= P, = 0.05-kip

Moment Mg:= P,-2.125.in = 0.13in-kip
Capacity Q3:=1.67
Es
Compression Strength KLrg = 11 377 | — =117
Fy3
712~E
Fe3:= S = 222834 ksi
(kLrs)
Fya+F
| (Fya+Fes) .
Fer3:= 0.500 Fyg = 29.72-ksi
P s w o 8 k|
n3 ‘= Q3 =0-Kp
Fya-Za 1.6-F a-Sa)
. 343 393
Moment Capacity M3 := min > s - = 1190-in-: Ibf
Q Q
3 8
Interaction
M3
IR15:= —— = 0.11 |CheckASD3 = "OK" |
Mn3

@ O @ @waognercompanies

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

»ws WAGNER

Architectural Systems

2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com



Legato Railing Square System By: JC
. Milwaukee, WI 2019-07-08
/ “1- STUTZEKI Glass Panel and Railing Analysis Page 54 of 80
W ENGINEERING 2018-208 Rev. 0.0
#4 Check Set Screw Capacity
M6x1 Set Screw, A4-50 Stainless Steel
Properties:
1 1
dpq := 6-mm Fya:= 210-MPa F 4 := 500-MPa Ngi= ———
b4 y4 ud 4 10 mm
1
Frta:= min| 0.75-F 4,—-Fu4\= 22.84-ksi Frya:= min| 0.75-F 4 + /3, —F 4 = \/EL 13.19-ksi
Ysr Y SFy )
0.9743 3 1.2269 2
Agy:= 0.7854-| dpy - = 0.031in ARy := 0.7854-| dpyg — = 0.028in
Ny Ny
Demand
Tension T4:=0.0-Ibf= 0
Shear Vy4:= Py = 50Ibf
Capacity
Tension Capacity Tha = Frtg-Agg = 702:1bf
Shear Capacity Vng:= Fnya ARg = 366 Ibf
Interaction
2 2
Ty ) Vg )
Rig:=|=— +|—— =0.02
Tha ) Vg )

@ O @ @waognercompanies
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#5 Check Bracket Capacity
1" Dia Bracket Shaft, 316 Stainless Steel
Properties:
d5!= 1.0-in d|5= 0.75-in L5= 2.5-in
2 2) 2 2
A'—ﬁ(ds_dis/—ow'2 V% U Zei= (43— 42+ 6= 0.1in3
g =— g in r5._T_ 31in 5:=\d5 —dis" ,+6=01in
Fy5:= 30ksi Eg:= 29000ksi tg:= (d5 - di5) +2=0.13in
2.0-Lg
kLrg:= =16
s
ds Es
— =8 0.07-— =68 .. Compact Section for Bending
t5 Fys
Force
Axial Compression Pg:= 0.0-Ibf
Moment Mg:= 2.5:in-.[ P2 + P, = 0.2in"kip
Capacity Qg:= 1.67
Es
Compression Strength kLrg = 16 3.77- | — =117
Fy5
7\'2' E5
F.z:= = 1118.04-ksi
e5 5 Sl
(kLrs)
F,e+F
) ( y5~ e5) .
Fers:= 0.500 ~Fy5 = 29.45-ksi
P e (Fors As) _ 6 ki
n5:= s =2.Kp
Fy5-Z5
Moment Capacity Mq5:= 5 = 1731-in-bf
5
Interaction
Ps  Ms
IR1g:= + ——=0.11 CheckASD5 = "OK"
2Ph5  Mpg
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#6 Check Insert Capacity
3/4" Dia Insert Shaft, 316 Stainless Steel

Properties:
d6 = 0.75-in

Fyg:= 30ksi

Force

Axial Compression

Moment

Capacity

Compression Strength

Moment Capacity

Interaction

@ O @ @waognercompanies

»ws WAGNER

Architectural Systems

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

Lg:= 1.25in

dg
re:= — = 0.19in
67 4

Eg:= 29000ksi
Pg:= 0.0-Ibf
. . 2 2 .

Mg:= 2.5:in-,[ P,~ + P, = 0.2in"kip
Q6I= 167
Krg =7

112~E
Feg:= 5 = 6439.92-ksi

(kLrg)

F. a-F
) ( y6 e6) ;
Ferg:= 0.500 'Fy6 = 29.9-ksi
P (Fcr6'A6) 8.ki
= ——— = 8-ki
n6é Q% p
(FyeZs 16-Fye-Sg)
Mn6 = min .
Qg 6

Mg
IR1g:= —— = 0.16

Mne

888-243-6914 // rfg@mailwagner.com
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Sgi= mdg> + 32 = 0.04in°

Zg:= dg° + 6= 0.0703in°
T

kLI'62: =7

'

E
6
3.77- | — =117
Fy6

= 1190-in- Ibf

|CheckASD6 = "OK" |

2019 R&B Wagner, Inc. All Rights Reserved.
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#1 Check Set Screw Capacity
Mbx1 Set Screw A4-50 Stainless Steel

Properties:
dbr = b-mm

Fy7 = 210-MPa

i 1 ]
F+7=min 0.75-F, 7., —-F = 22 84 -ksi
nt7 { T uft
\ Vi sFy

2
(. 09743
Ag7 = 0.7854.{ dy7 - N—] - 0.031in°

i
Demand

Tension

Shear

Capacity

Tension Capacity
Shear Capacity

Interaction

@ O @ @waognercompanies

Legato Railing Square System
Milwaukee, WI
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F,7 = 500-MPa

By: JC
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Page 57 of 80
Rev. 0.0

1 1

M- = -
" 10 m

E!

__r’ 1 _
FrT = mlnLU_TE-FYT+ ﬁ‘s_ﬁ'F“T+ ﬁ] = 13.19 ks

2
(. 12269
ARy = 0.7854.{ dy7 - N—] - 0.028in°

T7 = 0.0-Ibf

7

To7 = Fri7-Agy = 702-I6f

V7 = Fry7-AR7 = 36616f

IR1y = | —
\TnT

[ Ty 2 [ vy
+.
\UHT

QAN
V A A N

WAGNER

Architectural Systems
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#8 Check Bolt Capacity
M8x1.25 Bolt, A4-50 Stainless Steel
Properties:
1 1
dpg = 8- mm F,q:= 210-MPa F,a:= 500-MPa Ng:i= —— ——
b8 y8 u8 8 125 mm
LEg:= 0.120-in Fusg:= 70ksi SFg=25
1 ) 1 )
F.:g:= min| 0.75-F o, —F = 22.84-ksi F.ya:= min|0.75-F g +1/3, —F o +4/3 = 13.19-ks
nt8 ( 8 5r, Fue nv8 ( ys V3 sF, U V3 |
0.9743 2 1.2269 2
Agg:= 0.7854-| djg - = 0.056in ARg:= 0.7854-| dj,g — = 0.051in
Ng Ng )
Demand
—omans 25in. P2+ P>
Tension Tg:= = 579 Ibf
90%-0.75-in + 2
2 2
Shear Vg:= /Px + P," = 78Ibf
Capacity
Tension Capacity Thg:= Frig-Agg = 1279:Ibf
Shear Capacity Vng = Fnyg ARg = 671 Ibf
Pull-out Capacity
. 2 . 2
Internal Thread Capacity Conditions = "Thin"
0.85:LEg-dyg-F ;58
Tig:= = 900 Ibf
SFg

External Thread Capacity
LEg-Ng TSAgg-Fg 0.75-LEg-Ng TSAgg-Fyg )

Teg:= min , = 758 Ibf

E8 SFg /3 /3 )
Pull-out Capacity Toutng := min(T|8, TES) = 758 |bf
Interaction
2 2 2
Tg ) Vg ) Tg )
IR1g:= | — +|—— =022 IR2g:= = 0.58 |CheckASDS8 = "OK" |

8T Vv 87T

ng ) ng ) outn8 )

@ O @ @waognercompanies
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#9 Check Post Wall for Local Bending
0.120" Thick Post Wall, 316 Stainless Steel

Properties:
tg:=0.120-in

Force

Weak Axis Moment

Capacity

Weak Axis Moment

Interaction

@ O @ @waognercompanies

Legato Railing Square System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

bg:= 2-tan(60-deg)- 1-in = 3.46in Fyg:= 30-ksi

Y

Tg 2:-in

Mg::

QQZ: 1.67

Fug-Z

y9 “w9
Mngl—

{1g

9
IR1g:= —— = 0.65

Mn9

»ws WAGNER

Architectural Systems

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

By: JC
2019-07-08
Page 59 of 80
Rev. 0.0

Zy9i= 0.25bg tg” = 0.012in°

= 0.14-kip-in

= — = 0.22inkip

CheckASD9 = "OK"

2019 R&B Wagner, Inc. All Rights Reserved.
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6.6. Handrail Connection

CHECK 1
CHECK 2
CHECK 3
— 2'4“ i
0.52"

Connection Detall

D O @ @wagnercompanies
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o

Loads (ASD)
P:= 200-Ibf

#1 Check Bolt Capacity
(2) - #10-16 Bolts, 316 Stainless Steel, Condition A

Properties:
. . , 1
dpq := 0.1900-in Fy1 := 30 ksi Fu1:= 75ksi Nq:= 16-E
Kq:= 0.1350-in LE4:= 0.145:in Fus1:= 70ksi SFq1=3
F,q:= min| 0.75-F 4, —-F V_ 25ks . 1 3
nt1 { Y1 sk, u1) Fryti= mln{O.TS- Fy1 +/3, 5 Fut + \/3} = 12.99-k
2 .2 2 . 2
Agq:= 0.7854-K4” = 0.014in AR1:= 0.7854-K4" = 0.014in
Demand
. P-0.58-in
Tension 1= —————— = 172Ibf
90%-0.75-in
Shear Vyq:= = 100 Ibf
2-Bolts
Capacity
Tension Capacity Th1:= Fnt1Agq = 322: Ibf
Shear Capacity Vn1:= Fnv1 ARq = 186 Ibf
Pull-out Capacity
TSAgq = 0.0110-ir‘|2 TSA|1:= 0.0170
Internal Thread Capacity Conditions = "Thin"
0.85-LE{-dpq-Fus1
T1:= = 546 Ibf

SF4
External Thread Capacity
LE4-Ng-TSAg4-Fyq 0.75LEq-Ny-TSAgq-Fyq )

T4 := min , = 332 Ibf
E SF1/3 NE )
Pull-out Capacity Toutn1 = min(TH , TE1) = 332 |bf
Interaction
2 2
Ty ) Vi) T
R1yi=|=— +|—— =057 IR24:= =0.52

Tn1 ) (Va1 Toutn1

CheckASD1 = "OK"
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#1 Check Circular Weld
1/8" Fillet Weld, All Around, 70ksi Min. Filler Strength

Capacity
Capacity OK by inspection

#2 Check Saddle Bracket for Bending
14-1/4"x 7" x 5/8" Plate, A572 Gr. 50 Carbon Steel

Properties:
Fypi= 30-Ksi Zy:= 0.0092:in°

¥

Plastic Properties

Zx 0.0092 in®
Zy 0.0437 in®
Force
Weak Axis Moment Mg := T4-0.520-in = 0.09-kip-in
Capacity Qy:= 1.67
; by Z -
Weak Axis Moment Mqo = = 0.17in-kip
2
Interaction
My
IR15:= —— = 0.54
Mn2
[CheckASD2 = "OK" |
#3 Check Bracket Capacity
5/8" Dia Bracket and 1/4" Bolt, 316 Stainless Steel
Capacity
Capacity OK per Test Report P18-0055C (Heavy Duty Weld Flange Test Report) by Anderson Laboratories, Inc.
Refer to Appendix |.

@ O @ @waognercompanies
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7. Railing Glass Design
7.1. General Design Criteria
Young’s Modulus: 10,400,000 psi
Poisson Ratio: 0.22
Coefficient of Thermal Expansion = 4.9 x 10 in/in/°F
Per IBC 2015, Section 2407.1.1 Loads on Glass Handrails and Guards, use a design factor of 4.0.
Per AAMA CW-12-84, use a design factor against Modulus of Rupture for Flexure.
Allowable Glass Stress = 24,000psi (Modulus of Rupture of Fully Tempered Glass) / 4 SF = 6,000psi
The glass is analyzed with the Minimum Thickness per Table 4 in ASTM E1300 or per EN14179-1:
Dimensional Tolerances for Transparent Flat Glass per ASTM C1036
Nominal Designation Thickness Range
Imperial (US) S| (Metric) Minimum (mm) Maximum (mm)
5/32” 4 mm 0.149" (3.78) 0.165" (4.19)
3/16” 5mm 0.180" (4.57) 0.199” (5.05)
1/4" 6 mm 0.219” (5.56) 0.244” (6.20)
5/16” 8 mm 0.292" (7.42) 0.332” (8.43)
3/8” 10 mm 0.355" (9.02) 0.406" (10.31)
1/2” 12 mm 0.469” (11.91) 0.531" (13.49)
5/8” 16 mm 0.595” (15.09) 0.656” (16.66)
3/4” 19 mm 0.719” (18.26) 0.781" (19.84)
Note: Table for reference only
7.2. SG Interlayer
Thickness = 0.060"
Temp (C) | Temp (F) Load Duration | Load Type Young's Modulus (psi) | Poisson's Ratio
24 75 3 sec Wind* 81,502 0.453
7.3. Overall Location and Geometry
e il 1
| | | Analyzed Typical Panel \ I§ h
N
e
9]

42" MAX. MID POST SPACING

42" MAX. END POST SPACING
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7.4. Glass Panel — Glass Clip Series
7.4.1. Glass Panel Dimensions
37.12" 38.37"
[943mm] [975mm]
_ [©]
1©)] [©]
W E Min. Glass Panel Size fo E Max. Glass Panel Size
2 E “l8 T
— | E
T . |E g2
&|E 3 § NS
. 0.88" = 94_ 1.13"
[22mm] W
: e
38" ) £
[965mm] “13
39.5"
[1003mm]

Min. Glass Panel Dimensions (W x H) = 38" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 39-1/2" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.4.2. Glass Composition

1.) 1/4” Fully Tempered Glass
2.) 0.06” SG Interlayer
3.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.4.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.4.4. Stress Utilization

Load Case: DL + LLc

— NAmm=2 _
+6.74
+B, 37
+6,00
+5,63
+5,26
+4,89
+4.,52
+d.:15
+3,78
+3.41
+3,04
+2,67
+2,320

+1,93
+1,56
+1,189
+0, 82
+0,45
+0,08

Load Case: DL + LLc

@ O @ @wagnercompanies
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Max. Principal Stress = 2.25 MPa =
326 psi < Allowable Stress =
6,000psi OK

Max. Principal Stress = 6.74 MPa =
980 psi < Allowable Stress =
6,000psi OK
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7.4.5. Deflection Utilization
R . || f—
40,08
+0,03
40,00
-0.02

. -0.05
-0.0B
-B1L
-0.13
=016
-0.1%
-0.28
-2.24
=027
-0.30
-0.38
-0,35
-0, 3
=-0.41
-0,d3
=0:46

Load Case: DL + LLc

+0,07
+0,02
-0,02
-0,07

B o

~0,16
-0,21
=0, 25
-0,30
-0, 34
-0,39
0,43
-0,48
0,53
-0,57
~0, 62
-0.66
s
0,76
-0, 80

Load Case: DL + LLc

Legato Railing Square System
Milwaukee, WI
Glass Panel and Railing Analysis
2018-208
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Max. Deflection = 0.04” < L/50 =
0.73" OK

Max. Deflection = 0.03" < L/50 =
0.73” OK

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com



Legato Railing Square System By: JC

Milwaukee, WI 2019-07-08
‘ STUTZKI Glass Panel and Railing Analysis Page 67 of 80
' ENGINEERING 2018-208 Rev. 0.0

' l Max. Edge Deflection = 0.02”

< Glass Thickness = 9/16”, OK

Load Case: DL + LL

Max. Edge Deflection = 0.08”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

@ 0 @ @wagnercompanies
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7.5. Glass Panel — Flat Clip Series
7.5.1. Glass Panel Dimensions
38.375" 39.5"
[975mm] [1003mm]
Q ©
© ©
. E Min. Glass Panel Size i E Max. Glass Panel Size
ol 8|S
@ ,’:-.;. o, T
n|E
T T 3|8
1.125" ~|E 8§ =
] — el
[29mm] ©, &
o 2.25"
[57mm]
f g e
39.5" T
[1003mm)] b|E
78
41.75"
[1060mm]

Min. Glass Panel Dimensions (W x H) = 39-1/2" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 41-3/4" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.5.2. Glass Composition

4.) 1/4” Fully Tempered Glass
5.) 0.06” SG Interlayer
6.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.5.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.5.4. Stress Utilization
_ b2 _
*3.19
+2,95
+2,70
+2,06

pl 2, 22
: +1.98°
1,74
«1,49
=1,85
1,01
0,77
+0.53.
0,23

Max. Principal Stress = 3.19 MPa =
463 psi < Allowable Stress =
6,000psi OK

0,04
-, 20
~0.dd

Load Case: DL + LLc

— Nemm=2

Max. Principal Stress = 5.99 MPa =
870 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc
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Max. Deflection = 0.02” < L/50 =
0.73" OK

Load Case: DL + LLc

Max. Deflection = 0.03" < L/50 =
0.73” OK

Load Case: DL + LLc
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' l Max. Edge Deflection = 0.02"
< Glass Thickness = 9/16", OK

Load Case: DL + LL

Max. Edge Deflection = 0.08”
< Glass Thickness = 9/16", OK

Load Case: DL + LL
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7.6. Glass Panel — Spider Clip Series
7.6.1. Glass Panel Dimensions
36.375" 39.125"
[924mm)] [994mm]
® ©)
© ©
g8 Min. Glass Panel Size b Max. Glass Panel Size -
= | £
= E 2|8
n|E 8|8 =
o 1.125" o, 8
[29mm] . 2.625"
(g [67mm]
1 o e
375 _
[953mm] o E
° %
41.75"
[1060mm]

Min. Glass Panel Dimensions (W x H) = 37-1/2" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 41-3/4" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.6.2. Glass Composition

7.) 1/4” Fully Tempered Glass
8.) 0.06” SG Interlayer
9.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.6.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.6.4. Stress Utilization

_ M2

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc

_ MNAmmtZ2 _

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc
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7.6.5. Deflection Utilization

Max. Deflection = 0.02” < L/50 =
0.73" OK

Load Case: DL + LLc

o g VTP s

Max. Deflection = 0.03” < L/50 =
0.73" OK

Load Case: DL + LLc
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by i Max. Edge Deflection = 0.02"
< Glass Thickness = 9/16”, OK

Load Case: DL + LL

Max. Edge Deflection = 0.07”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

@ 0 @ @wagnercompanies

NAS WAGNER® 888-243-6914 /| rfg@mailwagner.com |
amm i 10600 West Brown Deer Road // Milwaukee, Wi 53224, USA © 2019 R&B Wagner, Inc. Al R|ghts Reserved.
R WagnerArchitectural.com



)#( WAGNER Legato Railing Square System By: JC

v Employee Owned Milwaukee, W| 2019-07-08
STUTZKI Glass Panel and Railing Analysis Page 76 of 80
ENGINEERING 2018-208 Rev. 0.0

8. Appendix | — Technical Data

AANDERSON

LABORATORIES, INC.

Specialists in Materials Evaluation

8.1. Test Report P18-0055C

HEAVY DUTY WELD FLANGE (1623HD/1623HD-S) TEST REPORT
Report Date: January 18, 2018

Project Number: P18-0055C
Supplement to Project Numbers P18-0055, P18-0055A and P18-0055B

Client: R & B Wagner, Inc. R313
10600 West Brown Deer Road
Milwaukee, WI 53224

Objective

Witness load testing of a statistical sample of R&B Wagner's Heavy-Duty Weld Flange
Part Number 1623HD (Drawing “A”, Image #1) performed as described in Section 4.5.1
of ASCE 7 in accordance with the International Building Code - Structural Design clause
1607.8.1, report tests outcome, and certify the Weld Flange's functional performance
against the stated standards.

Test Conditions and Materials
Test Date: January 10, 2018.

Test Location: The witnessing took place at the R & B Wagner, Inc. facility at 10600
West Brown Deer Road, Milwaukee, W|

Test Materials: Three (3) each of a single baluster (Drawing “B” and Images #4 & #5)
Three (3) each of a rail assembly (Drawing “D”, Image #2)

The single baluster assemblies (EXP373, Drawing “B”) were comprised of 45" tall by
1.90” OD schedule-#40 316 stainless steel pipe and (1) heavy duty weld flange (part
number 1623HD, EXP373, Drawing “A"). The flange was welded to the pipe with a 1/4”
continuous fillet weld around the top and bottom. The flange was mounted to the
substrate with 3/8” steel bolts.

The rail assemblies (EXP375, Drawing “C”") were comprised of (2) balusters constructed
as described previously with welded on post tops (LU31904PTAA, EXP375, Drawing
“B”), post top cap rail mounting clips (LULSBC75, EXP375, Drawing “B”), and a 60"
length of 1.66" stainless steel cap rail (793-0391-02, EXP375, Drawing “B"). The flanges
were mounted to the substrate with 3/8” steel bolts.
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Loading Equipment: Omega load cell, model LC101/DP25B-S
(Calibration certification 1002032020%)

Measuring Equipment: Measurement Specialties string encoder, PT1A-25-FR-10K-C25
(Calibration certification 1002032022%)

* All calibration records were current (Appendix A)

Procedures and Data

Single balusters were load tested with the load applied 42" above the mounting
substrate (Image #4 and #5). The baluster was loaded using a manual hydraulic
cylinder with the load cell in the loading chain. The displacement was measured with a
spring-loaded string encoder attached opposite the loading point. Loading was applied
according to Section 4.5.1 of ASCE 7. Each baluster was loaded to an excess of 500
pounds. The test was run independently on each of the 3 test balusters. The load and
displacement reading results appear in Appendix C of this report.

Rail assemblies were side loaded at the midpoint of the cap rail, 30" from either of the
balusters and 42" above the mounting substrate. The rail assembly was loaded using a
manual hydraulic cylinder with the load cell in the loading chain. The displacement was
measured with a spring-loaded string encoder attached opposite the loading point.
Loading was applied according to Section 4.5.1 of ASCE 7. Each rail assembly was
loaded to an excess of 625 pounds. The test was run independently on each of the 3
test rail assemblies. The load and displacement reading results appear in Appendix C of
this report.

Results

After each single baluster 500 pound load test was completed, the baluster, flange, and
flange weld were methodically inspected for signs of failure. The baluster itself showed
significant plastic deformation, resulting in a permanent set to the baluster. The flange
and flange weld exhibited no visual signs of damage or deformation.

After each rail assembly 625 pound load test was completed, the rail, balusters, flanges,
and flange welds were all methodically inspected for signs of failure. The rail and the rail
mounting clips showed significant plastic deformation, resulting in a permanent set. The
balusters also incurred some plastic deformation and permanent set. The flanges and
flange welds exhibited no visual signs of damage or deformation.

ANDERSON LABORATORIES, INC. P18-0055C Page 3 of 22
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Conclusion

Anderson Laboratories, Inc. certifies that R&B Wagner's 1623HD heavy duty flange,
when fabricated and installed as outlined within this test procedure does meet the
criteria of the 2015 IBC Section 1607.8.1 when tested as outlined in Section 4.5.1 of
ASCE 7. The handrail will withstand a load of 50 pounds per linear foot or a
concentrated load of 200 pounds when applying a 2.5 times safety factor of safety.

Anderson Laboratories, Inc.

W

Rick Pearson
Mechanical Testing Group Leader
AWS Certified SCWI 10080028

ANDERSON LABORATORIES, INC. P18-0055C Page 4 of 22
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9. Disclaimers

1)

2)

3)

4.)

5.)

6.)

7)

This engineering document is NOT signed and sealed by a professional engineer. Contact Stutzki
Engineering, Inc. for a project specific review if sign and seal is required as well as a list of licensed and
registered states.

This engineering report includes engineering only for the system and components shown in the project
description. If the railing is outside the parameters of this report (including size, loading, concrete anchor
spacing, etc.), it is not covered by this report and should be reviewed by a professional engineer. Contact
Stutzki Engineering, Inc. if special cases must be considered.

Prior to installation, all glass shall be inspected for cracks, chips and other imperfections. Any imperfection
shall be grounds for inspection by the supplier. A broken lite shall be grounds for immediate replacement. The
supporting system, supplied and analyzed by others, shall resist horizontal sliding and vertical separation of
the glass during service loads without imposing external loads from the surrounding structure into the glass.
Proper spacing shall be used for adjacent pieces of glass to allow for thermal expansion and small movements
during service. Appropriate fillet radiuses shall be used at all interior corners to reduce stress concentrations.

All dissimilar metals should be separated and/or protected from water and humidity. Detailing responsibility for
this condition is by others.

Only items within the scope of Stutzki Engineering are designed in this report. The supporting structure
(including local effects at the connection interface) are designed by others and must resist the reaction loads
given in this report. The stiffness of the supporting structure (analyzed by others) must not cause the handrail
system to over-deflect.

This document does not include Windborne-Debris-Impact Resistance design and/or certification.

All laminated glass and fully tempered monolithic glass must be considered Safety Glazing per applicable
building codes. Compliance with this requirement is to be done by the glass manufacture.
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10. Stutzki Engineering

Stutzki Engineering, Inc. is an engineering consulting firm, offering and executing engineering services for architects
and building contractors in the field of structural glass, lightweight structures, and building facades. Our engineering
solutions help them make their product unique.

The ideas and methods of Stutzki Engineering, Inc. are based on a long tradition of academic research and industrial
development, as represented by persons like Buckminster Fuller, Frei Otto, John Argyris, Max Mengeringhausen and
Herbert Klimke. The idea behind the company is to combine state of the art engineering and applied science with
creative industrial design.

STUTZKI

ENGINEERING

241 N. Broadway, Suite 302
Milwaukee, WI 53202
USA.

Phone: (414) 455-4815

http://www.stutzkiengineering.com
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1. Project Description

This report pertains to the Wagner interior glass guardrail system — Legato Blade System. This report covers design of
all handrail components that are installed in accordance with Wagner recommendations and within the defined design
parameters. The scope of work includes handrail post and railing design, glass panel analysis, glass clip design, post
bracket design, and anchorage design. The support structure design (steel plate or concrete slab) are outside of the
scope of this report.

Design Parameters for Surface Mounted System:

Geometry:

e Height of railing above finished floor = 42”
e Max. post height = 42"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200Ibf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with SG interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti HUS-HR M10 anchor with 3.563” min. embedment depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Cracked concrete conditions

Min. anchor edge distance = 4" (after installation)

Min. slab thickness = 6”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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Design Parameters for Facia Mounted System:

Geometry:

e Height of railing above finished floor = 42"
e Max. post assembly height (post with bracket) = 50-1/2"
e Max. post spacing = 42"

Loads:

Railing complies with applicable loads per 2015 IBC

Handrail linear load = 50plf @ 42" AFF

Handrail concentrated load = 200Ibf @ 42" AFF

Infill panel linear load = 50plf up to 42" AFF (deflection purposes only)
Infill panel concentrated load = 50Ibf over 1ft x 1ft area.

Glass:

All glass plies to be fully tempered

All glass panels to be laminated with SG interlayer

Min. glass makeup = 1/4" FT glass + 0.06” SG interlayer + 1/4" FT glass

Max. glass makeup = 5/16" FT glass + 0.06” SG interlayer + 5/16" FT glass

Glass processing to conform with ASTM C1048, manufacturer’s processing criteria, and Wagner glass sizing
recommendation

Anchors in Concrete:

Use Hilti HUS-HR M10 anchor with 3.563” min. embedment depth
Min. concrete strength: f'c = 4000psi @ 28 days

Normal weight concrete

Uncracked concrete conditions

Min. anchor edge distance = 4" (after installation)

Min. slab thickness = 6”

Concrete slab design is outside of the scope of this report

Anchors in Steel Plate:

Use 1/2"-13 stainless steel bolt, condition A or better

Bolt can be tapped or through bolt

For tapped bolts min. steel plate strength: Fy = 36ksi, Fu = 58Kksi
For tapped bolts min. bolt thread engagement = 3/8”

Steel plate design is outside of the scope of this report
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2. Codes, Standards, and References

1) 2015 International Building Code

2) AAMA TIR A9-91 Metal Curtain Wall Fasteners

3) ACI 318-14 Building Code Requirements for Structural Concrete

4) AISC 360-10 Specification for Structural Steel Buildings and AISC 14™ ed

5) AISC Design Guide 27 “Structural Stainless Steel”

6) ASCE7-10 Minimum Design Loads for Buildings and Other Structures

7) ASTM C1048 Standard Specification for Heat Treated Flat Glass

8) ASTM E1300-16 Standard Practice for Determining Load Resistance of Glass in Buildings

3. Design Loads

3.1. Dead Load
Glass = 13.2psf/in of glass x (5/16” glass + 0.06” Interlayer + 5/16” glass) = 9psf

Stainless Steel = 490pcf

3.2. Interior Pressure Load

PL = 5psf (ASD) Interior Air Pressure (2015 IBC, Section 1607.14)
3.3. Live Load

Handrail Assemblies and Guards shall be designed to resist the following loads:

Linear Live Load = 50plf at 42” above Surface (2015 IBC, Section 1607.8.1)
Concentrated Live Load = 200Ibf (2015 IBC, Section 1607.8.1.1)

Other Infill Panels shall withstand the following loads:
Concentrated Live Load = 50Ibf distributed over 1 sq ft (2015 IBC, Section 1607.8.1.1)

3.4. Load Combinations

1. Dead + Concentrated Live
2. Dead + Linear Live
3. Dead + Interior Air Pressure
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4. Railing Component Design
4.1. Design Criteria
4.1.1. Stainless Steel
316 Stainless Steel Fy = 30 ksi, min Fu = 70 ksi, min
4.1.2. Deflection Criteria
Max. Deflection = 2L/50
4.2. Overall Geometry and Location
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4.3. Structural Analysis

4.3.1. Model Dimensions

Surface Mounted Model

“20in
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4.3.2. Model Loads

Surface Mounted Model

Facia Mounted Model
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4.4, Stress Utilization

The handrail components were analyzed per the AISC manual. The software output shows the governing envelope
utilization of railing members.

4.4.1. Surface Mounted System

0.

IR=K]

o

a4
\ 035
Max. Post Design Utilization

=0.84<1.00, OK

Max. Handrail Design Utilization
=0.47 < 1.00, OK
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4.4.2. Facia Mounted System

R —

—

=

Max

. Post Design Utilization

=0.91<1.00, OK

=0.48 <1.00, OK

0.48
Max. Handrail Design Utilization
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4.5, Deflection Utilization

4.5.1. Surface Mounted System

Max. Post Deflection = 0.38”
< 2L/50 = 1.68", OK

4.5.2. Facia Mounted System

Max. Post Deflection = 0.56"
< 2L/50 =1.86", OK
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5. Railing Support Design

5.1. Reaction Summary
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The following forces (ASD Level) are transferred from analyzed components to the supporting structure designed by
others. The supporting structure must be able to withstand these forces. This to be designed by others.
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By Stutzki Engineering

Section View through Surface Mounted Bracket

5.2. Design Criteria

5.2.1. Anchors
Hilti HUS-HR

5.2.2. Concrete
Normal Weight Concrete

5.2.3. Fasteners

316 SS Bolts, Condition A
316 SS Bolts, Condition CW

5.2.4. Stainless Steel
316 SS

Fy = 30 ksi, min
Fy = 65 ksi, min

Fy = 30 ksi, min

By Others

Section View through Facia Mounted Bracket

Fu = 137.75 ksi, min

f'c = 4000psi @ 28 days

Fu = 75 ksi, min
Fu = 100 ksi, min

Fu = 70 ksi, min
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5.3. Surface Mounted Bracket Design
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Loads (ASD
DL:= 200- Ibf

#1 Check 4-Sided Weld

Legato Railing Blade System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

R:= 200. Ibf

1/4" Fillet Weld, 70ksi Min. Filler Strength, AlFAround

Input
dq:= 2.0in

=1in

d4
yq1:= ?

Properties

L1W:: 2d1 + 2b1 = 5in

d
?1-(3-b1 +dg) = 2.330n°

Sqwz:

By L2
Sqwai= ?-(?J-c:l1 + by) = 1.08in

Jiwi= M - 26in°
i 6
Forces
N1 = E
2
T4:= 0-kip:in=0

= 0.1-kip

Weld Stress

Normal Stress

Shear Stress

Total Stress
Capacity

Weld filler metal tensile strength

Effective Weld Throat

Allowable Stress

Interaction

bq:= 0.5in

N| S

=0.25in

V4 p:= 0.0-Ibf = 0-kip

-43-in = 4.3in-kip

N | o

My 2=

Ny Myp Myg3
FwN::L

+
1w S1w2  S1w3

By: JC
2020-01-24
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2 2
Vig Tyxqe Y (Vig Tevq) kip
FaV = + + + 0.02

L1w J1w )

2 2
Fw1=y FwN * Fuy

V2 (4) .
E1:= —:| — in=0.18-in
2 \16)
kip

n

L

) " in
Foq = 1.86-%
Feq:= 70-ksi
Q=27

fg\;v—: = 2.75-%

|CheckASD1 = "OK" |




g STUTZKI

ENGINEERING

#2 Check Base Plate for Bending
5"x 5"x 1/2" Plate, 316 Stainless Steel
Properties:

ty:= 0.50-in
Force

by:= 5.0-in

Bolt Tension

Weak Axis Moment

Capacity

Weak Axis Moment

Interaction

Fyp:= 30-ksi

Legato Railing Blade System
Milwaukee, WI
Glass Panel and Railing Analysis

T RN _ 5 46k
= R—— =2.46-ki
€ 3.5-in P

My := T5-0.75-in = 1.84-kip-in

Qy:= 1.67
Fy2 Zw2 o
Mpo:= Q— = 5.61in-kip
2
M2
IR1y:= — =0.33
Mn2

2020-01-24
Page 15 of 63

Zypi= 0.25:by to” = 0.31in°
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#3 Check Bolt Capacity
(4) - 1/2"™-13 Bolts, 316 Stainless Steel, Condition A, Tapped in Min. 3/8" Thick A36 Plate (or Better)

Properties:
1
db3= 0.50-in Fy3= 30:-ksi Fu31= 75ksi N3= 13—
in
LE3:= 0.375in Fus3:= 58ksi SF3=25
1 1
Fnt3 1= min(0.75- Fygr Fu3\ = 225 ksi Fry3i= min (0.75- Fya+ V3, —Fy3+ \/—3\ = 12.99 ksi
2 2
0.9743 1.2269
Agsi= 0.7854-(%3 - 7014202 AR3:= 0.7854-(%3 e T _ 012000
3
Demand
2 R 43-in
Tension T3:= -——— = 1229 Ibf
2-Bolts 3.5-in
R
Shear Vg:= 5 =100 Ibf
Capacity
Tension Capacity Th3:= Fpt3Agz = 3193- Ibf
Shear Capacity V3= Fry3'ARg = 1679 Ibf
Pull-out Capacity
' .2 . 2
TSAEg3:= 0.0600-in TSA|3:= 0.0860-in
Internal Thread Capacity Conditions = "Thick"
LE3' N3 TSA|3-F g3
SF3+/3

External Thread Capacity

LE3 N3 TSAgg-Fy3 075 LE3 N3 TSAg3-Fyg)

Tgg:= min , — 3800 Ibf
SF3+/3 V3 )
Pull-out Capacity Toutn3:= Min(Ti3. Tg3) = 3800-Ibf
Interaction
2 2 2
T3 ) V3 ) Ty )
IR1q:=|— +|—— =0.15 IR23:= =0.1
Th3 ) Vi3 ) Toutn3 )

|CheckASD3 = "OK" |
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#3 Check Anchor Capacity
Hitti HUS-HR M10, SS Anchor

Demand
Anchor Group LRFD Moment Mg:= 1.6-R-43-in = 13.76 in-kip

Anchor Group LRFD Shear Vg:= 1.6-R = 320 Ibf

Anchor Capacity
Design Criteria:
e Concrete Strength fc = 4000 psi min. @ 28 days
Normal Weight Concrete
6" Slab Thickness
4" Min. Anchor Edge Distance (after installation tolerances)
3.563" Min. Embedment

Capacity is per the attached Hilti software output

@ O @ @waognercompanies

NAS \A/AGNER 888-243-6914 // rfg@mailwagner.com )
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www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 1
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:
Specifier's comments:
1 Input data ,
e e M At ) e e g e — .
Anchor type and diameter: HUS-HR M10x130 CALS NS Ny PP NP NPND G |
Effective embedment depth: Nefact = 2.800 in., hpom = 3.563 in.
Material: Ad

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Anchor plate:

Profile:

Base material:
Installation:
Reinforcement:

Hilti Technical Data

==

Design method ACI 318-14 / Mech.

e, = 0.000 in. (no stand-off); t = 0.500 in.

ke x Iy x t=15.000 in. x 5.000 in. x 0.500 in.; (Recommended plate thickness: not calculated
no profile

cracked concrete, 4000, f.' = 4,000 psi; h = 6.000 in.

hammer drilled hole, Installation condition: Dry

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

R - The anchor calculation is based on a rigid anchor plate assumption.

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

'
|
'
'
'
I
|
'
'
|
'
'
|
|
'
|
i
'
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LT

Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 2
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:
2 Load case/Resulting anchor forces
Load case: Design loads <> 3
Anchor reactions [Ib]
Tension force: (+Tension, -Compression)
Anchor Tension force Shear force Shear force x Shear force y

1 0 87 0 -87

2 0 87 0 -87

3 1,816 87 0 -87

4 1,816 87 0 -87
max. concrete compressive strain: 0.28 [%o]
max. concrete compressive stress: 1,225 [psi]
resulting tension force in (x/y)=(0.000/1.750): 3,632 [Ib] 1 2
resulting compression force in (x/y)=(0.000/-2.105): 3,632 [Ib]

Compression
Anchor forces are calculated based on the assumption of a rigid anchor plate.
3 Tension load
Load N, [Ib] Capacity ¢ N, [Ib]  Utilization gy = N,./¢ N,, Status

Steel Strength* 1,816 7,689 24 OK
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 3,632 3,713 98 OK

* anchor having the highest loading **anchor group (anchors in tension)

3.1 Steel Strength

Nss = Value refer to Hilti Technical Data
¢ Nsa=Nya ACI 318-14 Table 17.3.1.1
Variables
Acon [in7] futa [PSI]
0.09 137,750
Calculations
Ne, [Ib]
11,830
Results
N [Ib] ¢ steel ¢ Nsa [Ib] Nya [Ib]
11,830 0.650 7,689 1,816

@ O @ @waognercompanies
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www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 3
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:

3.2 Concrete Breakout Strength

Neog = (%) T — ACI 318-14 Eq. (17.4.2.1b)

¢ Neog 2 Nya ACI 318-14 Table 17.3.1.1

Ay see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)

Avo =9 hk ACI 318-14 Eq. (17.4.2.1c)

1
VeeN = ( 2 e'N) <1.0 ACI 318-14 Eq. (17.4.2.4)
! 1 +
3 hef
Wedn =0.7+0.3 (10"5";“‘" ) <1.0 ACI 318-14 Eq. (17.4.2.5b)
~Ilef.
WVepN = MAX(M, %) <1.0 ACI 318-14 Eq. (17.4.2.7b)
' Cac  Cac
N =keha \/f_C hig ACI 318-14 Eq. (17.4.2.2a)
Variables
het [in] €cin [in] ecn [in] Ca,min [in.] YN
2.800 0.000 0.000 4.000 1.000
Cac [in.] ke A a f. [psi]
5.030 17 1.000 4,000
Calculations
Ane [in?] Anco [in%] Y ectN Y ec2N Y edN Y epiN Np [1b]
95.94 70.56 1.000 1.000 0.986 1.000 5,038
Results
Ncbg [Ib] ¢ concrete ¢ Ncbg [Ib] Nua [Ib]
6,752 0.550 3713 3,632

D O @ @wagnercompanies
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www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 4
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:

4 Shear load

Load V,, [Ib] Capacity ¢ V, [Ib] Utilization By = V,,./¢ V,, Status

Steel Strength* 87 2,982 3 OK

Steel failure (with lever arm)* N/A N/A N/A N/A

Pryout Strength** 350 13,487 3 OK

Concrete edge failure in direction x+** 350 5,182 i# OK

*anchor having the highest loading **anchor group (relevant anchors)

4.1 Steel Strength

Vg = Value refer to Hilti Technical Data
¢ Vsteel = Via ACI 318-14 Table 17.3.1.1
Variables
Asey [in?] futa [PSI]
0.09 137,750
Calculations
Vsa [Ib]
4,970
Results
Vsa [Ib]  steet ¢ Vsa[lb] Via [Ib]
4,970 0.600 2,982 87

4.2 Pryout Strength

A
Vas =K [(AN—N;) N s i N.,] ACI 318-14 Eq. (17.5.3.1b)
# Vepg 2 Vs ACI 318-14 Table 17.3.1.1
Ayc  see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
Anco =90 ACI 318-14 Eq. (17.4.2.1c)
1
Vech = (1 2 e'N) <1.0 ACI 318-14 Eq. (17.4.2.4)
3 hes
Vesn =0.7+03 (%) <1.0 ACI 318-14 Eq. (17.4.2.5b)
~Illef
Vgl = MAX(CC—"‘ @) <1.0 ACI 318-14 Eq. (17.4.2.7b)
‘ac ac
No  =koha Vi hif ACI 318-14 Eq. (17.4.2.2a)
Variables
kcp hef [m] €c1 N ['n] ecZ.N ['n] Ca,min [m]
2 2.800 0.000 0.000 4.000
W eN cac [in-] kc A a f.c [p5|]
1.000 5.030 17 1.000 4,000
Calculations
An [in.%] Anco [in7] Y ectN Y ec2N Y edN W pN Ny, [b]
136.89 70.56 1.000 1.000 0.986 1.000 5,038
Results
Vepg [1B] o ¢ Vepg [ID] Via [Ib]

19,267 0.700 13,487 350
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www.hilti.us
Company:

LT

Profis Anchor 2.8.1

Stutzki Engineering, Inc. Page: 5
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Surface Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:

4.3 Concrete edge failure in direction x+

V, = (P V,
cbg ~ Aveo VecVWedVvVcVWhVVparalel,V Vb

ACI 318-14 Eq. (17.5.2.1b)

& Vi = Vi ACI 318-14 Table 17.3.1.1
Av. see ACI 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
Avo =452 ACI 318-14 Eq. (17.5.2.1c)

1
Veev = 2e;)s1_0
(1 " 3Cay

C.
Wequ =07+ 0.3(1.53;1) <10

ACI 318-14 Eq. (17.5.2.5)

ACI 318-14 Eq. (17.5.2.6b)

T % 1.0 ACI 318-14 Eq. (17.5.2.8)
|a 0.2 -
Vy = (7 (a%) \fd_a) %o WiclE ACI 318-14 Eq. (17.5.2.2a)
a
Variables
Cat [in] Caz [in] e [in] Vv h [in]
4.000 4.000 0.000 1.000 6.000
Ie [in-] Aa da [in-] f.c [pSi] V parallel,V
2.800 1.000 0.394 4,000 2.000
Calculations
Ave [in~2] Avco [in-z] Y oecV VY ed,V Y hyv V,, [Ib]
81.00 72.00 1.000 1.000 1.000 3,290
Results
Vg [1b] O eoricrets ¢ Veng [I6] Vaa [Ib]
7,403 0.700 5,182 350
5 Combined tension and shear loads
Bn By ¢ Utilization By [%] Status
0.978 0.068 1.000 88 OK

Brnv =B+ Pv)/1.2<=1

6 Warnings

« The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This

.

.

means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

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

Refer to the manufacturer's product literature for cleaning and installation instructions.
Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI 318 or the relevant standard!

Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPIl). Reference ACI
318-14, Section 17.8.1.

Fastening meets the design criteria!
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5.4. Facia Mounted Bracket Design

— CHECK 1

— CHECK 2

CHECK 3

0.5" 3" _ 05"
| i =i CHECK 5
}\’
CHECK 4

=
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Connection Detalil
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Loads (ASD
DL:= 200: Ibf

#1 Check Bolt Capacity
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(2) - 3/8"16 Bolts, 316 Stainless Steel, Condition CW

Properties:

dpq:= 0.375in F

y1:= 65 ksi

LE4:= 0.375in

\) =40-ksi

1
) —F
Y sk,

0.9743 Y

Fnt1 = mm[O?SF ul

.2
As1 = 07854[db1 = =0.077in

Demand

Tension

Shear

Capacity

Tension Capacity
Shear Capacity
Pull-out Capacity
TSAgq:= 0.0360-in”
Internal Thread Capacity
LE4-N4-TSA|1-Fus1

SF4+/3

External Thread Capacity

Tjq:= = 5044 |bf

R:= 200- Ibf
, 1

Fy1:= 100ksi Nq:= 16—

Fust:= 70Ksi SFy=25

. 1 ) .
P 2= m|n(0.75- Fy1+4/3; 5 Fyq+ \/?5) = 23.09-ksi

1.2269 \2 2
AR1 :=0.7854. db1 - N =0.07in
1
R 47-in
Tq:= . — = 1343 Ibf
2-Bolts 3.5-in
V4:= 0.0-Ibf

Tr1:= Frt1-Agq = 3100- Ibf

Vn1 = an1AR1 = 1614|bf

TSA(q := 0.0520-in”

Conditions = "Thick"

(LE4:N{-TSAgq-Fyq 0.75-LE4-Ny-TSAgq-Fyq )
Tgq:= min = 4988 Ibf
SFy/3 V3 )
Pullout Capacity Toutn1:= Min(Ty4, Tgy) = 4988 Ibf
Interaction
2 2 2
T Y vy ™)
IR1y:=|— +|— =0.19 IR24 := =0.07
Th1)  (Vn1) Toutn1 )

@ O @ @waognercompanies

»ws WAGNER

888-243-6914 // rfg@m
V A A\
Architectural Systems

10600 West Brown Deer

|CheckASD1 = "OK" |

ailwagner.com

Road // Milwaukee, W1 53224, USA 2019 R&B Wagner, Inc. All Rights Reserved.

WagnerArchitectural.com



Legato Railing Blade System By: JC

Milwaukee, WI 2020-01-24
STLITZE] Glass Panel and Railing Analysis Page 26 of 63
ENGINEERING 2018-208 Rev. 0.0
#2 Check Standoff for Tension
Semi-Circle Standoff, 316 Stainless Steel
Properties:
Fypi= 30-ksi Agi= 0.7912:in
Demand
47-i
Semi-Circle Tension Tyi= R—— _ 2686 Ibf
2 5-in
Capacity Qp:=1.67
. . Fy2A2
Tension Capacity Tho:= = 14213 Ibf
L)
Interaction
T2
IR1y:= — =0.19 |CheckASD2 = "OK" |
Th2
#3 Check Base Plate for Bending
6"x4"x 1/2" Plate, 316 Stainless Steel
Properties:
tg:= 0.50-in by:= 1.82:in Fygi= 30-ksi Zy3i= 0.25-by t3> = 0.11in°
Force
: R  46.5in
Weak Axis Moment Mg:= . ‘ \-0.91-in =1.41-kip-in
2-Bolts 3.0-in )
Capacity Qg:= 1.67
FyaZ
Weak Axis Moment Capacity Mpy3:= % = 2.04in-kip
3
Interaction
M
3
IR13:= —— =0.69
Mn3

|CheckASD3 = "OK" |
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#4 Check Bolt Capacity
(4) - 1/2"™13 Bolts, 316 Stainless Steel, Condition A, Tapped in Min. 3/8" Thick A36 Plate (or Better)

Properties:
1
db4= 0.50-in Fy4= 30-ksi Fu41= 75ksi N4= 13—
in
LE4:= 0.375in Fusa := 98ksi SF4=25
1 \ 1 )
Frtg:= min| 0.75-F 4, —F 4 =22.5ksi Frya:= min| 0.75-F 4 +4/3,—F 4, +4 3 =12.99-ksi
nt4 ( y4 SF, u4 J nv4 ( y4 \/— SF, u4 \/— ]
2 2
0.9743 1.2269
Agq:= 0.7854.| dp, - 7014202 ARq:= 0.7854.| dp, - 7012002
Demand
: R 49-in
Tension Ty:= -——— = 1633 Ibf
2-Bolts 3.0-in
DL
Shear Vy:= 7 =100 Ibf
Capacity
Tension Capacity Tha:= Fnta'Agg = 3193-Ibf
Shear Capacity Vna:= Fva Arg = 1679 Ibf
Pull-out Capacity
: 2 _ B
TSAEg4:= 0.0600-in TSA|4:= 0.0860-in
Internal Thread Capacity Conditions = "Thick"
LE4 N4 TSA4-Fysq
Tig:= = 5616 Ibf
14
SF4+/3
External Thread Capacity
. LE4 N4 TSAE4-Fug 0.75-LE4-N4-TSAE4-Fy4\
TEg4:= min ; = 3800 Ibf
SFg/3 NE )
Pull-out Capacity Toutna = Min(Ti4. Tg4) = 3800-Ibf
Interaction
2 2 2
Ty ) Vg ) Ty )
Rig=|— +|—— =027 IR2,:= =0.18
Tha ) Vg ) outn4 )

|CheckASD4 = "OK" |
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#4 Check Anchor Capacity
Hitti HUS-HR M10, SS Anchor

Demand
Anchor Group LRFD Moment Mg = 1.6-R-47.5:in = 15.2in"kip

Anchor Group LRFD Shear V4= 1.6-R= 320 Ibf

Anchor Capacity

Design Criteria:

Concrete Strength fc = 4000 psimin. @ 28 days

Normal Weight Concrete

Uncracked Concrete Condition

6" Slab Thickness

4" Min. Anchor Edge Distance (after installation tolerances)
3.563" Min. Embedment

Capacity is per the attached Hilti software output

@ O @ @waognercompanies
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www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 1
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:
Specifier's comments:
1 Input data
Anchor type and diameter: HUS-HR M10x130
Effective embedment depth: Nefact = 2.800 in., hpom = 3.563 in.
Material: A4

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Anchor plate:

Profile:

Base material:
Installation:
Reinforcement:

Hilti Technical Data
e
Design method ACI

318-14 / Mech.

e, = 0.000 in. (no stand-off); t = 0.500 in.
lyx 1, x t =4.000 in. x 6.000 in. x 0.500 in.; (Recommended plate thickness: not calculated

no profile

uncracked concrete, 4000, f.' = 4,000 psi; h =6.000 in,
hammer drilled hole, Installation condition: Dry

tension: condition B, shear: condition B; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar

R _ The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.|b]

'
3
'
'
'
'
'
"
'
'
'
'
'
"
'
'
'
'
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LT

Profis Anchor 2.8.1

www.hilti.us

éémpany: Stutzki Engineering, Inc. Page: 2
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:
2 Load case/Resulting anchor forces Ay
Load case: Design loads
Anchor reactions [lb] Q 3 Q 4
Tension force: (+Tension, -Compression) Tension
Anchor Tension force Shear force Shear force x ~ Shear force y

1 108 0 0 0

2 108 0 0 0 - Ty

3 1,980 0 0 0

4 1,980 0 0 0

; - i
max. concrete compressive strain: 0.33 [%o] 1 2
max. concrete compressive stress: 1,443 [psi]
resulting tension force in (x/y)=(0.000/1.344): 4,176 [Ib]
resulting compression force in (x/y)=(0.000/-2.558): 3,826 [Ib]
. . Compression
Anchor forces are calculated based on the assumption of a rigid anchor plate.
3 Tension load
Load N, [Ib] Capacity ¢ N, [Ib]  Utilization By = N./¢ N,, Status

Steel Strength* 1,980 7,689 26 OK
Pullout Strength* N/A N/A N/A N/A
Concrete Breakout Strength** 4,176 4,296 98 OK

* anchor having the highest loading **anchor group (anchors in tension)

3.1 Steel Strength

Nga = Value refer to Hilti Technical Data
¢ Nea=Nya ACI 318-14 Table 17.3.1.1
Variables
Ase.N [in-z] futa [pSi]
0.09 137,750
Calculations
N, [Ib]
11,830
Results
Nsa [1b] $ steel ¢ Nsa [Ib] Nya [1b]
11,830 0.650 7,689 1,980

@ O @ @waognercompanies
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Company: Stutzki Engineering, Inc. Page: 3
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/12019

E-Mail:
3.2 Concrete Breakout Strength
A

Nepg = (KN;) T —" 1 ACI 318-14 Eq. (17.4.2.1b)

¢ Nepg 2 Nya ACI 318-14 Table 17.3.1.1

Ay see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)

Avo =9 h% ACI 318-14 Eq. (17.4.2.1c)

1
VeeN = ( 2 e'N) <1.0 ACI 318-14 Eq. (17.4.2.4)
i 1%
3 hes
Ca,min
Yean =0.7+0.3 (1 5h 5 <1.0 ACI 318-14 Eq. (17.4.2.5b)
4 e
“ Camin 1.5Nes
Vepn = MAX : <1.0 ACI 318-14 Eq. (17.4.2.7b)
' Cac Cac
No  =keha Vi3 ACI 318-14 Eq. (17.4.2.2a)
Variables
het [in.] €1 [in] €eon [in.] Camin [in.] YN
2.667 0.000 1.344 4.000 1.000
Cac [in] ke Aa fe [psi]
5.030 24 1.000 4,000
Calculations
Ae [in.?] Ano [in.?] Y ectN W ec2N W edN Y cpN Ny [1b]
121.00 64.00 1.000 0.748 1.000 0.835 6,610
Results
Ncbg [Ib] ¢ concrete ¢ Ncbg [Ib] Nua [Ib]
7,810 0.550 4,296 4,176
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www.hilti.us Profis Anchor 2.8.1
Company: Stutzki Engineering, Inc. Page: 4
Specifier: JC Project: 2018-208
Address: 241 N Broadway, Suite 302, Milwaukee, WI, 53202 Sub-Project | Pos. No.: Legato Facia Bracket
Phone | Fax: 414-455-4815 | Date: 5/7/2019
E-Mail:
4 Shear load
Load V, [Ib] Capacity ¢ V, [Ib] Utilization By = V,./¢ V,, Status

Steel Strength* N/A N/A N/A N/A

Steel failure (with lever arm)* N/A N/A N/A N/A

Pryout Strength* N/A N/A N/A N/A

Concrete edge failure in direction ** N/A N/A N/A N/A

* anchor having the highest loading **anchor group (relevant anchors)

5 Warnings

The anchor design methods in PROFIS Anchor require rigid anchor plates per current regulations (ETAG 001/Annex C, EOTA TR029, etc.). This
means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Anchor 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 anchor plate
assumption is valid is not carried out by PROFIS Anchor. Input data and results must be checked for agreement with the existing conditions and
for plausibility!

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

Refer to the manufacturer's product literature for cleaning and installation instructions.

Checking the transfer of loads into the base material and the shear resistance are required in accordance with ACI| 318 or the relevant standard!

.

Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
318-14, Section 17.8.1.

Fastening meets the design criteria!
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6. Railing Connection Design
6.1. Design Criteria
6.1.1. Fasteners
A4-50 Bolts, Fy = 65 ksi, min Fu = 100 ksi, min
6.1.2. Stainless Steel
316 SS Fy = 30 ksi, min Fu = 70 ksi, min

6.2. Overall Geometry and Location

Handrail Connection

Glass Clip Connection Spider Clip Connection

D O @ @wagnercompanies
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—

e
0.67"
[16.9mm]

7 STLITZE] Glass Panel and Railing Analysis
<‘ ENGINEERING 2018-208
\
6.3. Glass Clip
z y
X . 1.88"
‘ [48mm] e
< :
o Q ; ; - T
eoif] | T Olbf | PEe- -t
————— L o———» A H D
} i i g
1 ey
i { | / L
| b hes
! | LTI,
. |E
Al A
S| e 0.39" 0.12"
A [10mm] [3mm]

Connection Detail

B 248" =l
[B3mm]
. ' O fi
P~ 1% Sl v
~8 e g

Connection Detalil
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Loads (ASD)
Py = 50-Ibf Infill Panel Load M, := 0.0:Ibf-in
Py:= 0 Ibf My:= 0.0-Ibf-in
P, := 60-Ibf Glass Dead Load M := 0.0:Ibf-in
#1 Check Pin Capacity
3/8" Dia Pin, A4-50 Staink ss Steel
Input
dq:= 0.375:in Apqi= 0.25mdq> = 0.11in’ F,1:= 500-MPa

Frt1:= 0.75F 1 = 54.39 ksi

Fry1 = 0.563-F 4 = 40.83 ksi

Forces
Shear Vq:= P,=0.06 kip
Tension T4:= 0.0-Ibf = 0-kip
Capacity 24:=2.00
Foq-A
nv1 b1
Shear Viqi= ——— = 22551bf
24
Foq-A
nt1 b1
Tension = —— = 3-ki
n1 5y P
Interaction
2 2
Ty ) Vi)
Riqi=|— +|—70— = CheckASD1 = "OK"
Tn1) Vn1)
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#2 Check Clip Plate Capacity
63mm x 45mm x 10.5mm Plate, 316 Stainless Steel
Properties:
ty:=10.5-mm ho:= 45-mm Lo:= 48-mm
Fyo:= 30ksi Fu2:= 70Ksi E,:= 29000ksi

Zgpi= 025ty hy” = 0.32in°

Zypi= 0.25:hyty” = 0.08in°

3 2
~ halp 4 fah 3
lw2:= =0.01in Sgo:= =0.22in
12
e |22 012in ryie 2
2 gy S
Force
Strong Axis Moment Mgp:= P48 mm = 0.11-in-kip
Weak Axis Moment Myy2:= Py-45-mm = 0.09in"kip
Capacity Qy:= 167
Ly hy 0.08-Es
Strong Axis Moment —~ 2 _1959 =77
2 Fyo
ty y
Fy2Zs2 o
Mpgo = ———— =5.83:-in-kip
)
FypZ
2 w2
Weak Axis Moment M2 1= —— = 1.36in"kip
f2
Interaction
Mw2 Mg
IR15:= + =0.08
an2 Mnsz

[CheckASD2 = "OK" |
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#3 Check Clip Plate for Local Bending
3mm Thick Clip Wall, 316 Stainless Steel

Properties:

t3:: 3.0-mm b3:: 45-mm

Force
Bolt Tension

Weak Axis Moment

Capacity

Weak Axis Moment

Interaction

@ O @ @waognercompanies

Legato Railing Blade System By: JC

Milwaukee, WI 2020-01-24
Glass Panel and Railing Analysis Page 37 of 63

Rev. 0.0

) . _ 2 .3
Fy3.: 30-ksi Z,3:= 0.25:bg-t3” = 0.006in
48 48
Tgi= Py O — 309 Ibf
90%-17-mm 90%-42-mm + 2

M3:= T3-6-mm = 0.07-kip-in

Qq:= 1.67
Fy3Zw3
Mp3i= yQ— = 0.11in-kip
3
M3
IR1z:= —— = 0.66
Mn3

CheckASD3 = "OK"
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#4 Check Bolt Capacity
(2) - M6x1 Bolts, A4-50 Stainless Steel

Properties:
1 1
db4:= 6-mm Fy4:= 210-MPa Fu4:= 500-MPa N4:= ?E
LE4:= 0.20-in Fusa = 7Oksi SFy=3
| T2 . . ) .
Fra:= mln(O.TS- Fya: g Fua = 2284 ks Fryd = m|n(0.75- Fya+ /3, o Fua® /3 '=13.19ksi
4 ) 4 )
0.9743 \? 2 1.2269 \2 2
Agy:=0.7854-| dpy - N =0.031in ARg:= 0.7854-| dpy — N =0.028in
4 4
Demand
. Px 48-mm
Tension Ty:= : =133 Ibf
2-Bolts 90%-10-mm
2
45-mm\2 Pz\
Shear Vg:= Py——, +|—, =108Ibf
26.mm ) 2 )
Capacity
Tension Capacity Tha:= Frtg-Agg = 702- Ibf
Shear Capacity Vina:= Frya Arg = 366 Ibf

Pull-out Capacity
TSAg4:= 8.65-mm’
Internal Thread Capacity
LE4 Ny TSAy Fusq

SF4/3

External Thread Capacity

Tia:= = 1293 Ibf

Legato Railing Blade System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

By: JC
2020-01-24
Page 38 of 63
Rev. 0.0

TSA = 12.19-mm°

Conditions = "Thin"

LE4 Ny TSAE4 Fuq 0.75-LE4 Ny TSAR4 Fyy )

= 898 Ibf

TE4 := min

SF4/3 ’ V3 )
Pullout Capacity Toutna = Min(Ti4, Tgy) = 898-Ibf
Interaction
2 2 2
T4 Y [ Va) T4 )
IR1y:=| — +|— =0.12 IR24:= =0.02
Tha ) \Vna) Toutnd )

@ O @ @waognercompanies
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#5 Check Bolt Capacity
M8x1.25 Bolt, A4-50 Staink ss Steel
Properties:
1 1
dpe:= 8-mm Fy5:= 210-MPa F,5:= 500-MPa =
b5 y5 ud 57 125 mm
. T2 . . 1 ) .
Frts:= min| 0.75-F 5, ——F 5 = 22.84ksi Frys:= min| 0.75-Fyg + /3, —F5+ /3 = 13.19-ksi
2 2
0.9743 1.2269
Ags = 0.7854-(%5 - 1" _ .056i2 ARs:= 0.7854-(%5 - 7 o.0s1i2
5
Demand
. 48-mm 48-mm
Tension Tg:= Py + P = 3009 Ibf
90%-17-mm 90%-42-mm + 2

Shear Vgi= [ P2+ P,% = 781bf
Capacity

Tension Capacity Th5:= Fhts Ags = 1279-Ibf

Shear Capacity Vi5:= Frys ARs = 671 Ibf
Interaction

2
Ts

IRlg:= | — +
5
[TnSJ

@ O @ @waognercompanies
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[CheckASD5 = "OK"
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\
6.4. Spider Clip
CHECK 1
CHECK 2
2"
z y ™ [50.8mm] = CHECK 3
170" CHECK 4
[44.5mm] BOETCR
X 063"
[16mm] CHECK 6
— CHECK 7
LT v B
L, P
I\_ = _/I , CHECK 8
| |
1 Il
601bf 1 Olbf
| ?I Cas >
| |

|
|
. |E 50rlql>fv :i /,/ e 1.28" .
o5 ors | T 1 e (31.8mim]
“B o metmm [ 1| b E
l | o
. =
i NG = = — )
= L =14 | I T/ A
£ ] oA 1] O B e e B
! s | i |§
& \ )
ol N N S ?

2.5" a
[64.2mm]

A

Connection Detall
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Loads (ASD)
Py = 50-Ibf Infill Panel Load M, := 0.0:Ibf-in
Py:= 0-Ibf My:= 520-Ibf-in + 50-Ibf-in
P := 60 Ibf Glass Dead Load M, := 410 Ibf-in
#1 Check Bolt Capacity
M10x1.5 Bolt, A4-50 Staink ss Steel
Properties:
1 1
db1 = 10-mm Fy1 = 210-MPa FLI1 := 500-MPa N1 = ﬁﬁ
LE4:= 0.375in Fus1:= 70ksi SFy=25
. 1 A . . 1 3 .
Fot1:= min| 0.76-Fyq, —Fq =2284ksi Fryti= min| 0.75.-Fy 4 + /3, —Fjq +1/3 = 13.19ksi
0.9743 2 1.2269 2
Agq:=0.7854-| dpq - =0.089in ARq:= 0.7854-| dyyq - = 0.081in
Demand
. 2.125in
Tension Tq:=Py+ Py——————— =212Ibf
90%-1.75-in + 2
Shear V4:= P, =60Ibf
Capacity

Tension Capacity
Shear Capacity

Pull-out Capacity

2

Internal Thread Capacity

LE4 Ny TSA1Fyst

T” =

SF4v/3

External Thread Capacity

= 5127 Ibf

Vn1 = an‘IAR‘I = 1069 Ibf
2
TSAH = 32.22-mm

Conditions = "Thick"

TE1 := min

Pull-out Capacity

Interaction

SFq/3

= 3034 Ibf

V3 )

Toutn1:= Min(Tyq. Tgy) = 3034-Ibf

|CheckASD1 = "OK" |
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#2 Check Clamp Capacity

Legato Railing Blade System

Milwaukee, WI

Glass Panel and Railing Analysis

2" Dia Clamp, 316 Stainless Steel

Properties:
dpo:= 0.625-in

Fy2 := 30ksi

Dp2 — dp2 )
b2:: 2. T} D

Force:

Moment

Capacity

Moment Capacity

Interaction

By: JC
2020-01-24
Page 42 of 63
Rev. 0.0

Dy:= 1.75:in

ty:= 7.0.mm

2 .3
ZW2:: 025b2t2 =0.04in

(90%: D5 - dyp)

2018-208
Dyp:= 2.0-in
Fyup:= 7Oksi
Dpp—dpp |\
b2 —): 1.9|n
oo p_ 212500
27 "2 90% Dy + 2
Q= 167
I:y2'zw2
Mn2=—q —
2
M2
IR1p:= —— =0.12
Mn2

@ O @ @waognercompanies
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#3 Check Bracket Capacity
3/4" Dia Bracket Shatft, 316 Stainless Steel

Properties:
d3 := 0.75-in

E 30ksi

y3:=
Force

Axial Compression

Moment

Capacity

Compression Strength

Moment Capacity

Interaction

@ O @ @waognercompanies
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Legato Railing Blade System
Milwaukee, WI

Glass Panel and Railing Analysis

2018-208

Lg:= 2.125in

ry:= d3—O19in
3= 4 =\,

E3:= 29000ksi

P5:= P, = 0.05-kip

Mj:= P, 2.125in = 0.13inkip

By: JC
2020-01-24
Page 43 of 63
Rev. 0.0

w

Sg:= mdg + 32 = 0.04in

Zy:= dg° + 6=0.0703in°
1015

KLrg:= = 11

f3

Q3Z= 167
E3
KLrg = 11 <] 377 | — =117
y3
1T2-E3
Fgqi= = 2228.34-ksi
2
(kLr3)
Fya+F
- ( y3 e3) _ .
Fer3i= 0.500 Fy3=29.72ksi
P s M s 8 k|
n3-= 2 = o-Kip
(FyaZs 1.6.Fy3-s3\ ‘
Mn3:= min s = 1190-in-Ibf
Q3 Q3
M3
IR13:= —— =0.11 |CheckASD3 = "OK" |
Mn3
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#4 Check Set Screw Capacity
Méx1 Set Screw, A4-50 Stainless Steel
Properties:
db4:= 6-mm Fy4:= 210-MPa

Fnt4 = mln(OTS Fy4,

1
—F = 22.84-ksi
ud
SFq )

0.9743
Ny

— 0.031in°

Demand

Tension

Shear

Capacity

Tension Capacity
Shear Capacity

Interaction

Milwaukee, WI
Glass Panel and Railing Analysis
2018-208

Fu4:= 500-MPa N4:= —_——

Frva = min(O.TS-F +4/3,—
nv4 4 :

y SFy

1.2269 \2
Ny

~0.028in°

T4:=0.0Ibf=0

V= Py = 501bf

Tn4 = Fnt4'AS4 =702-Ibf

Vn4 = FI"IV4'AR4 = 366 |bf

2 2
T4 Y (Vg )
IR1,:= 2 o002

— +
Tn4)

2020-01-24
Page 44 of 63

.Fu4+ﬁj=13.19-k3i
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#5 Check Bracket Capacity
1" Dia Bracket Shaft, 316 Stainless Steel
Properties:
dg:= 1.0-in di5:= 0.75in Lg:= 2.5in
2 2) 2 2
“'(ds —dis 2 d5 +di5 . 3 3 .3
Ag:= 7:0.34m Mg := 7:0.31 in Zg:=\dg —dis /+6=0.1|n
Fyg:= 30ksi Eg:= 29000ksi tg:= (d5 - dig) + 2=0.13in
2.0Lg
kLr5 = =16
'
ds Es
— = 0.07.— =68 .. Compact Section for Bending
t5 Fys
Force
Axial Compression Pg:= 0.0-Ibf
Moment Mg:= 2.5in- | P, % + P,? = 0.2inkip
Capacity Qg5:= 1.67
Es
Compression Strength KLrg = 16 377 | — =117
Fy5
F.g:= = 1118.04ksi
e5 > Sl
(kLr5)
F,e+F
e Fy5Fes) L .
Fers:= 0.500 -Fy5=29.45 ksi
P osi= (Fashs) _ 6-ki
n5~ 95 - P
Fy5Z5
Moment Capacity Mq5:= =1731-in-Ibf
Interaction
Ps  Ms
IR15:= +——=0.11 |CheckASD5 = "OK" |
2Pps Mps

@ O @ @waognercompanies
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#6 Check Insert Capacity
3/4" Dia Insert Shaft 316 Stainless Steel

Properties:
dg:= 0.75-in

Fyg:= 30ksi

Force

Axial Compression

Moment

Capacity

Compression Strength

Moment Capacity

Interaction

@ O @ @waognercompanies

»ws WAGNER

Architectural Systems

Legato Railing Blade System
Milwaukee, WI

Glass Panel and Railing Analysis
2018-208

Lg:= 1.25in

dg
r6:= T =0.19in

Eg:= 29000ksi

Pg:= 0.0-Ibf

Mg:= 2.5in- | P,” + P,% = 0.2inkip

96Z= 1.67
KLrg =7 <]

7r2-E

€ _ 6439.92 ks
(kLr6)2

0( Fy6+ FeG)

Fep:=

Ferg:= 0.50

P (Fcr6'A6) 8.ki
= — = 0Kl
né % P
Fye Z6 1.6-Fy6.86\

Qg Qg

Mn6:= min[

Mg
IR1g:= — =0.16
Mn6

888-243-6914 // rfg@mailwagner.com
10600 West Brown Deer Road // Milwaukee, W153224, USA

Fyp=29.9-ksi

By: JC
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Page 46 of 63
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w

Sgi= mdg> + 32=0.04in

Zg:= dg° + 6= 0.0703in°
10Lg

KLrg:= =7

'

Eg
3.77- | — =117
Fy6

=1190:in-1bf

[CheckASD6 = "OK" |
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e

#7 Check Set Screw Capacity
Mé6x1 Set Screw, A4-50 Stainless Steel

Properties:
db7:: 6-mm Fy7:: 210-MPa

)

1
F := min| 0.75-F —F = 22.84-ksi
nt7 ( 7 u7

2
09743 Y _ | 131in2

Demand

Tension

Shear

Capacity
Tension Capacity

Shear Capacity

Interaction

1 1
F, -:= 500-MPa Npi= —. —
u7 7 1.0 mm
Frv7 = min(0.75v Fy7+ V3, S
7
2
1.2269 ) 2

T7:=0.0-Ibf =0

V7:= 0.0 Ibf =0

Tn? = Fnt7AS7 = 702-Ibf

VnT = FnVTART = 366 Ibf

[T7\2 [V7\2
IR17:=|=— +|— =0

1
_F.Fu7 + \/_3\: 13.19-ksi
)
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W ENGINEERING 2018-208
#8 Check Bolt Capacity

M8x1.25 Bolt, A4-50 Stainkess Steel

Properties:

db8:= 8 mm Fy8:= 210-MPa

LEg:= 0.375-in

F m'n(O?SF ! F ) 22 84-ksi

ntg:= min| 0.75-Fyg, —F,g = 22.84-ks
Y sFg J

0.9743 \?
Ng

— 0.056in°

ASS = 0.7854- (dbs -
Demand

Tension

Shear

Capacity

Tension Capacity
Shear Capacity

Pull-out Capacity

TSAgg:= 15.20- mm-

Internal Thread Capacity

LEg Ng TSA;g-F c8
Tig:= = 4017 Ibf

SFg/3

External Thread Capacity

LEgNg TSAgg:Fyg 0.75LEgNg TSAggFyg )

11
Fug:= 500-MPa = ——
u8 87 125 mm
Fusg:= TOKsi SFg=25
Fryg:= min| 0.75-F g + /3, —-Fu8+\/_3\= 13.19 ksi
y SFg )
1.2269 \2 2
ARg:= 0.7854-| dpg - =0.051in
Ng
. 2 o2
2.5in [Py + P,
Tg:= _ = 579 Ibf
90%-0.75-in + 2
Vgi= | P2+ P,? = 781bf

Tn8 = FntS'ASB =1279-Ibf

Vg = Frhvg Arg =671 Ibf

TSAjg:= 21.04-mm-

Conditions = "Thick"

= 2368 Ibf

TE8:: min

SFgy/3
Pull-out Capacity

Interaction

2
Tg )

Rig:=| — +|—— =022
Tn8) Vn8}

@ O @ @waognercompanies

QAN WAGNER 888-243-6914 // rfg@mailwagnercom
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Architectural Systems

2
Tg )
IR2g:= - 0.06

)

Toutng:= Min(Tjg. Tgg) = 2368- Ibf

|CheckASDS8 = "OK" |

Toutns )

© 2019 R&B Wagner, Inc. All Rights Reserved.
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6.5. Handrail Connection

— CHECK 2
v
/"~ CHECK1
o CHECK 3
2.44" o
i =
o
0 ¥ =
% e
Y ! 0.625"

Connection Detalil

D O @ @wagnercompanies
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Loads (ASD)
P := 200-Ibf

#1 Check Bolt Capacity
(2) - #10-16 Bolts, 316 Stainless Steel, Condition A

Properties:
1
dpq := 0.1900-in Fy1:= 30-ksi Fyq:= 75ksi Ng:= 16-—
in
K4:= 0.1350:in LE:= 0.120-in Fust:= 70ksi SFy=3
i LI - i AN .
Frtq:= min| 0.75-F, 4, —Fq ' = 22.5-ksi Fryq:= min| 0.75-F 4 + /3, —F 4 +1/3 '= 12.99-ksi
Yinsky 1 y SF4 )
2 . 2 2 , 2
Agq:= 0.7854-K4“ = 0.014in ARq:= 0.7854.K4" = 0.0141n
Demand
. P 0.75:in
Tension Tq:= : — = 167 Ibf
2-Bolts 90%-0.50-in
Shear Vyq:= = 100 Ibf
2-Bolts
Capacity
Tension Capacity Th1:= Fnt1-Agq = 322: Ibf
Shear Capacity Vn1:=Fav1Arq = 186 Ibf
Pull-out Capacity
TSAgq = 0.0110-in? TSA|q:= 0.0170
Internal Thread Capacity Conditions = "Thin"
0.85LE{ dpq-Fys1
Tiq:= = 452 |bf
SF 4
External Thread Capacity
LE4-Ny-TSAgy-Fyq 0.75-LE4-Ny-TSAgq-Fyq )
TEq:= min : — 274 Ibf
SF1+/3 V3 )
Pul-out Capacity Toutn1 = min(TI1 , TE1) = 274.bf
Interaction
2 2 2
T4 ) Vq ) Ty )
IR1y:=| — +|— =056 IR24:= =0.37
Th1 ) (Vm1) outn1 )

CheckASD1 = "OK"
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#2 Check Saddle Bracket for Bending
1.08"x 0.275" x 0.10" Plate, 316 Stainless Steel
Properties:
Fyp:= 30-ksi Joi= 0.0004-in* Zy:= 0.0058-in° to:= 0.100-in
Y . :
A Plastic Properties
Ix 0.0058 in*
Zy 0.0304 in®
=
o
% §
=]
0.542in 0.542in
-~ ot e i
1.084 in
- -
Force
Weak Axis Moment My := T4-0.625-in = 0.1-kip-in
Capacity Qp:= 1.67
Fyo-Zp
Weak Axis Moment Mqo = = 0.1in"kip
2
Interaction
5
|R12:: 'M—' =4
n2 " "
|CheckASD2 = "OK" |
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#3 Check Bolt Capacity
(1) - 1/4™-20 Bofts, 316 Stainless Steel, Condlition CW, 3/8" min. Thread Engagement

Properties:
1
dp3:= 0.25:in Fy3:: 65- ksi Fu3:= 100ksi Ng:= 20-—
in
LE5:= 0.375-in Fus3:= 70ksi SF3=3
1 3 1 A
F i2:= min| 0.75-F, s, —F = 33.33-ksi F :=min| 0.75-F, 2 + 4/ 3, —F, 2 +4/ 3 = 19.25-ksi
2 2
0.9743 1.2269
Agsi= 0.7354.(%3 - T _ 00s2in? Arg = 0.7854.{%3 - 7 0028in?
Demand
. 1.35-in
Tension Tg:=90% P-———— = 972Ibf
5iin +
Shear V3:= 90%-P = 180 Ibf
Note: 10% of the load will distribute to the other
handrail post
Capacity
Tension Capacity Tha:= Fhiz-Agz = 1061-Ibf
Shear Capacity V3= Fry3 ARz = 538 Ibf
Pull-out Capacity
. 2 . .2
TSAg3:= 0.0180:-in TSA|3:= 0.0270-in
Internal Thread Capacity Conditions = "Thick"
T HEs N T8As Fus 2728 Ibf
13 =
SF3+/3

External Thread Capacity
LE3-N3- TSAg3-F ;3 0.75-LE3-Ng-TSAEgs3 Fy3 \

Tez:= min , = 2598 Ibf
SF4+/3 V3 )
Pul-out Capacity Toutn3 = Min(T3, Tgg) = 2598 Ibf
Interaction
2 2
T3 ) Vg ) T,
IR1g:= | =— +|—— =095 IR23:= = 0.37
Th3 ) Vi3 ) outn3

[CheckASD3 = "OK" ]
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7. Railing Glass Design

7.1. General Design Criteria
Young’s Modulus: 10,400,000 psi

Poisson Ratio

:0.22

Legato Railing Blade System
Milwaukee, WI
Glass Panel and Railing Analysis

2018-208

Coefficient of Thermal Expansion = 4.9 x 10 in/in/°F

Per IBC 2015, Section 2407.1.1 Loads on Glass Handrails and Guards, use a design factor of 4.0.
Per AAMA CW-12-84, use a design factor against Modulus of Rupture for Flexure.

Allowable Glass Stress = 24,000psi (Modulus of Rupture of Fully Tempered Glass) / 4 SF = 6,000psi

The glass is analyzed with the Minimum Thickness per Table 4 in ASTM E1300 or per EN14179-1:

Dimensional Tolerances for Transparent Flat Glass per ASTM C1036

Nominal Designation Thickness Range
Imperial (US) S| (Metric) Minimum (mm) Maximum (mm)
5/32” 4 mm 0.149” (3.78) 0.165" (4.19)
3/16” 5mm 0.180" (4.57) 0.199” (5.05)
1/4" 6 mm 0.219” (5.56) 0.244” (6.20)
5/16” 8 mm 0.292" (7.42) 0.332" (8.43)
3/8” 10 mm 0.355" (9.02) 0.406” (10.31)
1/2” 12 mm 0.469” (11.91) 0.531" (13.49)
5/8” 16 mm 0.595” (15.09) 0.656" (16.66)
3/4” 19 mm 0.719” (18.26) 0.781" (19.84)

Note: Table for reference only

7.2. SG Interlayer

Thickness = 0.060"
Temp (C) | Temp (F) Load Duration | Load Type Young's Modulus (psi) | Poisson's Ratio
24 75 3 sec Wind* 81,502 0.453

7.3. Overall Location and Geometry

2020-01-24
Page 53 of 63
Rev. 0.0

D

5

Analyzed Typical Panel

[
1

42" HEIGHT

42" MAX. MID POST SPACING

42" MAX. END POST SPACING
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7.4. Glass Panel — Glass Clip Series

7.4.1. Glass Panel Dimensions
38.62" 38.87"
[981mm] [987mm]

Min. Glass Panel Size Max. Glass Panel Size

30.5
[775mm]
32.5
[826mm]
38"
43.5"
[1105mm]

2
[51mm]
[965mm]

— 088 1.13"
[22mm] - (Lm

39.5"
[1003mm]

e

9.5"

[241mm) l

40"
[1016mm]

Min. Glass Panel Dimensions (W x H) = 39-1/2" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 40" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.4.2. Glass Composition

1.) 1/4” Fully Tempered Glass
2.) 0.06” SG Interlayer
3.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.4.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.

@ O @ @waognercompanies
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7.4.4. Stress Utilization

Load Case: DL + LLc

— NAmm=2 _
+6.74
+B, 37
+6,00
+5,63
+5,26
+4,89
+4.,52
+d.:15
+3,78
+3.41
+3,04
+2,67
+2,320

+1,93
+1,56
+1,189
+0, 82
+0,45
+0,08

Load Case: DL + LLc

@ O @ @wagnercompanies

VAN G ° 888-243-6914 // rfg@mailwagner.com
aFva \A/A NER 10600 West Brown Deer Road // Milwaukee, Wi 53224, USA

Architectural Systems

Max. Principal Stress = 2.25 MPa =
326 psi < Allowable Stress =
6,000psi OK

Max. Principal Stress = 6.74 MPa =
980 psi < Allowable Stress =
6,000psi OK

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com



7.4.5. Deflection Utilization
R . || f—
40,08
+0,03
40,00
-0.02

. -0.05
-0.0B
-B1L
-0.13
=016
-0.1%
-0.28
-2.24
=027
-0.30
-0.38
-0,35
-0, 3
=-0.41
-0,d3
=0:46

STUTZKI

ENGINEERING

Load Case: DL + LLc

+0,07
+0,02
-0,02
-0,07

B o

~0,16
-0,21
=0, 25
-0,30
-0, 34
-0,39
0,43
-0,48
0,53
-0,57
~0, 62
-0.66
s
0,76
-0, 80

Load Case: DL + LLc

Legato Railing Blade System
Milwaukee, WI
Glass Panel and Railing Analysis
2018-208
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Max. Deflection = 0.02” < L/50 =
0.73" OK

Max. Deflection = 0.03" < L/50 =
0.73” OK

© 2019 R&B Wagner, Inc. All Rights Reserved.
WagnerArchitectural.com
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' l Max. Edge Deflection = 0.02”

< Glass Thickness = 9/16”, OK

Load Case: DL + LL

Max. Edge Deflection = 0.08”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

@ 0 @ @wagnercompanies
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7.5. Glass Panel — Spider Clip Series
7.5.1. Glass Panel Dimensions
38" 39.125"
[965mm] [994mm]
© ©
© ©)
—_ . |E
o £ - - o|& :
3|6 Min. Glass Panel Size b Max. Glass Panel Size

435
[1105mm]

on

[51mm]
38"

[965mm]

1.5"

- g [38mm] . 2.625°
[67mm]

39.5"
[1003mm]

e

[241mm] G—L

9.5"

41.75"
[1080mm]

Min. Glass Panel Dimensions (W x H) = 39-1/2" x 32-1/2".

Max. Glass Panel Dimensions (W x H) = 41-3/4" x 43-1/2".

Max. and Min. glass dimensions create a design envelope to which the glass analysis applies. They do not guarantee
that every glass panel size within these boundaries will fit into the railing system. Follow the applicable railing glass
size guideline and standards and consult with the glass manufacturer for manufacturing tolerances.

7.5.2. Glass Composition

4.) 1/4” Fully Tempered Glass
5.) 0.06” SG Interlayer
6.) 1/4” Fully Tempered Glass

Note: Min. glass infill panel nominal thickness = 9/16”. Max. glass infill panel nominal thickness = 11/16”

All glass panels to be fully tempered and laminated with SG interlayer.

7.5.3. Glass Loads

PL = 5psf
LL = 50plf (for deflection purposes only)
LLc = 50Ibf

Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in
the result section.
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7.5.4. Stress Utilization

_ M2

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc

_ MNAmmtZ2 _

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress =
6,000psi OK

Load Case: DL + LLc

@ 0 @ @wagnercompanies
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7.5.5. Deflection Utilization

Max. Deflection = 0.02” < L/50 =
0.73" OK

Load Case: DL + LLc

o g VTP s

Max. Deflection = 0.03” < L/50 =
0.73" OK

Load Case: DL + LLc

@ 0 @ @wagnercompanies
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o Max. Edge Deflection = 0.02”
< Glass Thickness = 9/16”, OK

Load Case: DL + LL

Max. Edge Deflection = 0.07”
< Glass Thickness = 9/16", OK

Load Case: DL + LL

@ 0 @ @wagnercompanies
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8. Disclaimers

1)

2))

3)

4.)

5.)

6.)

7)

This engineering document is NOT signed and sealed by a professional engineer. Contact Stutzki
Engineering, Inc. for a project specific review if sign and seal is required.

This engineering report includes engineering only for the system and components shown in the project
description. If the railing is outside the parameters of this report (including size, loading, concrete anchor
spacing, etc.), it is not covered by this report and should be reviewed by a professional engineer. Contact
Stutzki Engineering, Inc. if special cases must be considered.

Prior to installation, all glass shall be inspected for cracks, chips and other imperfections. Any imperfection
shall be grounds for inspection by the supplier. A broken lite shall be grounds for immediate replacement. The
supporting system, supplied and analyzed by others, shall resist horizontal sliding and vertical separation of
the glass during service loads without imposing external loads from the surrounding structure into the glass.
Proper spacing shall be used for adjacent pieces of glass to allow for thermal expansion and small movements
during service. Appropriate fillet radiuses shall be used at all interior corners to reduce stress concentrations.

All dissimilar metals should be separated and/or protected from water and humidity. Detailing responsibility for
this condition is by others.

Only items within the scope of Stutzki Engineering are designed in this report. The supporting structure
(including local effects at the connection interface) are designed by others and must resist the reaction loads
given in this report. The stiffness of the supporting structure (analyzed by others) must not cause the handrail
system to over-deflect.

This document does not include Windborne-Debris-Impact Resistance design and/or certification.

All laminated glass and fully tempered monolithic glass must be considered Safety Glazing per applicable
building codes. Compliance with this requirement is to be done by the glass manufacture.
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9. Stutzki Engineering

Stutzki Engineering, Inc. is an engineering consulting firm, offering and executing engineering services for architects
and building contractors in the field of structural glass, lightweight structures, and building facades. Our engineering
solutions help them make their product unique.

The ideas and methods of Stutzki Engineering, Inc. are based on a long tradition of academic research and industrial
development, as represented by persons like Buckminster Fuller, Frei Otto, John Argyris, Max Mengeringhausen and
Herbert Klimke. The idea behind the company is to combine state of the art engineering and applied science with
creative industrial design.

STUTZKI

ENGINEERING

241 N. Broadway, Suite 302
Milwaukee, WI 53202
USA.

Phone: (414) 455-4815

http://www.stutzkiengineering.com
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