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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: 
 

• Height of railing above finished floor = 42”  
• Max. post height = 42” 
• 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 = 50lbf 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 = 58ksi 
• 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: 
 

• Height of railing above finished floor = 42”  
• Max. post assembly height (post with bracket) = 50-1/2” 
• 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 = 50lbf 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 = 58ksi 
• 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 14th 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 = 200lbf                (2015 IBC, Section 1607.8.1.1) 
 
Other Infill Panels shall withstand the following loads: 
Concentrated Live Load = 50lbf 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 

 
 

Surface Mounted System 

 
Facia Mounted System 
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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. 
 

 
  
Surface Mounted Model 
 
 

 
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  
 

 
 
 
 
 
 

 

Max. Post Design Utilization 
= 0.78 < 1.00, OK 

Max. Handrail Design Utilization 
= 0.21 < 1.00, OK 

Design utilization based on Stainless Steel 
strength Fy = 40ksi, Fu = 70ksi  
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4.4.2. Facia Mounted System  
 

 
 
 
 

  

Max. Post Design Utilization 
= 0.84 < 1.00, OK 

Max. Handrail Design Utilization 
= 0.21 < 1.00, OK 

Design utilization based on Stainless Steel 
strength Fy = 40ksi, Fu = 70ksi  
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4.5. Deflection Utilization 

4.5.1. Surface Mounted System  
 

 

4.5.2. Facia Mounted System  
 

  

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

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

5.1. Reaction Summary
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.

                       

     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 ksi, 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

By Stutzki Engineering

By Others

By Stutzki Engineering By Others

200lbf

8400lf-in

200lbf

0lbf

200lbf

9500lf-in

200lbf

0lbf
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5.3. Surface Mounted Bracket Design 

 
  Connection Detail 

 
Connection Detail      
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5.4. Facia Mounted Bracket Design 
 

 
 

Connection Detail 



Employee Owned
 Legato Railing Round System By: JC 

 Milwaukee, WI 2019-07-08 
 Glass Panel and Railing Analysis Page 24 of 77 
 2018-208 Rev. 0.0 

  

 

        
 

Connection Section View 
 

 
 

Connection Detail  
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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

Glass Clip Connection

Flat Clip Connection

Spider Clip Connection

Handrail Connection
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6.3. Glass Clip

Connection Detail

   

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.4. Flat Clip

Connection Detail

Arm Detail

z

x

y

60lbf

50bf

0lbf
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6.5. Spider Clip

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.6. Handrail Connection 

 
 

Connection Detail 
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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 10-6 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) SI (Metric) Minimum (mm) Maximum (mm)

5/32” 4 mm 0.149” (3.78) 0.165” (4.19)
3/16” 5 mm 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

Analyzed Typical Panel
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7.4. Glass Panel – Glass Clip Series 

7.4.1. Glass Panel Dimensions 
 

 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.4.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

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



888-243-6914  //  rfq@mailwagner.com
10600 West Brown Deer Road  //  Milwaukee, WI 53224, USA © 2019 R&B Wagner, Inc. All Rights Reserved.

WagnerArchitectural.com

@wagnercompanies

Legato Railing Round System By: JC
Milwaukee, WI 2019-07-08
Glass Panel and Railing Analysis Page 63 of 77
2018-208 Rev. 0.0

7.4.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.08” 
< Glass Thickness = 9/16”, OK
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7.5. Glass Panel – Flat Clip Series 

7.5.1. Glass Panel Dimensions 
 

 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.5.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

Max. Principal Stress = 3.19 MPa =
463 psi < Allowable Stress = 

6,000psi OK

Max. Principal Stress = 5.99 MPa =
870 psi < Allowable Stress = 

6,000psi OK
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7.5.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.08” 
< Glass Thickness = 9/16”, OK
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7.6. Glass Panel – Spider Clip Series 

7.6.1. Glass Panel Dimensions 

 
 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.6.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress = 

6,000psi OK

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress = 

6,000psi OK
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7.6.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

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



Employee Owned
 Legato Railing Round System By: JC 

 Milwaukee, WI 2019-07-08 
 Glass Panel and Railing Analysis Page 73 of 77 
 2018-208 Rev. 0.0 

  

 

8. Appendix I – Technical Data 

8.1. Test Report P18-0055C 
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9. Disclaimers 
 

1.) 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. 
 

2.) 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. 

 
3.) 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. 

 
4.) All dissimilar metals should be separated and/or protected from water and humidity.  Detailing responsibility for 

this condition is by others. 
 

5.) 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.    

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

 
7.) 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.

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 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: 
 

• Height of railing above finished floor = 42”  
• Max. post height = 42” 
• 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 = 50lbf 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 = 58ksi 
• 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: 
 

• Height of railing above finished floor = 42”  
• Max. post assembly height (post with bracket) = 50-1/2” 
• 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 = 50lbf 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 = 58ksi 
• 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 14th 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 = 200lbf                (2015 IBC, Section 1607.8.1.1) 
 
Other Infill Panels shall withstand the following loads: 
Concentrated Live Load = 50lbf 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 
 

 
 

Surface Mounted System 

 
Facia Mounted System 
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4.3. Structural Analysis  

4.3.1. Model Dimensions  
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 
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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  
 

 
 
 

 

Max. Post Design Utilization 
= 0.67 < 1.00, OK 

Max. Handrail Design Utilization 
= 0.47 < 1.00, OK 
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Max. Post Design Utilization 
= 0.67 < 1.00, OK 
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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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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  
 

 

4.5.2. Facia Mounted System  
 

  

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

Max. Post Deflection = 0.38”  
< 2L/50 = 1.86”, OK 
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Max. Post Deflection = 0.25”  
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5. Railing Support Design 

5.1. Reaction Summary
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.

                           

     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 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

By Stutzki Engineering

By Others

By Stutzki Engineering By Others

200lbf

8400lf-in

200lbf

0lbf
200lbf

9500lf-in

200lbf

0lbf
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5.3. Surface Mounted Bracket Design 

 
  Connection Detail 

 
Connection Detail      
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5.4. Facia Mounted Bracket Design 

 
 

Connection Detail 
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Connection Section View 
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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

Spider Clip ConnectionGlass Clip Connection

Handrail Connection
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6.3. Glass Clip

Connection Detail

   

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.4. Flat Clip

Connection Detail

Arm Detail

z

x

y

60lbf

50bf

0lbf
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6.5. Spider Clip

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.6. Handrail Connection 

 
 

Connection Detail 
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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 10-6 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) SI (Metric) Minimum (mm) Maximum (mm)

5/32” 4 mm 0.149” (3.78) 0.165” (4.19)
3/16” 5 mm 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

Analyzed Typical Panel
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7.4. Glass Panel – Glass Clip Series 

7.4.1. Glass Panel Dimensions 
 

 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.4.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

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

       

Load Case: DL + LLc

Load Case: DL + LLc

Max. Deflection = 0.04” < L/50 = 
0.73” OK

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.08” 
< Glass Thickness = 9/16”, OK
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7.5. Glass Panel – Flat Clip Series 

7.5.1. Glass Panel Dimensions 
 

 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.5.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

Max. Principal Stress = 3.19 MPa =
463 psi < Allowable Stress = 

6,000psi OK

Max. Principal Stress = 5.99 MPa =
870 psi < Allowable Stress = 

6,000psi OK
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7.5.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.08” 
< Glass Thickness = 9/16”, OK
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7.6. Glass Panel – Spider Clip Series 

7.6.1. Glass Panel Dimensions 

 
 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.6.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress = 

6,000psi OK

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress = 

6,000psi OK
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7.6.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.07” 
< Glass Thickness = 9/16”, OK
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8. Appendix I – Technical Data 

8.1. Test Report P18-0055C 
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9. Disclaimers 
 

1.) 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. 
 

2.) 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. 

 
3.) 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. 

 
4.) All dissimilar metals should be separated and/or protected from water and humidity.  Detailing responsibility for 

this condition is by others. 
 

5.) 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.    

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

 
7.) 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.

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: 
 

• Height of railing above finished floor = 42”  
• Max. post height = 42” 
• 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 = 50lbf 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 = 58ksi 
• 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: 
 

• Height of railing above finished floor = 42”  
• Max. post assembly height (post with bracket) = 50-1/2” 
• 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 = 50lbf 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 = 58ksi 
• 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 14th 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 = 200lbf                (2015 IBC, Section 1607.8.1.1) 
 
Other Infill Panels shall withstand the following loads: 
Concentrated Live Load = 50lbf 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 
 

 
 

Surface Mounted System 

 
Facia Mounted System 
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4.3. Structural Analysis  

4.3.1. Model Dimensions  
 

 
  
Surface Mounted Model 
 

 
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  
 

 
 
 
 
 

 

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  
 

 
 
 
 
 

  

Max. Post Design Utilization 
= 0.91 < 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  
 

 

4.5.2. Facia Mounted System  
 

  

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

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

5.1. Reaction Summary
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.

           

     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 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

By Stutzki Engineering

By Others

By Stutzki Engineering By Others

200lbf 8400lf-in

200lbf

0lbf
200lbf

9500lf-in

200lbf

0lbf
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5.3. Surface Mounted Bracket Design 

 
  Connection Detail 

 

 
Connection Detail      
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5.4. Facia Mounted Bracket Design 

 
 

Connection Detail 
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Connection Section View 
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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

Glass Clip Connection Spider Clip Connection

Handrail Connection
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6.3. Glass Clip

Connection Detail

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.4. Spider Clip

Connection Detail

z

x

y

60lbf

50bf

0lbf
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6.5. Handrail Connection 

 
 

Connection Detail 



Employee Owned
 Legato Railing Blade System By: JC 

 Milwaukee, WI 2020-01-24 
 Glass Panel and Railing Analysis Page 50 of 63 
 2018-208 Rev. 0.0 

  

 



888-243-6914  //  rfq@mailwagner.com 
10600 West Brown Deer Road  //  Milwaukee, WI 53224, USA © 2019 R&B Wagner, Inc. All Rights Reserved.

WagnerArchitectural.com

@wagnercompanies

 Legato Railing Blade System By: JC 
 Milwaukee, WI 2020-01-24 
 Glass Panel and Railing Analysis Page 51 of 63 
 2018-208 Rev. 0.0 

  

 



888-243-6914  //  rfq@mailwagner.com 
10600 West Brown Deer Road  //  Milwaukee, WI 53224, USA © 2019 R&B Wagner, Inc. All Rights Reserved.

WagnerArchitectural.com

@wagnercompanies

 Legato Railing Blade System By: JC 
 Milwaukee, WI 2020-01-24 
 Glass Panel and Railing Analysis Page 52 of 63 
 2018-208 Rev. 0.0 

  

 

 
 
  



Employee Owned
Legato Railing Blade System By: JC
Milwaukee, WI 2020-01-24
Glass Panel and Railing Analysis Page 53 of 63
2018-208 Rev. 0.0

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 10-6 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) SI (Metric) Minimum (mm) Maximum (mm)

5/32” 4 mm 0.149” (3.78) 0.165” (4.19)
3/16” 5 mm 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

Analyzed Typical Panel
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7.4. Glass Panel – Glass Clip Series 

7.4.1. Glass Panel Dimensions 
 

 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.4.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

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

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

Max. Edge Deflection = 0.08” 
< Glass Thickness = 9/16”, OK
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7.5. Glass Panel – Spider Clip Series 

7.5.1. Glass Panel Dimensions 

 
 
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 = 50lbf 
 
Note: Glass panels are analyzed for all applicable load combinations. Only the governing load combination is shown in 
the result section. 
 
 
 

Min. Glass Panel Size Max. Glass Panel Size 
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7.5.4. Stress Utilization

      

Load Case: DL + LLc

Load Case: DL + LLc

Max. Principal Stress = 5.15 MPa =
750 psi < Allowable Stress = 

6,000psi OK

Max. Principal Stress = 5.01 MPa =
730 psi < Allowable Stress = 

6,000psi OK
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7.5.5. Deflection Utilization

       

Load Case: DL + LLc

Load Case: DL + LLc

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

Max. Deflection = 0.03” < L/50 = 
0.73” OK
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Load Case: DL + LL

Load Case: DL + LL

Max. Edge Deflection = 0.02” 
< Glass Thickness = 9/16”, OK

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

1.) 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. 
 

2.) 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. 

 
3.) 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. 

 
4.) All dissimilar metals should be separated and/or protected from water and humidity.  Detailing responsibility for 

this condition is by others. 
 

5.) 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.    

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

 
7.) 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.

241 N. Broadway, Suite 302 
Milwaukee, WI 53202

USA. 

Phone: (414) 455-4815

http://www.stutzkiengineering.com


