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1. Project Description 
The Renwick Lighthouse is located on the northern most tip of Roosevelt Island in New York. The lantern portion of the 
renovation project will feature an all glass, point-supported enclosure with structural steel framing underneath. The 
lantern is located at the top of the lighthouse at an elevation of 43’-6” above grade. The lantern in plan is arranged in 
an octagon and features three main sections: the lower drum, cone, and upper drum. The lower drum features vertical 
glass panels approximately 7’-0” x 3’-2” in elevation. The cone features sloping glass panels at 70 degrees from the 
horizontal and are approximately 8’-9’ x 3’-5” at the base and 1’-3” at the top. The upper drum features vertical glass 
panels approximately 2’-6” x 1’-3” in elevation. The support structure underneath the glass consists of a moment frame 
structure of various steel sections. The Stutzki engineering scope includes recommendations for the sketches and 
engineering of the structural framing, glass thickness, and glass support options. Anchorage of the steel structure into 
the main lighthouse structure is also included in the scope for Stutzki. Not included in the engineering scope is thermal 
analysis of the structure, structural review of building concrete or steel structural systems, review of foundations, door 
engineering, etc. See Stutzki-Fenniman contract for complete list of exclusions.  
 

 
Figure 1: Location of Lighthouse on Roosevelt Island 
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Figure 2: Lantern Partial Plan and Elevation 
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2. Codes, Standards, and References 
1) 2014 New York City Building Code 
2) ASCE 7-05 Minimum Design Loads for Buildings and Other Structures (for Snow and Wind) 
3) ASCE 7-10 Minimum Design Loads for Buildings and Other Structures (for Seismic) 
4) ACI 318-11 
5) AISC 360-10 Specification for Structural Steel Buildings and AISC 14th Ed. 
6) ASTM E1300-16 Standard Practice for Determining Load Resistance of Glass in Buildings 
7) ASTM C1048 Standard Specification for Heat Treated Flat Glass 
8) AAMA TIR A9-91 Metal Curtain Wall Fasteners 
9) AAMA CW-12-84 Structural Properties of Glass, 2006 
10) Architectural drawings, dated 23-Feb-2020, 90% CD set 

3. Design Loads 

3.1. Dead Load 
 

1. Glass Dead Load = 13.2 psf/in. of glass thickness 
2. Steel Dead Load = 490 pcf 

3.2. Roof Live Load 
 
Use 20psf on projected area of sloped panels. 

3.3. Snow Load 
Not applicable. Due to steep roof angle (70 degrees), snow will not build up on roof structure.  
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3.4. Wind Loads 

3.4.1. Check as other structure 
Due to the irregular shape of the lantern, ASCE 7-05 provisions for design of wind load for other structures was used. 
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3.4.2. Check as Components and Cladding 
Note: Due to cylindrical shape of light house enclosure, zone 5 wind loads do not occur.  
 

 
 
since both ways of calculating the wind load yield similar results, use 
+/-30psf ASD wind loading. 
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3.5. Earthquake Load 
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3.6. Temperature Load 
Temperature variation determined by Expansion Joints in Buildings: Technical Report no. 65.  The following are 
excerpts from this document: 

  
 
 

 

 
  
∆T = (TW-TM) or (TM-TC) = 48ºF, use T=+/- 50 ºF 
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3.7. Load cases and combinations 

 
 
 

Load Cases Load combo
no. Description Symbol no. LRFD/ASD D Lr W+x W 45 deg W+y T
1 Dead Load D 1 ASD 1.00
2 Roof Live Load Lr 2 ASD 1.00 1.00
3 Wind in X W+x 3 ASD 1.00 1.00
4 Wind at 45 degrees W 45 deg 4 ASD 1.00 -1.00
5 Wind in Y W+y 5 ASD 1.00 0.75 0.75
6 Temperature increase T 6 ASD 1.00 0.75 -0.75

7 ASD 1.00 1.00
8 ASD 1.00 1.00
9 ASD 1.00 1.00
10 ASD 1.00 -1.00
11 ASD 1.00 -1.00
12 ASD 1.00 -1.00
13 ASD 1.00 0.75 0.75
14 ASD 1.00 0.75 0.75
15 ASD 1.00 0.75 0.75
16 ASD 1.00 0.75 -0.75
17 ASD 1.00 0.75 -0.75
18 ASD 1.00 0.75 -0.75
19 ASD 0.60 1.00
20 ASD 0.60 1.00
21 ASD 0.60 1.00
22 ASD 0.60 -1.00
23 ASD 0.60 -1.00
24 ASD 0.60 -1.00
25 LRFD 1.40
26 LRFD 1.20 0.50 1.20
27 LRFD 1.20 0.50 -1.20
28 LRFD 1.20 1.60
29 LRFD 1.20 0.50 1.60
30 LRFD 1.20 0.50 1.60
31 LRFD 1.20 0.50 1.60
32 LRFD 1.20 0.50 -1.60
33 LRFD 1.20 0.50 -0.60
34 LRFD 1.20 0.50 -1.60
35 LRFD 0.90 1.60
36 LRFD 0.90 1.60
37 LRFD 0.90 1.60
38 LRFD 0.90 -1.60
39 LRFD 0.90 -1.60
40 LRFD 0.90 -1.60
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4. Deflection Limits 
 
Framing members - Dead Load      Δlim = L/360 
Framing members - Wind Load     Δlim = L/175 
Point supported glass panels     Δlim = L/100 

5. Materials 
Framing members A500, Grade B (rect.)    Fy = 46 ksi, min   Fu = 58 ksi, min 
Framing members, plates A36 (Angle or Plate)    Fy = 36 ksi, min   Fu = 58 ksi, min 
Concrete anchors F 1554 Gr. 55     Fy = 55 ksi, min   Fu = 75 ksi, min 
 

6. Structural analysis input and output 
 

 
Figure 3 Structural analysis model 
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7. Structure Support Design  

7.1. Reaction Summary 
Max LRFD Reactions 
Px = ±1.2k 
Py = ±1.9k 
Pz = 5.8k (tension), 7.0k (compression) 

7.2. Base Plate Bending Check 
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7.3. Hilti PROFIS Anchor Checks 
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8. Structure Connection Design  

8.1. Member end force summary (if applicable) 
 
Max LRFD Bolt Reactions 
 
N = 2.8k (tension), 3.1 kip (compression) 
Vy = ±0.5k 
Vz = ±1.1k 
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8.2. Ring Bolt Tension and Shear Connection Check 
 

      

 

Lower Ring Beam 
Connection 

Upper Ring Beam 
Connection 
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8.3. Ring Beam (HSS) Wall Bending Check 
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9. Glass and Cladding Design 

9.1. 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 
 
Glass Allowable Stress per ASTM E1300 Appendix X4 thru X7 
 

 
 

The glass is analyzed with the Minimum Thickness per Table 4 in ASTM E1300: 
 
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 
 

Analyzing Glass for Deflection/Serviceability: 
 
Deflection Limit assumed to be L/100 between applicable point supports. See figure below noting applicable spans.  
 

Load Duration Load Type
Annealed (A) 
[Clean Cut]

Annealed (A) 
[Seamed]

Annealed (A) 
[Polished]

Heat Strengthed (HS)  
[Seamed & Polished]

Fully Tempered (FT) 
[Seamed & Polished]

3s Wind, EQ 1783 1969 2155 3938 7876
10s 1654 1826 1999 3793 7681
60s 1479 1633 1787 3586 7399
10min Live, Conc 1280 1414 1548 3337 7053
60min Live, Dist 1145 1264 1384 3155 6794
12h 980 1082 1185 2920 6452
24h 939 1036 1134 2857 6359
1week 831 918 1004 2689 6107
1month Snow 759 838 917 2569 5924
1year 649 717 784 2376 5624
beyond 1 year Dead 553 611 669 2193 5332

POB 1/1000 (psi)
Allowable Edge Stress of Glass
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The following diagrams show the span used in the deflection analysis based on glass configuration.  

 
 
Note:  For glass cantilevers, use 2 x Length for determining deflection limits. 
 

9.2. SGP Interlayer (Sentry Glass) 
Thickness = 0.060" 

Temp (C) Temp (F) Load Duration Load Type 
Young's Modulus 

(psi) 
Poisson's 

Ratio 
10 50 3 sec Wind 98,771 0.443 
10 50 1 month Snow 72,374 0.458 
24 75 3 sec Wind* 81,502 0.453 
24 75 1 month Snow* 31,473 0.480 
40 104 3 sec Wind 27,122 0.484 
40 104 10 min Live, conc 6,382 0.493 
40 104 1 hour Live, dist 4,032 0.498 
40 104 10 years Dead 1,282 0.499 

 

L1
D1

L3

D3

L2

L3

D1
D3

D4POINT SUPPORTED
AT CORNERS

L2D2
IG1

POINT SUPPORT
SOLID CIRCLE

IG1

D1
D2

POINT SUPPORTED
W/ CANTILEVER

IG2

L1

POINT SUPPORTED
W/ MULTIPLE SPANS

IG2

D2

D3

2X L4

L1

L3

L2IG1

IG2
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9.3. Overall location, geometry 

 

9.4. Glass Make-up 
1. 3/8” Fully Tempered Glass 
2. 0.06” PVB Interlayer 
3. 1/4” Fully Tempered Glass 

 

Panel 1 

Panel 2 

Panel 3 

SH
Cross-Out
SGP
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9.5. Glass Panel 1: Lower Drum 

9.5.1. Geometry and Point Support Locations 

 
 
L1 Deflection Limit = 1140 mm/100 = 11.40 mm 
L2 Deflection Limit = 879 mm/100 = 8.79 mm 
L3 Deflection Limit = 726 mm/100 = 7.26 mm 
L4 Deflection Limit = 2*305 mm/100 = 6.10 mm 

1 2 

3 4 

5 6 
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9.5.2. Stress and Deflection Results from Load Case 2 – D + Wp 

     
Stress: 10.14 MPa < 7876 psi = 54.3 MPa, OK  Deflection: 0.36 mm < L1 = 11.40 mm, OK 
 

9.5.3. Support Reactions 
Axial Rotule Reactions from LC 2, Axial Rotule Reactions from LC3 
(Axial Load on Rotule) 
 
1. 480 N 475 N  
2. 481 N 476 N 
3. 598 N 600 N 
4. 599 N 601 N 
5. 476 N 480 N 
6. 477 N 481 N 
 
 
Vertical Panel Point Support Reactions from LC 2, Vertical Panel Point Support Reactions from LC3 
(Shear load on Rotule) 
 
1. 97 N  91 N  
2. 97 N  91 N 
3. 92 N  92 N 
4. 92 N  92 N 
5. 92 N  96 N 
6. 92 N  96 N 
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9.6. Glass panel 2: Cone 

9.6.1. Geometry and Point Support Locations 

 
 
L1 Deflection Limit = 1175 mm/100 = 11.75 mm 
L2 Deflection Limit = 1053 mm/100 = 10.53 mm 
L3 Deflection Limit = 697 mm/100 = 6.97 mm 
L4 Deflection Limit = 2*305 mm/100 = 6.10 mm 
 

1 

5 

2 

4 3 
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9.6.2. Stress and Deflection Results from Load Case 2 – D + Wp 

     
Stress: 12.21 MPa < 7876 psi = 54.3 MPa, OK   Deflection: 0.46 mm < L1 = 11.75 mm, OK 

9.6.3. Support Reactions 
Axial Rotule Reactions from LC 2, Axial Rotule Reactions from LC3 
(Axial Load on Rotule) 
 
1. 530 N 439 N  
2. 530 N 439 N 
3. 524 N 439 N 
4. 528 N 472 N 
5. 330 N 278 N 
 
Vertical Panel Point Support Reactions from LC 2, Vertical Panel Point Support Reactions from LC3 
(Shear load on Rotule) 
 
1. 76 N  65 N  
2. 76 N  65 N 
3. 67 N  73 N 
4. 67 N  73 N 
5. 66 N  81 N 
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9.7. Glass panel 3: Upper Drum 

9.7.1. Geometry and Point Support Locations 

 

9.7.2. Stress and Deflection Results  
 
Due to size of glass panel, panel will not govern over panel 1 or 2’s stresses, deflections, or reactions.  
 
 

10. Glazing Support/Connection Design 

10.1. General Design Criteria 

10.1.1. Carbon Steel 
A500 Gr. B Steel (Rectangular)    Fy = 46 ksi, min  Fu = 58 ksi, min 
A36 (Angle or Plate)     Fy = 36 ksi, min  Fu = 58 ksi, min 

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

10.1.3. Fasteners 
M14 Stainless Steel Rotule Bolt    Fy = 30 ksi, min  Fu = 75 ksi, min 

10.1.4. Point Support Hardware 
Countersunk Rotule     Axial Capacity = 2500 N (560 lbf), min 
       Radial Capacity = 1200 N (270 lbf), min 
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10.2. Rotule Capacity Check 
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10.3. Plate Bending Check 
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11. Appendix 

11.1. Mepla  FE output 
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12. Disclaimers 
 

1.) This report contains only preliminary engineering for other’s use in performing a feasibility study for the 
lighthouse structure and glazing. The full responsibility for the design, engineering and fulfillment of the 
performance specifications will be with the glazing contractor per delegated design. The glazing contractor’s 
engineering report for the steel structure, anchors, and glass has to be written, signed and sealed by a 
professional engineer licensed in the State of New York. 

 
2.) This report includes a review of the structural performance of the framing system only, which includes strength 

and deflection calculations per applicable building codes.  Stutzki Engineering is not responsible for final 
engineering, air and water testing, noise, vibrations, warranties, etc.   
 

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

4.) It is critical that the existing structure will be upgraded to such quality that it can support the lantern structure. 
 

5.) 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.  
 

6.) U-value and condensation resistance is not within the scope of this document.  If it is within the scope of 
Stutzki Engineering, Inc., it will be submitted separately. 
 

7.) Testing, certification, and/or calculations for air and water penetration were not conducted nor reviewed by 
Stutzki Engineering, Inc.  If required by the project specification, air and water penetration tests are to be 
coordinated by others. 
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