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8/15/2022 

Geodesic Dome Structure, Colorado  
12210 CO-14 
Kremmling, CO 80459 
RE: Engineer’s Analysis and Opinion Report 
 
To Whom It May Concern, 
 
PURPOSE & SCOPE OF REPORT: 

The project goal is to investigate the requisite stability and strength for a geodesic dome 
structure located at the above-referenced address. The client, Jeff Woodward from Blue Bird 
Backcountry provided the Dome's geometry. Potential cases of loads are subjected to the Dome 
while examining the structural strength in compliance with US standards and codes. See Figure 
1 for the position of the new Dome. 

 

Figure 1 Position of the dome structure 
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Dome Geometry: 

Figures 2 and 3 depict the dome's geometry. As displayed, the dome's diameter is 33 feet (10 
meters), and its height is 16.5 feet (5 meters). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Geodesic Dome Geometry 
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Design Codes: 

The requisite stability and strength of the dome structure were examined in 
accordance with the following guidelines. 
 
 

Item Standard/Reference 
International Building Code IBC2018  
Minimum Design Loads ASCE7-16  
Steel Structure Design AISC360-16  
2016 Colorado Design Snow Loads 

 

Units: 

The following is a list of the units used in this study. 
 

Item Units 
Length in. (inches), ft. (foot) , mm(millimeter) 
Mass lb. (Pound) 
Force lbf. (Pound Force), Kips (Kilo Pound 

Force) 
Moment Kip.in , Kip.ft 

 

Materials: 

In accordance with Chinese standard GB/T 700, space frames are made of hot-
rolled steel pipes that are Q235B-compliant. The table below displays the Q235B 
material's specifications. 
 

Item Chemical composition Yielding 
stress 

Ultimate 
stress 

Q235B C (0.1%); Mn(0.36%); Si(0.11%); P(0.02%); S(0.021%) 32.6 Ksi 55.8 Ksi 
 
Bolts are made of hot-dip galvanized iron, grade B carbon steel, with a 120ksi ultimate 
stress. Double PVC-coated polyester and transparent PVC are used to make the roof 
covering. Base plate yield strength is 32.6 ksi. 
 

Modeling 

Risa 3d software was used to model the structure. Pinched frames were used to 
simulate the space frames, while zero-stiffness shell components were used to 
model the roof covering. The shell components are not supposed to have a 
structural response. 
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Materials Modeling 

 

Section Size Modeling 
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Dead Load 

Dead loads comprise the weight of the roof cover and the frames. The software 
model automatically takes the weight of the framing into account. The roof cover is 
evenly distributed across the shells in the direction of gravity. 
 

Snow Load 

IBC-2018 Figure 1608.2 specifies the ground snow loads Pg for the 50-year mean 
recurrence interval (MRI). The 2016 Colorado Design Snow Loads provide more 
specific information on the ground snow loads. With reference to Figure 1.1.b, K is 
calculated to be equal to 18. 

 

 

The ground snow load is calculated using the equation below, where A represents 
altitude in thousands of feet, and K is taken directly from the map. 
 

𝑃𝑔 = max ൬
𝑘

100
𝑥𝐴ଷ, 25൰ 

k = 18 
A = 8945 feet 

Pg = maxቀ
ଵ଼

ଵ଴଴
𝑥8.945ଷ, 25ቁ = 128.7 𝑝𝑠𝑓 = 6.17 

௞ே

௠మ 

Figure 3 parameter map for calculating ground snow loads in North Central Colorado 
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Sections 7.3 to 7-6 of ASCE7-16 include the guidelines for calculating snow loads on 
structures. Snow loading may be classified into two categories: balanced and 
unbalanced, as shown in Figure 7.4-2 ASCE7-16. 
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The category of C for surface roughness and a fully exposed roof were taken into 
consideration while determining the Ce factor. The exposure factor is therefore 
equal to 0.9., the thermal factor, Ct, was set to 1.2 for the worst circumstances of 
the dome when it is not occupied and unheated. The structure's importance factor 
equals one for risk category II. Snow loads were applied directly to framing 
members as linear loads as shown in the figures below. 

 

Figure 4 Balanced snow load 
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Figure 5 Unbalanced snow load 

Wind Load 

Due to the geometrical shape of the dome and the nature of the required load 
combinations in the ASCE 7-16, wind loads were not considered to check the local 
strength of the dome’s structure, as balanced and unbalanced snow loads would 
control this check. However, wind loads were considered in checking the global 
stability of the dome using global calculations. 

Load Combinations 

LRFD load combinations were used to perform this analysis. These combinations 
are summarized in the table below: 

Load Case 
Dead Load 

Balanced Snow 
Load 

Unbalanced Snow 
Load Load Combinations 

Deflection 1 1 - - 
Deflection 2 - 1 - 
Deflection 3 - - 1 
Deflection 4 1 1 - 
Deflection 5 1 - 1 
IBC 16-1 1.4 - - 
IBC 16-3 (c) 1.2 1.6 - 
IBC 16-3 (c) 1.2 - 1.6 
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Analysis Results 

Each frame's portion is Pipe48x3.5mm and has the following properties. 
 

 
 

The frame design and verification followed the AISC360-16 standard. The figures 
below display the label of the frames and their respective D/C ratios. 

 

Figure 6 Framing member labels 
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Figure 7 Envelope bending code check 
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Figure 8 Envelope shear code check 
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Figure 9 Envelope deflection code check 
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Frames Connection 

The connection between frames is conducted using screw bolts as shown in the below 
figures. 
 

 

Figure 10 Typical pin connection 

The maximum shear force acting on the crucial bolt was found from the analysis to be 
29 kips due to circumferential tensile stress. Section J3.6 of AISC360-16 states that 
the shear strength of bolts is determined as follows.  

𝛷𝑉௡ =  𝛷. 𝐴௕ . 𝐹௡௩ 

𝐹௡௩ = 54 𝑘𝑠𝑖  

𝐴௕ =  
𝜋

4
𝑥(1.0")ଶ = 0.79 𝑖𝑛.ଶ 

𝛷𝑉௡ =  0.75 𝑥 42.66 𝑘𝑖𝑝𝑠 =  32 𝑘𝑖𝑝𝑠 > 29 𝑘𝑖𝑝𝑠 → 𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑜𝑟𝑦 
 

Base Plate Connection to Ground 

The support loads are transmitted to the ground using 20 base plates. The dimensions 
of the figure are provided below. 
 

 

Figure 11 Baseplate dimensions and structural details 
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Ground Anchors 

The base plates are secured to the earth using duckbill earth anchors. Each base plate 
shall be anchored to the earth using four Duckbill anchors. Each anchor shall have an 
uplift force of at least 155 lbs. The working load capacity of Duckbill anchors in typical 
soils is displayed in the table below. 

 
Duckbill 
Model 

Recommended Working 
Load in Normal Soils 

Wire Rope 
Capacity 

Standard Installation 
Depth 

40 300 lbs 480 lbs 20 in 
68 1100 lbs 1700 lbs 30 in 

 

OPINIONS AND Recommendations: 

In our opinion and based on the analysis results presented in this report, framing members of 
the structure located directly below the peak unbalanced snow load were over-stressed in 
bending and as shown in figure 7. These members are located at nearly ±2.5 meters from the 
center of the dome. Below is a list of our recommended solutions for the over-stressed 
members: 

1) Keeping the structure heated when it is not occupied during a severe snow event so 
that the Thermal factor Ct can be kept close to 1.0. This would bring the D/C ratio to 
0.9 (max.) as shown in the figure 12. It is the building owner’s responsibility to satisfy 
this requirement. 
 

2) If the structure cannot be kept heated during a severe snow event, we recommend 
using a pipe size of O.D.= 48 mm and thickness = 4 mm directly under the peak 
unbalanced snow load which is located within a circle with a radius of ±2.5 m from 
the center of the dome. 
 

3) We recommend using a 1” Φ bolt with Fy = 54 ksi between all connected pipes of the 
dome. 

 
4) Per section 7.2 of the ASCE 7-16, the extreme value of snow load is based on a 2% 

annual probability of occurrence. Therefore, if the building owner wants to use the 
dome in an unheated condition, there is a 2% chance that the over-stress in dome 
members in figure 7 would occur. 
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Figure 12 D/C ratio of structure with Ct = 1.0 

 
If you have any questions or concerns regarding our findings, please contact us.  
 
Sincerely, 

 

Mustafa H.F. Alsaid, P.E. 

 

EXCLUSIONS & LIMITATIONS: 
Our analysis is valid for the day in which they were made. Current structural integrity does not ensure future structural integrity. We recommend 
ongoing monitoring of structures to note changes in stability and to assure continued safe occupation. A qualified engineer should be consulted for 
any/all foundation and structural framing questions. We encourage you to contact us to review our recommendations if questions arise and any 
resulting work needs to be performed by a qualified licensed contractor. Opinions stated in this report are subject to change if conditions, accessibility, 
or visibility from time of observation change or if additional information becomes available for consideration. 
 
Use of this inspection report shall constitute acceptance of and agreement to all Exclusions & Limitations and Terms and Conditions.  

Terms & Conditions: Our observations and findings are limited to work conducted and statements contained herein by LEI. Our findings are based on 
information provided to us at the time of our review. Structural information not accurately provided cannot be evaluated and therefore LEI does not 
predict or warrant future performance of any structures. LEI’s total liabilities are mutually agreed by all parties informed by this document to be limited 
to the fees charged. All objections to the terms and findings within this document must be made in writing within five days of the date of this report and 
if any objection is made, this report shall be null and void without LEI’s written approval for use. 


