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EXECUTIVE SUMMARY 

             
 





    






    
       
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           
             

 


Guest House 



               


      
 


 


              


             

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

Long Shed 

 
 
             
 

                


             


 

              


              


              


Chimes Tower 

          



   


             


             


 

 


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

1.0 OBJECTIVE AND SCOPE 




                 
 


            







 
      


 

 

 



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2.0 BUILDING DESCRIPTIONS  






Guest House 

               

                 

     
                 


      



   


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Figure 2.1: Guest House Layout Plan
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Photo 2.1: South Elevation of Guest House

 

Long Shed 


                
  
                     

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Figure 2.2: Long Shed Layout Plan

 

 

 

 

 

 

 

 

 

 

Photo 2.2: Garage and Entrance, Looking Southeast
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Photo 2.3: Long Shed As Seen From Courtyard, Looking Southwest
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

               


              
          

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Figure 2.3: Chimes Tower Floor Layout Plan 
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Photo 2.4: Southeast Elevation of the Chimes Tower
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2.1 Description of Existing Conditions 

             
 

Guest House 

 

            


 



 


             


Long Shed 

 
             
          


 
 


 

 

Chimes Tower 

              


 

 


           

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             
           
             


             


  



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3.0 ANALYSIS AND EVALUATION OF EXISTING STRUCTURES  

    
               

   
            




         


 


FEMA 356 

            
           


              
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Figure 3.1: Generalized Site Response Spectra 
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3.1 Analysis Methodology and Results  
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             


              


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Guest House 




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               

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



Figure 3.2: Guest House Floor Layout Plan 



            


         


              
             
              
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           
               
            
 
         

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Table 3.2: Guest House Shear Wall Seismic Evaluation Summary 






 
             
    
             


 
       
            


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Table 3.3: Guest House Diaphragm Seismic Evaluation Summary 



 

Long Shed 



               
                 



                 
















 

 

Figure 3.3: Long Shed Floor Layout Plan 
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


 


              


               
             
   


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



Table 3.4: Long Shed Shear Wall Seismic Evaluation Summary 



                 


 
       



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            




Table 3.5: Long Shed Diaphragm Evaluation Summary 

 

Chimes Tower 


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


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Figure 3.4: Chimes Tower Floor Layout Plan 



                
                


             



                 

              
                 
            

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Table 3.6: Chimes Tower Shear Wall Seismic Evaluation Summary 



   
             



      


              

  


Table 3.7: Chimes Tower Diaphragm Seismic Evaluation Summary 
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3.2 Summary of Analyses 

  
               
             


Guest House & Long Shed 

               


    


            


Chimes Tower 

             
              


 
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

3.3 Proposed Retrofit Strategy 
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Guest House 
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

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Guest House – Conceptual Seismic Rehabilitation Recommendation 
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Figure 3.5: Guest House – Conceptual Seismic Rehabilitation Recommendation 

Replacement of Hollow Clay Tile Walls with Shotcrete Walls

 

Long Shed 
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
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









DEATH VALLEY RANCH AUGUST 2009

PAGE n  394 CAREY & CO. INC. 






 

















 

 

 

 

 

Figure 3.6: Long Shed – Conceptual Seismic Rehabilitation Recommendation for Shear Walls 
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APPENDIX A – GUEST HOUSE EXISTING CONDITIONS 

Photo A.1: West Elevation of Guest House Photo A.2: Kitchen Area of Guest House

Photo A.3: Porch Area of Guest House Photo A.4: Post Detail at Porch, Guest House
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APPENDIX A – GUEST HOUSE EXISTING CONDITIONS (CONT’D.) 

Photo A.5: Loft Area of Guest House Photo A.6: Roof Truss Connection, Guest House



Photo A.7: Drop Panel, Guest House Photo A.8: Cracks in Basement Wall, Guest House
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APPENDIX B – LONG SHED EXISTING CONDITIONS 

Photo B.1: East Elevation of Motel Photo B.2: South Face of Motel



Photo B.3: North Face of Motel (1 of 2) Photo B.4: North Face of Motel (2 of 2)
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APPENDIX B – LONG SHED EXISTING CONDITIONS (CONT’D.) 

Photo B.5: Interior of Chicken Coop, Motel Photo B.6: Corridor at Motel

Photo B.7: Roof Framing, Garage Photo B.8: Partition Wall, Garage
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APPENDIX C – CHIMES TOWER EXISTING CONDITIONS 

Photo C.1: Second Floor Framing, Chimes Tower Photo C.2: Loose Tile at Finial, Chimes Tower

Photo C.3: Cracks in Columns at Chimes Tower Photo C.4: Cracks in Column at Chimes Tower
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1.0 Executive Summary 

This report presents the results of the preliminary seismic and structural evaluation of the Stable 
building at the Scotty’s Castle located at the Death Valley National Park in California.  
DeSimone Consulting Engineers, P.L.L.C., was retained by Carey & Company as part of a 
consultant team to prepare the Historic Structures Report for the National Park Services.  
DeSimone’s scope of work comprises evaluation of the Stables building, the Guest House, the 
Long Shed/ Motel and the Chimes Tower. This report describes our findings for the Stables 
building only.  A separate report will be issued for the Guest House, the Long Shed/ Motel and 
the Chimes Tower.  The seismic evaluation was performed in accordance with the guidelines 
contained in FEMA 356, “Prestandard and Commentary for the Seismic Rehabilitation of 
Buildings” published by the Federal Emergency Management Agency (FEMA), as well as in 
accordance with the Uniform Code for Building Conservation (UCBC).  The results of both 
analyses are presented in this report.

The Stable building consists of three attached structures: a stable, a shed, and a covered driveway 
that connects the two structures.  The original stable was built in 1920 as a stand-alone structure 
and was extensively remodeled in 1928.    In addition, in 1928 the other two structures were 
added, the shed and the covered driveway.  All three structures are one story tall.  The perimeter 
and interior walls are made of wood studs, metal lath and plaster except the shed building has 
concrete perimeter walls.    The roof framing comprises wood trusses with tile roofs.  The 
foundation system comprises strip and spread footings.

Two levels of analyses were performed to evaluate the structures: 1) FEMA 356 guidelines; and 
2) UCBC 1997.  Linear Static Procedures as defined in FEMA 356 were used to perform the 
structural evaluation of the structures.  The evaluation criteria were based upon the Basic Safety 
Earthquake 1 (BSE-1), which represents an earthquake having a 10% probability of exceedance 
in 50 years (475 years return period).  The corresponding performance objective was selected to 
be “Collapse Prevention”.  A similar linear static procedure, as modified by the CBC, was used to 
evaluate the structures for conformance with the UCBC.  The UCBC analyses performed are for 
comparison purposes only and the final strengthening recommendations are based upon FEMA 
356.

The building structures were evaluated based upon the information obtained from the existing 
drawings and information gathered during a field visit conducted by DeSimone personnel.  No 
destructive or non-destructive testing was performed to establish properties of the existing 
building materials.  No selective demolition or attempt to uncover hidden elements was made to 
establish configuration of structural components.

Based upon the observation and analyses, the gravity framing in the structures appear to be in 
good conditions and adequate to support gravity loads.  However, the building structures do not 
have adequate lateral load resisting capacity.  To mitigate these issues, and to improve the 
building’s performance to meet the stated performance objective, following mitigation measures 
are proposed.
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1. To increase the lateral load resisting capacity of the structure, strengthen existing 
metal lath and plaster shear walls by adding plywood shear panel at selected 
locations.

2. Strengthen existing wood roof diaphragm for the shed and the covered driveway 
structures by adding plywood sheathing at the underside of the truss.

3. Provide positive anchorage of concrete walls to the wood roof diaphragm for the 
shed building for out-of-plane loads. 

4. Repair hairline plaster cracks in the perimeter walls to minimize moisture 
penetration into the structure. 
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Figure 2.1:  Floor Layout Plan

2.0 Building Description 

Scotty’s Castle is located at the Death Valley National Park, California.  The Stable building 
consists of three attached structures: a stable, a shed, and a covered driveway that connects the 
two structures.  The original stable was built in 1920 as a stand-alone structure.    In 1928, 
extensive remodeling of the stable took place and new perimeter walls as well as new roof 
structures were constructed.  In addition, two new buildings were added namely, the shed and 
the covered driveway.  All three structures are one story tall.  Figure 2.1 shows the floor plan of 
the building. 

The stable is a one-story wood structure that is rectangular in plan, measures 135 feet x 36 feet.  
The foundation system  consists of concrete continuous and spread footings.  The perimeter walls 
are made of wood studs with metal lath and plaster.  The roof framing comprises wood trusses 
with metal tension rods, rafters, and diagonal sheathing.  Interior partitions appear to be of the 
same construction as the perimeter walls.  The bathroom and the storage area to the west of the 
stable appear to be an addition after the major remodeling of the stable, and were not 
documented on the drawings from 1928.  This area measures 17 feet x 19 feet, and appears to 
have wood stud walls similar to the rest of the stable.  The roof framing comprsies wood rafters 
and straight sheathing. 
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The shed, similar to the stable, is also a one-story structure rectangular in plan, and it measures 
100 feet x 36 feet.  The perimeter walls are concrete, with large arches on the south wall that 
opens to the courtyard.  The roof framing is also similar to that of the stable.  Unlike the stable, 
there are no interior partitions in the shed.

The covered driveway connects the stable and the shed.  The arches, found on the east and west 
faces, are framed from studs with metal lath and plaster.  The roof framing comprises of very 
simple trusses with wood and metal rod, ornamental diagonal blocking, and straight sheathing.

Photo 2.1 shows the west elevation of the stable building, and photo 2.2 was taken in the open 
courtyard showing relative locations of the structures.

Photo 2.1:  West Elevation of Stable Building
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2.1    Description of Existing Conditions 

Based upon the visual survey conducted by DeSimone personnel, the condition of the existing 
structural elements is described as follows: 

1. The structures appear to be in good condition overall.  The gravity framing of the 
structures, where exposed, is found to be in good condition.  Member sizes and 
connections of roof trusses appear appropriate and adequate for their respective 
loading.

2. There was no sign of major damage of the structures.  There are, however, some 
cracks on the exterior plaster of the structures, mostly around windows and under 
the tile roof.

Photo 2.2: Left to right: shed, driveway, and stable.  Photo 
taken in open courtyard looking east.
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3. Analysis and Evaluation of the Existing Structures 

Linear static procedures were used to perform analyses and evaluations of the existing structures.   
The structures were modeled based upon the information obtained from the existing drawings 
and during the site visit by DeSimone personnel.  No destructive or non-destructive testing was 
performed to establish properties of the existing building materials.  No selective demolition or 
attempt to uncover hidden elements was made to establish configuration of structural 
components.

The analyses were performed based upon two independent criteria:

1. Federal Emergency Management Agency, Prestandard and Commentary for the Seismic 
Rehabilitation of Buildings, ASCE/FEMA 356, November 2000. 

2. International Code of Building Officials, Uniform Code for Building Conservation (UCBC),
1997.

The FEMA 356 guidelines are based upon “expected strength” level design associated with 
spectral level seismic acceleration.  The demand-capacity ratio of each structural component is 
computed and compared with an expected ductility factor m.  The expected ductility factor m is 
provided in form of tables in the FEMA 356 guidelines and is based upon component testing as 
well as historical data.  The response spectra are generated based upon national seismic hazard 
maps prepared by USGS by the specific location of the structure given by zip code or longitude 
and latitude. 

The selected FEMA 356 evaluation criteria was based upon the Basic Safety Earthquake 1 (BSE-
1) that represents 10% probability of exceedance in 50 years (475 years return period).  The 
corresponding performance objective was selected to be “Collapse Prevention”.  This criterion is 
similar to the State Historic Building Code and in accordance with the Secretary of Interior 
Standards of Historic Preservation.  Response spectra were computed based upon FEMA 356 
guidelines.  Two response spectra were obtained, one for the BSE-1 (10% in 50 years event, also 
called the Design Basis Earthquake, or DBE) and one for the BSE-2 (2% in 50 years event, also 
called the Maximum Credible Earthquake, or MCE) for comparison only.   Figure 3.1 shows the 
generalized site response spectra for the BSE-1 and BSE-2 seismic events. 
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The UCBC requirements, as modified by the CBC, are based upon “allowable strength design” 
and reduced response spectra.  The response spectra are reduced by an overall reduction factor 
(R) to account for structure’s inelastic behavior and expected global ductility.   The UCBC level 
of analysis is provided in this report for comparison purposes only.  The structural evaluation and 
strengthening recommendations are based upon FEMA 356 criteria.

3.1 Analysis Methodology and Results 

Linear Static Procedures were used for the analyses.  All interior and exterior building walls that 
qualify to act as shear walls (based upon their aspect ratio according to FEMA 356) were 
considered to resist the earthquake forces.

The structural periods, total building weights, and base shears of each of the structures are 
presented in Table 3.1 below.

Figure 3.1   Generalized Site Response Spectra
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Table 3.1.  Summary of Structures’ Dynamic Characteristics

The demand forces in the shear walls and roof diaphragms were computed and compared with 
corresponding allowable values according to the FEMA 356 and UCBC guidelines.  The 
knowledge factor, •, as defined in FEMA 356, is taken to be 1.0 based upon the information 
available for the analyses and an engineering judgment from our extensive experience on similar 
constructions.

The evaluation is based upon the demand-capacity ratios (DCR).  For FEMA 356 evaluation, 
the element capacity is multiplied by the corresponding m factor to obtain a corresponding DCR.
DCR of less than 1.0 indicates that the element capacity is larger than the demand and 
therefore, the element strength is adequate.  DCR larger than 1.0 indicates that the element does 
not have adequate strength to resist the demand loads, and therefore requires strengthening.

Figure 3.2 show the building floor plan with grid line for easy reference.

Figure 3.2:  Floor Plan
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The evaluation summary of shear walls is presented in Table 3.2.  The Table shows that for the 
UCBC analysis, all walls in east-west and north-south directions have adequate lateral load 
resisting capacity.  The DCR ranges from 0.03 to 0.75.

Table 3.2:  Shear Wall Evaluation Summary

For FEMA 356 analysis, in the east-west direction, all shear walls except the wall on grid line 3 
have adequate strength to resist the applied loads.  The shear wall on grid line 3 has a DCR of 
1.64 and therefore, has inadequate strength to resist the lateral loads.  In the north-south 
direction the walls on grid lines A2, C, E2 and F do not have adequate strength to resist lateral 
loads.  The DCR for these walls ranges from 1.23 to 2.25.  All other walls have DCR ratio less 
than 1.0 and therefore, have adequate lateral load resisting capacity.

Table 3.3 presents a summary of the roof diaphragm evaluation.  The roof diaphragm over the 
shed building is found to be inadequate based upon both the UCBC and the FEMA criteria.
The diaphragm for the covered driveway is also found to be inadequate to transfer earthquake 
forces in the east-west direction.  The diaphragm for the stable is found to be satisfactory due to 
their relatively short spans.
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Table 3.3:  Diaphragm Evaluation Summary

3.3 Summary of Findings and Proposed Retrofit Strategy 

Based upon the analysis results presented in this section, the shear walls and the diaphragms in 
the stable building do not have sufficient strength to conform to the stated performance 
objective.  The performance objective was defined earlier in this section, and comprises a BSE-1 
earthquake (10% in 50 years event) and Collapse Prevention performance.  The following is a 
summary of the findings. 

1. Existing wood stud and lath and plaster shear walls at the stable and the covered 
driveway do not have adequate shear capacity to resist lateral loads. 

2. The shed and the covered driveway roof diaphragms are found to have 
inadequate shear capacity to resist the lateral loads.

3. The wall to roof diaphragm anchorage for in-plane forces does not appear to be 
adequate in all of the three structures.  In addition, out of plane wall to 
diaphragm anchorage for the shed building is not adequate to resist the wall out -
of-plane loads. 
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To mitigate these issues and to improve the building performance in order to meet the stated 
performance objective, following measures are proposed.  Figure 3.3 presents the conceptual 
retrofit strategy. 

1. To strengthen shear walls, remove plaster on lath on selected walls and add ½” 
plywood sheathing to increase the shear capacity of the walls.  Once the addition 
is made plaster can be applied to the plywood to match existing architecture.

2.  To increase diaphragm capacity, add ½” plywood at the bottom of roof trusses.  
This method eliminates the need of removing the tiles on the roof and thus 
retains the original architecture.

3. Provide positive in-plane and out-of-plane wall to roof diaphragm anchorage. 

Strengthen
Diaphragm (typ.)

Figure 3.3:  Conceptual Seismic Rehabilitation Recommendation 

New plywood
shear wall, 8 ft. 
length, (Typ) 
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The following drawings are part of this report to document the existing condition of the 
structures.

S8.1: Roof Framing Plan of Existing Condition 

S8.2: Roof Framing Plan of Existing Condition 

S8.3: Elevations and Details of Existing Condition 
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5. Photographs of Existing Conditions 

Photo-1:  North Face of Stable Photo-2:  South Face of Stable 

Photo-3: Crack around Window, Stable Photo-4:  Roof Framing in Stable 



PAGE n 439CAREY & CO. INC. 

AUGUST 2009 DEATH VALLEY RANCH

Scotty’s Castle 
Preliminary Seismic Evaluation 
Stable Building  
Page 15 of 16 

F:\F Projects\2001\21124 Scottys\Project Archive Files\Stables\Stable HSR\Draft\Stables structural\Structural-Stable-
Report.doc

DESIMONE
CONSULTING ENGINEERS

Photo 5: Roof Truss End Configuration, Stable 

Photo-7:  Roof Framing, Covered Driveway 

Photo 6: Roof Truss Connection, Stable 

Photo-8: South Wall of Shed 
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Photo-9:  North Wall of Shed 

Photo-11: Damaged Tiles, Shed

Photo-10: Crack under Roof, Shed 

Photo-12: Roof Trusses and Framing, Shed 














