
 

  
                       

                                                                                                                            

 
 

 
 

  
 

 
 

  
  

  
  

 

    

   

 
 

   
 

 

  

 
 

  
 

 
 

  

 

 

3.2 Structural – Garage Structure  

EXECUTIVE SUMMARY 

An ASCE 31 Tier 1 – Screening Phase has been conducted in order determine if any potential 
deficiencies exist in the structural lateral force resisting system for a Life Safety (LS) Seismic 
Performance Level. As outlined in the Summary of the ASCE Tier 1 – Screening Phase section 
of this report, several items have been deemed “non-compliant” and represent potential structural 
deficiencies thus requiring retrofit in the absence of additional study / analysis.  ASCE 31 Tier 1 
– Screening Phase is the standard of practice used to provide a rapid structural evaluation in 
order to quickly identify potential deficiencies.  Therefore, direct retrofit from this evaluation 
could be overly conservative.  By conducting a more detailed evaluation through the ASCE 31 
Tier 2 – Evaluation Phase (which is beyond the scope of this report), it may be possible that 
additional analysis may mitigate some of the ASCE 31 Tier 1 deficiencies listed in this report.  
Although we cannot guarantee this additional study / analysis will eliminate the retrofit 
requirements, given the extensive nature of the retrofit items, we would strongly recommend that 
the additional study and analysis be conducted. 

SCOPE OF STUDY 

The overall purpose of this evaluation is to investigate and identify inherent weaknesses in the 
design of the structure and any components of the structure.  The evaluation will be completed 
per the guidelines of the ASCE 31-03 Seismic Evaluation of Existing Buildings (ASCE 31) Tier 
1 Screening Phase in order to determine whether the building’s lateral force resisting system 
meets the Life Safety (LS) Seismic Performance Level. ASCE 31 has evolved from and is 
intended to replace the Handbook for Seismic Evaluation of Buildings-a Prestandard (FEMA 
310). ASCE 31 is a standard that provides a three-tiered process for seismic evaluation of 
existing buildings in any level of seismicity.  The Tier 1 Screening Phase is intended to be a 
rapid seismic investigation of the structural elements of the building with the purpose of 
screening out buildings that comply with the provisions of this standard or to quickly identify 
potential deficiencies.  The Tier 2 Evaluation Phase (which is beyond the scope of this report) is 
intended to further investigate potential deficiencies identified in the Tier 1 Screening Phase. 
The Tier 3 Detailed Evaluation Phase is also beyond the scope of this report.   

For this report, the scope of services includes: 
1.	 Review of original parking structure drawings prepared by Leo A Daly Company from 

1963 and parking structure modification drawings prepared by Dreyfuss & Blackford 
(structural drawings by Buehler & Buehler Structural Engineers, Inc.) from 1990.  

2.	 Site visit (February 10, 2009) to establish the general conditions of the buildings and to 
verify the information on the drawings.  This was not a detailed inspection to verify that 
every structural element was built as shown on the drawings or to identify parts of the 
structure which may have been damaged. 

3.	 Review of applicable ASCE 31 Tier 1 Checklist including supporting Tier 1 calculations 
where required. 
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GENERAL BUILDING DESCRIPTION 

The subject building is a three-story parking structure which currently serves the BOE building 
located at 450 N Street in Sacramento, California.  The original parking structure was designed 
by Leo A Daly Company in 1963.  The lateral force resisting system consisted of concrete slab 
diaphragm that spanned to precast concrete shear walls.  In 1990 the structure was modified in 
order to fit the current BOE building tower.  These modifications involved the demolition of an 
‘L’ shaped portion of the garage in the North-East corner.  New shotcrete shear walls were added 
at gridlines D and 7 in order to replace the old precast shear walls that were removed from 
gridlines D 2/3 and 10 2/3.  Also the existing precast shear walls along gridline B and the cast-in­
place shear walls at gridline 5 were strengthened.  

EVALUATION CRITERIA & SCOPE 

Based on the seismicity of the site (SDS = 0.528g and SD1 = 0.313g per 2002 USGS data), the 
building is defined as being in a “high” level of seismicity per ASCE 31 Table 2-1.  Therefore, 
ASCE 31 (per Table 3-2) requires the following checklists to be completed for a “high” level of 
seismicity and “Life Safety” level of performance: 

• Basic Structural 
• Supplemental Structural 
• Geologic Site Hazard and Foundation 
• Basic Nonstructural 
• Intermediate Nonstructural 

The documents used to conduct this work include original structural drawings from 1963 and the 
modification drawings from 1990.  In general, these drawings formed the basis for the 
evaluations conducted. The drawings contained general framing information (i.e., framing 
layout, beam sizes, etc.) about the existing building.  A preliminary site visit was also conducted 
to observe the condition of the existing building. At the time of the visit, access was available to 
roof, 3rd floor and 2nd floors. Above the ceiling access was not possible on the ground floor 
which currently contains office spaces, a day care facility, a café...etc.   

The current lateral force resisting system consists of shotcrete shear walls, strengthened cast-in­
place shear walls, and strengthened precast shear walls.  Therefore, we have reviewed both the 
Building Type C2 (Concrete Shear Walls with Stiff Diaphragms) and the Building Type PC1A 
(Precast/Tilt-Up Concrete Shear Walls with Stiff Diaphragms) Tier 1 checklists.  It is important 
to note that this structure exceeds the story limitations for a Building Type PC1A set in ASCE 31 
Table 3-3 and a full Tier 2 analysis would be required.  As a courtesy, we have reviewed the 
PC1A Tier 1 checklist for reference.    

From the described applicable checklists, several issues were identified as non-compliant (NC). 
For reference, the structural checklists are included in Appendix A of this report.  Supporting 
structural calculations required for certain Tier 1 “quick checks” are included in Appendix B. 
The non-compliant issues are summarized and discussed below.  
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SUMMARY OF ASCE 31-03 TIER 1 SCREENING PHASE 

The Tier 1 screening phase identified the structural items below as “non-compliant”, thus 
requiring further investigation and/or more rigorous calculations (which are beyond the scope of 
this report) in order to determine if the structure is compliant. 

Tier 1 Basic Structural Checklist Building Type C2:  
•	 Mezzanines – the mechanical mezzanines are not braced independently from the main 

structure. 
•	 Concrete Wall Cracks – minor wall cracks were observed during our site visit.  These 

cracks were less than the ASCE 31 allowed 1/8” for Life Safety; however, in a few 
locations the cracks were in a ‘X’ pattern. 
• Shear Stress Check – the Line 7 and Line 5 shear walls at the 2nd and 1st stories and 

the line D and B shear walls at the 1st story do not comply with the Tier 1 quick check 
stresses limitations.  
•	 Reinforcing Steel – the line 5 shear wall horizontal steel does not meet the Tier 1 

minimum requirement. 

Tier 1 Supplemental Structural Checklist Building Type C2: 
•	 Deflection Compatibility – the Secondary components do not have the shear capacity 

to develop the flexural strength of the components.   
•	 Openings at Shear Walls – the line 5 shear wall is directly adjacent to the ramp and is 

therefore non-compliant 
•	 Uplift at Pile Caps – the original drawings do not indicate top reinforcing in the pile 

cap. 

As previously noted, a full ASCE 31 Tier 2 analysis would be required in order to evaluate the 
structural precast elements (Building Type PC1A).  As a courtesy, the Tier 1 evaluation was 
conducted for reference and in addition to the deficient items noted above, the Girder/Column 
Connection would be deemed non-compliant since there is no positive connection between the 
girder and column.   

The above listed ASCE 31 Tier 1 deficiencies will require retrofit in the absence of additional 
study / analysis which is beyond the scope of this report.  An ASCE 31 Tier 2 or Tier 3 
evaluation may be conducted to determine if the deficiency can be resolved by further analysis or 
if retrofit will be required 

ITEMS REQUIRING ADDITIONAL STUDY AND POTENTIAL SEISMIC RETROFIT 

Geologic Site Hazards and Foundation Systems 
At the time of this report, no geotechnical report was available.  During the ASCE 31 analysis, 
no calculations were required that necessitated assumptions for the bearing capacity of the 
existing soil conditions.  For determination of the site seismicity, a site class D was assumed as 
allowed by both ASCE 31 and 2007 CBC.   
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For the ASCE 31 evaluation to be complete, a licensed geotechnical engineer will be required to 
evaluate the site for the conditions listed in the Geologic Site Hazards and Foundations checklist.  
In particular, the potential geologic site hazards such as liquefaction, slope failure, and surface 
fault rupture must be identified.  A complete Tier 1 checklist has been attached in Appendix C 
for reference only. 

Nonstructural Systems and Components 
A more thorough evaluation of nonstructural systems (such as M/E/P equipment, piping, 
fixtures, etc.) and other nonstructural components (such as furnishings, ceilings, partitions, 
cladding, stairs, canopies, etc.) will need to be conducted.  The appropriately licensed 
professionals will need to participate in evaluating the existing systems for compliance with the 
Tier 1 checklist attached in Appendix C for reference only. 

LIMITATIONS 

The services of Buehler and Buehler performed for this project have been provided at a level that 
is consistent with the general level of skill and care ordinarily provided by engineers practicing 
in structural engineering.  Work is necessarily done under the constraints of time and budget.  
Conclusions and information presented in this report are dependent on information provided by 
others. Conditions that are currently unseen which are exposed during construction may require 
changes to the conclusions presented here.  While skill and care have been used to develop these 
findings, conclusions, and recommendations, no prediction, level of confidence, or guarantee of 
future performance of this structure is provided.  No warranty is expressed or implied. 

Prepared by Buehler & Buehler Structural Engineers, Inc. 
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APPENDIX A
 
ASCE 31 TIER 1 CHECKLIST
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ASCE 31 TIER 1 CALCULATIONS
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BOE INFRASTRUCTURE STUDY – PARKING GARAGE STRUCTURE
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APPENDIX C 
ASCE 31 TIER 1 GEOLOGIC SITE HAZARDS AND FOUNDATIONS CHECKLIST 

AND NON-STRUCTURAL CHECKLISTS (FOR REFERENCE ONLY) 
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