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November 16, 2012 Project Number 212-306 
 
Ms. Val Agostino 
Vice President 
Mercy Housing California 
1360 Mission Street, Suite 300 
San Francisco, CA 94103 
 
Tel: (415) 355-7117, email: dwade@mercyhousing.org 
 
 
Midtown Apartments, 1415 Scott Street, San Francisco, CA - PML 
 
Dear Ms. Agostino, 

At your request we have performed a structural Probable Maximum Loss (PML) Evaluation of the subject 
property.  For our evaluation we were provided with a set of available construction, architectural and 
structural drawings for the property and we also performed a walk-through observation on October 16, 2012. 

The Midtown Apartment building complex is located at 1415 Scott Street, San Francisco and occupies a 
city block bounded by Scott Street, O’Farrell Street, Divisadero Street and Geary Blvd.  The complex 
consists of six buildings denoted 1 through 6 in the Pyatok feasibility study dated November 2012.  All the 
buildings contain four floors of multi-family housing above a single level of parking.  Buildings 2 & 3 and 5 & 6 are 
connected at the parking garage which is continuous between the two pairs of buildings.  The parking garages 
below each building are typically either at or partially below grade. 

The buildings overall appearance is in good condition with no signs of significant deterioration of the existing 
structure, except as described below.  However, we understand that there have been some cracks in the 
buildings finishes reported by the Management, which have been patched and not visible at the time of our 
observation.  We are not aware of any mandatory code requirements for seismic retrofit work to the 
buildings. 

1. Building Description 

1.1. Our evaluation is based on a review of the original structural documents created for the construction 
of the property in 1962 by Skidmore, Owings and Merrill and on the walk-through observation noted 
above.  The apartment complex consists of six five-story buildings with identical gravity and seismic 
load-resisting systems.  Building 1 (labeled as Building F on the 1962 drawings) has a dimension of 
64’x152’ and the other five buildings (labeled A thru E) have dimensions of 64’x115’. 

1.2. In the following property description the first residential level above the garages is noted as the first 
floor, with the floors above noted as the second, third and fourth floors.  This is consistent with the 
original building drawings. 

1.3. At the first floor above the garages, the buildings are constructed with 3” reinforced concrete slabs 
over 5½”x12” concrete pan joists at 3’-0” on center supported by concrete girders and columns.  The 
second, third and fourth floors are constructed with 11/8” T&G plywood over 2x12 wood joists 
supported by steel girders and columns.  At the third floor there is a layer of 15/8” unreinforced non-



MURPHY BURR CURRY, INC. Probable Maximum Loss Evaluation Midtown Apartments 
1415 Scott Street, San Francisco, CA 

212-306 
November 16, 2012 

Page 2 

 

85 SECOND STREET • SUITE 501 • SAN FRANCISCO, CA 94105 • TEL: 415.546.0431 • FAX: 415.882.7257 

structural concrete topping (Elasticell) over 5/8” plywood.  The third floor level is the demising floor 
between the townhomes above and below this level.  The roof construction consists of concrete over 
metal deck on 2x10 wood joists.  The joists are supported by steel beams and columns.  

1.4. The floors and roof comprise the horizontal structural diaphragms spanning between a lateral system 
of solid single-bay concrete shear walls along each exterior elevation in both longitudinal and 
transverse directions. Each longitudinal elevation has two 10’-8” long bays of concrete walls while each 
transverse elevation has two 20’-9” long walls.   

1.5. During our site visit hairline diagonal cracks were observed at the base of some of the longitudinal 
shear walls.   

1.6. The lateral system also provides support for gravity loads in conjunction with interior reinforced 
concrete and steel columns as noted above.  The walls and columns are supported by reinforced 
concrete foundations.  The perimeter walls have grade beam-type footings and perimeter columns have 
pad footings connected by a continuous grade beam.  Most of the interior columns have isolated 
square pads.  Some interior columns have combined footings for two columns. 

1.7. The floors and roof have numerous openings for stairs, etc.  In addition, at the second and fourth 
levels, the floors above the balconies at the first and third floors are omitted to create a double-height 
space over the balconies.  At these locations the floors typically extend to the perimeter of the building 
only at the concrete shear walls, creating a discontinuity in the floor diaphragm.   

1.8. This condition occurs on one side of each building.  At the opposite side there are metal deck and 
concrete balconies at the end bays but there is no floor above the balconies in the middle three bays.  
The third floor has concrete and metal deck balconies on both sides of the buildings over the balconies 
below.   

1.9. From the available drawings it is not clear if the metal deck and concrete bays have a sufficient 
connection to the main floor structure to act as extensions to the wood diaphragms.  Since the floors 
and roof act as structural diaphragms that transfer seismic forces to the shear walls, the Probable 
Maximum Loss analysis has taken this into account. 

1.10. Based upon our research for the site using available United States Geological Survey (USGS) maps (see 
Appendix C), we assumed that the site is in an area of low liquefaction potential and that there is very 
low potential for landslide and no potential for surface rupture. 

2. Seismic Deficiencies 

2.1. It should be noted that while the buildings were originally designed to comply with the 1962 Uniform 
Building Code (UBC) for seismic resistance, it has a reasonably well detailed concrete shear wall lateral 
system.  The major elements found to be deficient are as follows: 

2.1.1. The shear walls do have confined boundary elements at each end and horizontal and vertical wall 
reinforcement that meets the minimum reinforcement quantity requirements.  However the 
confinement reinforcement size and spacing is inadequate and the wall flexural strength does not 
meet current code standards.   

2.1.2. The wall to diaphragm in-plane and out-of-plane anchorage at all the floors and roof is 
inadequate. 
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2.1.3. The diaphragm reinforcing at re-entrant corners and openings at the second and fourth floors is 
inadequate. 

2.1.4. There are insufficient collectors and cross-ties at the wood floors and roof. 

2.1.5. Diaphragm openings immediately adjacent to the shear walls are more than 25% of the wall 
length at the second and fourth floors. 

2.1.6. Non-bearing CMU partitions are not anchored at the top to the concrete slab at the garage floor. 

2.1.7. There are captive columns at the building’s exterior due to partial height CMU retaining walls. 

3. Probable Maximum Loss (PML) Evaluation 

3.1. The PML calculations are based upon a probability of exceedance of 10% in 50 years (475 year return 
period) for both the scenario upper loss (SUL) and scenario expected loss (SEL). The SUL represents 
the value that has a 90% confidence level that the damage will be less than the presented value.  The 
SEL represents the value that has a 50% confidence level that the damage will be less than the 
presented value.  The scenario was compiled using the commercially available software program ST 
Risk version 4.51 (see Appendix A), which is based on the Federal Emergency Management Agency 
Handbook for the Seismic Evaluation of Buildings; FEMA 310.   

3.2. To determine the average PML for the buildings which consist of one level of reinforced concrete 
construction (Building type C2(4B), Concrete Shear Walls with Stiff Diaphragms) and four levels of 
wood framing with concrete shear walls (Building type C2A(4B), Concrete Shear Walls with Flexible 
Diaphragms) we calculated separate PML values for the concrete parking level and for the upper four 
stories and combined the results in proportion to the ratio of the number of floors of each building 
type.  Since all buildings are constructed identically, the PML results presented are applicable to each 
building. 

3.3. PML values for the Midtown Apartments buildings as is:  

3.3.1. SUL = 27% 
SEL = 17% 

3.4. Upon further evaluation of the Retrofit Benefits to reduce the SUL PML value to below 20% we 
recommend the following: 

3.4.1. Retrofit connection of existing concrete walls to wood diaphragms at all floors and roof (tension 
and shear) to comply with 2010 California Building Code/ASCE 41-06 Seismic Rehabilitation of 
Existing Buildings. 

3.4.2. Correct the captive column deficiency by strengthening the columns with shotcrete or FRP 
(Fiber Reinforced Polymer) wrapping. 

3.4.3. Verify construction details for the floors and roof metal deck and concrete bays along the 
longitudinal exterior walls.  Provide necessary reinforcing for those bays and their connections to 
the floor/roof diaphragms as required to comply with 2010 California Building Code/ASCE 41-
06 Seismic Rehabilitation of Existing Buildings. 
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Appendix A 
 

ST Risk Methodology 
 
Probable Maximum Loss (PML) Calculation Procedures 

The PML was calculated using the ST Risk Program. The ST Risk programs combines well recognized 
seismic hazard procedures with structural engineering analysis to provide as complete a picture as possible in 
determining the PML number.  

The structural analysis module calculates a building’s expected loss for a given level of earthquake intensity. It 
combines the loss methodology originally developed by Karl Steinbrugge in his 1982 book Earthquakes, 
Volcanoes and Tsunamis (EV&T) with the structural evaluation procedures developed in the document 
FEMA 310: NEHRP Procedure for the Seismic Evaluation of Existing Structures. Since 1982, a substantial 
amount of reconnaissance data has been gathered from more recent events. This data has been used to adjust 
the original Steinbrugge loss functions. 

The Loss Methodology in the EV&T 

The loss methodology developed in EV&T estimates the loss expected for a class of buildings, given a 
prescribed level of earthquake damage in the surrounding area, called the Modified Mercalli Intensity (MMI). 
EV&T uses the term probable maximum loss to refer to the greatest monetary loss nine out of ten structures 
of a similar class will suffer when subjected to the maximum probable earthquake expected at the site. 

It is generally assumed that there is a 10% probability that an earthquake larger than the maximum probable 
largest stated earthquake will occur within 50 years. The PML is initially calculated based on an assumed 
MMI of IX. The PML can be “factored” to represent the level of loss in earthquakes of different intensities. 
The use of the term PML in ST-Risk is consistent with this methodology. When PML values are given for 
intensities other than IX, they relate to the factored PML as described on the EV&T.  EV&T’s methodology 
is a widely recognized standard in the industry. 

The FEMA 310 Methodology 

The FEMA 310 methodology evaluates the expected performance of an individual building based on 
structural characteristics specific to that building using the Modified FEMA 310 work sheet. It consists of a 
series of checklists, which a structural engineer uses to evaluate the potential life-safety risk to a building in a 
given seismic event. FEMA 310 is also accepted as an industry standard for identifying significant structural 
and non-structural deficiencies within a building. 

The St Risk Methodology 

ST-Risk combines the FEMA 310 and EV&T methodologies, striving to remain consistent with the 
philosophies of each. Specifically, ST Risk is faithful to the PML as defined on the EV&T, which represents a 
unique loss value for unique earthquake intensity. It then creates relationships, also consistent with EV&T, 
between PMLs and other intensities. This has the value of offering the user a look at the loss associated with 
earthquakes of various return periods instead of just the maximum probable event. The use of FEMA 310 as 
the basis by which to quantify loss modifiers is also consistent with the EV&T philosophy, which recognizes 
that loss is a function of the quality and presence of structural characteristics that resist seismic forces. 
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Appendix B 
PML Evaluation 

 
 
Contents 
 
PML summary for Existing Building type C2(4B)  
Concrete Shear Walls w/ Stiff Diaphragms (for garage portion of building) 

(pages 1 to 7) 

PML summary for Retrofit Building type C2(4B)  
Concrete Shear Walls w/ Stiff Diaphragms (for garage portion of building) 
 

(pages 1 to 5) 

PML summary for Existing Building type C2A(4B)  
Concrete Shear Walls w/ Flexible Diaphragms (for residential portion of building) 
 

(pages 1 to 7) 

PML summary for Retrofit Building type C2A(4B)  
Concrete Shear Walls w/ Flexible Diaphragms (for residential portion of building) 
 

(pages 1 to 5) 

 
 
Summary of PML Results for Building 
 
Building / Lateral System Type SUL (PML) SEL Retrofit SUL 

Concrete Shear Walls w/ Stiff Diaphragms 27% 17% 13% 
Concrete Shear Walls w/ Flexible Diaphragms 27% 18% 13% 

Average PML 27% 17% 13% 
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Appendix C 
San Francisco Landslide and Liquefaction Map 
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