
 

 

SEISMIC RETROFIT STUDY 

 

 

Santa Barbara Police Station  
Santa Barbara, CA 

 
 

 

 
 

 

 

PREPARED FOR 

 

Santa Barbara Department of Public Works 

Santa Barbara, California 

 

 

 

Project No. 10303 September, 2010 

 



Santa Barbara Police Station Seismic Retrofit Study 

 

Coffman Engineers, Inc. 1 Job No. 10303 
 

 

 

 

 

 

 

 

 

 TABLE OF CONTENTS  

I EXECUTIVE SUMMARY ………………………………………………………….. 2 

II INTRODUCTION AND SCOPES ...………………………………………………….. 4 

III METHODOLOGY AND RESULTS………………………………………………….. 10 

IV ADDITIONAL RETROFIT CONSIDERATIONS AND ACTIONS……………………….. 14 

V ESTIMATED RETROFIT COST ANALYSIS………………...……………………….. 16 

VI CONCLUSIONS AND RECOMMENDATIONS……………………………………….. 17 

VII LIMITATIONS & EXCLUSIONS……………………………………………………. 17 

VIII CONTACTS………………………………………………………………………. 18 

IX REFERENCES…………………………………………………………………….. 18 

X APPENDICES  

 A SEISMIC HAZARD ANALYSIS…………………………………….. 20 

 B DESIGN LOADING CRITERIA…………………………………….. 25 

 C MATERIAL TESTING REPORT……………………………………. 28 

 D GEOTECHNICAL REPORT………………………………………… 30 

 E LDP ANALYSIS – ETABS MODEL………………………………. 31 

 F NSP ANALYSIS – PERFORM 3D MODEL…………………………. 43 

 G MISC CALCULATIONS…………………………………………... 69 

 H ESTIMATED RETROFIT COST ANALYSIS (2 SCHEMES)......………. 82 

 I PROPOSED RETROFIT SCHEMATIC DRAWINGS…………………...  



Santa Barbara Police Station Seismic Retrofit Study 

 

Coffman Engineers, Inc. 2 Job No. 10303 
 

I – EXECUTIVE SUMMARY 
 

This report has been prepared in accordance with an agreement between Coffman Engineers, Inc. 

and Santa Barbara Department of Public Works.  The report pertains only to the Santa Barbara 

Police Station located at 215 East Figueroa Street, Santa Barbara, California. 

 

The Santa Barbara Police Station building was designed and constructed around 1959. It is 

located within one mile of the North Channel Slope Fault and two miles from the Arroyo Parida 

Fault.  The potential ground motion (seismic hazard) for this site is significant and the proximity 

of known active faults is very close.  The site observations and our review of the design drawings 

and analysis indicate that the existing building has deficiencies that could result in poor seismic 

performance during a design earthquake event. 

 

Performance Based Rehabilitation methodology following ASCE41-06 was used as a guideline 

for the evaluation and retrofit of the structure.  As a first step in the evaluation of the building, 

the Demand Capacity Ratios (DCRs) of individual wall elements under linear elastic dynamic 

loads (MCE & 2/3MCE response spectra) was checked by using an ETABS 3D computer model. 

The final results show that many wall piers and spandrels are flagged with shear / flexural DCRs 

greater than 1.  Numerous existing concrete elements (piers and spandrels) have DCRs greater 

than 2.  The basement 10” wall piers along Grid 6 (East Elevation) and spandrels along Grid-F 

(interior 3-story walls) are severely overstressed in shear and flexure at the 2/3MCE seismic 

hazard level (475 year reoccurrence).  

 

A non-linear static analysis (NSP) was performed to better characterize the behavior of the 

structure and to achieve selected seismic performance objectives for specific seismic hazards.  

Nonlinear PERFORM 3D models were created in compliance with ASCE41-06 standards. The 

nonlinear pushover analytical results, from the existing building computer model, show that the 

basement wall piers along Grids 1, 2 and 6 (Y-direction, N/S orientation) exhibit shear failure at 

the Life Safety (LS) performance level at 2/3 MCE (475 year) before achieving the target roof 

displacement.  Also, the existing building does not develop enough base shear along Y-direction 

when the shear failure occurs.  The pushover curve in the Y-direction shows significant strength 

and stiffness degradation before a reasonable base shear is developed. Along X-direction (E/W 

orientation) Grid F three basement 10’’ spandrels fail in shear (at LS performance) before the 

target displacement. 

 

Implementation of a cost-effective retrofit scheme was based on extensive and iterative nonlinear 

pushover analysis.  We proposed an innovative multifaceted retrofit scheme that includes 

shotcrete walls (pneumatically applied concrete) and FRP (Fiber Reinforced Polymers) laminates 

to strengthen the structure and provide increased ductility. The final nonlinear pushover 

analytical result shows that the retrofitted building would achieve the LS performance objective 

and come close to the Immediate Occupancy (IO) performance objective at 2/3 MCE event.   

 

In addition to the proposed retrofit scheme, a number of issues need to be addressed to provide 

satisfactory seismic performance including; 1. Out-of-plane anchorage of third floor walls to roof 
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diaphragm. 2. Strengthening concrete columns for deformation compatibility and ductility.  3. 

Diaphragm strengthening for load path to new shear walls.  4.  Heavy suspended plaster ceiling 

removal.   

 

Overall, the seismic rehabilitation measures required, when considered alone, are 

straightforward, reasonable and relatively cost efficient.  However, when handicap accessibility, 

asbestos removal, replacement of antiqued MEP systems and architectural finishes, and 

temporary relocation of essential police services are considered the cost and complexity of this 

proposed rehabilitation increases dramatically.  Nonstructural work is likely to make up the 

majority of work required to complete the proposed seismic retrofit. 

 

Alternative Scheme: 

 

One alternate option was investigated during this study.  The rear (northerly) two-story portion 

of the existing police station could be torn down and replaced by a modern structure separated by 

a seismic separation joint.  The remaining (southerly) three-story structure would require a 

significant seismic retrofit to meet the Life Safety performance criteria of ASCE41 for the 

2/3MCE (475 year) seismic hazard.  Additional shear walls would be required at the Basement 

Level on the east and west elevation.  On the east elevation the existing mechanical room has 

three openings where at least one will need to be in filled.  The north elevation would require 

strengthening of the spandrel beams.  The roof diaphragm will need strengthening along with 

remediation of the out-of-plane anchorage of roof framing to the existing concrete walls. 
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II – INTRODUCTION AND SCOPE 
 

 

As-Built Existing Building Structural Description 

 

The Santa Barbara Police Station building located at 215 East Figueroa Street was designed and 

constructed around 1959.  The building footprint is 89 feet by 144 feet in the largest dimensions. 

There are three stories at the southern elevation and two stories at the northern elevation.  The 

total floor area of the building is approximately 27,000 square feet.  The 1
st
 and 2

nd
 floors are a 

concrete pan-joist system including a 4½ inch thick slab and 18½ inch deep joists.  The high roof 

over the southern street entry consists of steel and wood frame with a tile roof.  From the south 

street entrance the building has one story partially below grade (Basement Level).  The west 

elevation also has the Basement Level partially below grade.  The east elevation starts at the 

south partially below grade and daylights out completely moving north to the garage openings. 

 

The structure is a concrete structure with interior and exterior perforated shear walls.  The 

thickness of walls at Basement Level is 10 inches, and 8 inches at the first floor and above.  On 

the first floor, there are several discontinuous shear walls (interior) supported by the concrete 

girders and concrete columns.  The columns are founded on conventional spread, concrete 

footings.  The typical rectangular strip footings with various widths were designed for all 

concrete shear walls.  The lateral loads (wind and seismic forces) are distributed horizontally 

through the wood/steel framed high roof and the concrete pan joist floors (including low roof on 

the northerly portion of the building) to the perimeter concrete perforated walls.  The shear walls 

were designed before modern detailing and analysis techniques were developed for buildings 

located in high seismic locations, and not in compliance with the modern building codes. 

 

Site Visit Observations  

 

The existing building is in good condition considering the age of the original structure.  There 

were no apparent signs of significant deterioration or distress.  Some minor cracks were observed 

in the low roof parapet at the large notch in the roof diaphragm directly above the west entrance 

door (Second Level).  On the east elevation there are two additional window openings not shown 

on the original drawings from 1959.  On the west elevation, First Level, one narrow wall opening 

has been closed (northern end of east elevation, old holding cell area) and another narrow 

opening has been enlarged to accommodate a new door.  There is no evidence of subsidence or 

differential settlement.   
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Destructive Testing 

 

Destructive testing was performed under the guidelines of ASCE41.  Limited concrete cores and 

reinforcing steel samples were extracted in conformance with ASCE4.  Material sampling 

locations and quantities were selected to reduce disruption at the functioning police station.  

Eight concrete shear wall core samples were taken at random locations on the exterior walls.  

Additionally, two beam cores and two slab cores samples were extracted.  Compressive strength 

of existing concrete shear wall samples ranged from 4,815 psi to 2,196 psi.  The coefficient of 

variation is 26% for the tests.  The mean minus one standard deviation is 2,523 psi.  The 1959 

design documents indicate the concrete strength as 2,500 psi for all elements except for the slab-

on-grade.  The concrete design values used in this study are appropriate for Basic Safety 

Objective (BSO) of Life Safety Building Performance Level (LS) at BSE-1.  The large 

coefficient of variation found would not be appropriate for the Enhanced Rehabilitation 

Objectives of Immediate Occupancy (IO) at BSE-1.  Additional testing samples could be 

performed to lower the coefficient of variation.  However, the cost and disruption is not 

warranted based on the findings and recommendations of this study.   

 

Rebar samples have virtually identical yield values (51.3 ksi and 51.2 ksi).  A value of 50 ksi 

was used for rebar properties.  The rebar samples are consistent with steel reinforcement of the 

1950s. 

       

Site Seismic Hazards 

 

The Santa Barbara Police Station is located within one mile of the North Channel Slope Fault 

and two miles from the Arroyo Parida Fault.  The North Channel Slope Fault could generate a 

7.4 magnitude earthquake that could result in 0.747g of ground acceleration at the site (MMI = 

XI).  The USGS 475 year seismic hazard (2/3 MCE) has SDS = 1.364g and SD1 = 0.782g and 

the USGS 2,475 (MCE) year seismic hazard has SDS = 2.047g and SD1 = 1.173g.  The design 

earthquake for new buildings is the 475 year hazard (2/3 MCE) and corresponds to Seismic 

Design Category F (seismic hazards range from A to F) when you consider a police station is an 

essential facility (Occupancy Class IV).  The potential ground motion (seismic hazard) for this 

site is significant and the proximity of known active faults is very close. (See Appendix A for the 

seismic hazard analysis by using EQFAULT Version 2.20). 

 

The only major historical earthquake that caused moderate ground shaking at the SB Police 

Station site was a 5.5 magnitude earthquake on August 13, 1978 where the epicenter was south 

of the city in the Santa Barbara Channel (See Appendix A).  It appears that the 1978 ground 

shaking did not cause any significant damage to the SB Police Station.  The ground motion from 

the August 13, 1978 earthquake was likely very small (approximately 0.15g or less) when 

compared to the potential ground motion due to a rupture of the North Channel Slope Fault or 

Arroyo Parida Fault (up to 0.747g).   
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Existing Building Deficiencies  

 

FEMA 454 (see page 7-42, Figure 7-11A) recognizes that concrete buildings with perforated 

shear walls (window and door openings in a concrete wall) can be unstable when subjected to 

large ground motion unless properly detailed.  Reinforcement detailing and shear wall layout 

factor greatly into the seismic performance of perforated shear wall buildings.  Unfortunately, 

the SB Police Station (circa 1959) was designed before modern detailing and analysis techniques 

were developed for buildings located in high seismic locations.  Our review of the design 

drawings and analysis indicate that the existing building has the following deficiencies: 

 

1) Out-of-plane anchorage of third floor (2
nd

 Floor as labeled by original drawings) walls to 

roof diaphragm.  This deficiency could result in partial roof collapse.  An adequate 

connection needs to be added between the steel roof trusses and the exterior concrete 

wall.  Also, the existing straight sheathed roof diaphragm needs to be strengthened by 

adding new plywood. 

2) Discontinuous shear walls on second floor in the east west direction (1
st
 Floor per plans) 

that do not continue to Basement level.  Dynamic behavior of this type of system is 

undesirable without special detailing considerations which are absent in the original 

configuration.  Adding new continuous walls to the basement level is impractical and 

would be a major disruption in the current building programming.  Strengthening and 

improving the ductility of the existing concrete columns below the discontinuous shear 

walls will improve seismic performance and mitigate the potential hazard of column 

failure. 

3) Spacing and minimum reinforcing ratios for vertical and horizontal reinforcement (rebar) 

in the existing shear walls exceeds current code requirements.  Modern code 

requirements, in high seismic regions, dictate maximum spacing and minimum 

reinforcement ratios for concrete shear walls to provide a minimum expected ductility 

(deformation without brittle failure) needed to control damage and provide stability 

during strong ground motion.  The concrete shear wall reinforcing requirements of 

modern codes improves energy dissipation and reduces crack widths in shear walls when 

subjected to a design earthquake.  Based on the nonlinear analysis most walls have 

sufficient strength to perform well under strong ground motion.  Localized strengthening 

will be added as needed to improve overall seismic performance and to achieve the 

seismic performance objective.       

4) Existing concrete column detailing does not provide the required ductility (ability to 

deform without brittle failure) to support gravity beams and discontinuous shear walls.  

Building sway under earthquake motion requires that the columns have tightly spaced 

transverse ties (confinement) to preclude buckling of longitudinal (vertical) reinforcing.  

The existing detailing of the concrete columns could result in brittle shear or buckling 
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failure.  Partial collapse could occur.  Wrapping the existing concrete columns with FRP 

(Fiber Reinforced Polymers) is an effective method to improve ductility and strength. 

5) Insufficient lateral resistance along the East Elevation (driveway running north south 

where mechanical room door, stair well and motorcycle garage are located).  Many 

openings are located in the East Elevation running in the long direction of the building.  

The nonlinear analysis indicates that a “story mechanism” (failure mode of plastic 

hinges) can form along the Basement Level in the north south direction.  This mechanism 

then transfers lateral loading to the West Elevation and another “story mechanism” forms 

along the West Elevation.  Additional stiffness and strength is required along the East and 

West Elevations at the Basement Level. 

6) Very high flexural and shear demands develop across window and door openings in the 

spandrel beams.  In the east west direction (short direction) the spandrels (header) beams 

transfer forces between the solid piers (vertical wall elements) when the building deforms 

due to strong ground motion. Spandrel beams need additional strength to transfer wall 

forces. 

7) Insufficient rebar lap splices can cause tension failures in perforated shear walls.  

However, the detailing and anticipated locations of lap splices in shear walls do not 

appear to be a significant hazard.  Some wall damage and strength/stiffness degradation is 

anticipated from the insufficient lap splices.  The nonlinear backbone curves of ASCE41 

were developed using shear wall segments that had antiquated reinforcement detailing.  

Recent testing of shear wall piers and spandrels indicate that the backbone curves of 

ASCE41 are conservative.  Therefore, we believe our nonlinear analysis captures the 

effects of insufficient lap splices without being overly conservative or un-conservative. 

8) Large reentrant corner (notch in roof diaphragm) midway down the West Elevation at 

side entrance at 2
nd

 Floor. This notch causes a discontinuity in the roof diaphragm.  It is 

expected that the notch will cause significant damage in the roof diaphragm due to stress 

concentrations.  Also, the notch interrupts the flow of inertial forces through the roof 

diaphragm to the adjacent shear walls.  Closing the notch by filling in the roof opening 

with a reinforced concrete slab will improve seismic performance and reduce earthquake 

damage. 

9) There are many original hard ceilings throughout the police station consisting of cement 

or gypsum plaster suspended by gravity wires.  The ceiling weighs approximately 10 to 

14 pounds per square foot.  There are no earthquake sway bracing or compression struts 

as required for new construction.  Corrosion of the gravity wires along with inadequate 

bracing could result in a significant falling hazard during a major earthquake.  The heavy 

ceilings could block egress and cause injury to occupants.  Original plaster ceilings 

should be properly braced or removed.  

 

Note: Other nonstructural seismic hazards may exist.  This study specifically excludes 

nonstructural seismic hazards.  A comprehensive investigation of nonstructural hazards is 

required under ASCE31 and ASCE41 along with structural evaluation.  In order to provide a 
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complete seismic hazard study a nonstructural hazard assessment is required.  The absence of 

properly anchored architectural elements, mechanical equipment, furniture, computers and 

other components can cause significant falling hazards that pose a risk of injury and 

operational disruption.  Falling hazards can block egress and result in hazardous material 

spills.  

 

Discussion of Retrofit Performance Objective  

 

The anticipated seismic performance of the SB Police Station under the Design Earthquake 

(BSE-1, 2/3 MCE, 475 year reoccurrence) is poor.  In order to meet the Life Safety seismic 

performance requirements of ASCE41 for the Design Earthquake significant strengthening is 

required.  The proposed retrofit scheme exceeds the Life Safety performance level approaching 

the Immediate Occupancy requirement.   

 

In our opinion, a retrofit scheme that would achieve the Immediate Occupancy seismic 

performance is almost impossible and impractical.  The Immediate Occupancy level of seismic 

performance requires very strict limits on damage.  Based on the 1959 concrete reinforcing 

detailing standards reducing crack widths to 1/8 of an inch (see ASCE41 Table C1-3) is 

practically impossible without considerable cost and loss of usable space.      

 

New building code requirements for police stations require a Life Safety seismic performance 

level.  Additionally, police stations are required to be designed for pseudo earthquake forces 50% 

higher than a typical private building (I = 1.5) because they are used as essential facilities.  The 

increase in design forces “enhance” the seismic performance of the building by reducing the 

ductility demands (less deformation results in less damage).  The seismic performance for a 

police station, fire station and hospital could be categorized as “enhanced Life Safety”.  The term 

Immediate Occupancy is not required or even discussed in new building design codes for 

emergency service buildings.  The Immediate Occupancy seismic performance objective of 

ASCE41 appears to be appropriate and rational for an essential police facility.  The reality is that 

ASCE41 is the only national standard to address seismic performance above Life Safety but only 

for existing structures.  New construction building codes may adopt the enhanced seismic 

performance objectives of ASCE41 in the near future.  The cost implications of enhanced 

seismic performance objectives, such as Immediate Occupancy, appear to be a roadblock to 

implementation in new building design and codes.     

 

Current seismic detailing practices improve seismic performance and reduce the extent of 

earthquake damage.  Codes are regularly updated to reflect new research and “lessons learned” 

from recent earthquake damage worldwide.  A circa 1959 building is more likely to experience 

more earthquake damage than a new building because modern detailing reduces the likelihood of 

earthquake damage.  However, the epicenter distance, local geology, building orientation, 

building configuration, structural system and quality of construction all effect how new or older 
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buildings perform in a major earthquake. Ironically, sometimes an older building seismically 

performs better than an adjacent modern structure.  Typically modern structures fair much better 

after major earthquakes due to improvements in design and detailing.     

        

The Santa Barbara Police Station is categorized as a non-ductile perforated concrete shear wall 

structure.  Thousands of buildings of this type and of similar age exist statewide.  There is a 

reasonable concern that buildings of this age and type could be a significant seismic hazard.  

Currently, state and local governments do not require a mandatory retrofit for this type and age 

of structure.  However, a change in occupancy or a major renovation would likely trigger an 

ASCE41 seismic retrofit under the 2007 California Building Code.   

 

The proposed seismic retrofit scheme will provide Life Safety to occupants while reducing 

earthquake damage.  However, earthquake damage to the retrofitted structure is anticipated due 

to the age, original design methodologies and existing concrete reinforcing detailing of the 

original structure.  Cracks in the perforated shear walls will likely occur under the anticipated 

strong ground motion.  The retrofitted building could be damaged where repair is not economical 

or practical.  Replacement could be the only option after a major earthquake close to the building 

site.   
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III – METHODOLOGY AND RESULTS 
 

 

Seismic Retrofit & Design Code: 

 

ASCE 41-06: Seismic Rehabilitation of Existing Buildings 

 

Linear Dynamic Procedure (LDP Analysis) – ETABS 3D Models 

-See Appendix E for the detail analysis 

 

Seismic Hazard: MCE and 2/3MCE response spectra (See Appendix B) 

 

Modeling Assumptions: 

 Gravity Loading (see Appendix B for the design load criteria) 

 

 Effective lateral stiffness of exiting walls:   

 50% EcIg for Flexural rigidity; 

 40% EcAw for Shear rigidity 

 (fc’ = 2.5 ksi;  fy = 50 ksi) 

  

MODEL1: Existing Building with Pinned Base (Rigid Base) 

Assume all walls and columns are pinned at the base 

  Building Periods:  

T1 = 0.10 sec along Y-direction (longitudinal direction) 

T2 = 0.08 sec along X-direction (short direction) 

  Building Base Shear for 2/3MCE:  

4325 kips along X-direction  

5020 kips along Y-direction 

  

MODEL2: Existing Building with Flexible-Base (Soil- Structure Interaction) 

  All walls and columns are supported by soil spring derived from ASCE41-06. 

  Building Periods:  

T1 = 0.17 sec along Y-direction (longitudinal direction) 

T2 = 0.16 sec along X-direction (short direction) 

  Building base shear for 2/3MCE:  

5883 kips along X-direction (Note: Higher base shear than pinned base) 

5889 kips along Y-direction 
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Summary of LDP Analytical Results: 

 

Based on ASCE41, the DCR (Demand Capacity Ratio) with appropriate m-factor were 

calculated for all existing wall piers and spandrels at different performance and earthquake 

hazard levels. Two cases of 2/3MCE at LS (Life Safety) and MCE at CP (Collapse 

Prevention) were included. The final results show that many wall piers and spandrels are 

flagged with shear / flexural DCRs (demand capacity ratios) greater than 1.  Numerous 

elements have DCRs greater than 2.  The basement 10” wall piers along Grid 6 (East 

Elevation) and spandrels along Grid-F (interior 3-story walls) are severely overstressed in 

shear and flexure at the 2/3MCE seismic hazard level (475 year reoccurrence).  The LDP 

model was used to understand the dynamic behavior and act as a benchmark for elevating the 

results of the Nonlinear Static Procedure of ASCE41. 

 

Nonlinear Static Procedure (NSP Analysis / Push Over Analysis) – PERFORM 3D 

-See Appendix F for the detail analysis 

 

Modeling Assumptions: 

 

Gravity Loading:  

 

Based on ETABS model, all gravity loads are applied as line loads to the PERFORM 

model. The self weight of columns and walls are automatically accounted by program. 

Use the following load combinations for gravity loads:  

QG = 1.1(DL + ¼ LL), and QG = 0.9 DL 

 

Boundary Conditions: 

 

All columns and walls are pinned on the base. All gravity beams and columns are 

modeled as linear elements, and concrete walls are modeled as inelastic elements. 

 

Material Properties:  

 

Use the stress-strain curves of reinforcing bar and concrete to define the inelastic 

properties of rebar and concrete fibers in PERFORM model (trilinear / bilinear), see 

Appendix F. The initial lateral stiffness of concrete wall was defined as follows: 

50% Ec = 0.5 x 57000 √fc’  for concrete flexure; 

Gc = 0.4 x Ec / [2(1+)]  and  = 0.2  for concrete shear 

(fc’ = 2.5 ksi for concrete;  fy = 50 ksi and Es = 29000ksi for rebars) 
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Fiber Element Modeling: 

 

Concrete wall is modeled as an inelastic wall element by using Fiber Model, including 

i). Inelastic concrete fiber (4, 3, and 2 fibers are used in an element depending on the 

different length/ height of wall piers/spandrels); 

ii). Inelastic steel fiber (4, 3, and 2 fibers are used in an element depending on the 

different length/ height of wall piers/spandrels); 

iii). Inelastic shear material component (Based on Table 6-19 of ASCE41-06, and shear 

stress capacity vn based on the shear reinforcing area of walls) 

 

Mass Assignments: 

 

Nodes on each floor are slaved as a rigid diaphragm, and apply the following masses at 

mass center (from ETABS, unit: kip-in). 

 

Diaphragm MassX MassY MMI XM YM ZM 

ROOF 0.9448 0.9448 195212 538.118 -1471.5 390 

2NDFLR 6.5607 6.5607 2893717 555.887 -889.258 270 

1STFLR 7.6347 7.6347 2895851 554.393 -886.818 120 

 

 

Pushover Profiles: 

 

The vertical distribution of lateral pushover forces is proportional to the fundamental 

mode shape (1
st
 Mode of Free Vibration) in the direction under consideration. 

 

Target Displacement: 

 

Target displacement calculation is based on ASCE 41-06 and coefficients input under 

“user defined” in PERFORM 3D.  Manually input all coefficients C0, C1, C2, C3 and Sa 

(computed from hand calculations based on linear and nonlinear models). 

 

Nonlinear Acceptance Criteria: 

 

The limits for wall rotation and wall shear strain under the different performance levels 

are defined as follows (based on ASCE 41-06): 

 

Performance Level Wall Rotation Wall Shear Strain 

Immediate Occupancy (IO) 0.002 0.40% 

Life Safety (LS) 0.004 0.60% 

Collapse Prevention (CP) 0.006 0.75% 
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Summary of Pushover Analytical Results: 

 

1). Pushover Analysis for the Existing Building:  

Target Displacement drift ratio: t = 0.07% along X-direction 

       t = 0.17% along Y-direction 

 

The pushover curves of the existing building show that the basement wall piers 

along Grids 1, 2 and 6 exhibit shear failure at the Life Safety performance level at 

2/3 MCE (475 year) before achieving the target roof displacement.  Also, the 

existing building does not develop enough base shear along Y-direction when the 

shear failure occurs.  The pushover curve in the Y-direction shows significant 

strength and stiffness degradation before a reasonable base shear is developed.   

 

Along X-direction Grid F the three basement 10’’ spandrels shear fail (LS) before 

target displacement. 

 

2). Pushover analysis for the retrofitted building:  

 

Proposed Retrofit Scheme: (see schematic retrofit drawings) 

 

 Infill two openings and add 8” shotcrete wall to existing 10”wall along 

Grid-6 and Grid-1  

 Use FRP (fiber reinforced polymers) shear/flexural strengthening of 

concrete spandrels to increase the shear capacity  

 Confine existing concrete columns with FRP to improve ductility and 

deformation compatibility 

 Add out-of-plane anchorage to high roof diaphragm and strengthening 

wood diaphragm 

 Infill notch in concrete diaphragm on low roof (2
nd

 Floor) with reinforced 

concrete slab 

 

Target Displacement drift ratio: t = 0.06% along X-direction 

       t = 0.09% along Y-direction 

 

Pushover curves show that the building was able to achieve Immediate 

Occupancy (IO) performance level before target displacement for shear, and 

achieve Life Safety (LS) level for flexure. However, the building would achieve 

IO performance level if numerous other locations had enhanced flexural strength. 
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IV - ADDITIONAL RETROFIT CONSIDERATIONS AND ACTIONS 
 

In addition, the following deficiencies of the existing building were examined, and the 

corresponding retrofit actions are proposed (See Appendix I for Schematic Drawings). 

 

1). Deformation Incompatibility and Ductility of Existing Concrete Columns: 

 

Deficiencies: 

 All gravity concrete columns are non-ductile and incompatible with the anticipated 

inelastic building lateral drift. 

 Existing columns at Basement Level supporting discontinuous shear walls on First Level 

do not have sufficient ductility (transverse tie spacing and detailing) to resist overturning 

loads from shear walls above.  

 

Retrofit Actions: 

 

 FRP all gravity concrete columns to improve the ductility. 

 

2) Load Path: 

 

Deficiencies: 

 

 Diaphragm and collector strength to new lateral elements (load path) 

 Large reentrant corner (notch in roof diaphragm) midway down the West Elevation at 

side entrance at 2
nd

 Floor. 

 Out-of-plane anchorage of third floor walls to roof diaphragm. 

 Foundation capacity at shotcrete walls  

 

Retrofit Actions: 

 

 Strengthen the diaphragm to provide an adequate load path to new lateral elements 

 Closing the notch by filling in the roof opening with a reinforced concrete slab will 

improve seismic performance and reduce earthquake damage. 

 Add steel member HSS to strengthen the anchorage 

 Modify foundations for concentrated loading from new braced framed columns 

 

3) Falling Hazards: 

 

Deficiency: 

 Heavy suspended gypsum plaster ceilings are located throughout the building.  The 

existing suspension anchorage consists of gravity wires only.  Hanger wires cannot resist 

compression loading and lateral loading from strong ground motion. 

 

Retrofit Actions: 

 

 Remove all existing suspended heavy gypsum plaster ceilings or retrofit ceilings with 

new gravity wires, compression struts and sway braces in compliance with current code. 
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Note:  Nonstructural anchorage is specifically excluded from this study.  The ceiling falling 

hazard was included in this study because of the potential severity of the hazard and the cost 

implications.  A complete nonstructural hazard assessment should be conducted as a supplement 

to this study in conformance with ASCE41.   
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V – ESTIMATE RETROFIT COST ANALYSIS 
  
A construction estimate was prepared by a professional construction estimator for the two 

proposed seismic retrofit schemes.  The first scheme is for a complete seismic retrofit of the 

entire existing structure.  The second scheme is a partial seismic retrofit of the southern three-

story portion of the building where the back two-story structure is demolished and replaced by a 

new structure.   

 

The estimates include only the work required to complete the seismic retrofit schemes and the 

associated collateral architectural, mechanical, plumbing and electrical work required.  The 

estimate does not include the new structure proposed in the second scheme where the northern 

two-story portion of the existing building is demolished.  Also, a demolition cost for the northern 

two-story structure is excluded from the second scheme estimate.  

 

Scheme #1 – Complete Seismic Retrofit (with collateral architectural and MEP work) 

 

Estimated Cost - $3,147,300 (see Appendix H for detailed estimate) 

 

Scheme #2 – Partial Seismic Retrofit (three-story southern portion only with collateral 

architectural and MEP work) 

 

Estimated Cost - $1,864,700 (see Appendix H for detailed estimate) 

 

Exclusions: 

 

1.  ADA upgrades  

2. Asbestos abatement other than ceilings as indicated on schematic plans 

3. Hazardous waste surveys and remediation (mold, fuel, lead and others) 

4. Mechanical, electrical and plumbing (MEP) system upgrades (only local MEP 

replacement due to associated retrofit actions) 

5. Relocation of personnel and/or essential facilities including temporary services or 

structures 
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VI – CONCLUSIONS AND RECOMMENDATIONS  

 
The retrofit scenarios performed in this study has resulted in the following recommendations:  

 
 Shotcrete new shear walls and infill openings at the existing Basement Level along Grids 

1 and 6 

 Add new 8” wall pier at the basement garage door of the north-east corner 

 FRP laminate selected wall spandrels 

 FRP wrap existing concrete columns to increase ductility and deformation compatibility  

 FRP laminate existing floor diaphragm to provide an adequate load path to new shear 

walls 

 Remove or retrofit all existing heavy suspended gypsum plaster ceilings  

 

See Appendix I for proposed retrofit scheme drawings.  

 

The provided schematic retrofit drawings shall be used for pricing purposes only and shall not be 

used for construction.  Complete design and construction drawings are not part of the current 

scope of work.  Future implementation of the proposed retrofit scheme requires additional 

detailed analysis and design to create a comprehensive and complete set of construction 

documents. 

 

A complete ASCE41 nonstructural anchorage evaluation should be part of a comprehensive 

seismic rehabilitation project.   

 

VII-Limitations and Exclusions 

 

This report is based on a limited physical observation of the premises and the limited structural 

evaluation described above.  Construction drawings were also available for the review.  The 

onsite observation was made solely to determine the vertical and lateral load structural integrity 

of the building based on observed features, which were exposed and accessible.  The specific 

items noted were those that were observable, and there may be additional defects that were not 

observed.  The recommendations are based on the assumptions stated herein.  Neither the 

observation, evaluation, nor the recommendations are intended to cover mechanical, electrical, 

geotechnical, environmental, pest control, or architectural features. 

 

CEI has prepared this report for the exclusive use by the City of Santa Barbara.  Services were 

performed by CEI in a manner consistent with the level of care and skill ordinarily exercised by 

members of the profession currently practicing under similar conditions.  No other warranty, 

expressed or implied, is made. 
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VIII - CONTACTS 

 
Paul Van Benschoten, SE 

Principal 

vanbenschoten@coffman.com 

 

Silian Lin, PhD, PE 

lin@coffman.com  

 

Coffman Engineers Inc  

16133 Ventura Blvd. Suite 1010 

Encino, California 91436 

 

Phone (818) 285-2650 

Fax (818) 285-2651 

 

XI – REFERENCES 
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FEMA 356: Prestandard and Commentary for the Seismic Rehabilitation of Buildings 
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APPENDIX A:  SEISMIC HAZARD ANALYSIS 

SITE SEISMIC HAZARDS 

The site is located in the City of Santa Barbara, California.  Although this region has not been as 

seismically active as other areas of the state in recent history, the site may experience strong 

ground shaking from earthquakes on a number of fault zones.  Using the computer program 

EQFAULT Version 2.20, we have determined the approximate distances to the most significant 

faults and have listed the Maximum Capable Earthquake (MCE) magnitudes.  The MCE 

corresponds to the maximum earthquake that appears capable of occurring under the presently 

known tectonic framework. 

Earthquake Fault Distance 
(miles) 

Maximum 
Credible 

Earthquake 
Magnitude 

North Channel Slope 1 7.4 

Mission Ridge-Arroyo Parida-Santa Ana 2 7.2 

Red Mountain 5 7.0 

Santa Ynez (West) 6 7.1 

Santa Ynez (East) 6 7.1 

Ventura-Pitas Point 12 6.9 

Oakridge (Mid-Channel) 12 6.6 

Oak Ridge (Offshore) 17 7.1 

Big Pine 24 6.9 

Los Alamos-W. Baseline 25 6.9 

Santa Cruz Island 28 7.0 

Santa Rosa Island 30 7.1 

Channel Island Thrust 31 7.5 

Oak Ridge (Onshore) 31 7.0 

San Cayetano 31 7.0 

Anacapa-Dume 32 7.5 

San Andreas  39 8.0 
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PROBABILISTIC GROUND MOTION HAZARD ASSESSMENT 

The seismic intensity (see Glossary) at the site was estimated for earthquakes on the known 

active fault zones within a 50-mile radius of the site.  Using the computer program FRISKSP, 

Version 4.00, we evaluated the peak ground acceleration and then converted the acceleration to a 

corresponding modified Mercalli Intensity (see Glossary and Table 1). 

Average Recurrence Interval Peak Ground Acceleration Modified Mercalli Intensity 

475 years 0.46g VIII½ 

OTHER SEISMIC HAZARDS 

The other earthquake hazards at the site were evaluated based on the following information: 

Regional Sources: 

 California Geological Survey:  Special Publication 42 (1999); Geologic Data Map 

No. 6 (1994). 

 City of Santa Barbara:  Safety Element of the General Plan (1979); Draft 

Environmental Impact Report (2010) . 

 

Seismic Hazard Potential Within State 

Hazard Zone? 

Within City 

Hazard Zone? 

Surface Fault Rupture Low No No 

Liquefaction 

(see Glossary) 

Low Not Mapped No 

Earthquake-Induced 

Landslides 

Low Not Mapped  No 

 

 



Santa Barbara Police Station Seismic Retrofit Study 

 

Coffman Engineers, Inc. 22 Job No. 10303 
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Major Historical Earthquakes in The Santa Barbara Region: 
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APPENDIX B:  DESIGN LOADING CRITERIA 
 

STRUCTURAL DESIGN CRITERIA: 
     BUILDING CODE USED FOR DESIGN :  ASCE 41-06 

   

       SEISMIC CRITERIA USED FOR DESIGN: ASCE 41-06 
   

       Latitude 34.42525 
 

Project Site:  215 East Figueroa St. 

Longitude -119.70077 
 

                     Santa Barbara, CA 

Ss 2.047 
     S1 0.782 
 

Soil Type:  SD 
  Sds 1.364 

     Sd1 0.782 
     

       LATERAL FORCE RESISTING SYSTEM: Concrete Shear Walls 

  

  

   

  DEAD LOADS: 
      

       Main Roof Diaphragm: 
     

Mass 

  
Gravity 

 
Seismic 

 
(slugs/ft

2
) 

Tile Roofing 
 

20.0 psf 20.0 psf 0.62 

Plywood Roofing 
 

3.0 psf 3.0 psf 0.09 

Framing 
 

4.0 psf 4.0 psf 0.12 

MEP 
 

2.0 psf 2.0 psf 0.06 

Fire Sprinklers 
 

1.5 psf 1.5 psf 0.05 

Cement Plaster Ceiling   15.0 psf 15.0 psf 0.47 

FLOOR DL (ADD PARTITION WEIGHT, SEISMIC ONLY) 45.5 psf 45.5 psf 1.41 

       2nd Floor Diaphragm: 
     

Mass 

  
Gravity 

 
Seismic 

 
(slugs/ft

2
) 

Concrete Pan Joist System 
 

110.0 psf 110.0 psf 3.42 

Flooring 
 

5.0 psf 5.0 psf 0.16 

Fire Sprinklers 
 

1.5 psf 1.5 psf 0.05 

MEP 
 

3.0 psf 3.0 psf 0.09 

Ceiling    2.0 psf 2.0 psf 0.06 

FLOOR DEAD LOAD (ADD PARTITION WEIGHT) 121.5 psf 121.5 psf 3.77 

       Flat Roof (2nd Level) Diaphragm: 
     

Mass 

  
Gravity 

 
Seismic 

 
(slugs/ft

2
) 

Concrete Pan Joist System 
 

110.0 psf 110.0 psf 3.42 

Roofing (2 Layers) 
 

10.0 psf 10.0 psf 0.31 

Fire Sprinklers 
 

1.5 psf 1.5 psf 0.05 

MEP 
 

3.0 psf 3.0 psf 0.09 

Ceiling    2.0 psf 2.0 psf 0.06 

FLOOR DL (ADD PARTITION WEIGHT, SEISMIC ONLY) 126.5 psf 126.5 psf 3.93 
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       1st Floor Diaphragm: 
     

Mass 

  
Gravity 

 
Seismic 

 
(slugs/ft

2
) 

Concrete Pan Joist System 
 

110.0 psf 110.0 psf 3.42 

Flooring 
 

5.0 psf 5.0 psf 0.16 

Fire Sprinklers 
 

1.5 psf 1.5 psf 0.05 

MEP 
 

3.0 psf 3.0 psf 0.09 

Ceiling    2.0 psf 2.0 psf 0.06 

TOTAL DEAD LOAD (ADD PARTITION WEIGHT) 121.5 psf 121.5 psf 3.77 

       Partition Loads: 
     

Mass 

  
Gravity 

 
Seismic 

 
(slugs/ft

2
) 

ROOF PARTITION LOAD 
 

0 psf 10.0 psf 0.31 

2ND FLOOR PARTITION LOAD 
 

20 psf 20.0 psf 0.62 

1ST FLOOR PARTITION LOAD 
 

20 psf 20.0 psf 0.62 

      
 

LIVE LOADS: 
   

   

    
   

Roof 
 

20 psf 
   

Floor 
 

50 psf 
   

Corridor/Stairs 
 

80 psf 
   

Property Room  
 

150 psf  (high density file cab) 

       MATERIALS: 
      Concrete, Slab on Grade 
 

f'c = 2 ksi 
 

 Concrete, Structural Slabs 
 

f'c = 2.5 ksi 
 

 Concrete, Column 
 

f'c = 2.5 ksi 
 

 Reinforcing Steel 
 

fy = 40 ksi Typical 

   

50 ksi  Columns 

       

       LOAD COMBINATIONS:  (ASCE41-06) 
     1). 1.1 ( QD + QL ) ± QE 

   2). 0.9 QD ± QE 

    Note:  QD = Design Dead Loads; 
   

 
QL = Design Live Loads (unreduced); 

  

 
QE = Design Earthquake Loads. 

  

       

       CRACKED WALL EFFECTIVE STIFFNESS: (Table 6-5 in ASCE41-06) 
  

 
Flexural Rigidity:  0.5 Ec Ig 

    

 
Shear Rigidity:  0.4 Ec Aw 

    

 
Axial Rigidity:  Ec Ag 
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MCE & 2/3MCE RESPONSE SPECTRA (USGS) 

 
Conterminous 48  States 

 
Conterminous 48 States 

 2006 International Building Code 2006 International Building Code 

Latitude 34.42524 6 
 

Latitude 34.42524 6 
 Longitud e = -119.70 774 

 
Longitud e = -119.70 774 

 Site Modified Response Spectrum for Site Class 
D 

Site Modified Response Spectrum for Site 
Class D 

SMs = 
Fa 

Ss and 
SM1 = FVS1 

 
SDs = 2/3 x SMs and SD1 = 2/3 x SM1 

Site Class D -  Fa = 1.0 ,Fv = 1.5 Site Cla ss D -  Fa = 1.0 ,Fv = 1.5 

        Period Sa Sd 
 

Period Sa Sd 
 (sec) (g) (inches ) (sec) (g) (inches ) 

0 0.819 0 
 

0 0.546 0 
 0.115 2.047 0.263 

 
0.115 1.364 0.175 

 0.2 2.047 0.8 
 

0.2 1.364 0.533 
 0.573 2.047 6.571 

 
0.573 1.364 4.38 

 0.6 1.955 6.877 
 

0.6 1.304 4.585 
 0.7 1.676 8.024 

 
0.7 1.117 5.349 

 0.8 1.467 9.17 
 

0.8 0.978 6.113 
 0.9 1.304 10.316 

 
0.9 0.869 6.877 

 1 1.173 11.462 
 

1 0.782 7.642 
 1.1 1.067 12.609 

 
1.1 0.711 8.406 

 1.2 0.978 13.755 
 

1.2 0.652 9.17 
 1.3 0.902 14.901 

 
1.3 0.602 9.934 

 1.4 0.838 16.047 
 

1.4 0.559 10.698 
 1.5 0.782 17.194 

 
1.5 0.521 11.462 

 1.6 0.733 18.34 
 

1.6 0.489 12.227 
 1.7 0.69 19.486 

 
1.7 0.46 12.991 

 1.8 0.652 20.632 
 

1.8 0.435 13.755 
 1.9 0.617 21.779 

 
1.9 0.412 14.519 

 2 0.587 22.925 
 

2 0.391 15.283 
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APPENDIX C:  MATERIAL TESTING REPORTS 

 
Summary of Material Testing Results * 

 
 * See Attached Test Results from ACCU-TEST Structural Laboratories Inc. 

Member CORE # 
f'c E 

Unit 
Weight 

 psi ksi pcf 

 

WALL 

1 3885 3,553  142.0  

 2 3322 3,285  139.0  

 3 2196 2,671  139.0  

 4 2961 3,102  137.0  

 5 4487 3,818  142.0  

 6 4815 3,955  139.0  

 7 2779 3,005  134.0  

 8 2937 3,089  135.0  

 
 

Mean= 3423 3310 138.4 

 
 

Variance= 809044 189664 
 

 
 

Standard Deviation= 899 436 
 

 
 

Coefficient of 
Variation= 

26.3% 13.2% 
 

 
 

Mean - Std. 
Deviation= 

2523 
  

 
     

 
Member CORE # 

f'c E 
Unit 

Weight 

 psi ksi pcf 

 
BEAM 

1 3895 3,557  144.0  

 2 4129 3,663  137.0  

 
 

Mean= 4012 3610 140.5 

 
 

Variance= 27378 5544 
 

 
 

Standard Deviation= 165 74 
 

 
 

Coefficient of 
Variation= 

4.1% 2.1% 
 

 
 

Mean - Std. 
Deviation= 

3847 
  

 
     

 
Member CORE # 

f'c E 
Unit 

Weight 

 psi ksi pcf 

 
SLAB 

1 4937 4,005  144.0  

 2 6191 4,485  137.0  

 
 

Mean= 5564 4245 140.5 

 
 

Variance= 786258 115147 
 

 
 

Standard Deviation= 887 339 
 

 
 

Coefficient of 
Variation= 

15.9% 8.0% 
 

 
 

Mean - Std. 
Deviation= 

4677 
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Member Specimen# 

Yield 
Point 

Tensile 
Strenght  

 ksi ksi 
 

 
Rebar 

1 51.3 80.4 
 

 2 51.2 76.4 
 

 
 

Mean= 51.3 78.4 
 

 
 

Variance= 0.0 8.0 
 

 
 

Standard Deviation= 0.1 2.8 
 

 
 

Coefficient of 
Variation= 

0.1% 3.6% 
 

 
 

Mean - Std. 
Deviation= 

51.2 
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APPENDIX D:  GEOTECHNICAL REPORT (LETTER): 
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APPENDIX E:  LDP ANALYSIS – ETABS MODEL: 
 

MODEL1: Existing Building With Rigid Base (Pinned Base) 

 

Assume all walls and columns are pinned at the base (as shown in the following picture). 

 

 
 

As shown in the response spectra above, the first mode periods of existing building T1 ≈ 0.1 sec 

along Y- direction, and T2 ≈ 0.08 sec along X-direction, and both fall within the first part of code 

design response spectrum (less than T0), which building is very rigid and unconservative design. 

Therefore we consider the soil – structure interaction effects for the existing building.  Also see 

the following page for the story shear distribution and modal participating mass ratios up to 

100% (total 9 modes). 
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MODEL1: Existing Building With Flexible Base (Soil – Structure Interaction) 

 

Assume all walls and columns are supported by Soil Spring derived from ASCE41-06. 
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A sample calculation spreadsheet for soil spring stiffness based on ASCE41-06: 
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For the soil-structure model, the first mode periods of existing building T1 ≈ 0.17 sec along Y- 

direction, and T2 ≈ 0.16 sec along X-direction, and both fall within the max design response 

spectrum (greater than T0 and less than Ts), which building design is reasonable. Therefore we 
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check the DCRs (Demand Capacity Ratios) of concrete walls by using the soil – structure 

interaction model.  

 

Wall DCR CHECK (2/3 MCE @ LS) 

Note: Tables list the piers and spandrels with the shear or/and flexural DCR ≥ 1.0 only 
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Santa Barbara Police Station Seismic Retrofit Study 

 

Coffman Engineers, Inc. 42 Job No. 10303 
 

Wall DCR CHECK (MCE @ CP) 

Note: Tables list the piers and spandrels with the shear or/and flexural DCR ≥ 1.0 only 
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APPENDIX F:  NSP ANALYSIS – PERFORM 3D MODEL: 
 

In the Nonlinear Static Procedure (NSP), the model directly incorporates the non-linear load-

deformation characteristics of individual elements of the building.  Finite elements in the 

PERFORM model have the capacity of modeling nonlinear stress-strain behavior.  The structure 

is analyzed subject to monotonically increasing lateral loads (Push-Over) representing the inertia 

forces in an earthquake until a target displacement is exceeded.  The target displacement is 

intended to represent the maximum displacement likely to be experienced during the design 

earthquake. 

 

NONLINEAR STRESS-STRAIN BACKBONE CURVES 

 

1).  Inelastic Reinforcing Bar: 
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2).  Inelastic Concrete Compression Property: 

 
 

 

3).  Inelastic Concrete Shear Property: 

 
 PERFORM Model Input Parameters: 

 K0 = Gc = 0.4 Ec/2(1+) = 475 ksi ;  Fu = vn (Varies, see the following table); 

 DL = 0.75%;   DR = 0.85%;  FR/Fu = 0.40;  DX = 2% 
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Shear Stress Capacity vn 
     

 
(E)  fy  = 50 (ksi) 

   

 
(E)  fc'  = 2500 (psi) 

   

 

vc = 2√(fc') = 0.1000 (ksi) 
   

 

6√(fc') = 0.3000 (ksi) 
   Existing Reinforcing           

Wall tw (in) (*)-Layer As (in2) s (in) vs (ksi) vn (ksi) vn / √(fc') 

8 (2) #4@18" (H) 0.4 18 0.1389 0.2389 4.8 

8 (2) #4@24" (V) 0.4 24 0.1042 0.2042 4.1 

10 (2) #4@15" (H) 0.4 15 0.1333 0.2333 4.7 

10 (2) #4@14" (V) 0.4 14 0.1429 0.2429 4.9 

10 #4@12" (V.I.F), #4@20" (V.O.F)  0.32 12 0.1333 0.2333 4.7 

 

 

PERFORM INPUT PROPERTIES 

 

1). Existing Rebar: 
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2). Existing Concrete Compression Material Property: 

 

 
                                           

 

 

 

3). Existing Concrete Shear Property: 
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TARGET DISPLACEMENT CALCULATION (EXISTING STRUCTURE) 
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PUSHOVER CURVES (EXISTING STRUCTURE) 

 

1). Pushover Along X-Direction 

 
 

Note:  In the pushover curve above, the red mark 1 indicates the wall rotation (bending) limit at 

LS performance; and the red mark 2 indicates the wall shear strain limit (shear) at LS 

performance.  The curve shows that the existing wall shear fails before the target displacement 

and wall bending failure. See the following figure for the shear failure locations. 
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2). Pushover Along Y-Direction 

 

 

 

Note:  In the pushover curve above, the red mark 2 indicates the wall shear strain limit (shear) at 

LS performance.  The curve shows that the existing wall shear fails before the target 

displacement, and the stiffness degradation of the existing structure occurs away before the target 

displacement since the wall piers along Grids 1, 2 and 6 lost the shear stiffness. See the 

following figure for the shear failure locations. 
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TARGET DISPLACEMENT CALCULATION (RETROFITTED STRUCTURE) 

 

Based on the pushover analysis of the existing structure, the retrofit scheme was proposed to use 

the shotcrete and fiber reinforced polymers (FRP) to strengthen the existing wall piers and 

spandrels where were shown as shear/bending failure of the existing structure. See the proposed 

retrofit schematic drawings for detail. The pushover analyses were performed for two load 

combinations QG ± QE = 1.1(DL + ¼ LL) ± QE and QG ± QE = 0.9 DL± QE; and four directions 

Positive/Negative X-direction and Positive/Negative Y-direction. 

 

Shear capacity of shotcrete wall and new concrete wall: 

 

Retofitted Reinforcing           

Wall tw (in) (*)-Layer As (in2) s (in) vs (ksi) vn (ksi) vn / √ (fc') 

(E)10” wall +  
(N) 8” shotcete wall 

(2) #4@15" (H)  
+ (N)#6@12" 0.76 12 0.1759 0.2759 5.5 

(N) 8” Wall (N) #6@12" (H) 0.44 12 0.2750 0.4015 6.3 

(N) 8” Wall 
 

(N)  fy  = 60 (ksi) 
   (N)  fc'  = 4000 (psi) 
    

Shear capacity of FRP wall by using Tyfo SEH51A: 

Shear capacity of one layer Tyfo SEH51A = 1.74 kips per ft of wall, where efficiency 

factor k =0.75 for one-side bonding to a wall.  Therefore, the shear capacity for 8” 

spandrel with vertical reinforcing of #4@24” each face can be increased to 6√(fc’) = 

6√(2500)/1000 = 0.3 ksi by applying 3 layers Tyfo SEH51A on each side of wall. 

 

 

 

TARGET DISPLACEMENT CALCULATION (Based on ASCE 41-06) 

 
(RETROFITTED BUILDING) 

    

 
Cm = 0.8 

    
(TABLE 3-1) 

 
C0 = 1.2 

    
(TABLE 3-2) 

 
SXS = SMS = Fa SS = 2.047  g 

  
(Eq. 1-4) 

 
SX1 = SM1 = Fv S1 = 1.173  g 

  
(Eq. 1-5) 

 
B1 = 4/[5.6-ln(100)]  = 1.0024 

 
 = 5% (Eq. 1-3) 

 
TS = SX1 /SXS = 0.573 sec 

   
(Eq. 1-13) 

 
T0 = 0.2 TS = 0.1146 sec 

   
(Eq. 1-12) 

 
H = 390 in  (Total Building height) 

   

 
Total WT = 5751 k 

     

 
a = 60 (For Site Class D) 

   

 
g = 386.4 
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Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE  

 

Along Positive X-Direction:          2nd Mode & Period T2 =0.08763 sec 
  

 
Based on Pushover Curve along X-Direction 

   

  
 Initial : Vi = 2002 k  Yielding : Vy = 7312 k 

 

  
di = 1.026E-04 

 
dy = 4.042E-04 

 

  
Ki = Vi /(di xH)= 5.0032E+04 Ke = Vy /(dy xH)= 4.6385E+04 

        

  
Te = Ti √(Ki /Ke)= 0.09101 sec 

  
(Eq. 3-13) 

  
Sa = 1.7903 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.1265 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.2545 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0024 
   

  
Target Displacement: t,X = C0 C1C2 Sa Te

2g /(42) = 0.2190 in (Eq. 3-14) 

  
Drift Ratio : t,X = 0.056% 

   

        Along Positive Y-Direction:          1st Mode & Period T1 =0.10090 sec 
  

 
Based on Pushover Curve along Y-Direction 

   

  
 Initial : Vi = 1512 k  Yielding : Vy = 7185 k 

 

  
di = 1.155E-04 

 
dy = 6.308E-04 

 

  
Ki = Vi /(di xH)= 3.3566E+04 Ke = Vy /(dy xH)= 2.9206E+04 

        

  
Te = Ti √(Ki /Ke)= 0.10817 sec 

  
(Eq. 3-13) 

  
Sa = 1.9735 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.2637 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.3756 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0074 
   

  
Target Displacement: t,Y = C0 C1C2 Sa Te

2g /(42) = 0.3758 in (Eq. 3-14) 

  
Drift Ratio : t,Y = 0.096% 
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Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE  

 

Along Negative X-Direction:          2nd Mode & Period T2 =0.08763 sec 
  

 
Based on Pushover Curve along X-Direction 

   

  
 Initial : Vi = 2002 k  Yielding : Vy = 7361 k 

 

  
di = 1.026E-04 

 
dy = 3.999E-04 

 

  
Ki = Vi /(di xH)= 5.0032E+04 Ke = Vy /(dy xH)= 4.7198E+04 

        

  
Te = Ti √(Ki /Ke)= 0.09022 sec 

  
(Eq. 3-13) 

  
Sa = 1.7819 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.1137 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.2328 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0020 
   

  
Target Displacement: t,X = C0 C1C2 Sa Te

2g /(42) = 0.2104 in (Eq. 3-14) 

  
Drift Ratio : t,X = 0.054% 

   

        Along Negative Y-Direction:          1st Mode & Period T1 =0.10090 sec 
  

 
Based on Pushover Curve along Y-Direction 

   

  
 Initial : Vi = 1512 k  Yielding : Vy = 6773 k 

 

  
di = 1.155E-04 

 
dy = 5.988E-04 

 

  
Ki = Vi /(di xH)= 3.3566E+04 Ke = Vy /(dy xH)= 2.9002E+04 

        

  
Te = Ti √(Ki /Ke)= 0.10855 sec 

  
(Eq. 3-13) 

  
Sa = 1.9775 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.3433 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.4856 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0125 
   

  
Target Displacement: t,Y = C0 C1C2 Sa Te

2g /(42) = 0.4116 in (Eq. 3-14) 

  
Drift Ratio : t,Y = 0.106% 
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Load Case:  QG ± QE = 0.9 DL± QE  

 

Along Positive X-Direction:          2nd Mode & Period T2 =0.08763 sec 
  

 
Based on Pushover Curve along X-Direction 

   

  
 Initial : Vi = 2012 k  Yielding : Vy = 7096 k 

 

  
di = 1.048E-04 

 
dy = 4.063E-04 

 

  
Ki = Vi /(di xH)= 4.9227E+04 

 
Ke = Vy /(dy xH)= 4.4782E+04 

        

  
Te = Ti √(Ki /Ke)= 0.09188 sec 

   
(Eq. 3-13) 

  
Sa = 1.7995 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.1668 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.3292 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0041 
   

  
Target Displacement: t,X = C0 C1C2 Sa Te

2g /(42) = 0.2381 in (Eq. 3-14) 

  
Drift Ratio : t,X = 0.061% 

   

        Along Positive Y-Direction:          1st Mode & Period T1 = 0.10090 sec 
 

 
Based on Pushover Curve along Y-Direction 

   

  
 Initial : Vi = 1502 k  Yielding : Vy = 7204 k 

 

  
di = 1.176E-04 

 
dy = 6.544E-04 

 

  
Ki = Vi /(di xH)= 3.2749E+04 

 
Ke = Vy /(dy xH)= 2.8227E+04 

        

  
Te = Ti √(Ki /Ke)= 0.10868 sec 

   
(Eq. 3-13) 

  
Sa = 1.9789 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.2638 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.3723 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0074 
   

  
Target Displacement: t,Y = C0 C1C2 Sa Te

2g /(42) = 0.3795 in (Eq. 3-14) 

  
Drift Ratio : t,Y = 0.097% 
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Load Case:  QG ± QE = 0.9 DL± QE  

 

Along Negative X-Direction:          2nd Mode & Period T2 =0.08763 sec 
  

 
Based on Pushover Curve along X-Direction 

   

  
 Initial : Vi = 2002 k  Yielding : Vy = 7185 k 

 

  
di = 1.048E-04 

 
dy = 3.999E-04 

 

  
Ki = Vi /(di xH)= 4.8982E+04 

 
Ke = Vy /(dy xH)= 4.6069E+04 

        

  
Te = Ti √(Ki /Ke)= 0.09036 sec 

   
(Eq. 3-13) 

  
Sa = 1.7833 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.1419 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.2897 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0031 
   

  
Target Displacement: t,X = C0 C1C2 Sa Te

2g /(42) = 0.2212 in (Eq. 3-14) 

  
Drift Ratio : t,X = 0.057% 

   

        Along Negative Y-Direction:          1st Mode & Period T1 =0.10090 sec 
  

 
Based on Pushover Curve along Y-Direction 

   

  
 Initial : Vi = 1502 k  Yielding : Vy = 6576 k 

 

  
di = 1.198E-04 

 
dy = 5.988E-04 

 

  
Ki = Vi /(di xH)= 3.2148E+04 

 
Ke = Vy /(dy xH)= 2.8159E+04 

        

  
Te = Ti √(Ki /Ke)= 0.10781 sec 

   
(Eq. 3-13) 

  
Sa = 1.9696 

   
(Eq.1-8~10) 

   
R = SaCm /(Vy/W)= 1.3780 

   

   
C1 = 1+(R-1)/(aTe

2) = 1.5420 
   

   
C2 = 1+[(R-1)/Te]

2/800 = 1.0154 
   

  
Target Displacement: t,Y = C0 C1C2 Sa Te

2g /(42) = 0.4210 in (Eq. 3-14) 

  
Drift Ratio : t,Y = 0.108% 
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PUSHOVER CURVES (RETROFITTED STRUCTURE) 

 

1). Pushover Along Positive X-Direction with Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE 

 
NOTE:  Red mark 1 indicates the wall rotation limit at IO performance level; Red marks 4, 5 

and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All limits occur 

after the target displacement (0.056%). See the following pictures for the locations of the first 

wall rotation / shear strain reaching the IO performance level after the target displacement. 
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Wall Rotation at IO Performance:   Wall Shear Strain at IO Performance: 
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2). Pushover Along Negative X-Direction with Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE 

 

 

NOTE:  Red mark 1 indicates the wall rotation limit at IO performance level, and it occurs 

before the target displacement (0.054%), see the following page for the location; Red marks 4, 5 

and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All shear limits 

occur at / after the target displacement (0.054%). 
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Wall Rotation at IO Performance:   Wall Shear Strain at IO Performance: 

  
 

 

NOTE:  Red-marked Pier indicates the wall rotation exceeds the limit at IO performance level, 

and it should be saw-cut three sides of pier to turn into a non-bearing wall (see the schematic 

drawings – Appendix H).  The right-side picture shows, the first spandrel location (Grid-F) 

which shear strain reaches the shear strain limit at IO performance. 
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3). Pushover Along Positive Y-Direction with Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE 

 
 

NOTE:  Red marks 1 and 2 indicate the wall rotation limit at IO and LS performance levels; Red 

marks 4, 5 and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All 

limits occur after the target displacement (0.096%).  See the following pictures for the locations 

of the first wall rotation / shear strain reaching the IO performance level after the target 

displacement. 
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Wall Rotation at IO Performance:   Wall Shear Strain at IO Performance: 
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4). Pushover Along Negative Y-Direction with Load Case:  QG ± QE = 1.1(DL + ¼ LL) ± QE 

 

 
NOTE:  Red marks 1 and 2 indicate the wall rotation limit at IO and LS performance levels; Red 

marks 4, 5 and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All 

limits occur after the target displacement (0.106%).  See the following pictures for the locations 

of the first wall rotation / shear strain reaching the IO performance level after the target 

displacement. 
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Wall Rotation at IO Performance:   Wall Shear Strain at IO Performance: 
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5). Pushover Along Positive X-Direction with Load Case:  QG ± QE = 0.9 DL± QE 

 

 
NOTE:  Red marks 4, 5 and 6 indicate the wall shear strain limit at IO, LS and CP performance 

levels. All limits occur after the target displacement (0.061%). 
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6). Pushover Along Negative X-Direction with Load Case:  QG ± QE = 0.9 DL± QE 

 
NOTE:  Red mark 1 indicates the wall rotation limit at IO performance level; Red marks 4, 5 

and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. Red marks 1 & 4 

occur before the target displacement (0.057%), which means the structure is not able to reach the 

IO performance level before the target displacement (0.057%). 
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7). Pushover Along Positive Y-Direction with Load Case:  QG ± QE = 0.9 DL± QE 

 

 
 

NOTE:  Red marks 1 and 2 indicate the wall rotation limit at IO and LS performance levels; Red 

marks 4, 5 and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All IO 

wall rotation limit (Red mark 1) occur before the target displacement (0.097%). 
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7). Pushover Along Negative Y-Direction with Load Case:  QG ± QE = 0.9 DL± QE 

 

 

 

NOTE:  Red mark 1 indicates the wall rotation limit at IO and LS performance levels; Red 

marks 4, 5 and 6 indicate the wall shear strain limit at IO, LS and CP performance levels. All 

limits occur after the target displacement (0.108%). 
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APPENDIX G:  MISC CALCULATIONS: 
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Santa Barbara Police Station Seismic Retrofit Study 

 

Coffman Engineers, Inc. 73 Job No. 10303 
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APPENDIX H:  ESTIMATED RETROFIT COST ANALYSIS: 

 
 

 

 



OPINION OF PROBABLE 

COST OF CONSTRUCTION

FOR

SEISMIC RETROFIT

FOR

MAIN POLICE DEPARTMENT BUILDING

215 EAST FIGUEROA STREET

CITY OF SANTA BARBARA

SANTA BARBARA, CA

FULL BUILDING RETROFIT

OPINION OF PROBABLE COST OF CONSTRUCTION 

OCTOBER 14, 2010

ENGINEERS: COST CONSULTANTS

Coffman Engineers Iskander Associates, Inc

16133 Ventura Blvd #1010 600 N. Tustin Avenue #130

Encino, CA 91436 Santa Ana, CA 92705

Tel:  (818)285-2650 Tel:  (714) 544-4214

Fax: (818)285-2651 Fax: (714) 544-1206



Iskander Associates, Inc

SEISMIC RETROFIT STATUS: PRELIMINARY

MAIN POLICE DEPT BUILDING DATE: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA DATE REV. 14-Oct-10

FULL BUILDING RETROFIT IAI PROJ #:  10-1950 

A/E: COFFMAN ENGINEERING GFA:

BASIS OF THE ESTIMATE:

GENERAL:

ARRANGEMENT:

It is assumed that the work will be done in phases.  Therefore, allowances included for phasing in this estimate.  

The estimate is arranged as follows:

1.  Estimate for the proposed seismic retrofit work as designed by the engineers.

2. Estimate for reworking areas impacted by the proposed seismic retrofit.

DOCUMENTS USED FOR THE ESTIMATE:

As built set of drawings  dated April 4, 1959:  Architectural drawings 1 through 7, and 10, Structural Drawings - S-1 through

S-8.

ASSUMPTIONS:

The following assumptions were used in developing the cost estimate:

1 Labor wages are based on prevailing wages for normal working hours.

2 Material prices include all related freight, sales taxes and waste.

3

4 The building will remain occupied through out the construction period.

5 The work will be done in phases.

6 The phased work will be released to the contractor in timely manner

7 The contractor will be provided with phasing schedule.

8 The contractor will be provided with adequate staging space and parking for his workers.

9 All noise generating work will be done during off hours and weekends.

10 Pathway etc, on site damaged during construction will be repaired and made good

11 Patching and repairing of Impacted architectural and MEP disciplines are included as allowances

12 Hazardous material will be abated prior to demo work at impacted areas and included in the budget by the Engineer.

13 Allowances included for seismic restraints of equipment, pipes, ducts, conduits etc.,

14 Each phase will be totally cleaned after finish of work.

This probable preliminary cost of construction estimate for the seismic retrofit for the Main police department building in the 

city of Santa Barbara is based on preliminary structural plans prepared by the design team of Coffman Engineers.

The estimate is also based on measurement of approximate quantities from the plans provided and priced in accordance with 

the outline specifications discussed with the design team.   Where measurement was not possible  reasonable allowances 

have been included in the estimates.  

The following drawings were received from Coffman Engineers and used in developing this probable cost of construction:

Progress Structural Set dated August 24, 2010:  S0.1, S0.2, S1.1, S2.1, S2.2, S2.3, S2.4 S2.5, S3.1, S3.2 and S3.3

The estimate is based on receiving a minimum of 5 responsive bids with three sub contractor bid in each trade.
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Iskander Associates, Inc

SEISMIC RETROFIT STATUS: PRELIMINARY

MAIN POLICE DEPT BUILDING DATE: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA DATE REV. 14-Oct-10

FULL BUILDING RETROFIT IAI PROJ #:  10-1950 

A/E: COFFMAN ENGINEERING GFA:

EXCLUSION:

The following items are not included in the hard construction costs for each building.

o. Hazardous material abatement by others.

o. Professional fees.

o. Agencies fee, if any.

o. Construction contingencies.

o. Escalation beyond the 4th Quarter of  2010.

o. Demolition work  other than what is in the estimate

o. Off site work

o. Owner's costs.

o. Public agencies costs.

o. Relocation of personnel to swing space

o. All Risk Insurance

o. Preparation of the swing spaces

o. ADA work.

o. Architectural work beyond what is called for on the drawings.

o. FF&E

o. Seismic work  beyond what is shown on the plans.

o. Electrical work , other than allowance for impacted areas by seismic retrofit work.

o. Mechanical systems other than allowance for impacted areas by seismic retrofit work.

LIMITATIONS

Since we have no control over the cost of labor, material and  equipment, or the contractor's

method of carrying out the work  and determining the price, or over competitive bidding or

market conditions, this opinion of probable construction cost provided, is made on the basis of

experience and qualifications. This opinion  represents our best judgment as professional

construction consultants with the Construction Industry. However, we cannot and do not

guarantee that proposals, bids or the construction cost will not vary from opinions of probable

cost in this estimate.
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

Gross Floor area:

Basement floor sf               12,072 

First Floor               12,040 

Second Floor sf                 3,887 

Total Gross Floor area sf               27,999 

PREPAREATORY WORK 3.21$             90,000              

ASBESTOS ABATEMENT WORK 4.52$             126,500            

SELECTIVE DEMOLITION 1.64$             46,000              

STRUCTURAL 15.35$           429,800            

SEISMIC RESTRAINTS 1.50$             42,000              

ARCHITECTURAL 11.13$           311,700            

ROOF 2.99$             83,800              

IMPACTED MEP 12.16$           340,500            

MISCELLANEOUS COSTS 10.00$           280,000            

TOTAL DIRECT COST 62.51$           1,750,300$       

General Conditions 20.00% 12.50$           350,100$          

Contractor's Overhead & Profit or Fee 15.00% 11.25$           315,100$          

Insurance and Bond 3.00% 2.59$             72,500$            

TOTAL INCLUDING MARK-UPS 2,488,000$       

Phasing allowance 10.00% 248,800$          

DESIGN CONTINGENCY 15.00% 410,500$          

PROBABLE CONSTRUCTION COST OCTOBER 2010 112.41$         3,147,300$       
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

01 PREPERATORY WORK:

Barricades 1.00           ls 45,000.00$    45,000$            

Noise control allowance 1.00           ls 20,000.00$    20,000$            

Dust Control Allowance 1.00           ls 10,000.00$    10,000$            

Trash bins 1.00           ls $5,000.00 5,000$              

Protect existing work during construction 1.00           ls $10,000.00 10,000$            

TOTAL PREPARATORY WORK: 90,000$            

02 ASBESTOS ABATEMENT:

Ceilings with Acoustic spray assumed to be 

contaminated with asbestos.  The following 

work is limited to the ceiling areas.

Preparatory work to abate space allow

Equipment and set up and removal 1.00           ls 40,000.00$    40,000$            

Containment construction set up and removal 1.00           ls 25,000.00$    25,000$            

Scrape ceilings 8,200 sf 2.00$             16,400$            

Remove Ballast from fl fixtures allow 200 ea 50.00$           10,000$            

Disposal of Contaminated material allow 8,200 sf 2.00$             16,400$            

Monitoring/sampling 1 ls 5,000.00$      5,000$              

Decontaminate area 1 ls 7,500.00$      7,500$              

Cover furniture and equipment during 

decontamination work. 8,200 sf 0.75$             6,200$              

TOTAL ASBESTOS ABATEMENT WORK 126,500$          

03 SELECTIVE DEMOLITION:

Ceilings:

Remove Gypsum plaster ceilings 11,460.00  sf 1.50$             17,200$            

Remove suspended gypsum plaster clg 300.00       sf 2.00$             600$                 

Windows and doors -$                      

Remove windows 2.00           ea 150.00$         300$                 

Remove overhead door 2.00           ea 500.00$         1,000$              

Remove doors as required and store 1.00           ls 2,500.00$      2,500$              

Roof

Remove existing roof tiles. 4,110.00    sf 2.00$             8,200$              

Remove from site 1.00           ls 1,200.00$      1,200$              

Miscellaneous:

Allowance for removing cabinets, lockers, etc., 

to seismic work 1.00           ls 10,000.00$    10,000$            

Allowance for removing misc specialties 1.00           ls 5,000.00$      5,000$              

SUBTOTAL SELECTIVE DEMO 46,000$            
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

04 STRUCTURALSEISMIC RETROFIT WORK:

1 Foundation work (details 11, 12, 16/S1.1)

Saw cut slab on grade 146.00       lf 20.00$           2,900$              

Breakup and remove slab on grade 550.00 sf 4.00$             2,200$              

Excavate for foundations and tie beams 41.00         cy 50.00$           2,100$              

Backfill and compact 14.00         cy 50.00$           700$                 

Haul surplus 10.50         cy 20.00$           200$                 

Drill and epoxy dowel into existing concrete 

footing. 144.00       ea 30.00$           4,300$              

Roughen surfaces of existing concrete 130.00       sf 5.00$             700$                 

Concrete in enlarging existing footing 46.50         cy 400.00$         18,600$            

Concrete Tie beam 18.50         cy 400.00$         7,400$              

Forming sides of footing 137.00       sf 15.00$           2,100$              

Forming sides of tie beam 100.00       sf 20.00$           2,000$              

Reinforcing bars in foundation 1,325.00    lb 1.25$             1,700$              

Reinforcing bars in tie beam 2,775.00    lb 1.25$             3,500$              

2 Slab on Grade:

Drill/ epoxy dowel into existing slab 118.00       ea 35.00$           4,100$              

Reinforced concrete slab in patching existing 

slab on grade 1,440.00    sf 15.00$           21,600$            

Reinforcing rebar and connector to wall 2880.00 lb 1.25$             3,600$              

Finish concrete slab to receive architectural 

finishes. 1,440.00    sf 2.50$             3,600$              

3 Shotcrete Shear Wall (Detail 11/S1.1)

Roughen surfaces of existing concrete 380.00       sf 5.00$             1,900$              

Drill and epoxy into existing concrete wall 420.00 ea 30.00$           12,600$            

Drill and epoxy dowel into soffit of concrete 

beam 92.00         ea 40.00$           3,700$              

Drill and epoxy dowel into existing concrete ftg.

60.00         ea 30.00$           1,800$              

Shotcrete over existing conc wall 16.10         cy 400.00$         6,400$              

Rebound 1.00           ls 1,000.00$      1,000$              

Finish surface of shotcrete 650.00       sf 2.50$             1,600$              

Reinforcing bars in shotcrete wall 2,590.00    lb 1.25$             3,200$              

Block window opening with shotcrete 27.00         sf 60.00$           1,600$              

4 Concrete Shear wall (Detail 12/S1.1)

Roughen soffits of beam 10.00         sf 5.00$             100$                 

Reinforced concrete wall 3.15 cy 300.00$         900$                 

Forming both sides 250.00       sf 20.00$           5,000$              

Reinforcing steel bars 500.00       lb 1.25$             600$                 

Finish concrete wall 250.00       sf 2.50$             600$                 

Drill/dowel/epoxy soffit of beam 16.00         ea 35.00$           600$                 
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

5 Fiber Wrap:

Saw cut CMU partition walls for Fiber wrap 590.00       lf 20.00$           11,800$            

Breakup and remove CMU wall 590.00       sf 5.00$             3,000$              

3 layers to Columns 1,195.00    sf 45.00$           53,800$            

3 Layers to Walls 320.00       sf 45.00$           14,400$            

6 Layers to walls 310.00 sf 75.00$           23,300$            

3 Layers to concrete floor slab 890.00       sf 45.00$           40,100$            

6 Fill Opening in 2nd Floor:

Drill/epoxy/dowel in existing slab 80.00         ea 40.00$           3,200$              

Reinforced concrete in slab fill 6" thick 40.00         cy 400.00$         16,000$            

Form soffit of slab 192.00 sf 25.00$           4,800$              

Reinforcing steel bars in slab 500.00       lb 1.25$             600$                 

Finish concrete 192.00       sf 2.50$             500$                 

7 Roof Seismic Work:

Drill through concrete wall for 3/4" Dia bolt 72.00         ea 50.00$           3,600$              

3/4" Bolt with nut 72.00         ea 10.50$           800$                 

HSS member 11000.00 lb 5.00$             55,000$            

WT welded to bottom of existing steel beam 46.00         lf 125.00$         5,800$              

Miscellaneous steel plates 20.00         ea 500.00$         10,000$            

Miscellaneous steel in strengthening work 1.00           ls 10,000.00$    10,000$            

New plywood sheathing 19/32" 4,110.00    sf 5.00$             20,600$            

Allowance for sistering existing members 4,110.00    sf 5.00$             20,600$            

Allowance for removing and replacing dry rot of 

existing sheathing (10%) 450.00       sf 15.00$           6,800$              

8 Seismic Joint:

Saw cut wall to remove 4" strip of concrete 52.00         lf 25.00$           1,300$              

Remove concrete strip 4" wide 4.00           mh 150.00$         600$                 

6" x 10.5" x 3/16 Steel plate 1.00 ea 300.00$         300$                 

5/8" bolt and nut 2.00           ea 15.00$           -$                      

SUBTOTAL STRUCTURAL 429,800$          

05 SEISMIC RESTRAINTS:

Impact area seismic restraints 27,999.00  sf 1.50$             42,000$            

SUBTOTAL SEISMIC RESTRAINTS 42,000$            
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

06 ARCHITECTURAL IMPACT REPAIR

New Gypsum plaster ceiling 11,460.00  sf 10.00$           114,600$          

Ditto suspended 300.00       sf 15.00$           4,500$              

Rebuild CMU Walls partitions 590.00       sf 30.00$           17,700$            

Floor finishes allowance 1.00           ls 40,000.00$    40,000$            

Wall finishes allowance 1.00           ls 25,000.00$    25,000$            

Column surfaces finishes allowance 1,195.00    sf 20.00$           23,900$            

Allowance for reinstalling removed doors 1.00           ls 5,000.00$      5,000$              

Allowance for rebuilding cabinets, replacing 

lockers etc., 1.00           ls 15,000.00$    15,000$            

Allowance for replacing specialties items 1.00           ls 10,000.00$    10,000$            

Allowance for painting 27,999.00  sf 2.00$             56,000$            

SUBTOTAL ARCHITECTURAL 311,700$          

07 ROOF

New clay roof tile 4,110.00    sf 15.00$           61,700$            

Waterproofing membrane 4,110.00    sf 3.50$             14,400$            

Sheet metal work 265.00       lf 10.00$           2,700$              

Modify roof drains 1.00           ls 5,000.00$      5,000$              

SUBTOTAL ROOF 83,800$            

08 IMPACTED MEP

Plumbing Work allowances due to Seismic work

Remove and replace plumbing fixtures where 

impacted by seismic work including modification 

of all piping to the fixtures allow 1.00           ls 50,000.00$    50,000$            
-$                      

HVAC Allowances due to Seismic work impact: -$                      

Protect louvers in mechanical rooms 1.00           ls 500.00$         500$                 

Route / move / and reinstall mechanical 

equipment impacted by  seismic work 1.00           sf 80,000.00$    80,000$            

Allow for rerouting ducts, pipes, registers etc., in 

ceilings 1.00           sf 20,000.00$    20,000$            
-$                      

Electrical Allowances due to Seismic Impact: -$                      

Remove and replace lighting fixtures in 

removed ceilings

1.00           sf 125,000.00$  125,000$          

Modify all branch circuitry for lighting fixtures 1.00           sf 50,000.00$    50,000$            

Reroute electrical conduits 1.00           sf 15,000.00$    15,000$            

SUBTOTAL IMPACTED MEP 340,500$          
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

FULL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

09 MISCELLANEOUS COSTS

Miscellaneous cuts and patch 27,999.00  sf 1.50$             42,000$            

Scaffolding and barricades 27,999.00  sf 2.00$             56,000$            

Patch interior pathway of construction 27,999.00  sf 2.50$             70,000$            

Regular cleaning and final clean up 27,999.00  sf 2.50$             70,000$            

Miscellaneous items 27,999.00  sf 1.50$             42,000$            

SUBTOTAL MISCELLANEOUS COSTS 280,000$          
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OPINION OF PROBABLE 
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FOR

SEISMIC RETROFIT
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OCTOBER 14, 2010

ENGINEERS: COST CONSULTANTS
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Tel:  (818)285-2650 Tel:  (714) 544-4214

Fax: (818)285-2651 Fax: (714) 544-1206



Iskander Associates, Inc

SEISMIC RETROFIT STATUS: PRELIMINARY

MAIN POLICE DEPT BUILDING DATE: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA DATE REV. 14-Oct-10

PARTIAL BUILDING RETROFIT IAI PROJ #:  10-1950 

A/E: COFFMAN ENGINEERING GFA:

BASIS OF THE ESTIMATE:

GENERAL:

ARRANGEMENT:

It is assumed that the work will be done in phases.  Therefore, allowances included for phasing in this estimate.  

The estimate is arranged as follows:

1.  Estimate for the proposed seismic retrofit work as designed by the engineers.

2. Estimate for reworking areas impacted by the proposed seismic retrofit.

DOCUMENTS USED FOR THE ESTIMATE:

As built set of drawings  dated April 4, 1959:  Architectural drawings 1 through 7, and 10, Structural Drawings - S-1 through

S-8.

ASSUMPTIONS:

The following assumptions were used in developing the cost estimate:

1 Labor wages are based on prevailing wages for normal working hours.

2 Material prices include all related freight, sales taxes and waste.

3

4 The building will remain occupied through out the construction period.

5 The work will be done in phases.

6 The phased work will be released to the contractor in timely manner

7 The contractor will be provided with phasing schedule.

8 The contractor will be provided with adequate staging space and parking for his workers.

9 All noise generating work will be done during off hours and weekends.

10 Pathway etc, on site damaged during construction will be repaired and made good

11 Patching and repairing of Impacted architectural and MEP disciplines are included as allowances

12 Hazardous material will be abated prior to demo work at impacted areas and included in the budget by the Engineer.

13 Allowances included for seismic restraints of equipment, pipes, ducts, conduits etc.,

14 Each phase will be totally cleaned after finish of work.

This probable preliminary cost of construction estimate for the seismic retrofit for the Main police department building in the 

city of Santa Barbara is based on preliminary structural plans prepared by the design team of Coffman Engineers.

The estimate is also based on measurement of approximate quantities from the plans provided and priced in accordance 

with the outline specifications discussed with the design team.   Where measurement was not possible  reasonable 

allowances have been included in the estimates.  The estimate covers the south portion of the building from grid lines 1-6 

and F-H.

The following drawings were received from Coffman Engineers and used in developing this probable cost of construction:

Progress Structural Set dated August 24, 2010:  S0.1, S0.2, S1.1, S2.1, S2.2, S2.3, S2.4 S2.5, S3.1, S3.2 and S3.3

The estimate is based on receiving a minimum of 5 responsive bids with three sub contractor bid in each trade.
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Iskander Associates, Inc

SEISMIC RETROFIT STATUS: PRELIMINARY

MAIN POLICE DEPT BUILDING DATE: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA DATE REV. 14-Oct-10

PARTIAL BUILDING RETROFIT IAI PROJ #:  10-1950 

A/E: COFFMAN ENGINEERING GFA:

EXCLUSION:

The following items are not included in the hard construction costs for each building.

o. Hazardous material abatement by others.

o. Professional fees.

o. Agencies fee, if any.

o. Construction contingencies.

o. Escalation beyond the 4th Quarter of  2010.

o. Demolition work  other than what is in the estimate

o. Off site work

o. Owner's costs.

o. Public agencies costs.

o. Relocation of personnel to swing space

o. All Risk Insurance

o. Preparation of the swing spaces

o. ADA work.

o. Architectural work beyond what is called for on the drawings.

o. FF&E

o. Seismic work  beyond what is shown on the plans.

o. Electrical work , other than allowance for impacted areas by seismic retrofit work.

o. Mechanical systems other than allowance for impacted areas by seismic retrofit work.

LIMITATIONS

Since we have no control over the cost of labor, material and  equipment, or the contractor's

method of carrying out the work  and determining the price, or over competitive bidding or

market conditions, this opinion of probable construction cost provided, is made on the basis of

experience and qualifications. This opinion  represents our best judgment as professional

construction consultants with the Construction Industry. However, we cannot and do not

guarantee that proposals, bids or the construction cost will not vary from opinions of probable

cost in this estimate.
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

PARTIAL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

Gross Floor area:

Basement floor sf                 3,842 

First Floor                 3,842 

Second Floor sf                 3,842 

Total Gross Floor area sf               11,526 

PREPAREATORY WORK 7.85$             90,500              

ASBESTOS ABATEMENT WORK 5.40$             62,200              

SELECTIVE DEMOLITION 2.47$             28,500              

STRUCTURAL 21.37$           246,300            

SEISMIC RESTRAINTS 1.50$             17,300              

ARCHITECTURAL 15.02$           173,100            

ROOF 7.27$             83,800              

IMPACTED MEP 19.10$           220,100            

MISCELLANEOUS COSTS 10.00$           115,300            

TOTAL DIRECT COST 89.98$           1,037,100$       

General Conditions 20.00% 17.99$           207,400$          

Contractor's Overhead & Profit or Fee 15.00% 16.20$           186,700$          

Insurance and Bond 3.00% 3.72$             42,900$            

TOTAL INCLUDING MARK-UPS 1,474,100$       

Phasing allowance 10.00% 147,400$          

DESIGN CONTINGENCY 15.00% 243,200$          

PROBABLE CONSTRUCTION COST OCTOBER 2010 161.78$         1,864,700$       
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

PARTIAL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

01 PREPERATORY WORK:

Barricades 1.00           ls 20,000.00$    20,000$            

Noise control allowance 1.00           ls 10,000.00$    10,000$            

Dust Control Allowance 1.00           ls 50,000.00$    50,000$            

Trash bins 1.00           ls $3,000.00 3,000$              

Protect existing work during construction 1.00           ls $7,500.00 7,500$              

TOTAL PREPARATORY WORK: 90,500$            

02 ASBESTOS ABATEMENT:

Ceilings with Acoustic spray assumed to be 

contaminated with asbestos.  The following 

work is limited to the ceiling areas.

Preparatory work to abate space allow

Equipment and set up and removal 1.00           ls 20,000.00$    20,000$            

Containment construction set up and removal 1.00           ls 12,000.00$    12,000$            

Scrape ceilings 3,300 sf 2.00$             6,600$              

Remove Ballast from fl fixtures allow 150 ea 50.00$           7,500$              

Disposal of Contaminated material allow 3,300 sf 2.00$             6,600$              

Monitoring/sampling 1 ls 3,000.00$      3,000$              

Decontaminate area 1 ls 4,000.00$      4,000$              

Cover furniture and equipment during 

decontamination work. 3,300 sf 0.75$             2,500$              

TOTAL ASBESTOS ABATEMENT WORK 62,200$            

03 SELECTIVE DEMOLITION:

Ceilings:

Remove Gypsum plaster ceilings 7,522.00    sf 1.50$             11,300$            

Remove suspended gypsum plaster clg -             sf 2.00$             -$                      

Windows and doors -$                      

Remove windows 2.00           ea 150.00$         300$                 

Remove overhead door -             ea 500.00$         -$                      

Remove doors as required and store -             ea 2,500.00$      -$                      

Roof

Remove existing roof tiles. 4,110.00    sf 2.00$             8,200$              

Remove from site 1.00           ls 1,200.00$      1,200$              

Miscellaneous:

Allowance for removing cabinets, lockers, etc., 

to seismic work 1.00           ls 5,000.00$      5,000$              

Allowance for removing misc specialties 1.00           ls 2,500.00$      2,500$              

SUBTOTAL SELECTIVE DEMO 28,500$            
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

PARTIAL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

04 STRUCTURALSEISMIC RETROFIT WORK:

1 Foundation work (details 11, 12, 16/S1.1)

Saw cut slab on grade 72.00         lf 20.00$           1,400$              

Breakup and remove slab on grade 224.00 sf 4.00$             900$                 

Excavate for foundations and tie beams 34.00         cy 50.00$           1,700$              

Backfill and compact 25.00         cy 50.00$           1,300$              

Haul surplus 9.00           cy 20.00$           200$                 

Drill and epoxy dowel into existing concrete 

footing. 58.00         ea 30.00$           1,700$              

Roughen surfaces of existing concrete 112.00       sf 5.00$             600$                 

Concrete in enlarging existing footing 9.00           cy 400.00$         3,600$              

Concrete Tie beam -             cy 400.00$         -$                      

Forming sides of footing 114.00       sf 15.00$           1,700$              

Forming sides of tie beam -             sf 20.00$           -$                      

Reinforcing bars in foundation 1,140.00    lb 1.25$             1,400$              

Reinforcing bars in tie beam -             lb 1.25$             -$                      

2 Slab on Grade:

Drill/ epoxy dowel into existing slab 56.00         ea 35.00$           2,000$              

Reinforced concrete slab in patching existing 

slab on grade 224.00       sf 20.00$           4,500$              

Reinforcing rebar and connector to wall 560.00 lb 1.25$             700$                 

Finish concrete slab to receive architectural 

finishes. 224.00       sf 2.50$             600$                 

3 Shotcrete Shear Wall (Detail 11/S1.1)

Roughen surfaces of existing concrete 616.00       sf 5.00$             3,100$              

Drill and epoxy into existing concrete wall 616.00 ea 30.00$           18,500$            

Drill and epoxy dowel into soffit of concrete 

beam 88.00         ea 40.00$           3,500$              

Drill and epoxy dowel into existing concrete ftg.

60.00         ea 30.00$           1,800$              

Shotcrete over existing conc wall 16.00         cy 400.00$         6,400$              

Rebound 1.00           ls 1,000.00$      1,000$              

Finish surface of shotcrete 616.00       sf 2.50$             1,500$              

Reinforcing bars in shotcrete wall 2,464.00    lb 1.25$             3,100$              

Block window opening with shotcrete 54.00         sf 60.00$           3,200$              

4 Fiber Wrap:

Saw cut CMU partition walls for Fiber wrap 154.00       lf 20.00$           3,100$              

Breakup and remove CMU wall 154.00       sf 5.00$             800$                 

3 layers to Columns 206.00       sf 45.00$           9,300$              

3 Layers to Walls 168.00       sf 45.00$           7,600$              

3 Layers to concrete floor slab 620.00       sf 45.00$           27,900$            
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

PARTIAL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

5 Roof Seismic Work:

Drill through concrete wall for 3/4" Dia bolt 72.00         ea 50.00$           3,600$              

3/4" Bolt with nut 72.00         ea 10.50$           800$                 

HSS member 11000.00 lb 5.00$             55,000$            

WT welded to bottom of existing steel beam 46.00         lf 125.00$         5,800$              

Miscellaneous steel plates 20.00         ea 500.00$         10,000$            

Miscellaneous steel in strengthening work 1.00           ls 10,000.00$    10,000$            

New plywood sheathing 19/32" 4,110.00    sf 5.00$             20,600$            

Allowance for sistering existing members 4,110.00    sf 5.00$             20,600$            

Allowance for removing and replacing dry rot of 

existing sheathing (10%) 450.00       sf 15.00$           6,800$              

SUBTOTAL STRUCTURAL 246,300$          

05 SEISMIC RESTRAINTS:

Impact area seismic restraints 11,526.00  sf 1.50$             17,300$            

SUBTOTAL SEISMIC RESTRAINTS 17,300$            

06 ARCHITECTURAL IMPACT REPAIR

New Gypsum plaster ceiling 7,522.00    sf 10.00$           75,200$            

Ditto suspended -             sf 15.00$           -$                      

Rebuild CMU Walls partitions 154.00       sf 30.00$           4,600$              

Floor finishes allowance 11,526.00  sf 2.50$             28,800$            

Wall finishes allowance 11,526.00  sf 1.50$             17,300$            

Column surfaces finishes allowance 206.00       sf 20.00$           4,100$              

Allowance for reinstalling removed doors 1.00           ls 5,000.00$      5,000$              

Allowance for rebuilding cabinets, replacing 

lockers etc., 1.00           ls 10,000.00$    10,000$            

Allowance for replacing specialties items 1.00           ls 5,000.00$      5,000$              

Allowance for painting 11,526.00  sf 2.00$             23,100$            

SUBTOTAL ARCHITECTURAL 173,100$          

07 ROOF

New clay roof tile 4,110.00    sf 15.00$           61,700$            

Waterproofing membrane 4,110.00    sf 3.50$             14,400$            

Sheet metal work 265.00       lf 10.00$           2,700$              

Modify roof drains 1.00           ls 5,000.00$      5,000$              

SUBTOTAL ROOF 83,800$            
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Iskander Associates, Inc

SEISMIC RETROFIT Status: Conceptual

MAIN POLICE DEPT BUILDING Date: 5-Oct-10

215 EAST FIGUEROA STREET, SANTA BARBARA, CA Date Revised 14-Oct-10

PARTIAL BUILDING RETROFIT Project # 10-1950

A/E: COFFMAN ENGINEERING GFA - SF

Item Description Quantity Unit Rate Total

08 IMPACTED MEP

Plumbing Work allowances due to Seismic work

Rework roof drains allow 1.00           ls 10,000.00$    10,000$            
-$                      

HVAC Allowances due to Seismic work impact: -$                      

Protect louvers in mechanical rooms 1.00           ls 500.00$         500$                 

Route / move / and reinstall mechanical 

equipment impacted by  seismic work 1.00           sf 80,000.00$    80,000$            

Allow for rerouting ducts, pipes, registers etc., in 

ceilings 1.00           sf 15,000.00$    15,000$            
-$                      

Electrical Allowances due to Seismic Impact: -$                      

Remove and replace lighting fixtures in 

removed ceilings 7,522.00    sf 12.50$           94,000$            

Modify all branch circuitry for lighting fixtures 7,522.00    sf 2.00$             15,000$            

Reroute electrical conduits 7,522.00    sf 0.75$             5,600$              

SUBTOTAL IMPACTED MEP 220,100$          

09 MISCELLANEOUS COSTS

Miscellaneous cuts and patch 11,526.00  sf 1.50$             17,300$            

Scaffolding and barricades 11,526.00  sf 2.00$             23,100$            

Patch interior pathway of construction 11,526.00  sf 2.50$             28,800$            

Regular cleaning and final clean up 11,526.00  sf 2.50$             28,800$            

Miscellaneous items 11,526.00  sf 1.50$             17,300$            

SUBTOTAL MISCELLANEOUS COSTS 115,300$          
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