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ERRATA 

This technical background report was drafted prior to the final definition of the current Build Alternative, with Design 
Options 1 and 2, presented in the draft environmental impact report/environmental assessment (DEIR/EA). Accordingly, 
several additional build alternatives and design options, other than those presented in the DEIR/EA, are still discussed in 
this report. They no longer apply and should be disregarded. 
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I. Executive Summary 

The California Incline is a roadway located in the City of Santa Monica that traverses the 
bluffs of Palisades Park connecting Ocean Avenue with Pacific Coast Highway.  A portion of 
the roadway is supported with a sidehill viaduct structure (circa 1930) that is heavily 
deteriorated.  A type selection analysis has been performed taking into account the needs of 
the City, the environment, and the Highway Bridge Program that has led to a 
recommendation to replace the structure.  
 
A cast-in-place slab bridge supported on cast-in-drilled-hole piles is recommended as the 
replacement structure.  The total estimated construction cost for this alternative is 
$10,780,000 which includes soil nail strengthening of the upper bluff slope and replacement 
of the approach roadway 
 
This Structure Type Selection report discusses the constraints for this project and the options 
for replacing the existing structure.  The City of Santa Monica will advertise, award, and 
administer the project. 
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II. Vicinity Map  

 

Project Site 
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III. Project Plan, General and Foundation Plans 
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IV. General Plan Estimates 



STRUCTURE COST ESTIMATEAdvance Planning Study Estimate

x General Plan Estimate

Engineer's Estimate

PROJECT: California Incline ESTIMATE DATE: 1/29/2010

BRIDGE: California Incline CALTRANS DISTRICT: 07

TYPE: Approach Roadway BR. NO: 53C-0543

LENGTH: 665.00 WIDTH: 45.11 AREA  (SF) = 30,000 RTE:

NO. OF STRUCTURES IN PROJECT : 1 EST. NO: 1 CO: LA

QUANTITIES BY: Pete Smith PM:

PRICING BY: Pete Smith COST INDEX DATE: 10/1/2009 COST INDEX: 337

NO. CODE CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT

1. REMOVE A/C AND BASE CY 1,204 25.00$                30,100.00$            

2. CLASS 2 BASE CY 1,204 60.00$                72,240.00$            

3. PLACE HMA TON 718 90.00$                64,620.00$            

SUBTOTAL 166,960.00$          

MOBILIZATION   ( @ 10 % ) 18,551.11$            

COST ESCALATION FORECAST: SUBTOTAL BRIDGE ITEMS 185,511.11$          

CONTINGENCIES 25%  46,377.78$            

PROJECTED CONSTRUCTION START DATE BRIDGE TOTAL COST 231,888.89$          

TIME OF COMPLETION (WORKING DAYS) COST PER SQ. FT. 7.73$                     

COMPUTED CONSTRUCTION FINISH DATE BRIDGE REMOVAL (CONTINGENCIES INCL.)

MIDPOINT OF CONSTRUCTION WORK BY RAILROAD OR UTILITY FORCES -$                       

ANNUAL ESCALATION RATE SUPPLEMENTAL WORK -$                       

ESTIMATED COST ESCALATION GRAND TOTAL 231,888.89$          

FOR BUDGETING (ESCALATED DOLLARS) FOR BUDGETING (CURRENT DOLLARS) 230,000.00$          
 

COMMENTS: 

1. This estimate represents the Engineer's professional opinion of probable cost only and no guarantee regarding its accuracy is expressed or implied.  Actual

bid prices will vary depending on market conditions at the time of bidding and are not within the Engineer's control.

2. This estimate does not include any forecast of cost escalation unless shown in the table above.

3. This estimate includes structure items only and does not include costs for utilities, landscaping, mitigation, right-of-way or engineering.



STRUCTURE COST ESTIMATEAdvance Planning Study Estimate

x General Plan Estimate

Engineer's Estimate

PROJECT: California Incline ESTIMATE DATE: 1/29/2010

BRIDGE: California Incline CALTRANS DISTRICT: 07

TYPE: Cast-in-Place Slab Bridge BR. NO: 53C-0543

LENGTH: 750.00 WIDTH: 51.67 AREA  (SF) = 38,753 RTE:

NO. OF STRUCTURES IN PROJECT : 1 EST. NO: 1 CO: LA

QUANTITIES BY: Pete Smith PM:

PRICING BY: Pete Smith/Wade Durant COST INDEX DATE: 10/1/2009 COST INDEX: 337

NO. CODE CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT

1. BRIDGE REMOVAL LS 1 280,000.00$      280,000.00$          

2. STRUCTURE EXCAVATION (BRIDGE) CY 1,442 100.00$              144,200.00$          

3. STRUCTURE BACKFILL (BRIDGE) CY 20 72.00$                1,440.00$              

4. 750 mm (30") CAST-IN-DRILLED-HOLE CONCRETE PILING LF 8,160 350.00$              2,856,000.00$       

5. -$                       

6. -$                       

7. STRUCTURAL CONCRETE, BRIDGE CY 2,400 1,200.00$          2,880,000.00$       

8. STRUCTURAL CONCRETE, BRIDGE FOOTING EA 20 460.00$              9,200.00$              

9. CONCRETE BARRIER (TEXAS T411) LF 907 250.00$              226,750.00$          

10. CONCRETE BARRIER (TYPE 27) LF 770 100.00$              77,000.00$            

11. BAR REINFORCING STEEL (BRIDGE) LB 323,713 1.05$                  339,898.65$          

12. JOINT SEAL, TYPE B (MR =  50 MM) LF 207 92.00$                19,044.00$            

13. BAR REINFORCING STEEL (RETAINING WALL) LB 10,164 1.15$                  11,688.60$            

14. STRUCTURAL CONCRETE, RETAINING WALL CY 104 460.00$              47,840.00$            

15. STRUCTURE EXCAVATION (RETAINING WALL) CY 455 55.00$                25,025.00$            

16. STRUCTURE BACKFILL (RETAINING WALL) CY 110 50.00$                5,500.00$              

17. REMOVE RETAINING WALL LS 1 50,000.00$        50,000.00$            

18. MINOR CONCRETE (SIDEWALK) CY 24 350.00$              8,400.00$              

SUBTOTAL 6,981,986.25$       

MOBILIZATION   ( @ 10 % ) 775,776.25$          

COST ESCALATION FORECAST: SUBTOTAL BRIDGE ITEMS 7,757,762.50$       

CONTINGENCIES 25%  1,939,440.63$       

PROJECTED CONSTRUCTION START DATE BRIDGE TOTAL COST 9,697,203.13$       

TIME OF COMPLETION (WORKING DAYS) COST PER SQ. FT. 250.23$                 

COMPUTED CONSTRUCTION FINISH DATE BRIDGE REMOVAL (CONTINGENCIES INCL.)

MIDPOINT OF CONSTRUCTION WORK BY RAILROAD OR UTILITY FORCES -$                       

ANNUAL ESCALATION RATE SUPPLEMENTAL WORK -$                       

ESTIMATED COST ESCALATION GRAND TOTAL 9,697,203.13$       

FOR BUDGETING (ESCALATED DOLLARS) FOR BUDGETING (CURRENT DOLLARS) 9,700,000.00$       
 

COMMENTS: 

1. This estimate represents the Engineer's professional opinion of probable cost only and no guarantee regarding its accuracy is expressed or implied.  Actual

bid prices will vary depending on market conditions at the time of bidding and are not within the Engineer's control.

2. This estimate does not include any forecast of cost escalation unless shown in the table above.

3. This estimate includes structure items only and does not include costs for roadwork, utilities, landscaping, mitigation, right-of-way or engineering.



STRUCTURE COST ESTIMATEAdvance Planning Study Estimate

x General Plan Estimate

Engineer's Estimate

PROJECT: California Incline ESTIMATE DATE: 1/29/2010

BRIDGE: California Incline CALTRANS DISTRICT: 07

TYPE: Longitudinal Precast/Prestressed Voided Slab BR. NO: 53C-0543

LENGTH: 750.00 WIDTH: 51.67 AREA  (SF) = 38,753 RTE:

NO. OF STRUCTURES IN PROJECT : 1 EST. NO: 1 CO: LA

QUANTITIES BY: Pete Smith PM:

PRICING BY: Pete Smith/Wade Durant COST INDEX DATE: 10/1/2009 COST INDEX: 337

NO. CODE CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT

1. BRIDGE REMOVAL LS 1 280,000.00$      280,000.00$          

2. STRUCTURE EXCAVATION (BRIDGE) CY 1,442 100.00$              144,200.00$          

3. STRUCTURE BACKFILL (BRIDGE) CY 20 72.00$                1,440.00$              

4. 750 mm (30") CAST-IN-DRILLED-HOLE CONCRETE PILING LF 5,700 350.00$              1,995,000.00$       

5. FURNISH PC PS CONCRETE GIRDER (10 M-15 M) EA 221 12,000.00$        2,652,000.00$       

6. ERECT PRECAST PRESTRESSED CONCRETE GIRDER EA 221 3,000.00$          663,000.00$          

7. STRUCTURAL CONCRETE, BRIDGE CY 1,739 800.00$              1,391,200.00$       

8. STRUCTURAL CONCRETE, BRIDGE FOOTING EA 20 460.00$              9,200.00$              

9. CONCRETE BARRIER (TEXAS T411) LF 907 250.00$              226,750.00$          

10. CONCRETE BARRIER (TYPE 27) LF 770 100.00$              77,000.00$            

11. BAR REINFORCING STEEL (BRIDGE) LB 195,358 1.05$                  205,125.90$          

12. JOINT SEAL, TYPE B (MR =  50 MM) LF 207 92.00$                19,044.00$            

13. BAR REINFORCING STEEL (RETAINING WALL) LB 10,164 1.15$                  11,688.60$            

14. STRUCTURAL CONCRETE, RETAINING WALL CY 104 460.00$              47,840.00$            

15. STRUCTURE EXCAVATION (RETAINING WALL) CY 455 55.00$                25,025.00$            

16. STRUCTURE BACKFILL (RETAINING WALL) CY 110 50.00$                5,500.00$              

17. REMOVE RETAINING WALL LS 1 50,000.00$        50,000.00$            

18. MINOR CONCRETE (SIDEWALK) CY 24 350.00$              8,400.00$              

SUBTOTAL 7,812,413.50$       

MOBILIZATION   ( @ 10 % ) 868,045.94$          

COST ESCALATION FORECAST: SUBTOTAL BRIDGE ITEMS 8,680,459.44$       

CONTINGENCIES 25%  2,170,114.86$       

PROJECTED CONSTRUCTION START DATE BRIDGE TOTAL COST 10,850,574.31$     

TIME OF COMPLETION (WORKING DAYS) COST PER SQ. FT. 280.00$                 

COMPUTED CONSTRUCTION FINISH DATE BRIDGE REMOVAL (CONTINGENCIES INCL.)

MIDPOINT OF CONSTRUCTION WORK BY RAILROAD OR UTILITY FORCES -$                       

ANNUAL ESCALATION RATE SUPPLEMENTAL WORK -$                       

ESTIMATED COST ESCALATION GRAND TOTAL 10,850,574.31$     

FOR BUDGETING (ESCALATED DOLLARS) FOR BUDGETING (CURRENT DOLLARS) 10,850,000.00$     
 

COMMENTS: 

1. This estimate represents the Engineer's professional opinion of probable cost only and no guarantee regarding its accuracy is expressed or implied.  Actual

bid prices will vary depending on market conditions at the time of bidding and are not within the Engineer's control.

2. This estimate does not include any forecast of cost escalation unless shown in the table above.

3. This estimate includes structure items only and does not include costs for roadwork, utilities, landscaping, mitigation, right-of-way or engineering.



STRUCTURE COST ESTIMATEAdvance Planning Study Estimate

x General Plan Estimate

Engineer's Estimate

PROJECT: California Incline ESTIMATE DATE: 1/29/2010

BRIDGE: California Incline CALTRANS DISTRICT: 07

TYPE: Transverse Precast/Prestressed Voided Slab BR. NO: 53C-0543

LENGTH: 750.00 WIDTH: 51.67 AREA  (SF) = 38,753 RTE:

NO. OF STRUCTURES IN PROJECT : 1 EST. NO: 1 CO: LA

QUANTITIES BY: Pete Smith PM:

PRICING BY: Pete Smith/Wade Durant COST INDEX DATE: 10/1/2009 COST INDEX: 337

NO. CODE CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT

1. BRIDGE REMOVAL LS 1 280,000.00$      280,000.00$          

2. STRUCTURE EXCAVATION (BRIDGE) CY 1,442 100.00$              144,200.00$          

3. STRUCTURE BACKFILL (BRIDGE) CY 20 72.00$                1,440.00$              

4. 750 mm (30") CAST-IN-DRILLED-HOLE CONCRETE PILING LF 5,100 350.00$              1,785,000.00$       

5. FURNISH PC PS CONCRETE GIRDER (15 M-20 M) EA 188 15,000.00$        2,820,000.00$       

6. ERECT PRECAST PRESTRESSED CONCRETE GIRDER EA 188 3,000.00$          564,000.00$          

7. STRUCTURAL CONCRETE, BRIDGE CY 2,227 800.00$              1,781,600.00$       

8. STRUCTURAL CONCRETE, BRIDGE FOOTING EA 20 460.00$              9,200.00$              

9. CONCRETE BARRIER (TEXAS T411) LF 907 250.00$              226,750.00$          

10. CONCRETE BARRIER (TYPE 27) LF 770 100.00$              77,000.00$            

11. BAR REINFORCING STEEL (BRIDGE) LB 268,980 1.05$                  282,429.00$          

12. JOINT SEAL, TYPE B (MR =  50 MM) LF 207 92.00$                19,044.00$            

13. BAR REINFORCING STEEL (RETAINING WALL) LB 10,164 1.15$                  11,688.60$            

14. STRUCTURAL CONCRETE, RETAINING WALL CY 104 460.00$              47,840.00$            

15. STRUCTURE EXCAVATION (RETAINING WALL) CY 455 55.00$                25,025.00$            

16. STRUCTURE BACKFILL (RETAINING WALL) CY 110 50.00$                5,500.00$              

17. REMOVE RETAINING WALL LS 1 50,000.00$        50,000.00$            

18. MINOR CONCRETE (SIDEWALK) CY 24 350.00$              8,400.00$              

SUBTOTAL 8,139,116.60$       

MOBILIZATION   ( @ 10 % ) 904,346.29$          

COST ESCALATION FORECAST: SUBTOTAL BRIDGE ITEMS 9,043,462.89$       

CONTINGENCIES 25%  2,260,865.72$       

PROJECTED CONSTRUCTION START DATE BRIDGE TOTAL COST 11,304,328.61$     

TIME OF COMPLETION (WORKING DAYS) COST PER SQ. FT. 291.71$                 

COMPUTED CONSTRUCTION FINISH DATE BRIDGE REMOVAL (CONTINGENCIES INCL.)

MIDPOINT OF CONSTRUCTION WORK BY RAILROAD OR UTILITY FORCES -$                       

ANNUAL ESCALATION RATE SUPPLEMENTAL WORK -$                       

ESTIMATED COST ESCALATION GRAND TOTAL 11,304,328.61$     

FOR BUDGETING (ESCALATED DOLLARS) FOR BUDGETING (CURRENT DOLLARS) 11,300,000.00$     
 

COMMENTS: 

1. This estimate represents the Engineer's professional opinion of probable cost only and no guarantee regarding its accuracy is expressed or implied.  Actual

bid prices will vary depending on market conditions at the time of bidding and are not within the Engineer's control.

2. This estimate does not include any forecast of cost escalation unless shown in the table above.

3. This estimate includes structure items only and does not include costs for roadwork, utilities, landscaping, mitigation, right-of-way or engineering.
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V. Structure Description 

The California Incline extends in a north-
south direction from Ocean Avenue to SR-1, 
Pacific Coast Highway (PCH), within the 
City of Santa Monica.  The California 
Incline Bridge (Bridge No. 53C-0543), runs 
down the bluffs of Palisades Park and is 
estimated to have been constructed in 1930.  
The structure is considered historic with the 
most prominent feature being the 
balustrade ornamental railing.  The existing 
roadway width is 40’ with a 5’ sidewalk for 
a total width of 45’. 

 

The east side of the existing roadway is 
supported at grade while the west side is 
supported intermittently on individual 
sidehill viaduct structures that span 
drainage gullies between eroded terrace 
deposits.  In 1988 Moffat and Nichol 
performed a detailed site inspection of the 
structures and determined there are five 
separate sidehill viaduct structures.  The 
sidehill viaducts consist of an 8” concrete 
slab supported on transverse tie beams 
spaced at 8’ on center.  The tie beams are 
supported at grade on the east side and 
frame into a continuous longitudinal beam 
that is supported on rectangular columns 
between the eroded terrace deposits on the 
west side.  The continuous longitudinal 
beam connects the individual viaducts 
together and also supports the sidewalk 
and railing.  The total length of the 
California Incline is approximately 1400’ 
with the railing, sidewalk, continuous 
beam, and viaduct structures extending 
for 750’ of that length.  Where the north 
end of the continuous beam stops a 
retaining wall supports the sidewalk and 
railing that extends for approximately 
150’ to a pedestrian overcrossing 
structure. 
 
 

Existing Sidehill Viaduct 

California Incline and PCH 

Typical Section – from Moffat and Nichol Report 
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VI. Purpose and Need 

The California Incline Bridge is deteriorated 
beyond the capabilities of what routine 
maintenance can repair.  Erosion of soil 
beneath the California Incline has caused 
localized settlement of the roadway and a 
patchwork of asphalt has been used to fill the 
erosion holes.  The bridge is rated as 
Structurally Deficient and has a Sufficiency 
Rating of 35.8 making it eligible for 
replacement under the Highway Bridge 
Program (HBP).  The bridge railing has 
concrete spalls and is rated as substandard as 
documented in the latest bridge inspection 
report.  Rehabilitation of the structure is 
considered as a type selection alternative and 
is eliminated as discussed in the report. 
 
The California Incline is closed to commercial 
traffic and is posted for a gross vehicle weight 
of 3 tons, based on the original design details 
of the structure.  The City of Santa Monica 
desires replace the structure so that it can 
support legal loads and widen the roadway to 
increase the lane and shoulder widths.    
 
The bluff slopes above and below the 
California Incline roadway are highly 
erodible, which needs to be considered in the 
replacement design.  The existing structure is 
supported on shallow foundations and there 
are no countermeasures to prevent erosion.  
There is evidence of damage to the structure 
caused by erosion as seen by the exposed and 
cracked footings. 
 
 
 
 
 
 
 
 
 
 
 
 

Existing Deteriorated Railing 

AC Repair Patches in Roadway 

Eroded and Exposed Footing 
Cracked Concrete Footing 
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VII. Roadway Geometrics 

According to Caltrans’ Local Assistance Procedures Manual (LAPM), local federal-aid 
reconstruction projects off the National Highway System (NHS) are to follow statewide 
design criteria, unless certain locally developed design criteria are approved.  This project 
will follow the statewide geometric standard which is AASHTO’s Policy on Geometric 
Design of Highways and Streets (Green Book).  The FHWA has designated twelve geometric 
controlling design criteria: 
 

 Design Speed        Grades 
 Lane Width        Stopping Sight Distance 
 Shoulder Width       Cross Slopes 
 Bridge Width        Superelevation 
 Horizontal Alignment       Horizontal Clearance 
 Vertical Alignment       Vertical Clearance 

 
Applying the twelve criteria to the California Incline four have been identified as 
substandard that will need a design exception: shoulder width, horizontal alignment, 
vertical alignment and stopping sight distance.  

A. Shoulder Width 

The existing California Incline traveled way is 40’ wide curb to curb with northbound and 
southbound lanes and a middle left turn lane.  The northbound and southbound lanes are 
12’ wide, the left turn lane is 10’ wide, and the shoulders are 2’ and 4’ wide on the east and 
west sides of the roadway, respectively.  According to the Green Book the California Incline 
is an urban collector since it connects a highway, Pacific Coast Highway, with a local street, 
Ocean Avenue.  The traffic volume on the road is over 2000 vehicles per day therefore the 
recommended minimum traveled way width is 24’, for two 12’ lanes, with 8’ shoulders on 
both sides.  The current roadway configuration provides the recommended 12’ lane width 
for primary lanes, but the shoulder widths are less than the minimum recommended.   
 
The roadway width at the north end is constrained by the span of the pedestrian 
overcrossing (POC) and the width of the existing intersection at PCH, therefore the roadway 
can not be widened at this end without reconstructing the POC.  The roadway can be 
widened south of the POC but is limited by the bluff slope on the east side and the geometry 
of the intersection at Ocean Avenue.   
 
It is proposed to widen the roadway 4’ 
south of the POC to increase the left turn 
lane to 12’ and to increase the west shoulder 
to 6’.  The west shoulder is widened since 
this is a climbing lane for bicyclists and the 
additional width will increase separation to 
vehicular traffic.  The total roadway width 
will be 44’ with three 12’ wide lanes, a 6’ 
wide shoulder on the west and a 2’ wide 
shoulder on the east. 
 

Roadway North of POC 
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Since the bluff slope is above the roadway on the east side, the widening will be toward the 
west side of the roadway.  The alignment of the retaining wall north of the POC will be 
shifted west and the bridge structure will be cantilevered further over the edge of the lower 
slope. 

B. Horizontal Alignment 

The horizontal alignment of the roadway is straight for the majority of the length with a 
slight bend at the POC and sharp, small radius curves at the north and south ends at the 
intersections with PCH and Ocean Avenue.  The design speed of the roadway is 45 MPH 
and with a -2.0% cross slope and according to the Greenbook the minimum curve radius 
recommended is 1039’.  The existing curve radii at the intersections are less than 100’, 
therefore improving the roadway geometry to comply with the statewide standard can not 
be accomplished without significantly realigning the roadway.  This can not be 
accomplished due to the alignment being constrained on the Palisades bluffs and the 
connections with the intersections at the north and south ends. 

C. Vertical Alignment and Stopping Sight Distance 

Traveling up the California Incline from PCH the roadway has a grade of approximately 
2.4% and goes through an approximately 14’ long sag curve and then climbs at a grade that 
varies from 7.5% to 5.8%.  At the top the roadway goes through a crest curve that is 
approximately 25’ long.   For a 45 MPH design speed the Greenbook indicates the length of 
the vertical curves is too short for the grade changes and do not provide adequate stopping 
sight distance at the bottom or top of the roadway.  Given the roadway is tying into existing 
intersections and any disturbance to the bluff slopes need to be minimized; it will not be 
possible to change the lengths of the vertical curves or change the slope of the roadway. 

VIII. Structure Design Criteria 

The replacement bridge will be designed in accordance with the following design standards: 
 
 AASHTO LRFD Bridge Design Specifications, Fourth Edition, 2007 with California 

Department of Transportation (CALTRANS) Amendments, Version 4, December 
2008. 

 Live load: HL93 w/ Low-Boy and permit design live load. 
 Project specific seismic design criteria.  The criteria will be based Caltrans Seismic 

Design Criteria (SDC), Version 1.4, June 2006 with exceptions taken for complying 
with balanced frame and bent stiffness. 

 
The California Incline structure is classified as an ordinary non-standard bridge.  Since the 
structure traverses the side of a bluff slope that has erosion gullies and eroded terrace 
deposits the structure is likely to have adjacent columns with greatly varying lengths.  It is 
anticipated this will cause noncompliance with the balanced stiffness requirements of the 
SDC.  Therefore project specific seismic design criteria are needed to note exceptions to the 
SDC.  The replacement structure will be designed to comply with the other requirements of 
the SDC. 
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IX. Geology 

A Preliminary Foundation Report (PFR) has been prepared by Earth Mechanics, Inc. (EMI) 
dated January 26, 2010.  The following is a summary of the report findings: 
 
1. Based on the borings and proximity to the Pacific Ocean, groundwater is expected to be 

encountered for deep foundations. 
2. Maximum Credible Event (MCE) of 7.5, type D soil, and a peak acceleration of 0.6g with 

increases due to near fault source effects. 
3. Liquefaction and seismic settlement are not anticipated to occur for the MCE. 
4. There is no scour potential however the bluff is susceptible to localized erosion from 

surface runoff. 
5. A preliminary static and seismic global stability analysis for the slope above the 

California Incline roadway has been prepared by URS Corporation and strengthening of 
the slope with soil nails is recommended.  EMI has performed a global stability analysis 
of the slope below the roadway and the lower slope has been determined to be stable 
under static and seismic loading.  

6. The on-site soils are considered to be corrosive to bare steel and concrete. 
7. Driven piles are not recommended due to difficult driving conditions and the potential 

for pile driving vibrations causing localized surface failures. 
8. Cast-in-drilled-hole piles are recommended since they will be able to accommodate 

future surficial erosion.  Shallow spread footings are not recommended due to the 
erosion potential of the bluffs. 

X. Project Constraints 

Replacement of the California Incline will need to take into consideration the site 
topography, the environmental sensitivity, the needs of the community, the historic 
significance of the structure, and the funding requirements of the HBP program. 

A. Site Topography and Environmental Sensitivity 

The California Incline is 45’ wide and traverses the Pacific Palisades bluffs at a slope of 
approximately 6.5%.  The bluffs, which are above and below the roadway, have a history of 
surface erosion and stand nearly vertical.  The California Incline is bordered by the Pacific 
Palisades Park on top and PCH at the bottom of the bluffs.  North of the existing bridge 
structure a pedestrian bridge crosses over the roadway that will limit the vertical clearance 
for construction equipment access. 
 
Even though the bluffs and eroded terrace deposits are continually eroding they are 
considered to be visually sensitive according to the environmental document and must be 
protected, as much as possible during the construction of this project.  Addition of a concrete 
facing or geogrid to prevent future erosion has been determined to have an adverse 
environmental impact and is not an option for this project.  Therefore the replacement 
solution for this project will need to accommodate the total estimated future erosion of the 
bluffs over the 75-year design life of the structure. 
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The stability of the bluffs above the California 
Incline has been evaluated by URS 
Corporation and the results of their analysis 
have been presented in a report dated June 
23, 2009, see the appendix of this report.  The 
factor of safety of slope failure has been 
calculated and strengthening of the slope 
above the Incline at the north end is 
recommended to prevent soil slip outs from 
falling onto the bridge deck.  To minimize 
visual impacts the slope strengthening will 
consist of soil nails grouted into the bluff face 
but without the use of anchor nuts or a 
concrete facing.  This will provide global 
stability to the slope but not protect it from 
erosion.  As the slope continues to erode the 
ends of the soil nails will be exposed and will periodically be trimmed as needed.  The final 
design of the upper slope strengthening will become part of this project. 
 
The stability of the lower bluff slopes has been evaluated by Earth Mechanics, Inc. and the 
results of their preliminary analysis are in the appendix of the PFR.  The lower slopes have 
factors of safety for the static and seismic conditions that are greater than the Caltrans 
minimums, therefore the slopes are expected to be globally stable.  No remediation for the 
lower slopes is anticipated however they will continue to be susceptible to localized surficial 
erosion. 
 
The following photos of the California Incline show different aspects of the roadway, slopes, 
and structure: 
 
 
 
 

Steep Bluffs 
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Overhanging Slope at North End 

Erosion Gullies in Slope California Incline Looking North 

Bluff Slope Looking South 

Pedestrian Overcrossing Eroded Terrace Deposits below CA Incline 
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B. Community 

Pacific Palisades Park, Pacific Coast Highway, and 
Santa Monica beaches are heavily used by the 
community and disruptions to their use needs to be 
minimized during this project.  There are several 
residents within the project area that will be 
affected by the project.  The Pacific Palisades Park 
is a historic, well maintained green belt between 
Ocean Avenue and the California Incline that has 
walking paths, benches, and mature palm trees.  
The park is located at the top of the bluffs with an 
ornamental concrete railing to protect the public 
from the bluff edge.  If the park were to be used for 
equipment staging and construction activities, 
some trees may need to be removed, landscaping 
and trails could be damaged, and some areas 
would need to be closed to the public.  Considering 
the adverse impacts to the park, the replacement 
design will need to consider that Pacific Palisades 
Park cannot be used and must remain open during 
construction. 
 
The Pacific Coast Highway is a major 6 lane arterial 
road that connects the cities north of Santa Monica 
to the I-10 freeway.  The highway has heavy rush 
hour traffic volumes with reduced, but steady flow 
of personal and commercial vehicles throughout 
the day.  Santa Monica’s beaches and local 
businesses are directly accessed by PCH and 
construction activities will need to consider times of 
peak traffic and allowable lane closures.  PCH is on 
state right-of-way and is maintained by Caltrans 
District 7.  The District has lane closure charts that 
dictate the number of lanes that can be closed 
during specific hours of the day and these closures 
change depending on the season of the year.  The 
lane closure charts will be incorporated into the 
final construction documents. 
 
Several residential homes on the west side of PCH 
will be affected by traffic disruptions and will be 
the primary recipient of the construction noise of 
the project.  Hours of construction operations need 
to consider the impact to these residents.  
Construction night work can minimize traffic 
disruptions on PCH but can be a significant 
disturbance to the local residents.  Allowing night 
work for this project will be coordinated through 

PCH Below California Incline 

Pacific Palisades Park 

Homes West of PCH 
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the City of Santa Monica. 
 
The California Incline links Ocean Avenue to PCH and is used by non-commercial traffic, 
pedestrians, and bicyclists.  Closure of the California Incline would require traffic detours 
through local streets and may limit beach access.  Consideration was given to keep a portion 
of the roadway open during construction; however, given the limited work space, for public 
safety, it is recommended the California Incline be closed during construction. 

C. History 

The California Incline was first 
engineered in the early 1900’s as a 
roadway cut into the bluff.  The 
current structure (circa 1930) was 
needed to fill in the gaps caused by 
erosion of the bluff slope.  The historic 
features of the bridge structure are the 
balustrade type railing and concrete 
brackets under the overhang.  Similar 
features will be incorporated on the 
replacement structure. 
 
Another historic feature is the bluff slopes that have remained relatively unchanged since the 
1940’s.  The replacement structure will maintain the same slope and alignment but the 
roadway will be widened as previously discussed.  The bluffs will be protected as much as 
possible but some eroded terrace deposits will need to be reduced in height to accommodate 
the widening of the roadway. 

D. HBP Requirements 

The replacement bridge will need to satisfy the requirements of the Highway Bridge 
Program meeting the structural, environmental, and funding requirements.  The 
requirements of the program include correcting the geometric deficiencies however, as 
previously discussed; some design exceptions will be required. 
 
The preliminary slope stability analysis indicates a portion of the upper bluff slope will need 
to be strengthened with soil nails.  Failure of the slope could damage the replacement 
structure therefore HBP reimbursement for the soil nail work will be requested.  

XI. Bridge Structure Type Selection Alternatives 

In determining the most suitable solution for the California Incline Bridge all of the project 
constraints need to be considered.  For example if the replacement structure was a long span 
bridge with a deep superstructure depth, the bridge would effectively  be buried below 
grade since the roadway profile can not be raised due to clearance of the POC and to be able 
to tie into the existing intersections. 
 
Six options have been considered for replacing the existing structure that could 
accommodate the existing geometry of the project site.  The replacement project will include 
removal and replacement of the existing retaining wall south of the POC.  The replacement 

California Incline in 1900’s 
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structure will begin where the existing retaining wall ends and will extend for 750’ to the 
intersection at Ocean Avenue. 

1. Rehabilitate and Widen Existing Structure 

Rehabilitate 
The bridge inspection report for the California Incline, dated April 15, 2008 and included in 
Appendix B, classifies the bridge as structurally deficient (SD) with a sufficiency rating of 
35.8.  Items that can cause an SD status are a condition rating of 4 or less for the deck, 
superstructure, or substructure or an appraisal rating of 2 or less for the structural condition.   
The California Incline has condition ratings of 6, 5, and 4 for the deck, superstructure, and 
substructure, respectively, and an appraisal rating of 3 for the structural condition.  The SD 
status is triggered by the condition rating of 4 for the substructure.  A condition rating of 4 
indicates that advanced section loss, deterioration, or spalling was observed during 
inspection. 
 
The bridge sufficiency rating is a 
percentage between 0% and 100% and is 
calculated using data from the bridge 
inspection report.  The sufficiency 
rating is the sum of three components 
that are shown below with their 
respective percentage of contribution: 
  

1. Structural Adequacy 
and Safety (55%) 

2. Serviceability and 
Functional Obsolescence 
(30%) 

3. Essentiality for Public 
Use (15%) 

 
The Structural Adequacy and Safety 
component includes the inventory live 
load rating, which has a maximum 
value of 32.4 metric tons.  The inventory rating for the California Incline is estimated to be 
4.5 metric tons from calculations performed in the Moffat and Nichol report.  This rating is 
based on the structural details of the deck slab.  The deck slab is 8” thick and is comprised of 
low strength concrete and steel and is reinforced with ½” diameter rebar spaced at 12” on 
center.  A deck slab constructed to current standards will have higher strength materials and 
twice the amount of reinforcing steel.  The low inventory rating for the California Incline 
causes the Structural Adequacy and Safety component to be 0% and it does not contribute to 
the sufficiency rating.   
 
In 1989 a rehabilitation study was performed by Moffat and Nichol that describes previous 
repair work and areas of distress in the structure such as spalled concrete, corroded rebar, 
and visible deflections in transverse tie beams.  Since part of the existing superstructure is 
supported on grade there could be other areas of distress that are not possible to inspect.  
Parts of the structure still retain the original formwork that may conceal degraded concrete.  
Rehabilitation would require limited excavation under the structure for inspection and 

California Incline - Original Design Drawing 
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possibly installation of new formwork to re-cast slabs and beams.  Additional beams, 
columns and footings will also be needed to shore up beams that have deflected and to 
strengthen the existing structure to carry legal loads to remove the structurally deficient 
status. 
 
Widen 
Widening the roadway will be challenging since 
the existing structure is not designed to carry 
construction loading.  The widened structure will 
need to cantilever over the bluffs requiring new 
beams, columns, and footings.  Given the 
weakened state of the existing structure, the 
widened structure would need to carry these 
loads independently.  In addition, new structural 
members requiring extensive concrete forming 
will likely cause additional slope disturbance.   
 
Some of the distress of the existing structure has 
been caused by surficial erosion of the slope.  
Therefore rehabilitating and widening of the 
existing structure will require the addition of erosion countermeasures to protect the 
structure.  This would most likely be accomplished with the addition soils nails and a 
concrete facing on the slope, however this will have a negative visual impact. 
 
Rehabilitating and widening the existing structure is structurally inefficient, has a negative 
visual impact, and could cause a significant amount of slope disturbance.  Given these 
reasons this option is not recommended for this project. 

2. Earth Retaining Structure 

Due to the alignment of the Incline along 
the bluff slope, the roadway and structure 
could be replaced by an earth retaining 
structure.  A possible solution would be to 
reinforce the slope with soil nails and 
grade it down to competent bearing 
material, then build a mechanically 
stabilized earth (MSE) wall against the soil 
nail wall up to the roadway elevation.  
The MSE wall would allow visually 
appealing fascia panels and use the 
historic balustrade railing on top of the 
wall.  This option would replace the 
bridge structure, strengthen the slope, and 
provide protection of the slope below the 
roadway from future erosion. 
 
A significant drawback of this option is the MSE wall would drastically change the visual 
appearance of the slope and have an adverse environmental impact per the environmental 
document.  Construction of the MSE wall would require mass grading of the slope and 
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importing select backfill.  Due to these reasons this option is not recommended for this 
project. 

3. Sidehill Viaduct Structure 

Given the existing structure is a sidehill 
viaduct this same type of structure could 
be used for the replacement structure.  
The superstructure would extend across a 
portion of the roadway width to span the 
existing drainage channels in the slope.  
The substructure would be composed of a 
combination of footings and cast-in-
drilled-hole (CIDH) piles.  A shallow 
footing could be cast on the east side 
while CIDH piles would be used on the 
west side.  The superstructure could be a 
cast-in-place or precast concrete structure.  
A benefit of this type of structure is that it 
minimizes the amount of superstructure 
and substructure work which in turn could be the most cost effective solution.  A partial 
width sidehill viaduct would closely match the existing structure type. 
 
A significant problem with the existing structure is the erosion that has occurred underneath 
the superstructure causing sinkholes in the roadway.  While no evidence of global instability 
of the structure has been observed, repair of the roadway surface is an ongoing maintenance 
problem.  In order to support the new structure with a shallow footing it will need to be 
protected from erosion.  The most effective solution for protecting the hillside from erosion 
is through the use of soil nails and a concrete facing but this will have a negative visual 
impact.  It is possible to use a concrete ditch between the roadway and upper slope to 
capture any runoff, however over time drainage gullies could form behind the ditch and run 
below the roadway and structure footing.  
 
Another option to protect the footing is to estimate the anticipated surficial erosion over the 
life of the structure and design the footing with a correspondingly appropriate embedment 
and set-back from the edge of the slope.  A problem with this approach is there are no design 
standards or guidelines to determine the future erosion and a significant amount of 
engineering judgment will be required.  The resulting factor of safety for footing stability 
could be conservative or unconservative depending on the actual erosion rates observed.   
 
To ensure protection from erosion the shallow footing could be supported on a CIDH pile, 
then the only major design decision remaining is to determine the location of the 
longitudinal joint between the structure and the roadway.   To protect the adjacent roadway 
from erosion an estimate of the surficial erosion, previously discussed, could be performed 
but this will have the same shortcomings.   
 
Problems with a longitudinal structure joint include the possibility of it being aligned on a 
vehicle wheel line and roadway runoff and other debris collecting in the joint.  This could 
result in maintenance problems and erosion underneath the structure.   
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From the discussion above, a partial width sidehill viaduct structure is not recommended as 
the replacement structure. 

4. Cast-In-Place Slab Bridge 

A standard reinforced concrete cast-in-place slab bridge supported on CIDH piles could be 
used as the replacement structure.  This type bridge will be designed to carry legal loads, be 
visually similar to the existing structure, and require minimal maintenance.  A pile 
supported structure would be stable and 
accommodate slope erosion throughout the 
structure’s design life.  This type of structure can be 
readily constructed on straight and curved 
alignments. 
 
A drawback for using this type of structure at this 
site is that a large amount of falsework will be used 
and portions may need to be supported on the bluff 
slope.  A large portion of the slope underneath the 
roadway may also need to be graded to install the 
falsework and accommodate the falsework footings 
and bents.  Some of the bluff features may need to 
be removed in order to bring in equipment for 
constructing and erecting the falsework.  The 
California Incline is being widened and cantilevered 
over the bluff slope and temporary footings may be 
needed under the existing roadway and at the bottom of the bluffs on the lower slope.  This 
could require additional grading of the lower slope.  The vertical clearance under the bridge 
will be small in some locations and removal of falsework could be difficult.  To minimize the 
number of temporary footings the falsework beams could be supported from the permanent 
CIDH pile extensions.  Since the superstructure will be cast-in-place this type of structure 
will require a large number of concrete truck deliveries that will need to be scheduled to 
minimize traffic disruptions. 
 
The benefits of a cast-in-place slab bridge outweigh the drawbacks and this is considered to 
be a viable option for replacement of the California Incline. 

5. Precast Slab Bridge Spanning Transversely 

A precast slab bridge supported on CIDH piles could be used to minimize the amount of 
falsework used at the site.  One option is to orient the precast panels transversely to span 
between two longitudinal girders that are connected directly to the CIDH piles.  The CIDH 
piles would be cast in two lines, one near the slope face and another along the bluff edge.  
The transverse panels could be designed with a large cantilever over the bluff edge in order 
to maximize the distance from the piles to the bluff.  The longitudinal bent caps would be 
cast-in-place on the ground and on falsework.  The falsework needed would be relatively 
small and the forms could be supported on the pile extensions to minimize ground 
disturbance. 
 
The precast slabs would be designed to act compositely with a cast-in-place topping slab and 
no transverse post-tensioning of the slabs would be used.  The use of a topping slab will 
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ensure structural continuity between the precast slabs to avoid differential deflections, will 
increase the strength of the superstructure for negative bending over the cantilever, and will 
vary in thickness to provide the roadway cross slope.  A special design of the precast slabs 
will be needed since LRFD live load distribution factors are provided for slabs spanning 
longitudinally.  A fascia panel will be used on the transverse edge to provide a smooth 
surface at the ends of the slabs and to replicate the existing concrete brackets.  Precast panels 
spanning transversely will be efficient for casting and erecting since they will all the same 
length and carry the same loading.  At the south end of the bridge special wedge shaped slab 
units would be needed to form the curve in the roadway.   
 
A drawback of using transversely 
spanning precast slabs is that it 
forces a greater number of piles 
toward the bluff edge.  The piles 
can be set back from the edge but 
the distance will be limited by the 
structural capacity of the slab 
cantilever and any potential 
deflection and vibration problems 
of the cantilever.  The deflection 
and natural period of vibration of 
the slabs would need to be 
checked so as not to cause 
discomfort to pedestrians.  
Another drawback is the limited 
work space available at the site.  
The turning radius at the top and 
bottom of the roadway is small 
and a flatbed truck may not be able to negotiate the turn.  Therefore lane closures or night 
work is anticipated when the precast units are delivered to the site and set in place. 
 
The benefits of a transversely spanning precast structure outweigh the drawbacks and this is 
considered to be a viable option for replacement of the California Incline. 

6. Precast Slab Bridge Spanning Longitudinally 

A precast slab bridge spanning longitudinally 
could be used as the replacement option and it 
would have similar benefits as a transversely 
spanning structure.  A CIP topping slab would be 
used to provide structural continuity and the 
desired roadway profile.  This type of structure 
would be supported on CIDH piles that are 
aligned in transverse bents similar to the cast-in-
place slab bridge option.  A benefit of this 
orientation of piles is that it puts fewer piles near 
the bluff edge where there is a potential for 
disturbance to the slope.  The span lengths can be 
adjusted to cross over deep erosion gullies in the 
slope, but standard precast units have a 
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maximum span length of approximately 55’.  At the south end of the bridge precast units 
with skewed ends would be needed and oriented to form the curve in the roadway.   
 
A drawback of precast slabs spanning longitudinally is that the pile bents will be aligned 
transversely across the roadway which will require construction vehicles to maneuver over 
and around them during construction.  This could be mitigated by sequencing the 
construction operations but may result in extending the project duration and increasing the 
construction cost.  Also as discussed for the transversely spanning option, lane closures and 
night work are anticipated to deliver and place the precast units. 
 
The benefits of a longitudinally spanning precast structure outweigh the drawbacks and this 
is considered to be a viable option for replacement of the California Incline. 

XII. Constructability 

Removing the existing structure and constructing the replacement bridge will be challenging 
whether the superstructure is cast-in-place or precast.  This is due to the California Incline 
being constrained between steep erodible cliffs, heavy traffic volumes on adjacent city streets 
and highway, environmental sensitivity of the site, and the requirement to minimize 
disruptions to the local community.  It is anticipated that a temporary access road will be 
constructed on the lower slope to remove the existing columns, construct new foundations, 
and to erect falsework beams.  Construction of a temporary access road has been 
incorporated into the environmental document. 

A. Construction Equipment 

The equipment envisioned to be used for demolition of the existing structure includes 
backhoes, concrete saws, and jackhammers.  The equipment anticipated to be used for 
construction of the replacement structure includes backhoes, drill rigs, concrete pumps, and 
cranes for lifting material. 

B. Construction Staging 

The California Incline is bounded to the east and west by the Palisades Park and the Pacific 
Coast Highway, respectively.  No equipment can enter the park per the environmental 
document therefore nothing can be lowered down on to the roadway.  Pacific Coast 
Highway has heavy daytime traffic and limited lane closures are allowed per Caltrans 
District 7.  Some lane closures are expected to be necessary to construct the temporary access 
road and to remove and deliver material but night time work is not expected to be allowed.  
Therefore construction equipment will be staged on the roadway approaches to the existing 
structure. 

C. Construction Sequence 

For typical bridge projects the sequence of operations would be to demolish the existing 
structure, construct the foundations, build the substructure, and then the superstructure.  
That sequence of operations may not be possible at this site given the limited access, deep 
erosion gullies under the existing structure, and the new structure will extend over the bluff 
edge.  To demolish the existing structure and construct the new structure a staggered 
construction approach may be needed where a section of the existing roadway and structure 
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is demolished and a subsequent section of the new bridge is constructed.  Construction 
equipment could be supported from the existing structure or new structure. 
 
The California Incline is currently posted for a 3 ton weight limit, due to the design and 
condition of the existing structure, and drill rigs and cranes to be used on this project could 
weigh as much as 45 tons.  Therefore it is unlikely the existing structure could be used as a 
platform to support construction equipment without further construction engineering and 
strengthening of the structure.  The soil beneath the roadway and structure may need to be 
evaluated for its ability to support construction equipment.  Crane rails or steel plates could 
be used to distribute the weight of construction equipment.  The erosion gullies under the 
structure may need to be graded and filled with soil so that construction equipment can pass 
over them. 
 
If the existing structure and roadway are not capable of supporting construction equipment 
construction could progress from the new structure.  Given the new structure will be 
designed for permit loading it will most likely have sufficient capacity to carry construction 
vehicles.  A drawback of staggered construction is that it is inefficient, requiring demolition 
and construction crews to interlace their work, increasing construction cost and schedule. 

D. Pile Construction 

The replacement structure is anticipated to employ CIDH piles to mitigate for future erosion 
of the slope.  Due to the presence of groundwater a minimum of 30” diameter piles are 
recommended to accommodate pile inspection tubes.  The contractor will determine if the 
drill rig will be supported on the existing structure, new structure, or roadway.  If the drill 
rig is support on the roadway this could be challenging due the looseness of the slope near 
the bluff edge.  The contractor will need to set back equipment as far as possible from the 
bluff edge to prevent collapse of the eroded trace deposits.  Preliminary geotechnical 
information recommends that piles be located 2 diameters from the bluff edge.  This 
recommendation may dictate the final layout of the piles and require long cantilevered slabs 
or unique bent cap beams.  Constructability of the piles will be taken into consideration 
during final design.  

E. Cast-In-Place Slab Bridge Construction 

To construct a cast-in-place slab bridge, 
falsework beams will need to be erected to 
support concrete forms, reinforcing steel and 
wet concrete.  The vertical clearance under the 
existing structure above the ground varies 
from 40’ to no clearance and consideration of 
the layout, installation, and removal of 
falsework beams is needed. 
 
At the south end where the structure 
cantilevers over the bluff a temporary column 
may be constructed on the lower slope and 
extend up to the bridge deck elevation.  To 
stabilize a tall falsework column temporary 
soil nails could be installed into the bluff and CIP Falsework 
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bracing members could be attached to the column.  From that column a falsework beam 
would be extended to the slope and supported on another shorter temporary column.  The 
next segment of the beam could be founded on the slope where the ground approaches the 
deck level.  Where the ground comes up to the underside of the slab some excavation will be 
needed to place the falsework beam at the correct elevation.  Where the slab is on top of the 
slope no falsework beams or forms will be needed and the slab can be cast directly on the 
ground.  
 
An option to avoid building tall falsework 
columns could be to support the falsework 
beams on brackets that are attached to the 
extended section of the piles above the ground.  
Custom brackets could be attached to the piles 
and the beams would span between the 
brackets.  If the bridge spans are relatively 
short, around 40’, this should be a viable option. 
 
After the falsework and concrete forms are in 
place, reinforcing steel will be delivered to the 
site that could be stored on the roadway 
approaches to the bridge.  Once the reinforcing 
is in place, concrete pumps will most likely be located on the roadway approaches where 
concrete trucks can off-load concrete while minimizing disruptions to traffic.  After the 
concrete slab is cast, the falsework beams can be lowered with mechanical or sand jacks.  
Then they would be pulled out laterally from underneath the slab with a crane mounted on 
the bridge or on the lower slope. 

F. Precast Slab Bridge Construction 

After the piles are installed some falsework beams and forms will be needed to construct the 
concrete bent caps that support the precast slabs, but the falsework would be lighter and 
smaller than that used for slab bridge construction.  The beams could be supported on 
temporary columns or from the pile extensions.  After the bent cap beams are complete, the 
precast slab panels will be delivered to the site and 
lifted by cranes onto the bent caps.  The cranes may 
need to be staged on a closed lane on PCH depending 
on the horizontal reach of the crane.  Otherwise the 
crane could be staged on the California Incline 
roadway if it can fit under the vertical clearance of the 
pedestrian overcrossing.  The precast slabs would be 
connected to the bent caps with dowel bars that are 
grouted in holes in the slabs. 
 
Once the precast slabs are in place, a cast-in-place 
topping slab will be poured to join the precast units 
together that will also form the roadway cross slope.  
The topping slab will be designed act compositely 
with the precast units so that supplemental transverse 
post-tensioning or bolting of the units will not be 
required.  
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The orientation of the precast slabs could have an impact on the constructability of the 
replacement structure.  If the precast slabs are oriented longitudinally the bent caps will be 
transverse to the roadway and extend from the slope on the east to the bluff edge on the 
west.  This will require vehicles to drive over the cap beams as there will not be space to go 
around the beams.  If there are deep gullies between the beams or if the top of the beams is 
more than a foot or two above the adjacent ground, soil will need to be graded so vehicles 
can traverse over the gullies and beams.   
 
Another option is to have the crane located on the previously constructed span but this 
could cause other complications.  Since the precast units will be designed to be composite 
with the topping slab there will be stirrup bars that extend out of the top of the slabs and the 
bars would be damaged by the construction vehicles.  Therefore the topping slab will need 
to be cast on the slab prior to any construction vehicles driving on the span that will make 
the construction inefficient and extend the schedule. 
 
If the precast slab units are oriented transversely the 
bent cap beams will be cast in two longitudinal lines 
that will provide space for construction vehicles to 
pass between them.  Some filling of gullies with soil 
along the roadway may be needed but the placing of 
slab units transversely may proceed more quickly 
than the longitudinal orientation since the bent caps 
do not need to be traversed.  A smaller crane may be 
used in lifting the slab units in this orientation since 
the crane does not have to reach as far to set them as 
in the longitudinal orientation.  This orientation also 
allows for a large cantilever on the west side to 
maximize the distance of the piles from the bluff edge 
but it places more piles toward that edge. 

XIII. Foundation Options 

The topography along the length of the California Incline roadway is highly complex with 
long and deep erosion gullies at the south end to almost no erosion at the north end.  The 
west side of the roadway is at the edge of a steep slope that is susceptible to erosion while 
the east side is at the base of a tall slope.  Therefore deep piles could be used where there are 
erosion problems and shallow footings could be located where no erosion is anticipated. 
 
The difficulty in changing the type of foundation along the structure is knowing where the 
change should occur.  This would be based on a significant amount of engineering judgment 
that could result in a conservative or unconservative design.  Switching from piles to 
shallow footings will cause a change in foundation stiffness of the substructure that could 
lead to differential settlement of the superstructure.  There may not be a significant cost 
savings in switching from piles to shallow footings since the contractor has already 
mobilized equipment for the piles and a change in foundation type may require a different 
work crew.  From a structural and construction standpoint it is most efficient to use one type 
of foundation along the entire length of the structure.  The decision to change foundation 
types will be evaluated in final design. 
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XIV. Utilities 

There are 2 utilities that will have to be accommodated with the replacement of the existing 
structure.  Southern California Edison has an electrical line and the City of Santa Monica has 
a 12” waterline that are both buried beneath the roadway.  The loading imposed by 
construction equipment and demolition of the existing structure is likely to damage these 
utilities, therefore the utilities will be rerouted, shutdown, and removed during construction.   
 
The replacement structure will create a permanent barrier to the utilities that are buried 
underneath.  Therefore coordination with the utility owners will be needed to either plan for 
new alignments of the utilities along the California Incline or encase the utilities under the 
structure so they will be accessible for future maintenance. 

XV. Aesthetics and Barriers 

The aesthetics of the replacement bridge 
will mimic the look of the existing 
structure.  The significant visual feature of 
the existing structure is the open 
balustrade railing.  A Texas Department 
of Transportation T411 railing is proposed 
to be used on the west side of the new 
structure which has similar features to the 
existing railing.  This railing is crash rated 
for the NCHRP TL-2 loading which 
translates to a 45 MPH vehicle impact.  The speed limit on the Incline is 25 MPH therefore 
this railing is acceptable for this roadway.  Under the overhang of the new structure concrete 
brackets will be cast that are visually similar to the brackets on the existing structure. 
 
On the east side of the roadway a Type 27 concrete barrier will be used.  This barrier type 
has a smooth vertical face on the outside that is not visible to the public and will be facing 
the bluff slope.  This barrier will capture future erosion of the slope above that could be 
periodically removed by City maintenance forces. 

XVI. Right-of-Way 

The California Incline is located on City of Santa Monica right-of-way however an 
encroachment permit will be needed from Caltrans to allow partial or full lane closure of the 
Pacific Coast Highway. 
 

XVII. Soil Nailing of Upper Slope 

URS Corporation has performed a slope stability analysis of the Palisades Bluffs in the 
vicinity of the roadway and their report is attached in Appendix A.  They provide 
preliminary recommendations for the extent of the soil nailing to strengthen the bluffs and a 
construction cost estimate.  The extent of soil nailing is shown on the Project Plan sheet.  The 
sketch below shows an elevation view of the bluffs and roughly shows the density of the soil 
nails as recommended in the URS report. 

Existing Railing and Brackets 



Type Selection Report 

 
California Incline 
Page 25 of 28 

 
 
 
 
 
 

XVIII. Approach Road Work 

Given the limited space for construction around the California Incline it is anticipated that 
the roadway approaching the bridge structure will be used by the contractor for staging.  It 
is anticipated that using the roadway for staging will result in damage to the road surface 
requiring it to be replaced.  The combined length of approach roadway on both sides of the 
structure is approximately 665’.  Caltrans Local Assistance Program Guidelines specifies that 
200’ of approach road work from both bridge abutments, for a total of length of 400’, is 
reimbursable for federal funding.  Therefore additional HBP funding will be requested to 
replace the total length of roadway beyond the bridge structure. 

XIX. Structure Cost 

Structure quantities were estimated using the guidelines in Bridge Design Aids for general 
plan quantity takeoffs.  Unit prices are taken from Caltrans Cost Statistics that are averaged 
over the years from 2003 through 2007 and that unit price is adjusted to the current cost 
index.  The unit prices are further adjusted based on specific site conditions and quantity of 
the bid item. 
 
Below is the estimated construction cost for each of the bridge alternatives: 
 

 Cast-in-Place Slab Bridge:   $9,700,000 
 Transverse PC/PS Slab Bridge: $11,300,000 
 Longitudinal PC/PS Slab Bridge:  $10,850,000 

 
Below is the estimated construction cost for the soil nailing and approach road work: 
 

 Soil Nailing of Bluff Slope:   $850,000 
 Approach Roadway Work:   $230,000 

 

XX. Type Selection Recommendation 

Each one of the three bridge replacement alternatives are viable solutions for this project.  
They all will be visually and structurally similar.  Each option has similar challenges in 
constructing falsework on the bluff slope.  The difference is in minimizing community 
disturbance and cost. 
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Taking into consideration to minimize disturbance to the community the precast options are 
likely to require more lane closures and night work than the cast-in-place option.  The 
precast bridges have a lifting and placing operation then an additional operation to place the 
cast-in-place topping slab.  The superstructure of the cast-in-place slab bridge can be 
completed as one construction operation and lane closures should not be required during 
placement of concrete.  From the cost estimates the cast-in-place bridge is expected to cost 
significantly less than the precast options. 
 
Based on issues of minimizing community disturbance and having the lowest construction 
cost, a cast-in-place slab bridge supported on CIDH piles is the recommended alternative.  
The estimated construction cost of the replacement structure, soil nailing, and associated 
roadway work is $10,780,000 
 

XXI. Structure Summary 

 Superstructure Type:  Cast-in-place reinforced concrete slab 
 Abutments:   Short seat abutments on CIDH piles 
 Bents:    Cast-in-place bent cap with CIDH piles and pile 

extensions 
 Skew:    None 
 Barriers:   Texas T411 and Type 27 
 Utilities:   Water and Electrical 
 Approach Slabs:  None 
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XXII. Appendix A – URS Slope Stability Analysis 
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1.0 INTRODUCTION 

This report presents additional slope stability analyses for a portion of the Santa Monica 
Palisades Bluffs above the California Avenue ramp connecting Pacific Coast Highway and 
Ocean Avenue, i.e. the California Incline. This work, which is based on the recommendations for 
stability enhancement discussed in our geotechnical study report (URS, 2007), involved the 
following tasks: 

1. Selection of a critical section, based on slop geometry, geological strata and material 
properties developed in previous studies and field exploratory programs. 

2. Review of slope-improvement methods previously proposed (URS, 2007), and 
developing additional alternative concepts. 

3. Perform additional field borings and laboratory testing in April 2009 for soil properties 
and strength parameters pertinent to the California Incline area. 

4. Performing slope stability analyses for improvement concepts. 

5. Interpretation of analyses results and recommendation of a preferred bluff-stabilization 
alternative aimed at achieving a slope-stability factor of safety of 1.5. 

Dames & Moore (1996) first evaluated the stability of the bluffs after the 1994 Northridge 
earthquake and the subsequent heavy winter and spring rains of 1995, which triggered a number 
of rockfalls and debris slides. The report recommended mitigation measures including increasing 
setbacks for walkways along the rim of the bluffs, and controlling surface runoff to reduce the 
likelihood of medium to large-scale failures. In April 1998, a localized bluff failure occurred 
northwest of the California Incline after a heavy storm. Emergency repair included removal of 
loose material from the bluff face and installation of 9 horizontal drains (hydraugers) at the 
failure location (Dames & Moore, 1998). In 2002, a comprehensive geotechnical investigation 
was conducted by URS (2007) for the entire bluffs, which included drilling vertical and 
horizontal exploratory borings; installation of observation wells and horizontal drains; laboratory 
and field testing of soils; and further development of slope-stability improvement alternatives for 
the bluffs.  Various subsurface-drainage concepts with and without soil nailing and surface 
treatment with grout were recommended as improvement methods. All these methods were 
aimed at improving bluff stability with little or no visible changes to the bluffs which are 
considered an important part of Santa Monica’s historic natural scenery. For the California 
Incline project, two additional borings were drilled for site-specific analysis in April 2009. The 
locations of borings are shown in Figure 1.    
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2.0 MODEL SETUP AND SOIL PROPERTIES 

2.1 INTRODUCTION OF FINITE DIFFERENCE ANALYSIS METHOD 

The stability of the bluffs was analyzed using the explicit finite difference program FLAC 
(Itasca, 2005) which uses a wide range of non-linear stress-strain models for soil and can handle 
soil-structural interaction, groundwater flow, consolidation, and dynamic earthquake loading. 
For slope stability analysis, FLAC’s shear-strength-reduction scheme (Dawson et al, 1999) 
automatically identifies the critical potential slip surface. Soil shear strength is reduced in stages 
until failure occurs at the limit-equilibrium state.  The factor of safety (FOS) is then defined as 
the ratio of the actual shear strength of the soil to the hypothetical strength triggering failure at 
the limit-equilibrium state.   With this method, the most critical failure mode (slip surface or 
shear zone) is found automatically without any trials, and the computed FOS represents the 
absolute minimum for the entire slope configuration. 

2.2 DATA PREPARATION 

URS performed 12 borings in Santa Monica Palisades Bluffs during the 2002 field exploratory 
program, and the data are incorporated in our understanding of the soil strata.  In April 2009, two 
new borings (BA-1 and BA-2) were drilled to about 110 feet deep by means of a large-diameter 
bucket-auger drill rig, directly above the California Incline to allow down-hole logging by a 
Certified Engineering Geologist, and to obtain soil properties and strength parameters pertinent 
to the slope above the Incline.  Relatively undisturbed soil samples were retrieved from these two 
borings for laboratory testing. The boring logs are shown in Appendix A. 

The borings have encountered relatively thick layers of gravels interbedded with sand, silt and 
clay, and high blow counts were recorded during soil sampling.  Our geologist also took 
photographs of the typical gravel layers as part of the down-hole logging process, and a surface 
mapping was conducted to verify soil layer compositions from the slope surface above the 
roadway.  The down-hole photographs are also included in Appendix A. 

Based on the findings of the 2002 and 2009 borings and the surface mapping, three geological 
sections, A-A’, B-B’ and C-C’ have been prepared, as shown in Figures 2 to 4, and the locations 
of these cross-sections are shown on Figure 1.    It is noted that some portions of the slope have 
erosion gullies and over-hanging materials, and that slope-wash materials (Talus) have 
accumulated near the bottom of the slope below the Incline.  For our analysis, the toes of the 
slope at Cross-section B-B’ and C-C’ have been artificially cut by 5 and 20 feet, respectively, 
i.e., most of the slope-wash materials at the bottom of the slope were excluded from our 
analytical model for conservatism.  In reality, the slope-wash materials provide overburden and 
some strength against deep-seated slope failures.  The surficial slope stability of the slope below 
the Incline is included in a separate report by the consultant for the Incline project.  The loose 
and overhanging surficial materials are to be trimmed during construction for safety reasons. 
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The phreatic surface was estimated based on groundwater-table data obtained in the 2002 field 
investigation (URS, 2007) and the new borings.  The phreatic surface is conservatively assumed 
at about mid-slope under the Palisades Park, although groundwater was encountered only at the 
bottom of the slope in our borings. 

Soil strength parameters used for the stability analysis were derived from laboratory testing 
including moisture and density, particle-size distribution, unconfined-compression, and direct- 
shear tests, including new direct-shear test results from the most recent borings as shown in 
Appendix B. It should be noted that the soil at the site consists of interbedded thin layers of 
gravels, sands, silts and clays. Further, gravel layers within fine-grained soil matrix are recorded 
in our large-diameters borings and are also visible at the bluff face above the Incline. Therefore, 
our soil property model has incorporated the unique nature of soil layers.   

The shear modulus of each soil unit was estimated based on soil properties using regression 
equations summarized by Lee (1992). Poisson’s ratio was assumed to be 0.3 for all soil units. 
The bonding strength has been assumed per FHWA manual and other references. A summary of 
soil parameters used in the stability analyses is shown as Table 1.  

Table 1: Soil Properties 

Cohesion (psf) Friction Angle (deg) 
Unit 

Unit 
Weight 
(lbs/ft3) Lab Test 

Results 
Adopted For 

Analysis 
Lab Test 
Results 

Adopted for 
Analysis 

Shear 
Modulus 

(ksf) 

Top Soil 
(mixture of 
Sand and 

Clay) 

120 

 

400* 

 

24* 1,900 

Silty Sand to 
Sandy Gravel  

120 0 to 1200 300 19 to 42 38 3,000 

Silty Clay with 
Sand 

120 
50 to 
1000 

1200 26 to 37 25 1,900 

Interbedded 
Gravel, Sand, 

and Clay 
120 

200 to 
1000 500 42 to 44 42 4,100 

* The thin top soil layer has little effect on the stability of the slope, and its strength is based on past experience with 
similar materials. 
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3.0 BLUFF STABILIZATION METHOD 

3.1 VERIFICATION OF SOIL STRENTH PARAMETERS 

At the outset, the factor of safety for the bluff slope without improvement was computed to 
establish existing conditions to verify the soil strength parameters adopted for analysis. It should 
be noted that the slope has been standing at its current conditions for the past century, and has 
gone through several strong earthquakes with little noticeable damage. Therefore, its current 
safety factor must be above the marginal value.  Cross-section A-A’ is located at the end of the 
Incline where the slope is the highest; therefore it is selected to verify the strength parameters 
adopted for analysis.   

With the soil-strength parameters adopted in Table 1, the computed value of safety factor for 
Cross-section A-A’ is 1.02 as shown in Figure 5. Considering the past history and performance 
of the slope, these strength parameters are considered to be very conservative, since the actual 
safety factor for Section A-A’ is certainly above unity.  With the conservative strength 
parameters back-calculated from Section A-A’, the computed safety factors for Cross-sections B-
B’ and C-C’ are 1.23 and 1.50, respectively, as shown in Figures 6 and 7. 

3.2 BASIC STRUCTURAL ELEMENTS  

Cross-section A-A’ and B-B’ are analyzed for mechanical improvement methods for the slope.  
To improve the slope stability, and at the same time, to minimize disturbance to the Palisades 
Park above the Incline, soil nails are considered as the feasible improvement method.  Soil nails 
would consist of steel bars installed without washers and without shotcrete applied at the bluff 
face. This scheme would have minimal visual impact and, thus, would preserve the natural 
beauty of the Bluffs.  Over the years, as the bluff face may gradually recede due to surface 
erosion, the soil nails without washers can be trimmed to match the bluff face. 

For our analyses we have assumed that 1-inch diameter soil nails would be grouted into small 
diameter holes.  The weak link in this system is the pull-out strength of the soil nails, which is 
governed by the bonding strength at the interface of the grout with the native soils of the bluff.  
The bonding strength parameters used in our analysis are 800 pounds per square foot (psf) for 
silty clayey soil, 2,500 psf for silty sandy soil with gravel, and 3,200 psf for gravelly soil. 

3.3 RESULTS OF ANALSYIS 

The number of soil nail rows (controlled by soil nail spacing), lengths, inclined angles, and hole 
diameter were parameters varied in the analyses, to reach a minimum FOS of 1.5 under static 
loading conditions, and 1.1 under seismic (pseudo-static) loading conditions.  In our analysis of 
pseudostatic loading conditions, a horizontal acceleration factor of 0.2 was adopted, which is 1/3 
of the peak ground acceleration of 0.6g under the design-level earthquake event.  
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Based on our analysis, 30-ft to 50-ft long soil nails should be installed in 6 inch diameter holes, 
with an inclination of 15 degrees from horizontal, in grid patterns of 6 feet by 6 feet to 10 feet by 
10 feet.  The soil-nail length and spacing requirements to achieve the minimum safety factors at 
Cross-section A-A’ are shown in Figures 8 and 9, and the requirements for Cross-section B-B’ 
are shown in Figures 10 and 11.  Cross-section C-C’ has a safety factor of 1.1 under the design 
seismic loading, as shown in Figure 12.  The summary of our analysis with elevations of soil 
nails are shown in Figure 13. The soil nails improves both the surficial and deep-seated slope 
stability.  

For distribution of soil nails, we have calculated the “density” of soil nails at each of the cross-
section locations, i.e., length of soil nails required as shown in Figure 14, and the curve 
connecting “density” at each of the sections is used to calculate the “theoretical” minimum 
amount of soil nails needed, i.e., the area below the curve.  Further, the transition from one 
“density” to the next level is assumed to be in a stepped-down manner during construction, as 
shown in Figure 14 and described as the following: 

1) The soil-nail starts at Cross-section A-A’ and continues to the mid-point between A-
A’ and B-B’. 

2) Then the pattern from the above steps down to approximately the average of A-A’ 
and B-B’ requirements, and continues until it reaches B-B’. 

3) The pattern then changes to the requirement of B-B’ and continues to the mid-point 
between B-B’ and C-C’. 

4) The pattern further steps down to approximately ½ of B-B’s requirement to about ¾ 
of the distance between B-B’ and C-C’  

5) The final distance before Cross-section C-C’ (i.e., the last ¼ of distance between B-
B’ and C-C’) is assumed to have no soil nails.  Soil nails may be added during the 
final design stage.  

The theoretical minimum amount of soil nails needed is about 26,000 feet, and the amount 
calculated using the above stepped-down distribution method is about 34,000 feet. 

3.4 ROUGH ORDER-OF-MAGNITUDE COST ESTIMATES 

We have discussed the mitigation alternatives with several specialty contractors who have 
experience in similar types of construction.  The rough-order-of-magnitude (ROM) cost 
estimates for soil nails is about $25/foot of soil nail installed. With the total length of soil nails 
about 34,000 feet, the rough cost is estimated to be about $850k.   
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APPENDIX A – BORING LOGS AND DOWN-HOLE PHOTOGRAPHS  
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APPENDIX B – SHEAR STRENGTH TEST RESULTS 
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ULTIMATE
STRESS (psf)

780
1412
2352

CALIFORNIA INCLINE
SANTA MONICA, CALIFORNIA
FOR: CITY OF SANTA MONICA 



0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00
NORMAL STRESS (psf)

0

1000

2000

3000

4000

5000

6000

7000

8000
S

H
E

A
R

 S
T

R
E

S
S

 (
p

sf
)

DIRECT SHEAR TEST RESULTS

DEPTH
(ft)

STRAIN
RATE (in/min)

NORMAL
STRESS (psf)

PEAK
STRESS (psf)

0.005

1500 1948

Sample Description: Silty SAND (SM) with gravel

BORING
NO.

15BA-1 3000
6000 6581

CONSOLIDATED DRAINED
ASTM D 3080

SAMPLE
NO.

3 3557

STRENGTH PARAMETERS

PEAK                             ULTIMATE
Ø = 45°                          Ø = 44°
C = 400 psf                    C = 400 psf

FIGURE B-2

Final Moisture Content (%)  18
Final Dry Density        (pcf)  118

ULTIMATE
STRESS (psf)

1907
3426

6398

CALIFORNIA INCLINE
SANTA MONICA, CALIFORNIA
FOR: CITY OF SANTA MONICA



0

10
00

20
00

30
00

40
00

50
00

60
00

NORMAL STRESS (psf)

0

1000

2000

3000

4000

5000

6000

S
H

E
A

R
 S

T
R

E
S

S
 (

p
sf

)

DIRECT SHEAR TEST RESULTS

DEPTH
(ft)

STRAIN
RATE (in/min)

NORMAL
STRESS (psf)

PEAK
STRESS (psf)

0.005

1000 1308

Sample Description: Silty SAND (SM)

BORING
NO.

10BA-2 2000
4000 3353

CONSOLIDATED DRAINED
ASTM D 3080

SAMPLE
NO.

2 2001

STRENGTH PARAMETERS

PEAK                             ULTIMATE
Ø = 35°                          Ø = 33°
C = 575 psf                    C = 450 psf

FIGURE B-3

Final Moisture Content (%)  19
Final Dry Density        (pcf)  103

ULTIMATE
STRESS (psf)

1019
1703
3121

CALIFORNIA INCLINE
SANTA MONICA, CALIFORNIA

FOR:
CITY OF SANTA MONICA 



0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

90
00

10
00

0

11
00

0

12
00

0

13
00

0

14
00

0
NORMAL STRESS (psf)

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

13000

14000
S

H
E

A
R

 S
T

R
E

S
S

 (
p

sf
)

DIRECT SHEAR TEST RESULTS

DEPTH
(ft)

STRAIN
RATE (in/min)

NORMAL
STRESS (psf)

PEAK
STRESS (psf)

0.005

3000 4802

Sample Description: Well Graded GRAVEL with Silt & Sand (GW)

BORING
NO.

45BA-2 6000
12000 13795

CONSOLIDATED DRAINED
ASTM D 3080

SAMPLE
NO.

11 7656

STRENGTH PARAMETERS

PEAK                             ULTIMATE
Ø = 44°                          Ø = 40°
C = 2000 psf                  C = 1500 psf

FIGURE B-4

Final Moisture Content (%)  17
Final Dry Density        (pcf)  120

ULTIMATE
STRESS (psf)

4095
6479

11601

SANTA MONICA BLUFFS CALIFORNIA INCLINE
SANTA MONICA, CALIFORNIA
FOR: CITY OF SANTA MONICA



Type Selection Report 

 
California Incline 
Page 28 of 28 

XXIII. Appendix B – Bridge Inspection Report 

 










	CalIncline_2-01-10.pdf
	53c-0543-a-gp0-001.pdf
	53c-0543-c-fp0-001.pdf
	53c-0543-a-gp01-001.pdf
	53c-0543-c-fp1-001.pdf
	53c-0543-a-gp02-001.pdf
	53c-0543-c-fp2-001.pdf

	Calfornia Incline Report Slope Stability (6-23-09).pdf
	6-23-09 Updated_Incline_Report
	Figure sheet
	Figure 1 - California Incline_rev
	Figure 2 - 13
	Figure 14
	Appendix A sheet
	Figure A-1
	Figure A-2 & A-3
	Figure A-4 (downhole pics)
	Appendix B sheet
	Figure B-1 - DS BA-1 @ 10ft
	Figure B-2 - DS BA-1 @ 15ft
	Figure B-3 - DS BA-2 @ 10ft
	Figure B-4 - DS BA-2 @ 45ft




