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Soil Nail Wall - Basis of Design

Snail walls are designed using the guidelines set forth in the FHWA Geotechnical Engineering Circular No.
7 – SOIL NAIL WALLS - Report No FHWA0-IF-03-017 - March 2003. and the "Recommended Guidelines for
Permanent Soil Nails" dated 08/23/2000 by the California Soil Nail Committee.

Soil nail wall design is based upon Allowable Stress Design (ASD) concepts per Chapter 6 of the FHWA
manual. The soil nail wall design procedure is as described below:
* Calculate the ultimate and allowable nail tendon capacities for seismic and static design.
* Calculate the ultimate and allowable nail head capacities for seismic and static design. .
* Determine the ultimate and allowable nail tendon pullout resistance for seismic and static design..
* Define the ultimate soil strengths for static and seismic design.
* Determine the various design cases for each wall alignment (based upon wall heights, soil conditions,

surcharge loading etc.) and from experience, determine a trial soil nail design layout for each design
case.

* Perform global stability analysis utilizing the above parameters to determine the force/moment
equilibrium factor of safety (resisting forces/driving forces) for the design cases for static and seismic
design .

The global stability analysis is performed using the Slope Stability Program SLIDE v5.044 developed by
Rocscience. SLIDE is a comprehensive slope stability analysis software and offers multiple different
material strength models for rock and soil. Various limit equilibrium methods of analysis are available.
The Bishop Simplified Method with circular surface generation was utilized for isotropi soil conditions.
Where planar an-isotropic conditions exist, the Bishop Simplified Method with non-circular surface generation
was utilized. The program allows the effects of soil nails to be included in the analysis. Soil nails are
modeled using input parameters such as the tensile capacity, plate capacity and bond strength. The bond
strength is the shear force per unit length preventing pullout. Customized values of bond strength for
different soil units are utilized. At any point along the length of the soil nail, there are 3 failure modes
which are considered:

* Pullout (force required to pull the length past the failure surface out of the slope)
* Tensile Failure (maximum axial capacity of the soil nail tendon)
* Stripping (slope failure occurs but the soil nail remains embedded in slope

The failure mode is determined by which one of the above three produces the least restraining force. This
force is then applied to the base of the slip surface at the point of intersection in a direction parallel to the
direction of the nail.

Appendix A provides the results of the SLIDE analysis for the soil nail configurations on five (5) critical
cross sections (indicated on the soil nailing plan). For each cross section the minimum factor of safety for
4 conditions are presented:

Condition
1 Excavated slopes with no soil nail supports
2 Excavated Slopes with soil nail support (Static Conditions)
3 Excavated slopes under seismic loading with no soil nails
4 Excavated slopes under seismic loading with soil nails installed.

11
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The following file naming convention is used

DRS(x) BG(y) (a,b,c,d) (N, NSN) (ST,EQ )

DRS(x) = DRS Engineering Section (x)
BG (y) = Byer Geotechnical Section (y)
a,b,c,d = No meaning - for file ordering only
N = With Nails installed
NSN = No Soil Nails installed
ST = Static Design
EQ = Seismic Design

i.e. DRS2 BG3 aN ST = DRS Section 2, Byer Section 3, with nails installed, static analysis
DRS4 BG1 cNSN EQ = DRS Section 4, Byer Section 1, no soil nails installed, seismic analysis
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Permanent Soil Nail Wall Facing Design

Maximum Soil Nail Vertical Spacing SV = 5 ft
Maximum Soil Nail Horizontal Spacing SH = 5 ft

Permanent Facing Materials
Element

Size (Square) 8 in
Thickness (tp) 1 in

Length, Ls 6.0 in
No. of studs, NH 4.0
Head Dia., DH 1.25 in
Shaft Dia., DS 0.75 in
Shaft Area, ASH 0.44 sq.in
Head Thk., ts 0.375 in
Spacing, SSH 6.0 in

Check Limiting Reinforcement Ratios:

min (%) = 0.24*sqrt (f'c (psi) )/ fy (ksi) = 0.25 % Eq. 5.51

max (%) = 0.05* f'c (psi)/fy (ksi) * [90 / (90 + fy (ksi))] = 2.00 % Eq. 5.53

Consider 1 ft width for analysis. The ratio of reinforcement per unit length:
as MIN = min * d * width 0.12 in2 / ft
as MAX = max * d * width 0.96 in2 / ft

Select Reinforcement:
Use: #6 @ 16 avm = 0.33               in2 / ft
Or use WWF 4x4 W11 x W11  

Verify Minimum Reinforcement Ratios
avn = 0.33                   in2 / ft > as MIN = 0.12 in2 / ft OK

Verify Maximum Reinforcement Ratios
avm = 0.33                   in2 / ft < as MAX = 0.96 in2 / ft OK

Plate Dimensions

Description

4000 psi
Rebar or WWF

Headed Studs Dimensions

Reinforcement
Type

General

60 ksi
Denomination #6@16" or WWF4x4W11xW11 

Grade

Permanent Facing
Thickness (h) 8.0 in
Facing Type CIP Concrete

f'c
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Flexural Capacity, RFF:

Select Cf Factor

Using Table 5.1, for permanent facing Cf = 1

Total Reinforcement Area Per Unit Length Around the Nail:
avn = avm = 0.33 in2 / ft

RFF1 = 3.8 * Cf * (avn + avm) (in2/ft) * (Sh/ Sv) * h (ft) * fy (ksi) = 100.32 kip Eq. 5.43a
RFF2 = 3.8 * Cf * (avn + avm) (in2/ft) * (SV/ SH) * h (ft) * fy (ksi) = 100.32 kip Eq. 5.43b

Minimum Flexural Capacity = Min of (RFF1 and RFF2) = 100.32 kip
Minimum Factor of Safety on Facing flexure (Static Analysis) = 1.50
Minimum Factor of Safety on Facing flexure (Seismic Analysis) = 1.10

Minimum Factored Flexural Capacity (Static Analysis) RFF = 66.9 kip
Minimum Factored Flexural Capacity (Seismic Analysis) RFF = 91.2 kip

 1024 Pico Blvd. Suite 5   Santa Monica CA 90405  Tel 818 402 3962  Fax: 818 276 1922  www.DRS-Engineering.net 66



Punching Shear Capacity, RFP:

Effective depth of failure cone hc = Ls -ts + tp = 6.6 in Eq. 5.58b
Failure cone's mean diameter D'c = min of (SHS + hc  and 2hc) = 1.1 ft Eq. 5.58a

Vf (kip) = 0.58* sqrt( f'c (psi) ) * p * D'c (ft) * h (ft) = 66.9 kip Eq. 5.56

Resistance against punching shear failure RFP = Cp* Vf Where, Cp = 1
RFP = 66.9 kip

Factor of Safety Required on Punching shear Capacity (Static Analysis) = 1.5
Factor of Safety Required on Punching shear Capacity (Seismic Analysis) = 1.1

Minimum Factored Punching Shear Capacity (Static Analysis) RFP = 44.6 kip
Minimum Factored Punching Shear Capacity (Seismic Analysis) RFP = 60.9 kip
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Headed Stud Tensile Resistance, RFS

RFS =NH * ASH * fY = RFS = 106.0 kip Eq. 5.60

Factor of Safety Required on Stud Tensile Capacity (Static Analysis) = 2.0
Factor of Safety Required on Stud Tensile Capacity (Seismic Analysis) = 1.5

Minimum Factored Tensile Stud Capacity (Static Analysis) RFS = 53.0 kip
Minimum Factored Tensile Stud Capacity (Seismic Analysis) RFS = 70.7 kip

Minimum of RFF, RFP and RFS:

Minimum of RFF, RFP and RFS in STATIC stability analysis = 44.6 kip
Minimum of RFF, RFP and RFS in SEISMIC stability analysis = 60.9 kip

CONCLUSION:

Use facing capacity = 37,100 lbs (Conservative) as input for static analysis
Use facing capacity = 37,100 lbs (Conservative) as input for seismic analysis
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Summary of Analyses

DRS Byer Static Seismic
Section Section Factor of Safety Factor of Safety

with nails with nails
1 5 1.500 1.199
2 5 1.528 1.197

2A - 2.093 1.627
3 3 1.518 1.160
4 1 1.564 1.216
5 6 1.599 1.388
6 7 1.785 1.482
7 7 2.246 1.573

Miminum Static Factor of safety required 1.5
Miminum Seismic Factor of safety required 1.1
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EFP Check
.
The stability analysis takes into account the bond capacity of the soil nails beyond all the potential
failure surfaces analyzed to determine that the factor of safety on soil nail pull-out beyond the
potential failure surface is not critical. However, the City of Los Angeles DEpartment of Building and
Safety, Grading Division requires a separate check that the soil nail bond capacity beyond the
"active" wedge is greater than the total force (expressed as an equivalent fluid pressure) due to
instability of that active wedge.
.
Byer Geotechnical has provided the active wedge and the equivalent fluid pressure for the critical
sections of the project for both static and seismic conditions. 
.
APPENDIX B provides the additional calculations that demonstrate that the
factor of safety for soil nail pullout beyond this active wedge is adequate i.e.
.
.
Total Bond Capacity of Soil Nails beyond the active wedge
_______________________________________________ >= 1.0
.
Total resultant for from Equivalent Fluid Pressure
.
.
(Note: Equivalent Fluid Pressure provided include for a factor of safety of 1.5 for static analysis and 1.0 for seismic 
analysis)

10
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Sliding Block Check
.
Sliding stability analysis considers the ability of the soil nail wall to resist sliding along the base of
the retained system in response to lateral earth pressures behind the soil nails. Sliding failure may
occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. 

In the sliding stability check, the soil nail wall system is modeled as a rigid block against which lateral earth forces are 
applied behind the retained soil. The rigid block here is defined by a horizontal surface through the base of the  
extends behind the nails, and exits with a vertical surface to the ground surface behind the reinforced zone.  The 
lateral earth forces acting on the vertical face of the rigid block in both static and seismic conditions, as well as the 
coefficient of friction and the cohesion of the ground along the sliding surface, have been provided by Byer 
Geotechnical.
.
It is assumed that the displacements of the soil block along its base are large enough to mobilize the active pressure 
behind the block. 
.
APPENDIX B provides the additional calculations that demonstrate that the factor of safety for sliding of the 
reinforced soil mass is adequate i.e.
.

Total resisting force on the base of the sliding block
_______________________________________________                                     >= 1.0
.
Total driving forces from the active pressure on the reinforced block
.
.
(Note: Equivalent Fluid Pressure provided include for a factor of safety of 1.5 for static analysis and 1.0 for seismic 
analysis)

11
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Bearing Capacity (from Overturning) Check
.
Bearing capacity analysis considers the ability of the substrata beneath the soil nail wall to resist the bearing 
pressures caused by the overtruning moment from the active earth pressure behind the soil nails. 

Overturning failure may occur when bearing pressure under the reinforced soil block exceed the bearing capacity 
of the underlying strata below the base of the wall. 

In the bearing capacity analysis,  the soil nail wall system is modeled as a rigid block against which lateral earth 
forces are applied behind the retained soil. The rigid block here is defined by a horizontal surface through the base 
of the  extends behind the nails, and exits with a vertical surface to the ground surface behind the reinforced zone.  
The lateral earth forces acting on the vertical face of the rigid block in both static and seismic conditions, as well as 
the coefficient of friction and the bearing capacity of the underlying strata below the base of the wall has been 
provided by Byer Geotechnical.
.
APPENDIX B provides the additional calculations that demonstrate that the factor of safety for overturning of the 
reinforced soil mass is adequate i.e.
.

Bearing pressure generated by overturning moment 
_______________________________________________                                     >= 1.0
.
Bearing capacity of underlying strata 
.
.
(Note: Equivalent Fluid Pressure provided include for a factor of safety of 1.5 for static analysis and 1.0 for seismic 
analysis)

12



APPENDIX A

SLIDE Analysis
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Slide Analysis Information 
Document Name 

File Name: DRS2A BG5 bN ST 

Project Settings 

Project Title: Harvard-Westlake 
Failure Direction: Left to Right 
Units of Measurement: Imperial Units 
Pore Fluid Unit Weight: 62.4 lb/ft3 
Groundwater Method: Water Surfaces 
Data Output: Standard 
Calculate Excess Pore Pressure: Off 
Allow Ru with Water Surfaces or Grids: On 
Random Numbers: Pseudo-random Seed 
Random Number Seed: 10116 
Random Number Generation Method: Park and Miller v.3 

Analysis Methods 

Analysis Methods used:
Bishop simplified 

Number of slices: 25 
Tolerance: 0.005 
Maximum number of iterations: 50 

Surface Options 

Surface Type: Non-Circular Block Search 
Number of Surfaces: 5000 
Pseudo-Random Surfaces: Enabled 
Convex Surfaces Only: Disabled 
Left Projection Angle (Start Angle): 95 
Left Projection Angle (End Angle): 265 
Right Projection Angle (Start Angle): -85 
Right Projection Angle (End Angle): 85 
Minimum Elevation: Not Defined 
Minimum Depth: Not Defined 

Material Properties 

Material: Bedrock 
Strength Type: Mohr-Coulomb 
Unit Weight: 115 lb/ft3 
Cohesion: 540 psf 
Friction Angle: 36 degrees 
Water Surface: None 
Ru value: 0 

Support Properties 

2426



Support: #7 Soil Nail Static 
#7 Soil Nail Static 
Support Type: Soil Nail 
Force Application: Passive 
Out-of-Plane Spacing: 5 ft 
Tensile Capacity: 25000 lb 
Plate Capacity: 37100 lb 
Bond Strength: 1810 lb/ft 

Global Minimums 

Method: bishop simplified 
FS: 2.092760 
Axis Location: 46.934, 938.078 
Left Slip Surface Endpoint: -123.003, 842.864 
Right Slip Surface Endpoint: 21.144, 745.000 
Resisting Moment=5.29902e+007 lb-ft 
Driving Moment=2.53207e+007 lb-ft 

Valid / Invalid Surfaces 

Method: bishop simplified 
Number of Valid Surfaces: 2836 
Number of Invalid Surfaces: 2164 
Error Codes:
Error Code -105 reported for 4 surfaces 
Error Code -108 reported for 1487 surfaces 
Error Code -111 reported for 341 surfaces 
Error Code -112 reported for 332 surfaces 

Error Codes 

The following errors were encountered during the computation: 

-105 = More than two surface / slope 
intersections with no valid slip surface. 

-108 = Total driving moment 
or total driving force < 0.1. This is to 
limit the calculation of extremely high safety 
factors if the driving force is very small 
(0.1 is an arbitrary number). 

-111 = safety factor equation did not converge 

-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F)
< 0.2 for the final iteration of the safety factor calculation. This screens out 
some slip surfaces which may not be valid in the context of the analysis, in 
particular, deep seated slip surfaces with many high negative base angle 
slices in the passive zone. 
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Slide Analysis Information 
Document Name 

File Name: DRS2A BG5 dN EQ 

Project Settings 

Project Title: Harvard-Westlake 
Failure Direction: Left to Right 
Units of Measurement: Imperial Units 
Pore Fluid Unit Weight: 62.4 lb/ft3 
Groundwater Method: Water Surfaces 
Data Output: Standard 
Calculate Excess Pore Pressure: Off 
Allow Ru with Water Surfaces or Grids: On 
Random Numbers: Pseudo-random Seed 
Random Number Seed: 10116 
Random Number Generation Method: Park and Miller v.3 

Analysis Methods 

Analysis Methods used:
Bishop simplified 

Number of slices: 25 
Tolerance: 0.005 
Maximum number of iterations: 50 

Surface Options 

Surface Type: Non-Circular Block Search 
Number of Surfaces: 5000 
Pseudo-Random Surfaces: Enabled 
Convex Surfaces Only: Disabled 
Left Projection Angle (Start Angle): 95 
Left Projection Angle (End Angle): 265 
Right Projection Angle (Start Angle): -85 
Right Projection Angle (End Angle): 85 
Minimum Elevation: Not Defined 
Minimum Depth: Not Defined 

Loading

Seismic Load Coefficient (Horizontal): 0.27 

Material Properties 

Material: Bedrock 
Strength Type: Mohr-Coulomb 
Unit Weight: 115 lb/ft3 
Cohesion: 825 psf 
Friction Angle: 37 degrees 
Water Surface: None 
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Ru value: 0 

Support Properties 

Support: #7 Soil Nail Seismic 
#7 Soil Nail Seismic 
Support Type: Soil Nail 
Force Application: Passive 
Out-of-Plane Spacing: 5 ft 
Tensile Capacity: 33333 lb 
Plate Capacity: 37100 lb 
Bond Strength: 2413 lb/ft 

Global Minimums 

Method: bishop simplified 
FS: 1.626700 
Axis Location: 35.807, 917.479 
Left Slip Surface Endpoint: -123.271, 843.021 
Right Slip Surface Endpoint: -0.073, 745.541 
Resisting Moment=6.04536e+007 lb-ft 
Driving Moment=3.71634e+007 lb-ft 

Valid / Invalid Surfaces 

Method: bishop simplified 
Number of Valid Surfaces: 2812 
Number of Invalid Surfaces: 2188 
Error Codes:
Error Code -105 reported for 4 surfaces 
Error Code -108 reported for 1486 surfaces 
Error Code -111 reported for 382 surfaces 
Error Code -112 reported for 316 surfaces 

Error Codes 

The following errors were encountered during the computation: 

-105 = More than two surface / slope 
intersections with no valid slip surface. 

-108 = Total driving moment 
or total driving force < 0.1. This is to 
limit the calculation of extremely high safety 
factors if the driving force is very small 
(0.1 is an arbitrary number). 

-111 = safety factor equation did not converge 

-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F)
< 0.2 for the final iteration of the safety factor calculation. This screens out 
some slip surfaces which may not be valid in the context of the analysis, in 
particular, deep seated slip surfaces with many high negative base angle 
slices in the passive zone. 
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Data on Active Wedge and EFP 
from  

Byer Geotechnical
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Pullout Capacity of Soil Nails Beyond Active Wedge Check

Sliding Block Check

Bearing Capacity (from overturning) Check 

170



Harvard ‐ Westlake

Case: DRS2 BG5 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 60 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 12 Nail Horz. Spacing Sh = 4 ft
Depth to top nail H1 = 1.5 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 8 psi Soil Nail dia d = 8 in

Effective EFP (from Geotech) Pa1 = 85 pcf        =>Total EFP over Sh= (Pa1.H2)/2 . Sh = 612 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 1.5 120 15 52.5 Bedrock 122.4
2 6.5 120 15 56.2 Bedrock 131.0
3 11.5 120 15 62.5 Bedrock 145.7
4 16.5 120 15 68.9 Bedrock 160.6
5 21.5 140 15 80.2 Bedrock 186.9
6 26.5 140 15 86.5 Bedrock 201.6
7 31.5 140 15 93.1 Bedrock 217.0
8 36.5 140 15 101.3 Bedrock 236.1
9 41.5 120 15 89.4 Bedrock 208.3

10 46.5 120 15 97.9 Bedrock 228.2
11 51.5 120 15 107.4 Bedrock 250.3
12 56.5 120 15 120.0 Bedrock 279.7

Total Capacity = 2367.6 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 3.87 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS2 BG5 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 105 ft (ht. from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 141.1 ft (horz distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 67 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 115 pcf
Soil cohesion strength, cb = 510 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  1,339       kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 369          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 741          kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 2.01

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 35.0         ft
Overturning Moment, M =  12,915     ft‐kip/ft (P . y)
X0 = 60.9         ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 9.6           ft BL/6 =  23.5       ft e < B/6, OK
B' = 121.8       ft
qmax = 10,990     psf
qult = 14,000     psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces 
are applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS2 BG5 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 60 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 12 Nail Horz. Spacing Sh = 4 ft
Depth to top nail H1 = 1.5 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 10.7 psi Soil Nail dia d = 8 in

Effective EFP (from Geotech) Pa1 = 110 pcf        =>Total EFP over Sh= (Pa1.H2)/2 . Sh = 792 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 1.5 120 15 52.5 Bedrock 163.6
2 6.5 120 15 56.2 Bedrock 175.2
3 11.5 120 15 62.5 Bedrock 194.8
4 16.5 120 15 68.9 Bedrock 214.8
5 21.5 140 15 80.2 Bedrock 250.0
6 26.5 140 15 86.5 Bedrock 269.6
7 31.5 140 15 93.1 Bedrock 290.2
8 36.5 140 15 101.3 Bedrock 315.8
9 41.5 120 15 89.4 Bedrock 278.7

10 46.5 120 15 97.9 Bedrock 305.2
11 51.5 120 15 107.4 Bedrock 334.8
12 56.5 120 15 120.0 Bedrock 374.1

Total Capacity = 3166.6 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 4.00 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS2 BG5 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 105 ft (ht. from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 141.1 ft (horz distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 75 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 115 pcf
Soil cohesion strength, cb = 510 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  1,339       kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 413          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 741          kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 1.79

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 35.0         ft
Overturning Moment, M =  14,455     ft‐kip/ft (P . y)
X0 = 59.8         ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 10.8         ft BL/6 =  23.5       ft e < B/6, OK
B' = 119.5       ft
qmax = 11,202     psf
qult = 14,000     psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces 
are applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS3 BG3 dN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 50 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 10 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 3 ft Wall face angle c = 7 deg
Allowable bond stress (Alluvium BS1 = 5 psi Soil Nail dia d = 6 in
Allowable bond stress (Bedrock BS2 = 8 psi

Effective EFP (from Geotech) Pa = 30 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 187.5 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 3 35 20 15.8 Alluvium 16.8
2 8 45 15 17.4 Alluvium 19.0
3 13 40 15 19.5 Alluvium 21.3
4 18 40 15 21.6 Alluvium 23.6
5 23 35 15 23.7 Alluvium 25.9
6 28 35 15 20.1 Alluvium 22.0
7 33 35 15 22.4 Alluvium 24.5
8 38 35 15 25.9 Bedrock 45.3
9 43 35 15 32.0 Bedrock 55.9

10 48 35 15 33.0 Bedrock 57.7
Total Capacity = 311.9 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 1.66 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS3 BG3 dN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 35 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 57 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 21 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 115 pcf
Soil cohesion strength, cb = 540 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  289        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 13          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 175        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 13.46

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 11.7       ft
Overturning Moment, M =  152        ft‐kip/ft (P . y)
X0 = 28.0       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 0.5         ft BL/6 =  9.5         ft e < B/6, OK
B' = 55.9       ft
qmax = 5,170     psf
qult = 14,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS3 BG3 dN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 50 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 10 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 3 ft Wall face angle c = 7 deg
Allowable bond stress (Alluvium BS1 = 6.7 psi Soil Nail dia d = 6 in
Allowable bond stress (Bedrock BS2 = 10.7 psi

Effective EFP (from Geotech) Pa = 30 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 187.5 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 3 35 20 15.8 Alluvium 22.5
2 8 45 15 17.4 Alluvium 25.5
3 13 40 15 19.5 Alluvium 28.5
4 18 40 15 21.6 Alluvium 31.6
5 23 35 15 23.7 Alluvium 34.7
6 28 35 15 20.1 Alluvium 29.4
7 33 35 15 22.4 Alluvium 32.8
8 38 35 15 25.9 Bedrock 60.5
9 43 35 15 32.0 Bedrock 74.8

10 48 35 15 33.0 Bedrock 77.1
Total Capacity = 417.6 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 2.23 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS3 BG3 dN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 35 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 57 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 21 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 115 pcf
Soil cohesion strength, cb = 540 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  289        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 13          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 175        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 13.46

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 11.7       ft
Overturning Moment, M =  152        ft‐kip/ft (P . y)
X0 = 28.0       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 0.5         ft BL/6 =  9.5         ft e < B/6, OK
B' = 55.9       ft
qmax = 5,170     psf
qult = 14,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS4 BG1 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 90 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 18 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 2 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 8 psi Soil Nail dia d = 6 in
Effective EFP (from Geotech) Pa = 10 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 202.5 kip
Soil Nail  Hn Nail Soil Nail Lbn Lbn Static

Row Length Incln. soil type Capacity
Angle (b) Lbns

ft deg ft kip
1 2 45 15 6.8 Bedrock 11.9
2 7 45 15 8.4 Bedrock 14.7
3 12 40 15 4.9 Bedrock 8.6
4 17 40 15 6.6 Bedrock 11.5
5 22 35 15 3.3 Bedrock 5.8
6 27 35 15 5.0 Bedrock 8.7
7 32 35 15 6.9 Bedrock 12.1
8 37 35 15 8.7 Bedrock 15.2
9 42 35 15 10.9 Bedrock 19.1

10 47 35 15 12.9 Bedrock 22.5
11 52 35 15 15.0 Bedrock 26.2
12 57 35 15 17.3 Bedrock 30.2
13 62 35 15 5.6 Bedrock 9.8
14 67 35 15 7.5 Bedrock 13.1
15 72 30 15 4.4 Bedrock 7.7
16 77 30 15 6.6 Bedrock 11.5
17 82 30 15 10.6 Bedrock 18.5
18 87 30 15 18.3 Bedrock 32.0 Total Capacity = 279.1 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 1.38 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS4 BG1 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 93.5 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 70.5 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 30 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 100 pcf
Soil cohesion strength, cb = 1044 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  647        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 131        kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 397        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 3.03

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 31.2       ft
Overturning Moment, M =  4,083     ft‐kip/ft (P . y)
X0 = 28.9       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 6.3         ft BL/6 =  11.8     ft e < B/6, OK
B' = 57.9       ft
qmax = 11,176  psf
qult = 25,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS4 BG1 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 90 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 18 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 2 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 10.7 psi Soil Nail dia d = 6 in
Effective EFP (from Geotech) Pa = 10 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 202.5 kip
Soil Nail  Hn Nail Soil Nail Lbn Lbn Static

Row Length Incln. soil type Capacity
Angle (b) Lbns

ft deg ft kip
1 2 45 15 6.8 Bedrock 15.9
2 7 45 15 8.4 Bedrock 19.6
3 12 40 15 4.9 Bedrock 11.5
4 17 40 15 6.6 Bedrock 15.4
5 22 35 15 3.3 Bedrock 7.7
6 27 35 15 5.0 Bedrock 11.7
7 32 35 15 6.9 Bedrock 16.1
8 37 35 15 8.7 Bedrock 20.3
9 42 35 15 10.9 Bedrock 25.5

10 47 35 15 12.9 Bedrock 30.2
11 52 35 15 15.0 Bedrock 35.1
12 57 35 15 17.3 Bedrock 40.4
13 62 35 15 5.6 Bedrock 13.1
14 67 35 15 7.5 Bedrock 17.5
15 72 30 15 4.4 Bedrock 10.3
16 77 30 15 6.6 Bedrock 15.4
17 82 30 15 10.6 Bedrock 24.8
18 87 30 15 18.3 Bedrock 42.8 Total Capacity = 373.3 kip

Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 1.84 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS4 BG1 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 93.5 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 70.5 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 30 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 100 pcf
Soil cohesion strength, cb = 1044 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  647        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 131        kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 397        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 3.03

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 31.2       ft
Overturning Moment, M =  4,083     ft‐kip/ft (P . y)
X0 = 28.9       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 6.3         ft BL/6 =  11.8     ft e < B/6, OK
B' = 57.9       ft
qmax = 11,176  psf
qult = 25,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS5 BG6 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 63 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 12 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 2 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 8 psi Soil Nail dia d = 6 in

Effective EFP (from Geotech) Pa = 16 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 158.8 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 2 30 25 0.0 Bedrock 0.0
2 7 30 25 1.2 Bedrock 2.0
3 12 30 25 3.6 Bedrock 5.9
4 17 30 25 5.9 Bedrock 9.7
5 22 30 25 8.4 Bedrock 13.8
6 27 30 25 10.9 Bedrock 17.9
7 32 30 25 13.4 Bedrock 22.0
8 37 35 25 20.9 Bedrock 34.3
9 42 35 25 23.5 Bedrock 38.5

10 47 35 25 26.0 Bedrock 42.6
11 52 35 25 28.5 Bedrock 46.7
12 57 35 25 31.2 Bedrock 51.2

Total Capacity = 284.5 kip
Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 1.79 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS5 BG6 bN ST ‐ STATIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 65.5 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 34 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 25 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 100 pcf
Soil cohesion strength, cb = 1044 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  218        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 54          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 145        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 2.69

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 21.8       ft
Overturning Moment, M =  1,179     ft‐kip/ft (P . y)
X0 = 11.6       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 5.4         ft BL/6 =  5.7         ft e < B/6, OK
B' = 23.2       ft
qmax = 9,414     psf
qult = 25,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.
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Harvard ‐ Westlake

Case: DRS5 BG6 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

LADBS Check for soil nail wall to support EFP from Geotech

Soil Nail Wall Height H = 63 ft Nail Vert. Spacing H2, H3…= 5 ft
No Rows Nails n = 12 Nail Horz. Spacing Sh = 5 ft
Depth to top nail H1 = 2 ft Wall face angle c = 7 deg
Allowable bond stress (Bedrock) BS1 = 10.7 psi Soil Nail dia d = 6 in

Effective EFP (from Geotech) Pa = 16 pcf        =>Total EFP over Sh= (Pa.H2)/2 . Sh = 158.8 kip

Soil Nail  Hn Nail Soil Nail Lbn Lbn Static
Row Length Incln. soil type Capacity

Angle (b) Lbns
ft deg ft kip

1 2 30 25 0.0 Bedrock 0.0
2 7 30 25 1.2 Bedrock 2.6
3 12 30 25 3.6 Bedrock 7.9
4 17 30 25 5.9 Bedrock 12.9
5 22 30 25 8.4 Bedrock 18.4
6 27 30 25 10.9 Bedrock 23.9
7 32 30 25 13.4 Bedrock 29.4
8 37 35 25 20.9 Bedrock 45.8
9 42 35 25 23.5 Bedrock 51.5

10 47 35 25 26.0 Bedrock 57.0
11 52 35 25 28.5 Bedrock 62.5
12 57 35 25 31.2 Bedrock 68.4

Total Capacity = 380.6 kip
Total capacity  / Total EFP:  FS = SLbns / Psh Factor of Safety = 2.40 >1.0 ‐ OK
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Harvard ‐ Westlake

Case: DRS5 BG6 bN ST ‐ SEISMIC

Project No.: 2014‐04

Date: 7/16/2015

Sliding Check:

Height at the cut‐section, Hc = 65.5 ft (height from top to bottom of wall at the failure surface)
Dist. of failure surface from wall, BL = 34 ft (horizontal distance to failure surface from bottom of wall)

E.F.P for Sliding, Pa2 = 25 pcf (from geotech)
Unit weight of the soil behind wall, Ƴ = 100 pcf
Soil cohesion strength, cb = 1044 psf
Coefficient of friction, tan Φ =  0.5

Weight of soil block, W =  218        kip/ft (H+Hc)/2 . BL . Ƴ
Driving Force, P = 54          kip/ft (1/2 . Pa2. Hc 2 )
Resisting Force = 145        kip/ft (cb . BL + (W + Pa2 . sin β). tan Φ);  β = 0, conservatively)
Factor of Safety = 2.69

>1.0 ‐ OK

Bearing Capacity (due to overturning) Check:

y = Hc/3 = 21.8       ft
Overturning Moment, M =  1,179     ft‐kip/ft (P . y)
X0 = 11.6       ft (W . B/2 ‐ M)/ W
Check for eccentricity: e = BL/2 ‐ X0 = 5.4         ft BL/6 =  5.7         ft e < B/6, OK
B' = 23.2       ft
qmax = 9,414     psf
qult = 25,000  psf qmax <= qult, OK

Sliding failure may occur when additional lateral earth pressures, mobilized by the excavation, exceed the sliding
resistance along the base. Soil nail wall system is modeled as a rigid block against which the lateral earth forces are 
applied behind the retained soil.

Per FHWA0‐IF‐03‐017 Manual Sseection 5.4.4 ‐ Bearing Capacity (Heave) Analysis per equation 5.14 is not required as
soft soil is not present below the soil nail wall. Equivalent bearing capacity analyses has effectively been performed in
the slope stability analysis that considers deep‐seated failure surfaces below the toe of the wall.

 1024 Pico Blvd. Suite 5 Santa Monica CA 90405  Tel 818 402 3962  Fax: 818 276 1922  www.DRS‐Engineering.net186



GENERAL NOTES
THE EARTH RETENTION DESIGNER IS DEFINED AS THE REGISTERED CIVIL ENGINEER WHOSE STAMP IS ON
THESE PLANS.

THE EARTH RETENTION CONTRACTOR IS DEFINED AS THE ORGANIZATION(S) OR PERSON(S) WHO INSTALL
THE EARTH SUPPORT SYSTEMS INDICATED ON THESE PLANS.

THE GENERAL CONTRACTOR IS AS DEFINED AS THE ORGANIZATION(S) OR PERSON(S) WITH OVERALL
CONTROL OF THE SITE CONSTRUCTION.

THE PROJECT GEOTECHNICAL ENGINEER IS DEFINED AS THE ORGANIZATION OR PERSON WHO AUTHORED
THE APPROVED SOILS/GEOLOGY REPORT ASSOCIATED WITH THE PROJECT.

THESE EARTH RETENTION PLANS SHALL BE REVIEWED BY THE PROJECT GEOTECHNICAL ENGINEER PRIOR
TO BEGINNING WORK.

LOCATION OF ALL EXISTING FACILITIES, ADJACENT STRUCTURES AND UNDERGROUND AND OVERHEAD
UTILITIES SHOWN ARE AS INTERPRETED FROM INFORMATION PROVIDED TO DRS ENGINEERING DURING
DESIGN. THE ACTUAL LOCATIONS OF ALL SUCH ITEMS SHALL BE FIELD VERIFIED PRIOR TO COMMENCING
CONSTRUCTION OF THE EARTH RETENTION. ANY DISCREPANCIES OR POTENTIAL CONFLICTS BETWEEN
EXISTING FACILITIES AND THIS WORK SHALL IMMEDIATELY BE BROUGHT TO THE ATTENTION OF THE EARTH
RETENTION DESIGNER. THE EARTH RETENTION DESIGNER SHALL NOT BE RESPONSIBLE FOR DAMAGE TO
EXISTING FACILITIES, STRUCTURES OR UTILITIES DUE TO INCORRECT INTERPRETATION OF EXISTING
DRAWINGS OR DATA OR MISSING LOCATION INFORMATION.

AN UNDERGROUND SERVICE ALERT INQUIRY IDENTIFICATION NUMBER MUST BE OBTAINED AT LEAST TWO
WORKING DAYS BEFORE STARTING WORK WITH THIS PERMIT. TELEPHONE NUMBER (800) 227-2600.

EXCAVATION SHALL BE CO-ORDINATED WITH THE INSTALLATION OF THE EARTH RETENTION SYSTEM SO AS
TO PREVENT LOSS OF GROUND OR SETTLEMENT OF ADJACENT STRUCTURES. HEAVY EQUIPMENT OR
CRANES SHALL NOT BE LOCATED ADJACENT TO THE EARTH RETENTION BULKHEAD EXCEPT WHERE
SPECIFICALLY PROVIDED FOR IN THE DESIGN.

THE EARTH RETENTION CONTRACTOR SHALL BE RESPONSIBLE TO ENSURE THAT THE EARTH RETENTION IS
BUILT IN ACCORDANCE WITH THESE PLANS. IF THERE IS ANY QUESTION REGARDING THESE PLANS, THE
CONTRACTOR SHALL REQUEST AN INTERPRETATION BEFORE DOING ANY WORK BY CONTACTING THE EARTH
RETENTION DESIGNER.

SITE DRAINAGE AND SITE DEWATERING TO BE PROVIDED BY OTHERS.
THE GENERAL CONTRACTOR SHALL ALSO TAKE THE NECESSARY STEPS TO PROTECT THE PROJECT AND
ADJACENT PROPERTY FROM ANY EROSION AND SILTATION THAT RESULT FROM HIS OPERATIONS BY
APPROPRIATE MEANS (SAND BAGS, HAY BALES, TEMPORARY DESILTING BASINS, DIKES, EARTH RETENTION,
ETC.) UNTIL SUCH TIME THAT THE PROJECT IS COMPLETED AND ACCEPTED FOR MAINTENANCE BY THE
OWNER. ALL CONSTRUCTION SHALL CONFORM TO ALL LOCAL CODES, ORDINANCES, RESTRICTIONS AND
OSHA REQUIREMENTS.

NO EXCAVATION OR GRADING SHALL COMMENCE UNTIL 10 DAYS AFTER ADJOINING PROPERTY OWNERS
HAVE BEEN NOTIFIED IN WRITING AS REQUIRED BY SECTION 3307.1 OF THE CALIFORNIA BUILDING CODE 2013.

 MATERIALS
REINFORCING STEEL: ASTM A-615 - GRADE 60
WELDED WIRE FABRIC: PLAIN WIRE REINFORCEMENT ASTM A-185 f'y (min) = 56ksi
HEADED STUDS: H4L MILD STEEL NELSON STUDS TO ASTM A-108 
SOIL NAIL BAR: ASTM A-615 GRADE 75 SOLID BAR
WELDING ELECTRODES: E-70 ksi
CEMENT: ASTM C-150, TYPE II / V
SHOTCRETE f'c (28) = 4000psi
SOIL NAILS GROUT: NEAT WATER/CEMENT GROUT 0.45 W/C RATIO  f'c (28 DAY) = 4000psi MIN.
WALL DRAINAGE: MIRADRAIN 6200XL OR EQUIVALENT

MEMBERS OR DETAILS MAY BE SUBSTITUTED FOR EQUIVALENT OR BETTER, AS APPROVED BY ENGINEER.

CODES AND SPECIFICATIONS
CALIFORNIA BUILDING CODE - 2013 EDITION
SOIL NAIL WALL DESIGN - FHWA GEOTECHNICAL ENGINEERING CIRCULAR NO. 7  SOIL NAIL 

  WALLS FHWA0-IF-03-017 MARCH 2003
- RECOMMENDED GUIDELINES FOR PERMANENT SOIL NAILS - 
  DATED 08-23-2000 - CALIFORNIA SOIL NAIL COMMITEE

SUBJECT
SITE

DESIGN CRITERIA
DESIGN IS IN ACCORDANCE WITH THE GEOTECHNICAL REPORT FOR THE PROJECT BY BYER GEOTECHNICAL
PROJECT NO. 21898 DATED  APRIL 2015.

GEOTECHNICAL DESIGN PARAMETERS ARE AS FOLLOWS:

SEISMIC COEFFICIENT Kh = 0.27g

SOIL TYPE
UNIT

WEIGHT
PCF

FRICTION
ANGLE
DEG.

COHESION
PSF

ULTIMATE
BOND

STRESS
PSI

WORKING
BOND

STRESS
PSI

BEDROCK (SECTIONS 3 TO 7) 100 36.5 1044 16 8

BEDROCK
(SECTIONS 1, 2 - WEAK ZONE) 115 19.5 510 16 8

BEDROCK
(SECTIONS 1, 2 - OTHER AREAS) 115 36 540 16 8

FILL 120 30 400 12 6

ALLUVIUM 110 30 150 10 5

SOIL NAIL TESTING cont........
PROOF TESTS

PROOF TESTS SHALL BE PERFORMED ON FIVE PERCENT (5%) OF THE SOIL NAILS TO VERIFY THE BOND STRESS
VALUE ASSUMED IN THE DESIGN.  NAILS SHOULD BE TESTED ON EVERY LIFT AND ON DIFFERENT LOCATIONS
ALONG THE WALL.   PROOF TESTS SHALL BE PERFORMED USING TESTING EQUIPMENT CALIBRATED WITHIN 60
DAYS OF START OF TESTING.

Proof TEST NAILS DIMENSIONS AND TEST LOADS:                             Fill               Alluvium           Bedrock
ULTIMATE GROUT/GROUND BOND STRESS                       12 psi    10 psi               16 psi
ALLOWABLE GROUT/GROUND BOND STRESS    6 psi               5 psi                 8 psi
HOLE DIAMETER                                                                             d"                    d"                     d"
VERIFICATION TEST NAIL UN-BONDED LENGTH VARIES             VARIES
VERIFICATION TEST NAIL BONDED LENGTH 15 ft                   15 ft
DESIGN LOAD (DL): 3.393*d kip        2.827*d kip      4.524*d kip
MAXIMUM TEST LOAD (1.50 DL) 5.090*d kip        4.241*d kip      6.786*d kip

PROOF TESTS SHALL BE PERFORMED ON PRODUCTION NAILS TO 150% OF THE ALLOWABLE BOND STRESS VALUE
USED IN DESIGN. INSTALL THE PROOF TEST NAILS BY THE SAME METHOD THAT IS USED FOR ALL PRODUCTION
NAILS, EXCEPT GROUT ONLY THE BOND LENGTH SPECIFIED ON THESE PLANS.

SECURELY BLOCK OUT THE FRONT ONE FOOT OF THE SOIL NAIL HOLE WITH LOOSE SOIL OR OTHER FLEXIBLE
MATERIAL TO AVOID PENETRATION OF SHOTCRETE IN THE OPEN HOLE. PERFORM THE PROOF TEST BY LOADING
THE SOIL NAIL IN FOLLOWING INCREMENTS.

AL AL = ALIGNMENT LOAD
0.25 DL DL = NAIL DESIGN LOAD
0.50 DL
0.75 DL
1.00 DL
1.50 DL

ALL LOAD INCREMENTS SHALL BE MAINTAINED WITHIN 5 PERCENT OF THE INTENDED LOAD. DEPENDING ON THE
PERFORMANCE WITHER 10 MINUTE OR 60 MINUTE CREEP TESTS SHALL BE PERFORMED AT THE MAXIMUM TEST
LOAD. THE CREEP PERIOD SHALL START AS SOON AS THE MAXIMUM TEST LOAD IS APPLIED AND THE NAIL
MOVEMENT WITH RESPECT TO A FIXED REFERENCE SHALL BE MEASURED AND RECORDED AT 1 MINUTE, 2, 3, 5, 6,
10 MINUTES. WHERE NAIL MOVEMENT BETWEEN 1 MINUTE AND 10 MINUTES EXCEEDS 0.04 INCHES, THE MAXIMUM
TEST LOAD SHALL BE MAINTAINED AN ADDITIONAL 50 MINUTES AND MOVEMENTS SHALL BE RECORDED AT 20
MINUTE, 30, 50, AND 60 MINUTES.

PROOF TEST ACCEPTANCE CRITERIA:

IF AT THE PROOF TEST LOAD THE MOVEMENT BETWEEN 1 AND 10 MINUTES IS LESS THAN 0.04 INCH, THE TEST IS
SUCCESSFUL. IF THE MOVEMENT EXCEEDS 0.04 INCH, THE PROOF TEST LOAD MAY BE HELD FOR AN ADDITIONAL
50 MINUTES AND A CREEP CURVE SHALL BE PLOTTED FOR MOVEMENT BETWEEN 6 AND 60 MINUTES. IF THE
CREEP CURVE INDICATES A CREEP RATE OF LESS THAN 0.08 INCHES PER LOG CYCLE TIME, THE TEST IS
SUCCESSFUL.

ALL TEST RESULTS SHOULD BE PROVIDED TO THE DESIGNER WITHIN 5 DAYS OF TESTING AND IMMEDIATELY FOR
ANY TESTS THAT FAIL TO MEET THE ACCEPTANCE CRITERIA.

EXCAVATION NOTIFICATION
CALL  1-800-422-4133 A MINIMUM OF TWO DAYS BEFORE COMMENCING EXCAVATION ENSURE ALL RELEVANT
UTILITY COMPANIES HAVE CLEARED THE LOCATION.  UPDATE ALL DIG ALERT NOTIFICATIONS EVERY TEN
DAYS.

IF SOIL NAILS ARE TO BE INSTALLED WITHIN THREE FEET OF A UTILITY, THEN UTILITY MUST BE EXPOSED TO
CONFIRM LOCATION AND CLEARANCE DURING DRILLING/DRIVING.

VICINITY MAP

SOILS ENGINEER AND GEOLOGIST
THIS PLAN HAS BEEN REVIEWED AND CONFORMS TO RECOMMENDATIONS OF SOILS ENGINEERING /

GEOLOGIC REPORTS REFERENCED ABOVE.

                                                                            SIGNATURE AND DATE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GENERAL PROCEDURES
ALL NECESSARY PERMITS SHALL BE OBTAINED (BY OTHERS) PRIOR TO GRADING AND CONSTRUCTION OF
SOIL NAIL WALL.

GENERAL CONTRACTOR AND EARTH RETENTION CONTRACTOR WILL FOLLOW ALL APPLICABLE CAL-OSHA
REQUIREMENTS IN THE EXECUTION OF THE WORK DESCRIBED HEREIN.

PRIOR TO THE START OF WORK THE EXISTING GRADE ELEVATIONS AND THE LOCATION AND DEPTH OF ALL
EXISTING AND NEW UTILITIES, IF ANY, SHALL BE DETERMINED BY THE GENERAL CONTRACTOR AND PROVIDED
IN WRITING TO THE EARTH RETENTION CONTRACTOR.

LAYOUT OF SOIL NAIL WALL LINE AND ELEVATIONS SHALL BE PROVIDED BY GENERAL CONTRACTOR.

SEQUENCE OF INSTALLATION
EXCAVATION FOR SOIL NAILS SHOULD BE MADE IN VERTICAL LIFTS TO ACCOMMODATE THE VERTICAL NAIL
SPACING INDICATED ON THESE PLANS.

WHERE COLD JOINTS BETWEEN VERTICAL LIFTS OF STRUCTURAL SHOTCRETE ARE CREATED, THE
PROCEDURE FOR FINISHING CURING, ROUGHENING AND RE-APPLYING SHOTCRETE AT THE COLD JOINT
SHOULD BE IN ACCORDANCE WITH ACI-506R-90.

CONSTRUCTION SEQUENCE

1. EXCAVATE A VERTICAL CUT TO APPROX. 2FT BELOW THE UPPER ROW OF SOIL NAILS.

2. DRILL AND INSTALL UPPER ROW OF SOIL NAILS.

3. PLACE TEMPORARY FACING DRAINAGE CHIMNEYS AND REINFORCING AND SHOOT TEMPORARY
SHOTCRETE FACING.

4. PROOF TEST SOIL NAILS AS REQUIRED FOR THIS NAIL ROW

5. REPEAT STEPS 1 TO 4 FOR SUBSEQUENT SOIL NAIL ROWS UNTIL SUBGRADE IS REACHED.

6. INSTALL PERMANENT FACING, DRAINAGE AND REINFORCING.

7. SHOTCRETE PERMANENT FACING.

SOIL NAIL INSTALLATION
HOLES SHALL BE DRILLED TO THE DIAMETER, DEPTH AND LINE AS INDICATED ON THE DRAWINGS. THE HOLE
SHALL BE DRILLED SO THAT ITS DIAMETER IS NOT MORE THAN 1/4 INCH SMALLER THAN THE SPECIFIED
DIAMETER. HOLES SHALL BE DRILLED AT AN INCLINATION AS SHOWN ON THESE DRAWING. TOLERANCES FOR
DRILL HOLE LOCATION SHALL BE +ONE FOOT FOR HORIZONTAL AND VERTICAL POSITION AT THE WALL FACE
AND WITHIN 2.5 DEGREES OF THE SPECIFIED SOIL NAIL GRADIENT.

TO THE EXTENT PRACTICABLE, SOILS NAILS SHALL BE SHOP FABRICATED. SOIL NAILS SHALL BE HANDLED
AND PROTECTED IN SUCH A MANNER AS TO AVOID CORROSION AND PHYSICAL DAMAGE THERETO.

PRIOR TO PLACEMENT, SOIL NAILS SHALL BE FREE OF DIRT, DETRIMENTAL RUST OR ANY OTHER
DELETERIOUS SUBSTANCES. DRILLED HOLES SHALL BE CLEARED OF ANY LOOSE ROCK FRAGMENTS, SOIL OR
OTHER SUBSTANCES WHICH MAY PREVENT THE PROPER PLACEMENT OF THE SOIL NAIL OR GROUT.

SOIL NAILS SHALL BE PLACED IN ACCORDANCE WITH RECOMMENDATIONS OF THE MANUFACTURER. SOIL
NAILS SHALL BE SECURELY FASTENED IN PLACE TO PREVENT MOVEMENT DURING GROUTING AND TO
ASSURE THAT THE BOND LENGTH OF THE SOIL NAIL IS CENTRALLY LOCATED IN THE DRILL HOLE.

WATER CEMENT SHALL HAVE A WATER CEMENT RATIO (w/c) OF 0.45

GROUT SHALL BE PUMPED INTO THE SOIL HOLE THROUGH A TREMIE GROUT TUBE PROVIDED BY THE
CONTRACTOR FOR THAT PURPOSE UNTIL THE HOLE IS FILLED TO THE TOP OF THE SOIL NAIL ZONE.
PROVISIONS SHALL BE MADE FOR DETERMINING THE TOP OF THE GROUT TO ASSURE ADEQUATE SOIL
NAILAGE.

AFTER GROUTING, THE SOIL NAIL SHALL REMAIN UNDISTURBED UNTIL THE NECESSARY GROUT STRENGTH
HAS BEEN ATTAINED.

SOIL NAIL TESTING EQUIPMENT
SOIL NAIL MOVEMENT SHALL BE MONITORED BY THE USE OF A DIAL GAUGES CAPABLE OF MEASURING TO
0.001 INCH. THE DIAL GAUGES SHALL HAVE A MINIMUM STROKE EQUAL TO THE THEORETICAL ELASTIC
ELONGATION OF THE TOTAL NAIL LENGTH PLUS 1 INCH. THE DIAL GAUGES SHALL BE ALIGNED WITHIN 5
DEGREES FROM THE AXIS OF THE NAIL.

A HYDRAULIC JACK AND PUMP SHALL BE USED TO APPLY THE TEST LOAD.
THE JACK AND PRESSURE GAUGE SHALL BE CALIBRATED BY AN INDEPENDENT TESTING LABORATORY AS A
UNIT. THE PRESSURE GAUGE SHALL BE GRADUATED IN 100 PSI INCREMENTS OR LESS AND SHALL HAVE A
RANGE NOT EXCEEDING TWICE THE ANTICIPATED MAXIMUM PRESSURE DURING TESTING.  THE MINIMUM RAM
TRAVEL OF THE JACK SHALL NOT BE LESS THAN THE THEORETICAL ELASTIC ELONGATION OF THE TOTAL NAIL
LENGTH AT THE MAXIMUM TEST LOAD PLUS 1 INCH. THE JACK SHALL BE CAPABLE OF APPLYING EACH LOAD
IN LESS THAN 1 MINUTE. THE CONTRACTOR SHALL PROVIDE A RECENT (WITHIN 60DAYS) CALIBRATION
CURVES FOR THE JACK AND PRESSURE GAUGE.

THE STRESSING EQUIPMENT SHALL BE PLACED OVER THE NAIL IN SUCH A MANNER THAT THE JACK, BEARING
PLATES, LOAD CELL, AND STRESSING ANCHORAGE ARE IN ALIGNMENT. THE JACK SHALL BE POSITIONED AT
THE BEGINNING OF THE TEST SUCH THAT UNLOADING AND REPOSITIONING OF THE JACK DURING THE TEST
WILL NOT BE REQUIRED.

THE REACTION FRAME SHALL BE SUFFICIENTLY RIGID AND OF ADEQUATE DIMENSION SUCH THAT EXCESSIVE
DEFORMATION OF THE TEST APPARATUS REQUIRING REPOSITIONING OF ANY COMPONENTS SHALL BE
AVOIDED. WHERE THE REACTION FRAME BEARS DIRECTLY ON THE SHOTCRETE, THE REACTION FRAME
SHALL BE DESIGNED TO PRECLUDE FRACTURE OF THE SHOTCRETE. NO PART OF THE REACTION FRAME
SHALL BEAR WITHIN 6 INCHES OF THE EDGE OF THE TEST NAIL BLOCKOUT.

TEMPORARY SHOTCRETE
SUBMIT MIX DESIGN TO ENGINEER FOR APPROVAL MAXIMUM SLUMP: 2 1/2"

NO ADMIXTURES SHALL BE USED WITHOUT THE APPROVAL OF THE ENGINEER.

THE MIXING TIME FOR MATERIALS DELIVERED BY READY-MIX TRUCKS TO THE JOB SITE SHALL NOT EXCEED
TWO HOURS OR 250 REVOLUTIONS OF THE DRUM, WHICHEVER COMES FIRST

ALL REINFORCEMENT SHALL BE CLEAN AND FREE FROM LOOSE MILL SCALE, LOOSE RUST, OIL OR OTHER
COATING INTERFERING WITH BOND.

ALL VERTICAL EXCAVATIONS SHALL BE COVERED WITH SHOTCRETE THE SAME DAY AS EXCAVATION
OCCURS.

VERTICAL FACES THAT CANNOT BE COVERED WITH SHOTCRETE FACING THE SAME DAY SHALL BE
PROTECTED WITH A SOIL BERM. THE TEMPORARY BERM SHALL BE A MINIMUM OF 3FT WIDE WITH SIDE
SLOPES LESS THAN OR EQUAL TO FORTY FIVE DEGREES

WHERE VERTICAL CUTS DO NOT STAND WHILE DRILLING OR STAND LONG ENOUGH TO RECEIVE SHOTCRETE
THEN A SLOT CUTTING PROCEDURE SHALL BE EMPLOYED. SLOT CUT WIDTHS TO BE AGREED ON SITE
BETWEEN THE EARTH RETENTION CONTRACTOR AND THE GEOTECHNICAL ENGINEER.

THICKNESS AND REINFORCEMENT COVER TOLERANCES: DESIGN CONCRETE THICKNESS AND CONCRETE
COVER OVER REINFORCEMENT ARE SHOWN ON THE DRAWINGS. MINIMUM TOLERANCES FOR ON-PLACE
THICKNESS SHALL BE 0.5 INCH.

SHOTCRETE SHALL BE APPLIED BY AN EXPERIENCED NOZZLEMAN WHOSE QUALIFICATIONS MEET THE
MINIMUM REQUIREMENTS AS SET FORTH IN ACI 506R-90.

REBOUND: REBOUND MATERIAL CANNOT BE RE-USED AND MUST BE KEPT OUT OF THE WALL BY USE OF AIR
HOSE.

SHOTCRETE SHALL BE PLACED IN CONTINUOUS HORIZONTAL LIFTS. SUBSEQUENT EXCAVATION BELOW A
LIFT SHOULD NOT PROCEED UNTIL THE SHOTCRETE HAS CURED FOR A MINIMUM OF 36HRS OR IT CAN BE
DEMONSTRATED THAT A COMPRESSIVE STRENGTH OF 2,000 PSI HAS BEEN ACHIEVED.

TEMPORARY SHOTCRETE MAY BE AIR CURED WITHOUT THE NEED FOR CURING COMPOUNDS OR
APPLICATION OF WATER.

STRENGTH TEST FOR SHOTCRETE SHALL BE MADE BY AN APPROVED AGENCY ON SPECIMENS WHICH ARE
REPRESENTATIVE OF WORK AND WHICH HAVE BEEN WATER SOAKED FOR AT LEAST 24 HOURS PRIOR TO
TESTING. WHEN THE MAXIMUM SIZE AGGREGATE IS LARGER THAN 3/8", SPECIMENS SHALL CONSIST OF NOT
LESS THAN THREE 3" DIAMETER CORES OR 3" CUBES. WHEN THE MAXIMUM SIZE AGGREGATE IS SMALLER
THAN 3/8", SPECIMENS SHALL CONSIST OF NOT LESS THAN THREE 2" DIAMETER CORES OR 2" CUBES.

TAKING AND TESTING OF SPECIMENS SHALL BE IN ACCORDANCE WITH ONE OF THE FOLLOWING

FROM THE IN-PLACE WORK: ONE SPECIMEN DURING EACH SHIFT WHEN SHOTCRETE WORK IS PERFORMED
OR 1 SPECIMEN FOR EACH 50 CUBIC YARDS OR SHOTCRETE; OR

FROM TEST PANELS: MADE NOT LESS THAN ONCE EACH SHIFT OR NOT LESS THAN ONE FOR EACH 50 CUBIC
YARDS OF SHOTCRETE PLACED. WHEN THE MAXIMUM SIZE AGGREGATE IS LARGER THAN 3/8 INCH, THE TEST
PANEL SHALL HAVE A MINIMUM DIMENSION OF 18 INCHES BY 18 INCHES. WHEN THE MAXIMUM SIZE
AGGREGATE IS 3/8 INCH OR SMALLER, THE TEST PANEL SHALL HAVE A MINIMUM DIMENSION OF 12 INCHES BY
12 INCHES. PANELS SHALL BE GUNNED IN THE SAME POSITION AS THE WORK, DURING THE COURSE OF THE
WORK, AND BY THE NOZZLEMEN DOING THE WORK. THE CONDITION UNDER WHICH THE PANELS ARE CURED
SHALL BE THE SAME AS THE WORK. THE AVERAGE OF THREE CORES FROM A SINGLE PANEL SHALL BE EQUAL
TO OR EXCEED 0.85 F'C WITH NO SINGLE CORE LESS THAN 0.75 F'C. THE AVERAGE OF THREE CUBES TAKEN
FROM A SINGLE PANEL MUST EQUAL TO OR EXCEED F'C WITH NO INDIVIDUAL CUBE LESS THAN 0.88 F'C. TO
CHECK TESTING ACCURACY, LOCATIONS REPRESENTED BY ERRATIC CORE STRENGTHS MAY BE RETESTED.

PERMANENT SHOTCRETE cont........
1910.7 JOINTS.
EXCEPT WHERE PERMITTED HEREIN, UNFINISHED WORK SHALL NOT BE ALLOWED TO STAND FOR MORE
THAN 30 MINUTES UNLESS EDGES ARE SLOPED TO A THIN EDGE. FOR STRUCTURAL ELEMENTS THAT WILL BE
UNDER COMPRESSION AND FOR CONSTRUCTION JOINTS SHOWN ON THE APPROVED CONSTRUCTION
DOCUMENTS, SQUARE JOINTS ARE PERMITTED. BEFORE PLACING ADDITIONAL MATERIAL ADJACENT TO
PREVIOUSLY APPLIED WORK, SLOPING AND SQUARE EDGES SHALL BE CLEANED AND WETTED.

1910.8 DAMAGE.
IN-PLACE SHOTCRETE THAT EXHIBITS SAGS, SLOUGHS, SEGREGATION, HONEYCOMBING, SAND POCKETS OR
OTHER OBVIOUS DEFECTS SHALL BE REMOVED AND REPLACED. SHOTCRETE ABOVE SAGS AND SLOUGHS
SHALL BE REMOVED AND REPLACED WHILE STILL PLASTIC.

1910.9 CURING.
DURING THE CURING PERIODS SPECIFIED HEREIN, SHOTCRETE SHALL BE MAINTAINED ABOVE 40°F AND IN
MOIST CONDITION.

1910.9.1 INITIAL CURING. SHOTCRETE SHALL BE KEPT CONTINUOUSLY MOIST FOR 24 HOURS AFTER
SHOTCRETING IS COMPLETE OR SHALL BE SEALED WITH AN APPROVED CURING COMPOUND.

1910.9.2 FINAL CURING. FINAL CURING SHALL CONTINUE FOR SEVEN DAYS AFTER SHOTCRETING, OR FOR
THREE DAYS IF HIGH EARLY- STRENGTH CEMENT IS USED, OR UNTIL THE SPECIFIED STRENGTH IS OBTAINED.
FINAL CURING SHALL CONSIST OF THE INITIAL CURING PROCESS OR THE SHOTCRETE SHALL BE COVERED
WITH AN APPROVED MOISTURE-RETAINING COVER.

1910.9.3 NATURAL CURING. NATURAL CURING SHALL NOT BE USED IN LIEU OF THAT SPECIFIED IN THIS
SECTION UNLESS THE RELATIVE HUMIDITY REMAINS AT OR ABOVE 85 PERCENT, AND IS AUTHORIZED BY THE
REGISTERED DESIGN PROFESSIONAL AND APPROVED BY THE BUILDING OFFICIAL

1910.10 STRENGTH TESTS.
STRENGTH TESTS FOR SHOTCRETE SHALL BE MADE BY AN APPROVED AGENCY ON SPECIMENS THAT ARE
REPRESENTATIVE OF THE WORK AND WHICH HAVE BEEN WATER SOAKED FOR AT LEAST 24 HOURS PRIOR TO
TESTING. WHEN THE MAXIMUM-SIZE AGGREGATE IS LARGER THAN INCH (9.5 MM), SPECIMENS SHALL
CONSIST OF NOT LESS THAN THREE 3-INCH-DIAMETER (76 MM) CORES OR 3-INCH (76 MM) CUBES. WHEN THE
MAXIMUM-SIZE AGGREGATE IS INCH (9.5 MM) OR SMALLER, SPECIMENS SHALL CONSIST OF NOT LESS THAN
2-INCH-DIAMETER (51 MM) CORES OR 2-INCH (51 MM) CUBES.

1910.10.1 SAMPLING. SPECIMENS SHALL BE TAKEN FROM THE IN-PLACE WORK OR FROM TEST PANELS, AND
SHALL BE TAKEN AT LEAST ONCE EACH SHIFT, BUT NOT LESS THAN ONE FOR EACH 50 CUBIC YARDS (38.2 M3
) OF SHOTCRETE. 2013 CALIFORNIA BUILDING CODE CONCRETE

1910.10.2 PANEL CRITERIA. WHEN THE MAXIMUM-SIZE AGGREGATE IS LARGER THAN INCH (9.5 MM), THE TEST
PANELS SHALL HAVE MINIMUM DIMENSIONS OF 18 INCHES BY 18 INCHES (457 MM BY 457 MM). WHEN THE
MAXIMUM SIZE AGGREGATE IS 3/8 INCH (9.5 MM) OR SMALLER, THE TEST PANELS SHALL HAVE MINIMUM
DIMENSIONS OF 12 INCHES BY 12 INCHES (305 MM BY 305 MM). PANELS SHALL BE SHOT IN THE SAME
POSITION AS THE WORK, DURING THE COURSE OF THE WORK AND BY THE NOZZLEMEN DOING THE WORK.
THE CONDITIONS UNDER WHICH THE PANELS ARE CURED SHALL BE THE SAME AS THE WORK.

1910.10.3 ACCEPTANCE CRITERIA. THE AVERAGE COMPRESSIVE STRENGTH OF THREE CORES FROM THE
IN-PLACE WORK OR A SINGLE TEST PANEL SHALL EQUAL OR EXCEED 0.85 F' WITH NO SINGLE CORE LESS
THAN 0.75 F 'C' THE AVERAGE COMPRESSIVE STRENGTH OF THREE CUBES TAKEN FROM THE IN-PLACE WORK
OR A SINGLE TEST PANEL SHALL EQUAL OR EXCEED F'C WITH NO INDIVIDUAL CUBE LESS THAN 0.88F'C' TO
CHECK ACCURACY, LOCATIONS REPRESENTED BY ERRATIC CORE OR CUBE STRENGTHS SHALL BE
RETESTED.

ADDITIONAL
PERMANENT SHOTCRETE REQUIREMENTS

EXCEPT AS OTHERWISE INDICATED HEREIN, SHOTCRETE SHALL CONFORM TO THE REQUIREMENTS OF ACI
506R-90

SUBMIT MIX DESIGN TO ENGINEER FOR APPROVAL MAXIMUM SLUMP: 2 1/2" NO ADMIXTURES SHALL BE USED
WITHOUT THE APPROVAL OF THE ENGINEER.

THE MIXING TIME FOR MATERIALS DELIVERED BY READY-MIX TRUCKS TO THE JOB SITE SHALL NOT EXCEED
TWO HOURS OR 250 REVOLUTIONS OF THE DRUM, WHICHEVER COMES FIRST

ALL REINFORCEMENT SHALL BE CLEAN AND FREE FROM LOOSE MILL SCALE, LOOSE RUST, OIL OR OTHER
COATING INTERFERING WITH BOND.

THICKNESS AND REINFORCEMENT COVER TOLERANCES: DESIGN CONCRETE THICKNESS AND CONCRETE
COVER OVER REINFORCEMENT IS SHOWN ON THE DRAWINGS. MINIMUM TOLERANCES FOR IN-PLACE
THICKNESS SHALL BE MINUS 0.5 INCH. MINUS TOLERANCE ON COVER SHALL BE 0.5 INCH.

SOIL NAIL TESTING
VERIFICATION TESTS

TWO (2) VERIFICATION TEST NAILS SHALL BE INSTALLED IN EACH SOIL STRATA. COMPLETION OF SUCCESSFUL
VERIFICATION TESTS IS REQUIRED PRIOR TO INSTALLATION OF PRODUCTION NAILS IN THAT STRATA. THE
NAILS USED FOR THE VERIFICATION TESTS SHALL BE SACRIFICIAL AND SHALL NOT BE INCORPORATED INTO
THE PRODUCTION NAIL SCHEDULE. THE LOCATION OF THE VERIFICATION NAILS WILL BE DECIDED AND
AGREED WITH THE GEOTECHNICAL ENGINEER OF RECORD PRIOR TO INSTALLATION AND TESTING

VERIFICATION TESTS SHALL BE PERFORMED ON SACRIFICIAL NAILS TO THE ULTIMATE BOND STRESS VALUE.
INSTALL THE TEST NAILS BY THE SAME METHOD THAT IS USED FOR PRODUCTION NAILS, EXCEPT GROUT
ONLY THE BOND LENGTH SPECIFIED ON THESE PLANS. VERIFICATION TEST NAILS MAY BE PLAIN BAR AND
NEED NOT BE ENCAPSULATED IN HDPE SHEATHING.

VERIFICATION TEST NAILS DIMENSIONS AND TEST LOADS:
ULTIMATE GROUT/GROUND BOND STRESS                       T psi      (SEE DESIGN CRITERIA)
ALLOWABLE GROUT/GROUND BOND STRESS                    0.5 Tpsi
HOLE DIAMETER                                                                             d"
VERIFICATION TEST NAIL UN-BONDED LENGTH VARIES
VERIFICATION TEST NAIL BONDED LENGTH  L ft
DESIGN LOAD (DL):                                                               0.0189 * d * T * L kip
MAXIMUM TEST LOAD (2.00 DL) 0.0377 * d * T * L  kip

SELECT THE VERIFICATION TEST NAIL BAR SIZE SUCH THAT THE MAXIMUM STRESS IN THE BAR AT THE
MAXIMUM TEST LOAD DOES NOT EXCEED 0.9fy

VERIFICATION TEST NAILS SHALL BE INCREMENTALLY LOADED TO TWICE THE DESIGN LOAD AND MOVEMENTS
RECORDED IN ACCORDANCE WITH THE FOLLOWING SCHEDULE:

AL 1 MINUTE AL = ALIGNMENT LOAD
0.25 DL 10 MINUTES DL = NAIL DESIGN LOAD
0.50 DL 10 MINUTES
0.75 DL 10 MINUTES
1.00 DL 10 MINUTES
1.25 DL 10 MINUTES
1.50 DL 60 MINUTES
1.75 DL 10 MINUTES
2.00 DL 10 MINUTES

ALL LOAD INCREMENTS SHALL BE MAINTAINED WITHIN 5 PERCENT OF THE INTENDED LOAD. THE
VERIFICATION TEST NAIL SHALL BE MONITORED FOR CREEP AT 1.50 DL LOAD INCREMENT. THE CREEP PERIOD
SHALL START AS SOON AS THE MAXIMUM TEST LOAD IS APPLIED AND THE NAIL MOVEMENT WITH RESPECT TO
A FIXED REFERENCE SHALL BE MEASURED AND RECORDED AT 1 MINUTE, 2, 3, 5, 6, 10, 20, 30, 50 AND 60
MINUTES. THE VERIFICATION TEST NAIL SHALL BE UNLOADED IN INCREMENTS OF 25 PERCENT WITH
MEASUREMENTS OF DEFLECTION AT EACH INCREMENT.

UPON SUCCESSFUL COMPLETION OF THE VERIFICATION TEST, THE NAIL SHALL BE LOADED IN 25 PERCENT
INCREMENTS. EACH LOAD INCREMENT SHALL BE HELD UNTIL A STABLE READING IS OBTAINED AND THE NAIL
EXTENSION AT THAT INCREMENT RECORDED. LOAD SHALL BE INCREASED IN 25% INCREMENTS UNTIL EITHER
CONSTANT LOAD RESULTS IN CONTINUOUS EXTENSION OR THE MAXIMUM TEST LOAD IS REACHED. THE
MAXIMUM TEST LOAD ACHIEVED AND THE CORRESPONDING BAR EXTENSION SHALL BE RECORDED.

VERIFICATION TEST ACCEPTANCE CRITERIA:

FOR VERIFICATION TESTS, IF THE CREEP CURVE INDICATES A CREEP RATE OF LESS THAN 0.08 INCHES PER
LOG CYCLE TIME, AND THE RATE IS LINEAR OR DECREASING THROUGHOUT THE HOLD LOAD, THE TEST IS
SUCCESSFUL.

SOIL NAIL WALL MONITORING
THE SOIL NAIL WALL SHOULD BE MONITORED FOR MOVEMENT BOTH DURING CONSTRUCTION AND AFTER
COMPLETION OF THE WALL.

SLOPE INCLINOMETERS SHOULD BE INSTALLED UPSLOPE AND WITHIN 10FT OF THE SOIL NAIL WALL.  THE
SLOPE INCLINOMETERS SHOULD CONSIST OF A 2 3/4" DIAMETER PVC SLOPE INDICATOR CASING INSTALLED
WITHIN AN 8" DIAMETER DRILLED SHAFT.  INCLINOMETER SHAFTS SHALL BE DRILLED USING A HOLLOW STEM
AUGER DRILL AND BACK FILLED WITH A 5:1 BENTONITE TO CEMENT SLURRY AFTER CASING INSTALLATION.
THE SLOPE INCLINOMETERS SHOULD EXTEND A MINIMUM OF 10FT BELOW THE BASE OF THE WALL.  THE
RECOMMENDED LOCATION OF THE SLOPE INCLINOMETERS ARE INDICATED ON THE GEOLOGIC MAP.

OPTICAL SURVEY POINTS AT A MINIMUM OR 40FT C/C ALONG THE TOP OF THE WALL SHOULD BE INSTALLED
ALONG THE TOP OF THE SOIL NAIL WALL PRIOR TO EXCAVATION SUCH THAT THE LATERAL AND VERTICAL
DEFORMATION OF THE TOP OF THE SOIL NAIL WALL CAN BE MONITORED DURING EXCAVATION.

IN ADDITION IT IS RECOMMENDED THAT TWENTY SOIL NAILS BE EQUIPPED WITH STRAIN GAUGES (OR OTHER
APPROVED LOAD MONITORING SYSTEM) THAT WILL ENABLE REGULAR LONG-TERM MONITORING OF THE
LOAD WITHIN THE SOIL NAILS AFTER COMPLETION OF THE WALL CONSTRUCTION.  THESE MONITOR NAILS
SHOULD BE DISTRIBUTED THROUGH THE SOIL NAIL WALLS.  THE STRAIN GAUGES SHOULD BE LOCATED
ALONG THE NAIL LENGTH SUCH THAT THE LOAD DISTRIBUTION ALONG THE NAIL LENGTH CAN BE
DETERMINED.

PRIOR TO ANY CONSTRUCTION ACTIVITIES THAT MAY AFFECT ADJACENT PROPERTIES, A COMPLETE
EXISTING CONDITION SURVEY SHOULD BE UNDERTAKEN TO OBSERVE AND DOCUMENT THE
PRE-CONSTRUCTION CONDITION OF ALL STRUCTURES, INFRASTRUCTURE, SIDEWALKS, ROADWAYS, AND ALL
OTHER FACILITIES ADJACENT TO THE SITE.  DOCUMENTATION SHALL BE CIRCULATED TO CONTRACTOR,
ENGINEER AND OWNER PRIOR TO START OF EXCAVATION.

DURING THE EXCAVATION PHASE THE SOIL NAIL WALL SHALL BE INSPECTED DAILY BY VISUAL OBSERVATION
FOR SIGNS OF GROUND OR BUILDING MOVEMENTS IN THE VICINITY OF EACH WORKING FRONT.  IN ADDITION,
THE OPTICAL MONITORING POINTS AT 40FEET C/C ALONG THE TOP OF THE WALL SHOULD BE MONITORED NO
LESS THAN ONCE PER WEEK DURING EXCAVATION AND TWICE A MONTH THEREAFTER UNTIL THE
PERMANENT WALL IS COMPLETED.  MONITORING REPORTS SHOULD BE CIRCULATED TO CONTRACTOR,
ENGINEER AND OWNER WITHIN 24 HOURS OF DATA COLLECTION.

LONG TERM MONITORING OF THE PERFORMANCE OF THE SOIL NAIL WALL MAY BE ACHIEVED USING THE
INCLINOMETERS INSTALLED BEHIND THE WALL AND BY RECORDING OF THE LOADS WITHIN THE TWENTY SOIL
NAILS EQUIPPED WITH LOAD MONITORING DEVICES.  OPTICAL SURVEY MONITORING MAY ALSO BE USED TO
MONITOR LONG TERM MOVEMENT OF THE SOIL NAIL WALL FACING.

LONG TERM MONITORING SHOULD BE PERFORMED AT NO LESS THAN TWICE PER YEAR FOR THE FIRST TWO
YEARS OF SERVICE LIFE AND NO LESS THAN ONCE PER YEAR FOR THE FOLLOWING FIVE YEARS AND THEN
ONCE EVERY FIVE YEARS THEREAFTER.

DURING LONG TERM MONITORING SHOULD ANY SLOPE INDICATOR SHOW EXCESSIVE MOVEMENT OR ANY
LOAD MONITORING DATA SHOW EXCESSIVE NAIL LOADING THEN THE GEOTECHNICAL ENGINEER AND EARTH
RETENTION DESIGNER SHALL BE ENGAGED BY THE OWNER TO ANALYZE THE INFORMATION AND MAKE
RECOMMENDATIONS FOR ANY REMEDIAL ACTION.

EXCESSIVE SLOPE INDICATOR MOVEMENT IS DEFINED AS A MOVEMENT OF MORE THAN 0.1 INCHES PER
MONTH. EXCESSIVE NAIL LOADING IS DEFINED AS A NAIL TENSILE STRESS OF > 0.75FY.

PERMANENT SHOTCRETE
REQUIREMENTS OF 2013 CALIFORNIA BUILDING CODE  SECTON 1910.

1910.1 GENERAL.
SHOTCRETE IS MORTAR OR CONCRETE THAT IS PNEUMATICALLY PROJECTED AT HIGH VELOCITY ONTO A
SURFACE. EXCEPT AS SPECIFIED IN THIS SECTION, SHOTCRETE SHALL CONFORM TO THE REQUIREMENTS OF
THIS CHAPTER FOR PLAIN OR REINFORCED CONCRETE.

1910.2 PROPORTIONS AND MATERIALS.
SHOTCRETE PROPORTIONS SHALL BE SELECTED THAT ALLOW SUITABLE PLACEMENT PROCEDURES USING
THE DELIVERY EQUIPMENT SELECTED AND SHALL RESULT IN FINISHED IN-PLACE HARDENED SHOTCRETE
MEETING THE STRENGTH REQUIREMENTS OF THIS CODE.

1910.3 AGGREGATE.
COARSE AGGREGATE, IF USED, SHALL NOT EXCEED 3/4 INCH (19.1 MM).

1910.4 REINFORCEMENT.
REINFORCEMENT USED IN SHOTCRETE CONSTRUCTION SHALL COMPLY WITH THE PROVISIONS OF SECTIONS
1910.4.1 THROUGH 1910.4.4.

1910.4.1 SIZE. THE MAXIMUM SIZE OF REINFORCEMENT SHA11 BE NO.5 BARS UNLESS IT IS DEMONSTRATED
BY PRECONSTRUCTION TESTS THAT ADEQUATE ENCASEMENT OF LARGER BARS WI1L BE ACHIEVED.

1910.4.2 CLEARANCE. WHEN NO.5 OR SMALLER BARS ARE USED, THERE SHALL  BE A MINIMUM CLEARANCE
BETWEEN PARALLEL REINFORCEMENT BARS OF 21/2 INCHES (64 MM). WHEN BARS LARGER THAN NO.5 ARE
PERMITTED, THERE SHALL BE A MINIMUM CLEARANCE BETWEEN PARALLEL BARS EQUAL TO SIX DIAMETERS
OF THE BARS USED. WHEN TWO CURTAINS OF STEEL ARE PROVIDED, THE CURTAIN NEARER THE NOZZLE
SHALL HAVE A MINIMUM SPACING EQUAL TO 12 BAR DIAMETERS AND THE REMAINING CURTAIN SHALL HAVE A
MINIMUM SPACING OF SIX BAR DIAMETERS. EXCEPTION: SUBJECT TO THE APPROVAL OF THE BUILDING
OFFICIAL, REQUIRED CLEARANCES SHALL BE REDUCED WHERE IT IS DEMONSTRATED BY PRECONSTRUCTION
TESTS THAT ADEQUATE ENCASEMENT OF THE BARS USED IN THE DESIGN WILL BE ACHIEVED.

1910.4.3 SPLICES. LAP SPLICES OF REINFORCING BARS SHALL UTILIZE THE NONCONTACT LAP SPLICE
METHOD WITH A MINIMUM CLEARANCE OF 2 INCHES (51 MM) BETWEEN BARS. THE USE OF CONTACT LAP
SPLICES NECESSARY FOR SUPPORT OF THE REINFORCING IS PERMITTED WHEN APPROVED BY THE BUILDING
OFFICIAL, BASED ON SATISFACTORY PRECONSTRUCTION TESTS THAT SHOW THAT ADEQUATE ENCASEMENT
OF THE BARS WILL BE ACHIEVED, AND PROVIDED THAT THE SPLICE IS ORIENTED SO THAT A PLANE THROUGH
THE CENTER OF THE SPLICED BARS IS PERPENDICULAR TO THE SURFACE OF THE SHOTCRETE.

1910.4.4 SPIRALLY TIED COLUMNS. SHOTCRETE SHALL NOT BE APPLIED TO SPIRALLY TIED COLUMNS.

1910.5 PRECONSTRUCTION TESTS.
WHEN REQUIRED BY THE BUILDING OFFICIAL, A TEST PANEL SHAL1 BE SHOT, CURED, CORED OR SAWN,
EXAMINED AND TESTED PRIOR TO COMMENCEMENT OF THE PROJECT. THE SAMPLE PANEL SHALL BE
REPRESENTATIVE OF THE PROJECT AND SIMULATE JOB CONDITIONS AS CLOSELY AS POSSIBLE. THE PANEL
THICKNESS AND REINFORCING SHALL REPRODUCE THE THICKEST AND MOST CONGESTED AREA SPECIFIED
IN THE STRUCTURAL DESIGN. IT SHALL BE SHOT AT THE SAME ANGLE, USING THE SAME NOZZLEMAN AND
WITH THE SAME CONCRETE MIX DESIGN THAT WILL BE USED ON THE PROJECT. THE EQUIPMENT USED IN
PRECONSTRUCTION TESTING SHALL BE THE SAME EQUIPMENT USED IN THE WORK REQUIRING SUCH
TESTING, UNLESS SUBSTITUTE EQUIPMENT IS APPROVED BY THE BUILDING OFFICIA1.

1910.6 REBOUND.
ANY REBOUND OR ACCUMULATED LOOSE AGGREGATE SHALL BE REMOVED FROM THE SURFACES TO BE
COVERED PRIOR TO PLACING THE INITIAL OR ANY SUCCEEDING LAYERS OF SHOTCRETE. REBOUND SHALL
NOT BE USED AS AGGREGATE.

SEQUENCE OF INSTALLATION
EXCAVATION FOR SOIL NAILS SHOULD BE MADE IN VERTICAL LIFTS TO ACCOMMODATE THE VERTICAL NAIL
SPACING INDICATED ON THESE PLANS.

CONSTRUCTION SEQUENCE

1. EXCAVATE A VERTICAL CUT TO APPROX. 2FT BELOW THE UPPER ROW OF SOIL NAILS.

2. DRILL AND INSTALL UPPER ROW OF SOIL NAILS.

3. PLACE TEMPORARY FACING DRAINAGE CHIMNEYS AND REINFORCING AND SHOOT TEMPORARY SHOTCRETE
FACING.

4. PROOF TEST SOIL NAILS AS REQUIRED FOR THIS NAIL ROW

5. REPEAT STEPS 1 TO 4 FOR SUBSEQUENT SOIL NAIL ROWS UNTIL SUBGRADE IS REACHED.

6. INSTALL PERMANENT FACING, DRAINAGE AND REINFORCING.

7. SHOTCRETE PERMANENT FACING.

WHERE SOIL NAILS ARE TO BE PLACED IN FILL SOILS. PLACE COMPACTED AND CERTIFIED FILL AND OVER FILL THE
FACE TO BE SOIL NAILED.  EXCVATE THE OVERFILLED SOIL NAIL FACE IN VERTICAL LIFTS TO ACCOMMODATE THE
VERTICAL NAIL SPACING INDICATED ON THESE PLAN AND CONSTRUCT SOIL NAIL WALL PER ITEMS 1 THROUGH 7
ABOVE.
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DESCRIPTION DATEREV.

DATE
DRAWN 

SHEET No.

CHECKED

PROJECT NAME

PROJECT No. 

DA

VID R. SALTER

HARVARD-WESTLAKE

3701 COLDWATER CANYON AVE
STUDIO CITY
CA 91604

GEOTECHNICAL CONSULTANTS

BYER GEOTECHNICAL, INC.
1461 E. CHEVY CHASE DR. # 200
GLENDALE
CA 91206
TEL: (818) 549-9959

CIVIL CONSULTANTS

ARCHITECTURAL CONSULTANTS

STRUCTURAL CONSULTANTS

OWNER

INNOVATIVE DESIGN GROUP
17848 SKY PARK CIRCLE, SUITE D
IRVINE
CA 92614
TEL: 949.263.9070

JOHN A MARTIN & ASSOCIATES
950 SOUTH GRAND AVE, 4TH FLOOR
LOS ANGELES CA 90015
TEL: 213.483.6490

HARVARD- WESTLAKE SCHOOL
700 N. FAIRING RD.
LOS ANGELES CA 90077
TEL: 310.288.3259

05.18.2015
DRS - ODO
DRS
2014-04
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INCLINOMETER
ADJUST LOCATION
TO AVOID SOIL NAILS

INCLINOMETER
ADJUST LOCATION
TO AVOID SOIL NAILS

INCLINOMETER
ADJUST LOCATION

TO AVOID SOIL NAILS

WALL # 2

WALL # 1
PERMANENT SOIL NAILS WALLS
SEE DETAIL

PERMANENT SOIL NAILS WALL
SEE DETAIL

PERMANENT SOIL NAILS WALL
SEE DETAIL

PERMANENT SOIL NAILS WALL
SEE DETAIL

PROPERTY LINE

PROPERTY LINE

PROPERTY LINE

WALL # 4

LIMIT
SOIL NAILS AREA

LIMIT
SOIL NAILS AREA

LIMIT
SOIL NAILS AREA

INCLINOMETER
ADJUST LOCATION
TO AVOID SOIL NAILS
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FS = FINISH SURFACE
BC = BEGINNING WALL CURVE
EC = END WALL CURVE
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