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1345 Capital Boulevard, Suite B
Reno, Nevada 89502-7140
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Email: vimal@corestoneengineering.com EL DORADO COUNTY, CALIFORNIA
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CEI Project No.  5012-02-1 Caltrans ARS Online Version V2.3.09

Accessed Date:

Site Lattitude: 38.85728

Site Longitude: -120.02702

Soils Profile:

Vs30 = 270 m/s

Period (s)
Spectral 

Acceleration, 
Sa (g)

0.010 0.419
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1.000 0.660
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2.000 0.364

3.000 0.225

4.000 0.156

5.000 0.119

SEISMIC DESIGN DATA

San Bernardino Class 1 Bike Trail Project, El Dorado County, California

The Design Response Spectrum is the upper envelope of the deterministic and probablistic response spectrum, but not 

less than the Minimum Deterministic Spectrum for California.
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A-1

Project:  San Bernardino Class 1 Bike Trail Project

Location:  El Dorado County, California

Project Number:  5012-02-1             Plate Number:

USCS Soil Classification Chart

PLASTICITY CHART

N - Blows/ft

RELATIVE DENSITY OF GRANULAR SOILS

OH

MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

SW

TYPICAL

EXPLORATION SAMPLE TERMINOLOGY

Sample Type

Component of Sample

GRAIN SIZE TERMINOLOGY

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL
CLASSIFICATIONS.

MH

Relative Density

Sample Symbol

Size Range

OL

CL

ML

SC

CH

LETTERGRAPH
SYMBOLS

SM

--

GC

GM

GW

DESCRIPTIONS
Sample Code

SP

GP

N - Blows/ft ConsistencyStrength, psf

CONSISTENCY OF COHESIVE SOILS

Unconfined Compressive

FOR CLASSIFICATION OF FINE-GRAINED SOILS AND
FINE-GRAINED FRACTION OF COARSE-GRAINED SOILS

OR

CH
  
OH

CL
  
OL

MH  OH

LIQUID LIMIT (LL)

OR

OR

CL-ML

PL
AS

TI
C

IT
Y 

IN
D

EX
 (P

I)

ML  OLOR

0 - 4

5 - 10

11 - 30

31 - 50

Standard Penetration
Test

Boulders

Cobbles

Gravel

No Sample

Sand

Over 12 in. (300mm)

Silt or Clay

(300mm to 75mm)
12 in. to 3 in.

3 in. to #4 sieve
(75mm to 2mm)

# 4 to #200 sieve

500 - 1,000

1,000 - 2,000

2,000 - 4,000

4,000 - 8,000

(2mm to 0.074mm)

Passing #200 sieve
(0.074mm)

8,000 - 16,000

0 - 1

2 - 4

5 - 8

9 - 15

16 - 30

31 - 60

Very Soft

Soft

Firm

LIQUID LIMIT
LESS THAN 50

SILTS
AND

CLAYS

SILTS

CLAYEY SANDS, SAND - CLAY
MIXTURES

MORE THAN 50%
OF MATERIAL IS
SMALLER THAN
NO. 200 SIEVE SIZE

SOILS

Very Loose

Loose

Stiff

Very Stiff

Hard

Very Hard

less than 500

greater than 16,000

MORE THAN 50%
OF MATERIAL IS
LARGER THAN NO.
200 SIEVE SIZE

GRAVEL
AND

GRAVELLY
SOILS

GRAINED

GRAVELS WITH
FINES

(APPRECIABLE AMOUNT
OF FINES)

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

GRAVELLY SAND, LITTLE OR NO
FINES

SILTY SANDS, SAND - SILT
MIXTURES

INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY
CLAYS, LEAN CLAYS

ORGANIC SILTS AND ORGANIC

SILTY SOILS

greater than 50

Medium Dense

greater than 60

AMOUNT OF FINES)

FILL MATERIAL, NON-NATIVEFILL MATERIAL

GRAINED

PASSING ON
NO. 4 SIEVE

CLEAN
GRAVELS

(LITTLE OR NO FINES)

SOILS

MORE THAN 50%
OF COARSE
FRACTION
RETAINED ON NO.
4 SIEVE

SAND
AND

SANDY
SOILS

MORE THAN 50%
OF COARSE
FRACTION

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

POORLY-GRADED SANDS,

COARSE

FINE

SILTY CLAYS OF LOW PLASTICITY

AND
CLAYS

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

Dense

Very Dense

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES, LITTLE OR NO
FINES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES, LITTLE
OR NO FINES

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR

INORGANIC CLAYS OF HIGH

SS

MC

SPT

SH or ST

Grab

Auger

PLASTICITY

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

(APPRECIABLE

20100
0

10
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40

Split Spoon

Auger Cuttings

Shelby Tube

Modified California
Sampler

16

7
4

"U
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Corestone Engineering, Inc.
1345 Capital Blvd., Suite B
Reno, Nevada  89502-7140
Telephone:  (775) 636-5916



NP

SM

ML

SP-SM

AUGER

SPT

SPT

SPT

SPT

12.5

Silty Sand with Gravel Brown, moist to wet, medium dense, with
13% non-plastic fines, 69% fine to coarse sand, and 18%
subrounded to rounded gravel. Occasional rotten granitic cobbles.

Topsoil approximately 4-6 inches thick at exploration location.

Silt Gray, wet, stiff, with an estimated 90% non-plastic fines and
10% fine sand.

Poorly Graded Sand with Silt and Gravel Brown to gray, wet,
medium dense, with an estimated 10% non-plastic fines, 70% fine
to coarse sand, and 20% subrounded to rounded gravel.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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5012-02-1Corestone Engineering, Inc.
1345 Capital Blvd, Suite B
Reno,  Nevada 89502
(775) 636-5916

BORING LOG
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SHEET  1  OF  1

DATE:

DEPTH TO GROUND WATER (ft):

GROUND ELEVATION (ft):

Solid-flight auger drilling.

U
SC

S 
SY

M
BO

L

M
O

IS
TU

R
E 

(%
)

NCE

San Bernardino Class 1 Bike Trail Project

El Dorado County, California

C
EI

_B
O

R
IN

G
 L

O
G

  1
70

20
11

50
12

02
1.

G
PJ

  B
LK

EA
G

LE
.G

D
T 

 7
/2

6/
20

19



NP

NP

SP

SP-SM

SM

SM

SM

SP-SM

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

SPT

13.3

22.9

Poorly Graded Sand with Gravel Brown, moist to wet, medium
dense, with an estimated 5% non-plastic fines, 55% fine to coarse
sand, and 40% subrounded to rounded, fine to coarse gravel.

Poorly Graded Sand with Silt and Gravel Brown, wet, loose,
with 6% non-plastic fines, 51% fine to coarse sand, and 43%
subrounded, fine to coarse gravel.

Silty Sand Light brown to light gray, wet, medium dense, with an
estimated 15% non-plastic fines and 85% fine to coarse sand.

Silty Sand with Gravel Light brown, wet, medium dense, with an
estimated 20% non-plastic fines, 65% fine to coarse sand, and
15% subrounded, fine to coarse gravel.
Silty Sand Light gray, wet, loose to dense, with 19% non-plastic
fines, 76% mostly fine to medium sand, and 5% subrounded fine
gravel.

Poorly Graded Sand with Silt Brown with orange staining, wet,
dense, with an estimated 10% non-plastic fines, 85% fine to
coarse sand, and 5% subrounded fine gravel.
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SHEET  1  OF  2

DATE:

DEPTH TO GROUND WATER (ft):

GROUND ELEVATION (ft):

Solid-flight auger to 5 feet. Mud-rotary drilling from 5-40 feet depth.
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SM

SM

SM

SP-SM

SPT

SPT

SPT

SPT

Silty Sand Light gray, wet, medium dense, with an estimated
30% non-plastic fines and 70% fine sand.

Silty Sand Light gray, wet, dense, with an estimated 20%
non-plastic fines and 80% fine to medium sand.

Silty Sand Light brown to light gray, wet, medium dense, with an
estimated 15% non-plastic fines and 85% fine to coarse sand.

Includes <1cm thick interbeds of silt (ML). About 2 to 3 per foot.

Poorly Graded Sand with Silt Brown with orange staining, wet,
dense, with an estimated 10% non-plastic fines and 90% medium
to coarse sand.
41.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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SHEET  2  OF  2

DATE:

DEPTH TO GROUND WATER (ft):

GROUND ELEVATION (ft):

Solid-flight auger to 5 feet. Mud-rotary drilling from 5-40 feet depth.
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NP

NP

NP

SP-SM

SP-SM

SM

SW-SM

SM

AUGER

SPT

MC

SPT

MC

SPT

SPT

SPT

SPT

SPT

20.5

11.7

11.3

Poorly Graded Sand with Silt Brown, very moist to wet, loose,
with 12% non-plastic fines, 76% fine to coarse sand, and 12%
subangular to subrounded, fine to coarse gravel.

Poorly Graded Sand with Silt and Gravel Brown, wet, medium
dense, with 6% non-plastic fines, 69% fine to coarse sand, and
25% subangular to subrounded, fine to coarse gravel.

Silty Sand with Gravel Brown with orange mottling, wet, medium
dense, with an estimated 15% non-plastic fines, 55% fine to
coarse sand, and 30% subrounded to rounded gravel up to 1 inch
in diameter.
Well-Graded Sand with Silt and Gravel Brown, wet, medium
dense, with 8% non-plastic fines, 72% fine to coarse sand, and
20% subrounded gravel up to 1 inch in diameter.

Silty Sand Light brown to light gray, wet, medium dense to
dense, with an estimated 20% non-plastic fines, 75% fine to
medium sand, and 5% subrounded gravle up to 1 inch in
diameter.

15 feet below the ground surface (bgs): switch to HQ coring due
to hole collapse.
Silty Sand Light gray, wet, medium dense to dense, with an
estimated 15% non-plastic fines and 85% fine to coarse sand.
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SHEET  1  OF  2

DATE:

DEPTH TO GROUND WATER (ft):

GROUND ELEVATION (ft):

Solid-flight auger to 15 feet. HQ core drilling from 15-40 feet depth.
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BORING LOG
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Silty Sand Light gray, wet, medium dense, with an estimated
25% non-plastic fines and 75% fine to medium sand.

Silty Sand Light gray, wet, dense, with an estimated 15%
non-plastic fines and 85% fine to coarse sand.

41.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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Solid-flight auger to 15 feet. HQ core drilling from 15-40 feet depth.
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SM

SP-SM

SM

SP

SPT

SPT

SPT

SPT

Silty Sand with Gravel Brown, very moist to wet, medium dense,
with an estimated 20% non-plastic fines, 65% fine to coarse sand,
and 15% subrounded to rounded gravel up to 1 inch in diameter.

Topsoil approximately 2-4 inches thick at exploration location.

Poorly Graded Sand with Silt and Gravel Brown to orange
brown, moist to wet, medium dense, with an estimated 10%
non-plastic fines, 60% fine to coarse sand, and 30% subrounded
to rounded gravel up to 3/4 inch in diameter.

Silty Sand Brown to light gray, wet, medium dense, with an
estimated 20% non-plastic fines, 70% fine to medium sand, and
10% subrounded gravel up to 1/2 inch in diameter.

Poorly Graded Sand with Gravel Orange brown, wet, medium
dense, with an estimated 5% non-plastic fines, 60% fine to coarse
sand, and 35% subrounded gravel up to 1 inch in diameter.
Heavy soil staining.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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SHEET  1  OF  1

DATE:

DEPTH TO GROUND WATER (ft):

GROUND ELEVATION (ft):

Solid-flight auger drilling.
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SP

SM

SP-SM

SM

SPT

SPT

SPT

SPT

Poorly Graded Sand with Gravel Brown to orange brown, moist
to wet, medium dense, with an estimated 5% non-plastic fines,
60% fine to coarse sand, and 35% subrounded, fine to coarse
gravel.

Topsoil approximately 2-4 inches thick at exploration location.

Hard drilling from 3-4 feet bgs.

Silty Sand with Gravel Brown, wet, medium dense, with an
estimated 20% non-plastic fines, 60% fine to coarse sand, and
20% subangular to subrounded, fine to coarse gravel.

Hard drilling from 3-4 feet bgs.

Poorly Graded Sand with Silt and Gravel Orange brown, wet,
medium dense, with an estimated 10% non-plastic fines, 70% fine
to coarse sand, and 20% subrounded gravel up to 1 inch in
diameter. Heavy soil staining.

Silty Sand Light gray, wet, medium dense, with an estimated
30% non-plastic fines and 70% fine sand.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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Poorly Graded Sand with Gravel Brown to orange brown, moist
to wet, loose, with an estimated 5% non-plastic fines, 75% fine to
coarse sand, and 20% subrounded gravel up to 1 inch in
diameter.

Topsoil approximately 2-4 inches thick at exploration location.

Silty Sand with Gravel Brown, wet, medium dense, with an
estimated 15% non-plastic fines, 55% fine to coarse sand, and
30% subrounded gravel up to 1 inch in diameter.

Silty Sand Light gray, wet, medium dense, with an estimated
25% non-plastic fines, 75% fine to medium sand, and trace
amounts of subrounded, fine gravel.

Silty Sand Light gray, wet, loose, with an estimated 20%
non-plastic fines and 80% fine to coarse sand.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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NP

SM

SM

AUGER

SPT

SPT

22.3

Silty Sand with Gravel Brown, moist to wet, medium dense, with
20% non-plastic fines, 59% fine to coarse sand, and 21%
subrounded to rounded, fine to coarse gravel. Trace amounts of
cobbles up to 6 inches in diameter.

Topsoil approximately 2-4 inches thick at exploration location.

Silty Sand Light gray, wet, medium dense, with an estimated
30% non-plastic fines and 70% fine sand.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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NP

SP-SM

SM

SP-SM

SPT

SPT

SPT

SPT

6.6

Poorly Graded Sand with Silt and Gravel (Fill) Brown and gray,
moist to wet, loose to medium dense, with 8% non-plastic fines,
55% fine to coarse sand, and 37% subangular to subrounded,
fine to coarse gravel.

Silty Sand Brown to gray, wet, very loose, with an estimated
35% non-plastic fines, 55% fine sand, and 10% subangular to
subrounded, fine gravel.

Poorly Graded Sand with Silt and Gravel Orange brown, wet,
dense, with an estimated 10% non-plastic fines, 55% fine to
coarse sand, and 35% subrounded to rounded, fine to coarse
gravel.

11.5 feet total depth, terminated at planned depth.

Backfilled with neat cement grout.
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USCS Classification
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Black Eagle Consulting, Inc.
1345 Capital Blvd., Suite A
Reno, Nevada  89502-7140
Telephone:  (775) 359-6600
Fax:  (775) 359-7766

Project:  San Bernardino Class 1 Bike Trail Project

Location:  El Dorado County, California
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Tested By: GLO Checked By: LO

DIRECT SHEAR TEST REPORT
BLACK EAGLE CONSULTING, INC.

Reno, Nevada

Client: Corestone Engineering, Inc.

Project: San Bernardino Class 1 Bike Trail Project

Source of Sample: B-03 Depth: 5
Sample Number: B
Proj. No.: 1702-01-1 Date Sampled: 05/21/19

Sample Type: Remolded to In-Situ Density
Description: Poorly Graded Sand with Silt and

Gravel
LL= 0 PI= NP
Assumed Specific Gravity= 2.7
Remarks: Laboratory Log 7434

Figure B-2.a
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Tested By: GLO Checked By: LO

DIRECT SHEAR TEST REPORT
BLACK EAGLE CONSULTING, INC.

Reno, Nevada

Client: Corestone Engineering, Inc.

Project: San Bernardino Class 1 Bike Trail Project

Source of Sample: B-03 Depth: 10
Sample Number: D
Proj. No.: 1702-01-1 Date Sampled: 05/21/19

Sample Type: Remolded to In-Situ Density
Description: Well-Graded Sand with Silt and Gravel

LL= 0 PI= NP
Assumed Specific Gravity= 2.7
Remarks: Laboratory Log 7434

Figure B-2.b
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R-VALUE TEST REPORT

R-VALUE TEST REPORT

BLACK EAGLE CONSULTING, INC.

Date: 7/26/2019

Project No.: 1702-01-1

Project: San Bernardino Class 1 Bike Trail Project

Source of Sample: B-01 Depth: 0
Sample Number: Bulk Laboratory Log 7434

Remarks: 

Checked by: LO
Tested by: GLO

Silty Sand with Gravel

Figure B-3.a

Material DescriptionTest Results

No.
Compact.
Pressure

psi

Density
pcf

Moist.
%

Expansion
Pressure

psi

Horizontal
Press. psi
@ 160 psi

Sample
Height

in.

Exud.
Pressure

psi

R
Value

R
Value
Corr.

Resistance R-Value and Expansion Pressure - ASTM D2844

R-value at 300 psi exudation pressure = 73

1 250 104.8 17.5  0.06 47 2.63 140 61 64
2 300 105.1 16.7  0.58 35 2.52 239 70 70
3 350 106.1 15.1  0.82 30 2.52 482 75 75
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R-VALUE TEST REPORT

R-VALUE TEST REPORT

BLACK EAGLE CONSULTING, INC.

Date: 7/26/2019

Project No.: 1702-01-1

Project: San Bernardino Class 1 Bike Trail Project

Source of Sample: B-07 Depth: 0
Sample Number: Bulk Laboratory Log 7434

Remarks: 

Checked by: LO
Tested by: GLO

Silty Sand with Gravel

Figure B-3.b

Material DescriptionTest Results

No.
Compact.
Pressure

psi

Density
pcf

Moist.
%

Expansion
Pressure

psi

Horizontal
Press. psi
@ 160 psi

Sample
Height

in.

Exud.
Pressure

psi

R
Value

R
Value
Corr.

Resistance R-Value and Expansion Pressure - ASTM D2844

R-value at 300 psi exudation pressure = 72

1 280 111.3 15.3  0.06 35 2.48 295 71 71
2 350 111.5 13.9  0.00 32 2.54 402 73 73
3 200 110.7 15.9  0.36 60 2.45 101 52 52
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Project Name: San Bernardino Class 1 Bike Trail Project Developed By: PV
Project No: 5012-02-1 Calculated By: JP/PV
Boring No: B-02 MR Boring Checked By: PV
Analyzed Case: Bridge Date: 6/26/2019

Selected potential liquefiable layers Version: Jan-14

Input Parameters

Earthquake Input Parameters

Peak Ground Acceleration, amax = 0.42 g SDS/2.5 or PGA
Earthquake Magnitude, M = 6.48 USGS Deaggregation Analysis

(or known/active nearby fault's Mprobable)
Layer and SPT Test Data

Depth to Layer Top = 17.5 feet
Thickness of the Layer = 2.5 feet
SPT Sample Depth = 17.5 feet
Measured SPT N-Value  = 24
Depth to Ground Water Table = 2.5 feet Design Value - Measured 3'
Hammer Energy Efficiency ER = 75 % Auto hammer (Taber)
Borehole Diameter = 4 inch 101.6 mm
Standard SPT Sampler? (Yes/No) Yes (Yes: 1-3/8" inside dia - No room for liner)

Soil Parameters

USCS Soil Type = SM
% Fines = 19 % Non-Liq if >35% & PI >7
Plasticity Index, PI = NP (Info only)
Average unit weight above GW = 120 pcf
Average unit weight below GW = 120 pcf

Void redistribution effect? (Yes/No) No (Only for shear strength calcs)
(Select yes only for thick liquefiable layer that is underlain by low pearmeable deposists)

Caculations

Total and Efeective Stress

Mid depth to SPT sample, z = 18.5 feet 5.6388 m
Total Stress at Mid Depth, svo = 2220 psf
Effective Strees at Mid Depth sv0' = 1222 psf

SPT Corrections

CE = 1.250 CB = 1.00 CS = 1.00 CR = 0.95
CN = 1.188 or 1.316 (alternative equation)

(N1)60 = 33.9 37.5 corrected SPT blow count
DN = 4.3 correction for percent of fines (add)
(N1)60 CS = 38.2 Clean-sand equivalent corrected SPT blow count

Liquefaction Potential of a Single Layer Using Idriss and Boulanger (2008) SPT Method

Corestone Engineering, Inc. Page 1 of 3



Cyclic Stress Ratio

rd = 0.920 stress reduction coefficient
CSR = 0.456 Cyclic stress ratio for design EQ

Cyclic Resistance Ratio

CRRM7.5, 1 = 2.000 Cyclic resistance ratio for M=7.5 & svc' =1atm
MSF = 1.308 EQ magnitude scaling factor
Ks = 1.100 Overburden correction factor

CRR = 2.877 Cyclic resistance ratio for M & sv0'

Factor of Safety

FSliq = 2.000 Factor of Safety Against Soil Liquefaction
Limit maximum to 2.0 (for plotting purpose)

Lateral Spread

glim = 1.3% Limiting shear strain
 Fa = -0.666 Parameter Fa
gmax = 0.0% Maximum shear strain
LDI = 0.000 feet Lateral displacement index

(displacement in the subject layer)

1-D Reconsolidation Settlement (Liquefaction Induced Vertical Settlement)

ev = 0.00% volumetric strain
S = 0.00 inches Liquefaction vertical settlement

(at the considered layer)

Residual Shear Strength

D(N1)60-Sr = 1.6 Fine correction for residual strength by Seed (1987)
(N1)60 CS-Sr = 35.4 Clean-sand equivalent SPT blow count for Sr

Sr/sv0' = 0.400 Residual Shear Strength Ratio

Sr = 490 psf Residual Shear Strength

Corestone Engineering, Inc. Page 2 of 3



Results Summary:

B-02 17.5 2.5 SM 24 38.2 0.456 2.877 2.000 0.000 0.00 490

Notes:

1.  FSliq - Factor of safety with respect to soil liquefaction; <1.0 potential exists, <1.1 marginal
2.  LDI -Lateral spread index/displacement. If the liquefiable layer is at a depth deeper than twise
      the vertical height of the free-face, potential for lateral spread would be minimal 
     (for free-face height of less than 10 feet).
3. S - Liquefaction induced vertical settlement at the layer. Surface manifestaion would be smaller 
    and will depend on the thickness of the non-liquefiable cap above.
4. Sr - Estimated residual strength of the liquefied soils.

Saved Results: 

B-02 5.0 2.5 SP-SM 7 11.9 0.386 0.190 0.492 0.958 1.01 70
B-02 12.5 2.5 SM 18 34.5 0.386 1.436 2.000
B-02 15.0 2.5 SM 10 20.6 0.454 0.305 0.671 0.322 0.67 430
B-02 17.5 2.5 SM 24 38.2 0.456 2.877 2.000

¦ 1.280 1.68

PW: liq

FSliq
LDI

(feet)
S

(inches)
Sr

(psf)
Boring

Top Depth
(feet)

Thickness
(feet)

USCS
Soil 

N (N1)60 CS CSR CRR

Sr

(psf)
Boring

Top Depth
(feet)

Thickness
(feet)

USCS
Type

N (N1)60 CS CSR CRR FSliq
LDI

(feet)
S

(inches)
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CORESTONE ENGINEERING, INC.
1345 Capital Blvd, Suite B, Reno, NV 89502; ph. (775) 636-5916 

Project Name: San Bernardino Class 1 Bike Trail Project
Project Number:  5012-02-1

Date: 6/25/2019
Revision Number: 0319
Developed By: JWP/PV
Calculated By: PV
Checked By: 

CALCULATION OF LRFD 8TH EDITION (2017) BEARING CAPACITY
Location: Pier Footings on Native Ground
Foundation: 5 feet Wide Footing footing

References 

1. AASHTO, 2017, AASHTO LRFD Bridge Design  Specifications, 8th Edition, American Association of State
Highway and Transportation Officials.

Assumptions

1. Bearing capacity calculations account for foundation shape, possibility of local or punching shear, inclined
load, eccentric loading, sloping ground, and ground water.
2. Calculations assume one, homogeneous soil unit.  Two-layer soil systems not supported.

Unit Conversions Checked By:

psf
lbf

ft2
� pcf

lbf

ft3
� kip 1000lbf� ksf

kip

ft2
� kPa 1000Pa� kN 1000N� kJ 1000J� 

g 32.174
ft

s2
� 

Input Data Checked By: 

Soil Cohesion: c 0psf� c 0.0 kPa� 

Soil Friction Angle: ϕ 36deg� 

Total Soil Unit Weight: γ 20
kN

m3
� γ 127.3pcf� 

Depth of Foundation Base below Ground Surface: Df 0m� Df 0.00 ft� 

Foundation Width B (For Circular Footings B = L): B 1.524m� B 5.00 ft� 

Foundation Length L: L 5.4864m� L 18.00 ft� 

Depth of Ground Water from Ground Surface: Dw 0ft� Dw 0.00 

Slope of Adjacent Ground (if j>0, the modified NJ and Nc apply below, Nq=0): j 0deg� 

Calculate estimate reduction factor from Table 10.6.3.1.2c-1 or -2 and
calculate teh reduced bearing capacity factors

Nγslope 19� for β = 20.6 deg.

Ncslope 0� 

Is Local or Punching Shear Possible (Yes = "Y" and No = "N")? Fps "N"� 

Unfactored Vertical Load on Footing (Vertical): V 1500kN� V 337.2kip� 

Unfactored Horiz Load on Footing (Enter 0 for vertical load only): H 0kip� H 0.0 kN� 

Orientation of Horizontal Load (Enter 0 for parallel to long axis L): θ 0deg� 

Moment in x-Dimension (Footing Width): Mx 0kip ft�� Mx 0.0 kJ� 

Moment in y-Dimension (Footing Length): My 0kip ft�� My 0.0 kJ� 

Adhesion Between Footing and Foundation Soil for Sliding: ca 0psf� ca 0.0 kPa� 

Angle of Friction Between Footing and Foundation Soil for Sliding: δ 0.8 ϕ�� δ 28.8 deg� 
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Sliding Resistance Factor for the Strength Limit State: ϕτ 0.80� CIP on sand

Bearing Resistance Factor for the Strenght Limit State: ϕb 0.45� This is a the Munfakh
(2001) approach, Ib
varies from 0.45 to 0.5

Bearing Resistance Factor for Extreme State(scour, EQ, ice, impacts = 1.0)
Bearing Resistance Factor for Service State (Settlements and Servicability = 1.0) 

An exception for service limit state 1 is that overall stability shall use resistance factors in Article 11.6.2.3

Calculations, Section 1: Bearing Pressures, Eccentricity Reduction Checked By:

 Calculate Eccentricity in Footing "B" Direction:

eB
My
V

� eB 0.0 ft� eB 0.00 

 Calculate Eccentricity in Footing "L" Direction:

eL
Mx
V

� eL 0.0 ft� eL 0.00 

 Calculate Eccentric Loading Reduced Footing Dimensions:

B' B 2 eB��� B' 5.0 ft� B' 1.52m 

L' L 2 eL��� L' 18.0 ft� L' 5.49m 

 Determine Effective Footing Dimensions based on any Eccentricity:

B' B' eB 0ft!if

B otherwise

� B' 5.0 ft� B' 1.52m 

L' L' eL 0ft!if

L' otherwise

� L' 18.0 ft� L' 5.49m 

 Calculate the Eccentric Loading Effective Footing Area:

A' B' L'�� A' 90.0 ft2� A' 8.36m2.00 

Calculations, Section 2: Bearing Capacity Coefficients Checked By:

 Calculate Reduced Shear Strength Parameters if Local or Punching Shear is Possible:

c 0.67 c� Fps "Y"=if

c otherwise

� c 0.0 psf� c 0.0 kPa� 

ϕ atan 0.67 tan ϕ( )�( ) Fps "Y"=if

ϕ otherwise

� ϕ 36 deg� 

C alculate Bearing Capacity Factors:

Nq exp π tan ϕ( )�( ) tan 45deg
ϕ
2

�§̈
©

·̧
¹

2
�� Nq 37.752 

Nc max Nq 1�� � cot max ϕ 0.01deg��( )( )� 5.14��ª¬ º¼� ϕ 0.628 Nc 50.585 

Nγ 2 Nq 1�� �� tan ϕ( )�� Nγ 56.311 

 Calculate the Ground Water Factors Cwy and Cwq:

Cwq 0.5 Dw 0=if

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw

1.5 B� Df�
�� otherwise

� Cwq 0.5 
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Cwγ 0.5 Dw Dfdif

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw Df�

1.5 B�
�� otherwise

� Cwγ 0.5 

 Calculate Depth Factors:

ϕ 36 deg� dq42

0

1

2

4

8

1

1.15

1.20

1.25

1.30

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� dq37

0

1

2

4

8

1

1.20

1.25

1.30

1.35

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� dq32

0

1

2

4

8

1

1.20

1.30

1.35

1.40

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� 

min
Df
B
8��

§
¨
©

·
¸
¹

0 

The first columns of vectors above is Df/B.  Correlation only valid for friction
angles of 32 to 42 degrees;  above 42 degrees,value for 42 degrees  is
considered conservative.

dq linterp dq42
0¢ ² dq42

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

ϕ 42degtif

linterp dq37
0¢ ² dq37

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

42deg ϕ! 37degtif

linterp dq32
0¢ ² dq32

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

37deg ϕ! 32degtif

1 otherwise

� 

dq 1 

 Calculate Footing Shape Factors:

sc 1
B'
L'

§̈
©

·̧
¹

Nq
Nc

§
¨
©

·
¸
¹

�� ϕ 0!if

1
B'
5 L'�

� otherwise

� (all terms to go 1.0 for strip footing) sc 1.207 

sq 1
B'
L'

§̈
©

·̧
¹
tan ϕ( )�� ϕ 0!if

1 otherwise

� sq 1.202 

sγ 1 0.4
B'
L'

§̈
©

·̧
¹

�� ϕ 0!if

1 otherwise

� sγ 0.889 

 Calculate Inclined Loading Factors:

n
2

L'
B'

�

1
L'
B'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

cos θ( )2�

2
B'
L'

�

1
B'
L'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

sin θ( )2��� n 1.217 

iq 1
H

V c B'� L'� cot ϕ( )��
�§̈

©
·̧
¹

n
� iq 1 
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ic iq
1 iq�

Nq 1�

§
¨
©

·
¸
¹

� ϕ 0deg!if

1
n H�

c B'� L'� Nc�
§
¨
©

·
¸
¹

� otherwise

� 
ic 1 

iγ 1
H

V B' L'� c� cot ϕ( )��
�§̈

©
·̧
¹

n 1�
� iγ 1 

 Calculate Modified Bearing Capacity Coefficients: j 0 deg� 

Ncm Nc sc� ic� j 0deg=if

Ncslope sc� ic� otherwise

� 

Ncm 61.072 

Nqm Nq sq� dq� iq� j 0deg=if

0 otherwise

� 

Nqm 45.372 

Nγm Nγ sγ� iγ� j 0deg=if

Nγslope sγ� iγ� otherwise

� 
Nγm 50.054 

Calculations, Section 3: Sliding Check Checked By:

 Calculate the Maximum Resistance Force Between Footing and Foundation Soil for Sliding Failure:

Pmax V tan δ( )� B L� ca��� Pmax 185.4 kip� Pmax 824.6 kN� 

 Calculate the Factored Resistance Against Sliding Failure:

Pfres Pmax ϕτ�� Pfres 148.308 kip� Pfres 659.706 kN� 

 Check Sliding Factor of Safety:

Check1 1 H Pfres�if

0 otherwise

� Check1 1 

If Check1 = 0, sliding factor of
safety below acceptable value.

Calculations, Section 4: Bearing Capacity Checked By:

 Calculate Ultimate Bearing Capacity: Eq. 10.6.3.1.2a-1 Note that g term is included in unit weight

qn c Ncm� γ Df� Nqm� Cwq�� 0.5 γ� B'� Nγm� Cwγ��� qn 8.0 ksf� qn 381.4 kPa� 

 Calculate Unfactored Bearing Capacity:

qR qn ϕb�� qR 3.6 ksf� qR 171.6 kPa� 

Bearing Pressure: qL
V
A'

� qL 3.747 ksf� qL 179.4 kPa� Check2 1 qL qn�if

0 otherwise

� 

Check2 1 

�������������������������������������������������������������������

Nominal (ultimate) bearing capacity: Ultimate slding resistance Sliding OK (1) or not OK (0)?

qn 8 ksf� qn 381.411 kPa� Pmax 185 kip� Pmax 825 kN� Check1 1 

Strength I factored bearing capacity Factored Sliding Resistance Ultimate Bearing OK (1) or not
OK (0)?

Check2 1 qR 3.6 ksf� qR 171.635 kPa� Pfres 148 kip� Pfres 660 kN� 
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CORESTONE ENGINEERING, INC.
1345 Capital Blvd, Suite B, Reno, NV 89502; ph. (775) 636-5916 

Project Name: San Bernardino Class 1 Bike Trail Project
Project Number:  5012-02-1

Date: 6/25/2019
Revision Number: 0319
Developed By: JWP/PV
Calculated By: PV
Checked By: 

CALCULATION OF LRFD 8TH EDITION (2017) BEARING CAPACITY
Location: Pier Footings on Native Ground
Foundation: 10 feet Wide Footing footing

References 

1. AASHTO, 2017, AASHTO LRFD Bridge Design  Specifications, 8th Edition, American Association of State
Highway and Transportation Officials.

Assumptions

1. Bearing capacity calculations account for foundation shape, possibility of local or punching shear, inclined
load, eccentric loading, sloping ground, and ground water.
2. Calculations assume one, homogeneous soil unit.  Two-layer soil systems not supported.

Unit Conversions Checked By:

psf
lbf

ft2
� pcf

lbf

ft3
� kip 1000lbf� ksf

kip

ft2
� kPa 1000Pa� kN 1000N� kJ 1000J� 

g 32.174
ft

s2
� 

Input Data Checked By: 

Soil Cohesion: c 0psf� c 0.0 kPa� 

Soil Friction Angle: ϕ 36deg� 

Total Soil Unit Weight: γ 20
kN

m3
� γ 127.3 pcf� 

Depth of Foundation Base below Ground Surface: Df 0m� Df 0.00 ft� 

Foundation Width B (For Circular Footings B = L): B 3.048m� B 10.00 ft� 

Foundation Length L: L 5.4864m� L 18.00 ft� 

Depth of Ground Water from Ground Surface: Dw 0ft� Dw 0.00 

Slope of Adjacent Ground (if j>0, the modified NJ and Nc apply below, Nq=0): j 0deg� 

Calculate estimate reduction factor from Table 10.6.3.1.2c-1 or -2 and
calculate teh reduced bearing capacity factors

Nγslope 19� for β = 20.6 deg.

Ncslope 0� 

Is Local or Punching Shear Possible (Yes = "Y" and No = "N")? Fps "N"� 

Unfactored Vertical Load on Footing (Vertical): V 1500kN� V 337.2 kip� 

Unfactored Horiz Load on Footing (Enter 0 for vertical load only): H 0kip� H 0.0 kN� 

Orientation of Horizontal Load (Enter 0 for parallel to long axis L): θ 0deg� 

Moment in x-Dimension (Footing Width): Mx 0kip ft�� Mx 0.0 kJ� 

Moment in y-Dimension (Footing Length): My 0kip ft�� My 0.0 kJ� 

Adhesion Between Footing and Foundation Soil for Sliding: ca 0psf� ca 0.0 kPa� 

Angle of Friction Between Footing and Foundation Soil for Sliding: δ 0.8 ϕ�� δ 28.8 deg� 
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Sliding Resistance Factor for the Strength Limit State: ϕτ 0.80� CIP on sand

Bearing Resistance Factor for the Strenght Limit State: ϕb 0.45� This is a the Munfakh
(2001) approach, Ib
varies from 0.45 to 0.5

Bearing Resistance Factor for Extreme State(scour, EQ, ice, impacts = 1.0)
Bearing Resistance Factor for Service State (Settlements and Servicability = 1.0) 

An exception for service limit state 1 is that overall stability shall use resistance factors in Article 11.6.2.3

Calculations, Section 1: Bearing Pressures, Eccentricity Reduction Checked By:

 Calculate Eccentricity in Footing "B" Direction:

eB
My
V

� eB 0.0 ft� eB 0.00 

 Calculate Eccentricity in Footing "L" Direction:

eL
Mx
V

� eL 0.0 ft� eL 0.00 

 Calculate Eccentric Loading Reduced Footing Dimensions:

B' B 2 eB��� B' 10.0 ft� B' 3.05m 

L' L 2 eL��� L' 18.0 ft� L' 5.49m 

 Determine Effective Footing Dimensions based on any Eccentricity:

B' B' eB 0ft!if

B otherwise

� B' 10.0 ft� B' 3.05m 

L' L' eL 0ft!if

L' otherwise

� L' 18.0 ft� L' 5.49m 

 Calculate the Eccentric Loading Effective Footing Area:

A' B' L'�� A' 180.0 ft2� A' 16.72 m2.00 

Calculations, Section 2: Bearing Capacity Coefficients Checked By:

 Calculate Reduced Shear Strength Parameters if Local or Punching Shear is Possible:

c 0.67 c� Fps "Y"=if

c otherwise

� c 0.0 psf� c 0.0 kPa� 

ϕ atan 0.67 tan ϕ( )�( ) Fps "Y"=if

ϕ otherwise

� ϕ 36 deg� 

C alculate Bearing Capacity Factors:

Nq exp π tan ϕ( )�( ) tan 45deg
ϕ
2

�§̈
©

·̧
¹

2
�� Nq 37.752 

Nc max Nq 1�� � cot max ϕ 0.01deg��( )( )� 5.14��ª¬ º¼� ϕ 0.628 Nc 50.585 

Nγ 2 Nq 1�� �� tan ϕ( )�� Nγ 56.311 

 Calculate the Ground Water Factors Cwy and Cwq:

Cwq 0.5 Dw 0=if

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw

1.5 B� Df�
�� otherwise

� Cwq 0.5 
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Cwγ 0.5 Dw Dfdif

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw Df�

1.5 B�
�� otherwise

� Cwγ 0.5 

 Calculate Depth Factors:

ϕ 36 deg� dq42

0
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4

8

1
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1.30

§
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� dq32
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§
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©

·
¸
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¸
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¸
¹

� 

min
Df
B
8��

§
¨
©

·
¸
¹

0 

The first columns of vectors above is Df/B.  Correlation only valid for friction
angles of 32 to 42 degrees;  above 42 degrees,value for 42 degrees  is
considered conservative.

dq linterp dq42
0¢ ² dq42

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

ϕ 42degtif

linterp dq37
0¢ ² dq37

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

42deg ϕ! 37degtif

linterp dq32
0¢ ² dq32

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

37deg ϕ! 32degtif

1 otherwise

� 

dq 1 

 Calculate Footing Shape Factors:

sc 1
B'
L'

§̈
©

·̧
¹

Nq
Nc

§
¨
©

·
¸
¹

�� ϕ 0!if

1
B'
5 L'�

� otherwise

� (all terms to go 1.0 for strip footing) sc 1.415 

sq 1
B'
L'

§̈
©

·̧
¹
tan ϕ( )�� ϕ 0!if

1 otherwise

� sq 1.404 

sγ 1 0.4
B'
L'

§̈
©

·̧
¹

�� ϕ 0!if

1 otherwise

� sγ 0.778 

 Calculate Inclined Loading Factors:

n
2

L'
B'

�

1
L'
B'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

cos θ( )2�

2
B'
L'

�

1
B'
L'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

sin θ( )2��� n 1.357 

iq 1
H

V c B'� L'� cot ϕ( )��
�§̈

©
·̧
¹

n
� iq 1 
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ic iq
1 iq�

Nq 1�

§
¨
©

·
¸
¹

� ϕ 0deg!if

1
n H�

c B'� L'� Nc�
§
¨
©

·
¸
¹

� otherwise

� 
ic 1 

iγ 1
H

V B' L'� c� cot ϕ( )��
�§̈

©
·̧
¹

n 1�
� iγ 1 

 Calculate Modified Bearing Capacity Coefficients: j 0 deg� 

Ncm Nc sc� ic� j 0deg=if

Ncslope sc� ic� otherwise

� 

Ncm 71.559 

Nqm Nq sq� dq� iq� j 0deg=if

0 otherwise

� 

Nqm 52.991 

Nγm Nγ sγ� iγ� j 0deg=if

Nγslope sγ� iγ� otherwise

� 
Nγm 43.797 

Calculations, Section 3: Sliding Check Checked By:

 Calculate the Maximum Resistance Force Between Footing and Foundation Soil for Sliding Failure:

Pmax V tan δ( )� B L� ca��� Pmax 185.4 kip� Pmax 824.6 kN� 

 Calculate the Factored Resistance Against Sliding Failure:

Pfres Pmax ϕτ�� Pfres 148.308 kip� Pfres 659.706 kN� 

 Check Sliding Factor of Safety:

Check1 1 H Pfres�if

0 otherwise

� Check1 1 

If Check1 = 0, sliding factor of
safety below acceptable value.

Calculations, Section 4: Bearing Capacity Checked By:

 Calculate Ultimate Bearing Capacity: Eq. 10.6.3.1.2a-1 Note that g term is included in unit weight

qn c Ncm� γ Df� Nqm� Cwq�� 0.5 γ� B'� Nγm� Cwγ��� qn 13.9 ksf� qn 667.5 kPa� 

 Calculate Unfactored Bearing Capacity:

qR qn ϕb�� qR 6.3 ksf� qR 300.4 kPa� 

Bearing Pressure: qL
V
A'

� qL 1.873 ksf� qL 89.7 kPa� Check2 1 qL qn�if

0 otherwise

� 

Check2 1 

�������������������������������������������������������������������

Nominal (ultimate) bearing capacity: Ultimate slding resistance Sliding OK (1) or not OK (0)?

qn 13.9 ksf� qn 667.469 kPa� Pmax 185 kip� Pmax 825 kN� Check1 1 

Strength I factored bearing capacity Factored Sliding Resistance Ultimate Bearing OK (1) or not
OK (0)?

Check2 1 qR 6.3 ksf� qR 300.361 kPa� Pfres 148 kip� Pfres 660 kN� 
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CORESTONE ENGINEERING, INC. Date:  6/27/2019
1345 Capital Blvd, Suite B, Reno, NV 89502 Revision No: 2019 March - 1

Developed by: JWP/PV
Project Name: San Bernardino Class 1 Bike Trail Project Calculated by: PV
Project Number:   5012-02-1 B-02 Data Checked by: pv
Design Case:

Only cells with blue background and blue text should be modified
AASHTO, 2007, LRFD Design Manual 4th Edition p 10-55 Same for AASHTO 2017
Hough, 1959, Compressibility as the Basis for Soil Bearing Value, Journal of the Soil Mechanics and 

Foundations Division, ASCE SM4, August 1959
Foundation Load 1900 kN 427.1 kips
Foundation Depth 0.9144 m 3.0 ft
Foundation Width 1.524 m 5 ft 4746.0 psf
Foundation Length 5.4864 m 18 ft For 1 inch settlement (Service Value)

Depth of Influence (3B) 5.4864 m 18.0 ft check 1.00 inch
Depth to Water Table 0 m

Depth Unit Weight Total Stress Eff Stress Inc Stress Hough C' Settlement depth
m kN/m^3 kPa kPa kPa m ft

0.000 20.0 0 0 NA NA NA 0
0.762 20.0 15 8 0.0 200 0.00000 2.5
1.524 20.0 30 16 179.4 100 0.00837 5
2.286 20.0 46 23 139.3 150 0.00429 7.5
3.048 20.0 61 31 111.9 175 0.00289 10
3.810 20.0 76 39 92.2 100 0.00403 12.5
4.572 20.0 91 47 77.5 75 0.00432 15
5.334 20.0 107 54 66.1 175 0.00151 17.5
6.096 20.0 122 62 57.2 175 0.00000 20
6.858 20.0 137 70 50.0 175 0.00000 22.5
7.620 20.0 152 78 44.1 175 0.00000 25
8.382 20.0 168 85 39.2 175 0.00000 27.5
9.144 20.0 183 93 35.1 175 0.00000 30
9.906 20.0 198 101 31.6 175 0.00000 32.5

10.668 20.0 213 109 28.6 175 0.00000 35
11.430 20.0 229 116 26.1 175 0.00000 37.5
12.192 20.0 244 124 23.8 175 0.00000 40
12.954 20.0 259 132 21.9 175 0.00000 42.5
13.716 20.0 274 140 20.2 175 0.00000 45
14.478 20.0 290 148 18.6 200 0.00000 47.5
15.240 20.0 305 155 17.3 200 0.00000 50
16.002 20.0 320 163 16.1 200 0.00000 52.5
16.764 20.0 335 171 15.0 200 0.00000 55
17.526 20.0 351 179 14.0 200 0.00000 57.5
18.288 20.0 366 186 13.1 200 0.00000 60
19.050 20.0 381 194 12.3 200 0.00000 62.5
19.812 20.0 396 202 11.6 200 0.00000 65
20.574 20.0 411 210 10.9 200 0.00000 67.5
21.336 20.0 427 217 10.3 200 0.00000 70
22.098 20.0 442 225 9.8 200 0.00000 72.5
22.860 20.0 457 233 9.2 200 0.00000 75
23.622 20.0 472 241 8.8 200 0.00000 77.5
24.384 20.0 488 248 8.3 200 0.00000 80

0.91 Df, m 1.5 B, m 0.0254 m
25 mm

5.5 L, m
1.00 inches

227.2 q, kN/m^2

Pathway Bridge - Piers (B=5 ft)

SETTLEMENT USING AASHTO-MODIFIED "HOUGH METHOD"



CORESTONE ENGINEERING, INC. Date:  6/27/2019
1345 Capital Blvd, Suite B, Reno, NV 89502 Revision No: 2019 March - 1

Developed by: JWP/PV
Project Name: San Bernardino Class 1 Bike Trail Project Calculated by: PV
Project Number:   5012-02-1 B-02 Data Checked by: pv
Design Case:

Only cells with blue background and blue text should be modified
AASHTO, 2007, LRFD Design Manual 4th Edition p 10-55 Same for AASHTO 2017
Hough, 1959, Compressibility as the Basis for Soil Bearing Value, Journal of the Soil Mechanics and 

Foundations Division, ASCE SM4, August 1959
Foundation Load 2100 kN 472.1 kips
Foundation Depth 0.9144 m 3.0 ft
Foundation Width 3.048 m 10 ft 2622.8 psf
Foundation Length 5.4864 m 18 ft For 1 inch settlement (Service Value)

Depth of Influence (3B) 10.0584 m 33.0 ft check 0.99 inch
Depth to Water Table 0 m

Depth Unit Weight Total Stress Eff Stress Inc Stress Hough C' Settlement depth
m kN/m^3 kPa kPa kPa m ft

0.000 20.0 0 0 NA NA NA 0
0.762 20.0 15 8 0.0 200 0.00000 2.5
1.524 20.0 30 16 108.2 100 0.00687 5
2.286 20.0 46 23 91.1 150 0.00351 7.5
3.048 20.0 61 31 77.9 175 0.00237 10
3.810 20.0 76 39 67.4 100 0.00333 12.5
4.572 20.0 91 47 58.9 75 0.00360 15
5.334 20.0 107 54 51.9 175 0.00127 17.5
6.096 20.0 122 62 46.1 175 0.00105 20
6.858 20.0 137 70 41.2 175 0.00088 22.5
7.620 20.0 152 78 37.1 175 0.00074 25
8.382 20.0 168 85 33.6 175 0.00063 27.5
9.144 20.0 183 93 30.5 175 0.00054 30
9.906 20.0 198 101 27.9 175 0.00046 32.5

10.668 20.0 213 109 25.6 175 0.00000 35
11.430 20.0 229 116 23.5 175 0.00000 37.5
12.192 20.0 244 124 21.7 175 0.00000 40
12.954 20.0 259 132 20.1 175 0.00000 42.5
13.716 20.0 274 140 18.7 175 0.00000 45
14.478 20.0 290 148 17.4 200 0.00000 47.5
15.240 20.0 305 155 16.3 200 0.00000 50
16.002 20.0 320 163 15.2 200 0.00000 52.5
16.764 20.0 335 171 14.3 200 0.00000 55
17.526 20.0 351 179 13.4 200 0.00000 57.5
18.288 20.0 366 186 12.6 200 0.00000 60
19.050 20.0 381 194 11.9 200 0.00000 62.5
19.812 20.0 396 202 11.3 200 0.00000 65
20.574 20.0 411 210 10.6 200 0.00000 67.5
21.336 20.0 427 217 10.1 200 0.00000 70
22.098 20.0 442 225 9.6 200 0.00000 72.5
22.860 20.0 457 233 9.1 200 0.00000 75
23.622 20.0 472 241 8.7 200 0.00000 77.5
24.384 20.0 488 248 8.2 200 0.00000 80

0.91 Df, m 3.0 B, m 0.0252 m
25 mm

5.5 L, m
0.99 inches

125.6 q, kN/m^2

Pathway Bridge - Piers (B=10 ft)

SETTLEMENT USING AASHTO-MODIFIED "HOUGH METHOD"



CORESTONE ENGINEERING, INC.
1345 Capital Blvd, Suite B, Reno, NV 89502; ph. (775) 636-5916 

Project Name: San Bernardino Class 1 Bike Trail Project
Project Number:  5012-02-1

Date: 6/25/2019
Revision Number: 0319
Developed By: JWP/PV
Calculated By: PV
Checked By: 

CALCULATION OF LRFD 8TH EDITION (2017) BEARING CAPACITY
Location: Abutment Footings on Embankment Fill 2H:1V Slope

Foundation: 5 feet Wide Footing footing

References 

1. AASHTO, 2017, AASHTO LRFD Bridge Design  Specifications, 8th Edition, American Association of State
Highway and Transportation Officials.

Assumptions

1. Bearing capacity calculations account for foundation shape, possibility of local or punching shear, inclined
load, eccentric loading, sloping ground, and ground water.
2. Calculations assume one, homogeneous soil unit.  Two-layer soil systems not supported.

Unit Conversions Checked By:

psf
lbf

ft2
� pcf

lbf

ft3
� kip 1000lbf� ksf

kip

ft2
� kPa 1000Pa� kN 1000N� kJ 1000J� 

g 32.174
ft

s2
� 

Input Data Checked By: 

Soil Cohesion: c 0psf� c 0.0 kPa� 

Soil Friction Angle: ϕ 36deg� 

Total Soil Unit Weight: γ 20
kN

m3
� γ 127.3 pcf� 

Depth of Foundation Base below Ground Surface: Df 0m� Df 0.00 ft� 

Foundation Width B (For Circular Footings B = L): B 1.524m� B 5.00 ft� 

Foundation Length L: L 5.4864m� L 18.00 ft� 

Depth of Ground Water from Ground Surface: Dw 6ft� Dw 1.83m 

Slope of Adjacent Ground (if j>0, the modified NJ and Nc apply below, Nq=0): j 26.56deg� 

Calculate estimate reduction factor from Table 10.6.3.1.2c-1 or -2 and
calculate teh reduced bearing capacity factors

Nγslope 15.25� for β = 20.6 deg.

Ncslope 0� 

Is Local or Punching Shear Possible (Yes = "Y" and No = "N")? Fps "N"� 

Unfactored Vertical Load on Footing (Vertical): V 1500kN� V 337.2 kip� 

Unfactored Horiz Load on Footing (Enter 0 for vertical load only): H 0kip� H 0.0 kN� 

Orientation of Horizontal Load (Enter 0 for parallel to long axis L): θ 0deg� 

Moment in x-Dimension (Footing Width): Mx 0kip ft�� Mx 0.0 kJ� 

Moment in y-Dimension (Footing Length): My 0kip ft�� My 0.0 kJ� 

Adhesion Between Footing and Foundation Soil for Sliding: ca 0psf� ca 0.0 kPa� 

Angle of Friction Between Footing and Foundation Soil for Sliding: δ 0.8 ϕ�� δ 28.8 deg� 
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Sliding Resistance Factor for the Strength Limit State: ϕτ 0.80� CIP on sand

Bearing Resistance Factor for the Strenght Limit State: ϕb 0.45� This is a the Munfakh
(2001) approach, Ib
varies from 0.45 to 0.5

Bearing Resistance Factor for Extreme State(scour, EQ, ice, impacts = 1.0)
Bearing Resistance Factor for Service State (Settlements and Servicability = 1.0) 

An exception for service limit state 1 is that overall stability shall use resistance factors in Article 11.6.2.3

Calculations, Section 1: Bearing Pressures, Eccentricity Reduction Checked By:

 Calculate Eccentricity in Footing "B" Direction:

eB
My
V

� eB 0.0 ft� eB 0.00 

 Calculate Eccentricity in Footing "L" Direction:

eL
Mx
V

� eL 0.0 ft� eL 0.00 

 Calculate Eccentric Loading Reduced Footing Dimensions:

B' B 2 eB��� B' 5.0 ft� B' 1.52m 

L' L 2 eL��� L' 18.0 ft� L' 5.49m 

 Determine Effective Footing Dimensions based on any Eccentricity:

B' B' eB 0ft!if

B otherwise

� B' 5.0 ft� B' 1.52m 

L' L' eL 0ft!if

L' otherwise

� L' 18.0 ft� L' 5.49m 

 Calculate the Eccentric Loading Effective Footing Area:

A' B' L'�� A' 90.0 ft2� A' 8.36m2.00 

Calculations, Section 2: Bearing Capacity Coefficients Checked By:

 Calculate Reduced Shear Strength Parameters if Local or Punching Shear is Possible:

c 0.67 c� Fps "Y"=if

c otherwise

� c 0.0 psf� c 0.0 kPa� 

ϕ atan 0.67 tan ϕ( )�( ) Fps "Y"=if

ϕ otherwise

� ϕ 36 deg� 

C alculate Bearing Capacity Factors:

Nq exp π tan ϕ( )�( ) tan 45deg
ϕ
2

�§̈
©

·̧
¹

2
�� Nq 37.752 

Nc max Nq 1�� � cot max ϕ 0.01deg��( )( )� 5.14��ª¬ º¼� ϕ 0.628 Nc 50.585 

Nγ 2 Nq 1�� �� tan ϕ( )�� Nγ 56.311 

 Calculate the Ground Water Factors Cwy and Cwq:

Cwq 0.5 Dw 0=if

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw

1.5 B� Df�
�� otherwise

� Cwq 0.9 
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Cwγ 0.5 Dw Dfdif

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw Df�

1.5 B�
�� otherwise

� Cwγ 0.9 

 Calculate Depth Factors:

ϕ 36 deg� dq42

0

1

2

4

8

1

1.15

1.20

1.25

1.30

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� dq37

0

1

2

4

8

1

1.20

1.25

1.30

1.35

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� dq32

0

1

2

4

8

1

1.20

1.30

1.35

1.40

§
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¹

� 

min
Df
B
8��

§
¨
©

·
¸
¹

0 

The first columns of vectors above is Df/B.  Correlation only valid for friction
angles of 32 to 42 degrees;  above 42 degrees,value for 42 degrees  is
considered conservative.

dq linterp dq42
0¢ ² dq42

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

ϕ 42degtif

linterp dq37
0¢ ² dq37

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

42deg ϕ! 37degtif

linterp dq32
0¢ ² dq32

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

37deg ϕ! 32degtif

1 otherwise

� 

dq 1 

 Calculate Footing Shape Factors:

sc 1
B'
L'

§̈
©

·̧
¹

Nq
Nc

§
¨
©

·
¸
¹

�� ϕ 0!if

1
B'
5 L'�

� otherwise

� (all terms to go 1.0 for strip footing) sc 1.207 

sq 1
B'
L'

§̈
©

·̧
¹
tan ϕ( )�� ϕ 0!if

1 otherwise

� sq 1.202 

sγ 1 0.4
B'
L'

§̈
©

·̧
¹

�� ϕ 0!if

1 otherwise

� sγ 0.889 

 Calculate Inclined Loading Factors:

n
2

L'
B'

�

1
L'
B'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

cos θ( )2�

2
B'
L'

�

1
B'
L'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

sin θ( )2��� n 1.217 

iq 1
H

V c B'� L'� cot ϕ( )��
�§̈

©
·̧
¹

n
� iq 1 
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ic iq
1 iq�

Nq 1�

§
¨
©

·
¸
¹

� ϕ 0deg!if

1
n H�

c B'� L'� Nc�
§
¨
©

·
¸
¹

� otherwise

� 
ic 1 

iγ 1
H

V B' L'� c� cot ϕ( )��
�§̈

©
·̧
¹

n 1�
� iγ 1 

 Calculate Modified Bearing Capacity Coefficients: j 26.56 deg� 

Ncm Nc sc� ic� j 0deg=if

Ncslope sc� ic� otherwise

� 

Ncm 0 

Nqm Nq sq� dq� iq� j 0deg=if

0 otherwise

� 

Nqm 0 

Nγm Nγ sγ� iγ� j 0deg=if

Nγslope sγ� iγ� otherwise

� 
Nγm 13.556 

Calculations, Section 3: Sliding Check Checked By:

 Calculate the Maximum Resistance Force Between Footing and Foundation Soil for Sliding Failure:

Pmax V tan δ( )� B L� ca��� Pmax 185.4 kip� Pmax 824.6 kN� 

 Calculate the Factored Resistance Against Sliding Failure:

Pfres Pmax ϕτ�� Pfres 148.308 kip� Pfres 659.706 kN� 

 Check Sliding Factor of Safety:

Check1 1 H Pfres�if

0 otherwise

� Check1 1 

If Check1 = 0, sliding factor of
safety below acceptable value.

Calculations, Section 4: Bearing Capacity Checked By:

 Calculate Ultimate Bearing Capacity: Eq. 10.6.3.1.2a-1 Note that g term is included in unit weight

qn c Ncm� γ Df� Nqm� Cwq�� 0.5 γ� B'� Nγm� Cwγ��� qn 3.9 ksf� qn 185.9 kPa� 

 Calculate Unfactored Bearing Capacity:

qR qn ϕb�� qR 1.7 ksf� qR 83.7 kPa� 

Bearing Pressure: qL
V
A'

� qL 3.747 ksf� qL 179.4 kPa� Check2 1 qL qn�if

0 otherwise

� 

Check2 1 

�������������������������������������������������������������������

Nominal (ultimate) bearing capacity: Ultimate slding resistance Sliding OK (1) or not OK (0)?

qn 3.9 ksf� qn 185.928 kPa� Pmax 185 kip� Pmax 825 kN� Check1 1 

Strength I factored bearing capacity Factored Sliding Resistance Ultimate Bearing OK (1) or not
OK (0)?

Check2 1 qR 1.7 ksf� qR 83.668 kPa� Pfres 148 kip� Pfres 660 kN� 
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CORESTONE ENGINEERING, INC.
1345 Capital Blvd, Suite B, Reno, NV 89502; ph. (775) 636-5916 

Project Name: San Bernardino Class 1 Bike Trail Project
Project Number:  5012-02-1

Date: 6/25/2019
Revision Number: 0319
Developed By: JWP/PV
Calculated By: PV
Checked By: 

CALCULATION OF LRFD 8TH EDITION (2017) BEARING CAPACITY
Location: Abutment Footings on Embankment Fill 2H:1V Slope

Foundation: 10 feet Wide Footing footing

References 

1. AASHTO, 2017, AASHTO LRFD Bridge Design  Specifications, 8th Edition, American Association of State
Highway and Transportation Officials.

Assumptions

1. Bearing capacity calculations account for foundation shape, possibility of local or punching shear, inclined
load, eccentric loading, sloping ground, and ground water.
2. Calculations assume one, homogeneous soil unit.  Two-layer soil systems not supported.

Unit Conversions Checked By:

psf
lbf

ft2
� pcf

lbf

ft3
� kip 1000lbf� ksf

kip

ft2
� kPa 1000Pa� kN 1000N� kJ 1000J� 

g 32.174
ft

s2
� 

Input Data Checked By: 

Soil Cohesion: c 0psf� c 0.0 kPa� 

Soil Friction Angle: ϕ 36deg� 

Total Soil Unit Weight: γ 20
kN

m3
� γ 127.3 pcf� 

Depth of Foundation Base below Ground Surface: Df 0m� Df 0.00 ft� 

Foundation Width B (For Circular Footings B = L): B 3.048m� B 10.00 ft� 

Foundation Length L: L 5.4864m� L 18.00 ft� 

Depth of Ground Water from Ground Surface: Dw 6ft� Dw 1.83m 

Slope of Adjacent Ground (if j>0, the modified NJ and Nc apply below, Nq=0): j 26.56deg� 

Calculate estimate reduction factor from Table 10.6.3.1.2c-1 or -2 and
calculate teh reduced bearing capacity factors

Nγslope 21.22� for β = 20.6 deg.

Ncslope 0� 

Is Local or Punching Shear Possible (Yes = "Y" and No = "N")? Fps "N"� 

Unfactored Vertical Load on Footing (Vertical): V 1500kN� V 337.2 kip� 

Unfactored Horiz Load on Footing (Enter 0 for vertical load only): H 0kip� H 0.0 kN� 

Orientation of Horizontal Load (Enter 0 for parallel to long axis L): θ 0deg� 

Moment in x-Dimension (Footing Width): Mx 0kip ft�� Mx 0.0 kJ� 

Moment in y-Dimension (Footing Length): My 0kip ft�� My 0.0 kJ� 

Adhesion Between Footing and Foundation Soil for Sliding: ca 0psf� ca 0.0 kPa� 

Angle of Friction Between Footing and Foundation Soil for Sliding: δ 0.8 ϕ�� δ 28.8 deg� 
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Sliding Resistance Factor for the Strength Limit State: ϕτ 0.80� CIP on sand

Bearing Resistance Factor for the Strenght Limit State: ϕb 0.45� This is a the Munfakh
(2001) approach, Ib
varies from 0.45 to 0.5

Bearing Resistance Factor for Extreme State(scour, EQ, ice, impacts = 1.0)
Bearing Resistance Factor for Service State (Settlements and Servicability = 1.0) 

An exception for service limit state 1 is that overall stability shall use resistance factors in Article 11.6.2.3

Calculations, Section 1: Bearing Pressures, Eccentricity Reduction Checked By:

 Calculate Eccentricity in Footing "B" Direction:

eB
My
V

� eB 0.0 ft� eB 0.00 

 Calculate Eccentricity in Footing "L" Direction:

eL
Mx
V

� eL 0.0 ft� eL 0.00 

 Calculate Eccentric Loading Reduced Footing Dimensions:

B' B 2 eB��� B' 10.0 ft� B' 3.05m 

L' L 2 eL��� L' 18.0 ft� L' 5.49m 

 Determine Effective Footing Dimensions based on any Eccentricity:

B' B' eB 0ft!if

B otherwise

� B' 10.0 ft� B' 3.05m 

L' L' eL 0ft!if

L' otherwise

� L' 18.0 ft� L' 5.49m 

 Calculate the Eccentric Loading Effective Footing Area:

A' B' L'�� A' 180.0 ft2� A' 16.72 m2.00 

Calculations, Section 2: Bearing Capacity Coefficients Checked By:

 Calculate Reduced Shear Strength Parameters if Local or Punching Shear is Possible:

c 0.67 c� Fps "Y"=if

c otherwise

� c 0.0 psf� c 0.0 kPa� 

ϕ atan 0.67 tan ϕ( )�( ) Fps "Y"=if

ϕ otherwise

� ϕ 36 deg� 

C alculate Bearing Capacity Factors:

Nq exp π tan ϕ( )�( ) tan 45deg
ϕ
2

�§̈
©

·̧
¹

2
�� Nq 37.752 

Nc max Nq 1�� � cot max ϕ 0.01deg��( )( )� 5.14��ª¬ º¼� ϕ 0.628 Nc 50.585 

Nγ 2 Nq 1�� �� tan ϕ( )�� Nγ 56.311 

 Calculate the Ground Water Factors Cwy and Cwq:

Cwq 0.5 Dw 0=if

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw

1.5 B� Df�
�� otherwise

� Cwq 0.7 

Page 2 of 4



Cwγ 0.5 Dw Dfdif

1 Dw 1.5 B� Df�!if

0.5 0.5
Dw Df�

1.5 B�
�� otherwise

� Cwγ 0.7 

 Calculate Depth Factors:

ϕ 36 deg� dq42
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� 

min
Df
B
8��

§
¨
©

·
¸
¹

0 

The first columns of vectors above is Df/B.  Correlation only valid for friction
angles of 32 to 42 degrees;  above 42 degrees,value for 42 degrees  is
considered conservative.

dq linterp dq42
0¢ ² dq42

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

ϕ 42degtif

linterp dq37
0¢ ² dq37

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

42deg ϕ! 37degtif

linterp dq32
0¢ ² dq32

1¢ ²�� min
Df
B
8��

§
¨
©

·
¸
¹

��
§
¨
©

·
¸
¹

37deg ϕ! 32degtif

1 otherwise

� 

dq 1 

 Calculate Footing Shape Factors:

sc 1
B'
L'

§̈
©

·̧
¹

Nq
Nc

§
¨
©

·
¸
¹

�� ϕ 0!if

1
B'
5 L'�

� otherwise

� (all terms to go 1.0 for strip footing) sc 1.415 

sq 1
B'
L'

§̈
©

·̧
¹
tan ϕ( )�� ϕ 0!if

1 otherwise

� sq 1.404 

sγ 1 0.4
B'
L'

§̈
©

·̧
¹

�� ϕ 0!if

1 otherwise

� sγ 0.778 

 Calculate Inclined Loading Factors:

n
2

L'
B'

�

1
L'
B'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

cos θ( )2�

2
B'
L'

�

1
B'
L'

�

§
¨
¨
¨
©

·
¸
¸
¸
¹

sin θ( )2��� n 1.357 

iq 1
H

V c B'� L'� cot ϕ( )��
�§̈

©
·̧
¹

n
� iq 1 
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ic iq
1 iq�

Nq 1�

§
¨
©

·
¸
¹

� ϕ 0deg!if

1
n H�

c B'� L'� Nc�
§
¨
©

·
¸
¹

� otherwise

� 
ic 1 

iγ 1
H

V B' L'� c� cot ϕ( )��
�§̈

©
·̧
¹

n 1�
� iγ 1 

 Calculate Modified Bearing Capacity Coefficients: j 26.56 deg� 

Ncm Nc sc� ic� j 0deg=if

Ncslope sc� ic� otherwise

� 

Ncm 0 

Nqm Nq sq� dq� iq� j 0deg=if

0 otherwise

� 

Nqm 0 

Nγm Nγ sγ� iγ� j 0deg=if

Nγslope sγ� iγ� otherwise

� 
Nγm 16.504 

Calculations, Section 3: Sliding Check Checked By:

 Calculate the Maximum Resistance Force Between Footing and Foundation Soil for Sliding Failure:

Pmax V tan δ( )� B L� ca��� Pmax 185.4 kip� Pmax 824.6 kN� 

 Calculate the Factored Resistance Against Sliding Failure:

Pfres Pmax ϕτ�� Pfres 148.308 kip� Pfres 659.706 kN� 

 Check Sliding Factor of Safety:

Check1 1 H Pfres�if

0 otherwise

� Check1 1 

If Check1 = 0, sliding factor of
safety below acceptable value.

Calculations, Section 4: Bearing Capacity Checked By:

 Calculate Ultimate Bearing Capacity: Eq. 10.6.3.1.2a-1 Note that g term is included in unit weight

qn c Ncm� γ Df� Nqm� Cwq�� 0.5 γ� B'� Nγm� Cwγ��� qn 7.4 ksf� qn 352.1 kPa� 

 Calculate Unfactored Bearing Capacity:

qR qn ϕb�� qR 3.3 ksf� qR 158.5 kPa� 

Bearing Pressure: qL
V
A'

� qL 1.873 ksf� qL 89.7 kPa� Check2 1 qL qn�if

0 otherwise

� 

Check2 1 

�������������������������������������������������������������������

Nominal (ultimate) bearing capacity: Ultimate slding resistance Sliding OK (1) or not OK (0)?

qn 7.4 ksf� qn 352.139 kPa� Pmax 185 kip� Pmax 825 kN� Check1 1 

Strength I factored bearing capacity Factored Sliding Resistance Ultimate Bearing OK (1) or not
OK (0)?

Check2 1 qR 3.3 ksf� qR 158.462 kPa� Pfres 148 kip� Pfres 660 kN� 
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CORESTONE ENGINEERING, INC. Date:  6/27/2019
1345 Capital Blvd, Suite B, Reno, NV 89502 Revision No: 2019 March - 1

Developed by: JWP/PV
Project Name: San Bernardino Class 1 Bike Trail Project Calculated by: PV
Project Number:   5012-02-1 B-02 Data Checked by: pv
Design Case:

Only cells with blue background and blue text should be modified
AASHTO, 2007, LRFD Design Manual 4th Edition p 10-55 Same for AASHTO 2017
Hough, 1959, Compressibility as the Basis for Soil Bearing Value, Journal of the Soil Mechanics and 

Foundations Division, ASCE SM4, August 1959
Foundation Load 4700 kN 1056.6 kips
Foundation Depth 0 m 0.0 ft
Foundation Width 1.524 m 5 ft 11740.1 psf
Foundation Length 5.4864 m 18 ft For 1 inch settlement (Service Value)

Depth of Influence (3B) 4.572 m 15.0 ft check 0.98 inch
Depth to Water Table 1.829 m

Depth Unit Weight Total Stress Eff Stress Inc Stress Hough C' Settlement depth
m kN/m^3 kPa kPa kPa m ft

0.000 20.0 0 0 NA NA NA 0
1.829 20.0 37 37 301.1 150 0.01177 6
2.591 20.0 52 44 245.8 200 0.00311 8.5
3.353 20.0 67 52 205.0 75 0.00704 11
4.115 20.0 82 60 174.0 150 0.00301 13.5
4.877 20.0 98 68 149.7 175 0.00000 16
5.639 20.0 113 75 130.3 100 0.00000 18.5
6.401 20.0 128 83 114.5 75 0.00000 21
7.163 20.0 143 91 101.5 175 0.00000 23.5
7.925 20.0 158 99 90.7 175 0.00000 26
8.687 20.0 174 106 81.5 175 0.00000 28.5
9.449 20.0 189 114 73.7 175 0.00000 31

10.211 20.0 204 122 66.9 175 0.00000 33.5
10.973 20.0 219 130 61.1 175 0.00000 36
11.735 20.0 235 138 56.0 175 0.00000 38.5
12.497 20.0 250 145 51.5 175 0.00000 41
13.259 20.0 265 153 47.6 175 0.00000 43.5
14.021 20.0 280 161 44.1 175 0.00000 46
14.783 20.0 296 169 40.9 175 0.00000 48.5
15.545 20.0 311 176 38.1 175 0.00000 51
16.307 20.0 326 184 35.6 200 0.00000 53.5
17.069 20.0 341 192 33.3 200 0.00000 56
17.831 20.0 357 200 31.3 200 0.00000 58.5
18.593 20.0 372 207 29.4 200 0.00000 61
19.355 20.0 387 215 27.7 200 0.00000 63.5
20.117 20.0 402 223 26.1 200 0.00000 66
20.879 20.0 418 231 24.7 200 0.00000 68.5
21.641 20.0 433 238 23.3 200 0.00000 71
22.403 20.0 448 246 22.1 200 0.00000 73.5
23.165 20.0 463 254 21.0 200 0.00000 76
23.927 20.0 479 262 20.0 200 0.00000 78.5
24.689 20.0 494 270 19.0 200 0.00000 81
25.451 20.0 509 277 18.1 200 0.00000 83.5

0.00 Df, m 1.5 B, m 0.0249 m
25 mm

5.5 L, m
0.98 inches

562.1 q, kN/m^2

Pathway Bridge - Abutments (B=5 ft)

SETTLEMENT USING AASHTO-MODIFIED "HOUGH METHOD"



CORESTONE ENGINEERING, INC. Date:  6/27/2019
1345 Capital Blvd, Suite B, Reno, NV 89502 Revision No: 2019 March - 1

Developed by: JWP/PV
Project Name: San Bernardino Class 1 Bike Trail Project Calculated by: PV
Project Number:   5012-02-1 B-02 Data Checked by: pv
Design Case:

Only cells with blue background and blue text should be modified
AASHTO, 2007, LRFD Design Manual 4th Edition p 10-55 Same for AASHTO 2017
Hough, 1959, Compressibility as the Basis for Soil Bearing Value, Journal of the Soil Mechanics and 

Foundations Division, ASCE SM4, August 1959
Foundation Load 3300 kN 741.9 kips
Foundation Depth 0 m 0.0 ft
Foundation Width 3.048 m 10 ft 4121.5 psf
Foundation Length 5.4864 m 18 ft For 1 inch settlement (Service Value)

Depth of Influence (3B) 9.144 m 30.0 ft check 0.99 inch
Depth to Water Table 1.829 m

Depth Unit Weight Total Stress Eff Stress Inc Stress Hough C' Settlement depth
m kN/m^3 kPa kPa kPa m ft

0.000 20.0 0 0 NA NA NA 0
1.829 20.0 37 37 130.1 150 0.00803 6
2.591 20.0 52 44 112.0 200 0.00209 8.5
3.353 20.0 67 52 97.5 75 0.00465 11
4.115 20.0 82 60 85.7 150 0.00196 13.5
4.877 20.0 98 68 75.9 175 0.00142 16
5.639 20.0 113 75 67.7 100 0.00212 18.5
6.401 20.0 128 83 60.8 75 0.00242 21
7.163 20.0 143 91 54.9 175 0.00089 23.5
7.925 20.0 158 99 49.8 175 0.00077 26
8.687 20.0 174 106 45.4 175 0.00067 28.5
9.449 20.0 189 114 41.6 175 0.00000 31

10.211 20.0 204 122 38.2 175 0.00000 33.5
10.973 20.0 219 130 35.2 175 0.00000 36
11.735 20.0 235 138 32.6 175 0.00000 38.5
12.497 20.0 250 145 30.2 175 0.00000 41
13.259 20.0 265 153 28.1 175 0.00000 43.5
14.021 20.0 280 161 26.3 175 0.00000 46
14.783 20.0 296 169 24.5 175 0.00000 48.5
15.545 20.0 311 176 23.0 175 0.00000 51
16.307 20.0 326 184 21.6 200 0.00000 53.5
17.069 20.0 341 192 20.3 200 0.00000 56
17.831 20.0 357 200 19.2 200 0.00000 58.5
18.593 20.0 372 207 18.1 200 0.00000 61
19.355 20.0 387 215 17.1 200 0.00000 63.5
20.117 20.0 402 223 16.2 200 0.00000 66
20.879 20.0 418 231 15.4 200 0.00000 68.5
21.641 20.0 433 238 14.6 200 0.00000 71
22.403 20.0 448 246 13.9 200 0.00000 73.5
23.165 20.0 463 254 13.2 200 0.00000 76
23.927 20.0 479 262 12.6 200 0.00000 78.5
24.689 20.0 494 270 12.0 200 0.00000 81
25.451 20.0 509 277 11.5 200 0.00000 83.5

0.00 Df, m 3.0 B, m 0.0250 m
25 mm

5.5 L, m
0.99 inches

197.3 q, kN/m^2

Pathway Bridge - Abutments (B=10 ft)

SETTLEMENT USING AASHTO-MODIFIED "HOUGH METHOD"



Project Name: San Bernardino Class 1 Bike Trail Project Calc By: PV

Project No.:  5012-02-1 Check By: PV

Design Case: Pathway Bridge Abutments B = 5 ft Date: 6/26/2019

AASHTO (2017) Table 10.6.3.1.2c-1 RCBC Values For Footing on Slope

C' = 0 Phi = 36 deg Input per the range to determine interpolated values

20 -30  10-20 Range

b b
10 20 30 20 10 input

0.1 0.800 0.380 0.170 0.380 0.800

0.2 0.780 0.370 0.160 0.370 0.780

0.4 0.720 0.360 0.170 0.360 0.720

0.6 0.660 0.340 0.170 0.340 0.660

1 0.700 0.450 0.320 0.450 0.700

1.5 0.740 0.560 0.470 0.560 0.740

3 0.770 0.580 0.620 0.580 0.770

B/H 0.8 RCBC = 0.404

Input bracket values based on above calcs for linear interpolation

B/H RCBC

0.6 0.340 RCBC = 0.404 (Only for interpolation)

1 0.450

b
B/H

Corestone Engineering, Inc.



Project Name: San Bernardino Class 1 Bike Trail Project Calc By: PV

Project No.:  5012-02-1 Check By: PV

Design Case: Pathway Bridge Abutments B = 10 ft Date: 6/26/2019

AASHTO (2017) Table 10.6.3.1.2c-1 RCBC Values For Footing on Slope

C' = 0 Phi = 36 deg Input per the range to determine interpolated values

20 -30  10-20 Range

b b
10 20 30 20 10 input

0.1 0.800 0.380 0.170 0.380 0.800

0.2 0.780 0.370 0.160 0.370 0.780

0.4 0.720 0.360 0.170 0.360 0.720

0.6 0.660 0.340 0.170 0.340 0.660

1 0.700 0.450 0.320 0.450 0.700

1.5 0.740 0.560 0.470 0.560 0.740

3 0.770 0.580 0.620 0.580 0.770

B/H 1.7 RCBC = 0.562

Input bracket values based on above calcs for linear interpolation

B/H RCBC

1.5 0.560 RCBC = 0.562 (Only for interpolation)

3 0.580

B/H
b

Corestone Engineering, Inc.





San Bernardino Class 1 Bike Trail Project PV

 5012-02-1 6/26/2019

Granular Soils Friction Angle - AASHTO (2017) Table 10.4.6.2.4.1

Values from AASHTO Table

low high Interpolated values

4 27 32 Input

5 27.5 32.5 N160 = 35

6 28 33

7 28.5 33.5 Output

8 29 34 35.75 40.75 38.25
9 29.5 34.5 low high average

10 30 35

11 30.25 35.25

12 30.5 35.5
13 30.75 35.75
14 31 36
15 31.25 36.25
16 31.5 36.5
17 31.75 36.75
18 32 37
19 32.25 37.25
20 32.5 37.5
21 32.75 37.75
22 33 38
23 33.25 38.25
24 33.5 38.5
25 33.75 38.75
26 34 39
27 34.25 39.25
28 34.5 39.5
29 34.75 39.75
30 35 40
31 35.15 40.15
32 35.3 40.3
33 35.45 40.45
34 35.6 40.6
35 35.75 40.75
36 35.9 40.9
37 36.05 41.05
38 36.2 41.2
39 36.35 41.35
40 36.5 41.5
41 36.65 41.65
42 36.8 41.8
43 36.95 41.95
44 37.1 42.1
45 37.25 42.25
46 37.4 42.4
47 37.55 42.55
48 37.7 42.7
49 37.85 42.85
50 38 43

ff (deg)

N160

ff (deg)

20

25

30

35

40

45

4 6 8

1
0

1
2

1
4

1
6

1
8

2
0

2
2

2
4

2
6

2
8

3
0

3
2

3
4

3
6

3
8

4
0

4
2

4
4

4
6

4
8

5
0

ff versus N160 (AASHTO, 2017)

Corestone Engineering, Inc.



Project Name: San Bernardino Class 1 Bike Trail Project Developed By: PV
Project No:  5012-02-1 Calculated By: PV
Description: Retaining Walls Checked By:

Date:

Inclination of active failure plane and lateral earth pressure coefficients

Reference: 1. Geotechnical Earthquake Engineering, FHWA HI-99-012, Dec 1998 (GEE)
 2. Earth Retaining Structures, NHI Course No. 13236, May 1998 (ERS)

f = 36 deg 0.628 rad. (Friction angle of soil retained)

b = 0 deg 0.000 rad.
d = 12 deg 0.209 rad. (f/3 ?)
q = 0 deg 0.000 rad.

f/3 = 12.0 deg
A = 0.42 (Design acceleration coeff. ) kh = 0.21 use (-)ve values as appropriate

 (Sds/2.5 - geo report) kv = 0 (generally zero)

Ψ = tan -1 [kh / (1-kv)] = 11.86 deg 0.207 rad.

Failure Wedge (Static and Seismic)
From Mononobe-okabe theory,    (GEE 9-30)

aae = 43.1 deg
(Seismic Wedge)

Where, when y = 0 deg,
F1 = tan (f-y-b) = 0.448 0.727 When y = 0,
F2 = cot (f-y-q) = 2.231 1.376 aa = 58.6 deg
F3 = tan (d+q+y) = 0.442 0.213 (Static ?)

Compare with Rankine active failure angle (static loading with horizontal backfill)
aa = 45+ f/2   → aa = 63.0 deg

(use this for static wedge)

125 pcf

Lateral Earth Pressure Coefficients (Static and Seismic): Case Static
At-rest 52

Using Coulomb's Theory,    (ERS 2-4) active 30

passive 481

Ka = 0.240
Check:
Rankine Ka = tan2(45 - f/2) = 0.260
(Only for vertical walls with level backfill)

Using Mononobe-Okabe Theory,   (GEE 9-13b)

Kae = 0.374

Further, 
Coulomb Kp = 6.080 (use only when d ≤ f/3) Mononobe-Okabe,  Kpe = 5.187
Rankine Kp = 3.852 (vertical wall with level backfill)

NAVFAC chart can also be used to determine Kp & Kpe values (more reasonable values for some cases).
Note :  Use WASP to calculate Kae when Mononobe-Okabe equation fails or for special cases.

6/28/2019

47

Results in Equivalent Fluid Presssure (pcf)
Unit weight =

Dynamic
N/A
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